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Aims

• Gather a sense of the demographics and natural history of 
Chronic Kidney Disease (CKD)

• Understand the impact of CKD on the patient and it’s 
associated co-morbidities

• Review ESRD management options including medical 
management



CKD and ESRD
Demographics and Clinical Outcomes

• US ESRD Demographics:

• 554,038 (70.7%) patients undergoing dialysis 

• 229,887 (29.3%) patients with a functioning kidney transplant

• ESRD Incidence 1-3% pa (2.3% in 2018)

– 131636 patients initiated HD in 2018

• Home Dialysis: 

– There were nearly 69,000 patients performing dialysis in the home, or 
12.5% of all patients undergoing dialysis. Nearly 85% of patients on 
home dialysis performed peritoneal dialysis

• Racial Disparities:

– The adjusted incidence of ESRD among African Americans fell 1.7% 
between 2017 and 2018. The ratio of adjusted incidence in African 
Americans versus Whites was 2.7, the lowest value since at least 1980

USRDS ADR 2020



The Prevalence of Acute Kidney Injury in Patients Hospitalized With 
COVID-19 Infection

• Meta-analysis of 54 studies reporting AKI 
and 48 studies including renal replacement 
therapy (RRT) rates among hospitalized 
patients with COVID-19

• AKI complicated nearly 1 in 3 (28%) 
patients hospitalized with COVID-19.

• 9% required RRT

• The risk for AKI was higher in critically ill 
patients, with a substantial number 
receiving kidney replacement therapy at 
rates higher than the general intensive 
care unit population.

• Conclusion: Because COVID-19 will be a 
public health threat for the foreseeable 
future, these estimates should help guide 
kidney replacement therapy resource 
planning.

Kidney Med Dec 2020



Chronic kidney disease is a key risk factor for 
severe COVID-19

OpenSAFELY project analysed factors associated 
with COVID-19 death in 17 million patients. 

Risk factors:

• Dialysis (aHR 3.69)

• Organ transplantation (aHR 3.53) 

• CKD (aHR 2.52 for patients with eGFR <30 
mL/min/1.73 m2) 

Three of the five comorbidities associated with 
the highest mortality risk from COVID-19.

•. Nephrol Dial Transplant 2021 Jan 1;36(1):87-94.



Estimating GFR

• Historically,  estimating glomerular filtration rate (GFR) has included a racial 
modified.

• In the context of minimizing racial disparities in medicine the National Kidney 
Foundation (NKF) and the American Society of Nephrology (ASN) has recommended 
defining GFR without a racial modifier

• The task force also recommended increased use of Cystatin C combined with serum 
Creatinine as a confirmatory assessment of kidney function.

• CKD eGFR Refit Equation = 142 x min(Scr/κ, 1)α x max(Scr/κ, 1)-1.200 x 0.9938Age x 1.012 [if 

female]



Cystatin C

• Cystatin C is produced by all nucleated 
cells; it is a lysosomal proteinase 
inhibitor

• It is a sensitive and accuracy biomarker 
of kidney function

• CKD EPI Cystatin C eGFR = 133 x 

min(Scys/0.8, 1)-0.499 x max (Scys/0.8, 1)-1.328 x 
0.996Age x 0.932 [if female]

Clinical circumstances where Cystatin C is 

useful:

1. In patients with muscular atrophy or 

hypertrophy, or significant chronic illness like 

heart failure or cirrhosis

2. To confirm or refute an initial diagnosis of 

chronic kidney disease (eGFR <60 

ml/min/1.73 m2 )

3. When making medication dosing changes 

based on eGFR

4. When patients with progressive CKD require 

clinical decision making that is contingent on 

an eGFR threshold. Eg: transplant referral, 

dialysis modality choice, and dialysis vascular 

access planning

5. When evaluating a patient as a potential 

kidney donor



Evaluating CKD

• Kidney damage of > 3 months

• GFR < 60ml/min/1.73m2

• Albuminuria >30mg/g

• CKD results from many 
pathophysiologically distinct diseases 
which share a common natural history

• CKD should be staged using  eGFR (eg
MDRD)
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Classification of CKD Based on GFR and Albuminuria
Categories: “Heat Map”: Nephrology Referral



Question

The Tromsø study looked at the natural history of CKD in a population of 
58000 patients in Scandinavia. 3047 patients were found to have a GFR 
between 30 and 60 ml/min. Patients were followed for 10 years and the 
rate of progression to ESRD was:

A. 4%

B. 10%

C. 12%

D. 25%



Longitudinal Follow-up and Outcomes Among
a Population With Chronic Kidney Disease

in a Large Managed Care Organization
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Strategies for Caring with Patients with CKD 4

• Delay 
Progression

– ACE Inhibition

– SGLT2 inhibitors

– Minimize AKI risk

– Review dietary 
options

• Manage 
Comorbids

– Cardiovascular risk

– Anemia 
management

– Metabolic Bone 
Disease 
Management

• Prepare for 
ESRD

– Isolate high-risk 
populations

– Patient education

– Refer to Nephrology

– Prepare for angioaccess

– Review Medical 
Management options



Progression of CKD
- Angiotensin II effects

Angiotensin II 

• Hemodynamic effects

– Single nephron increased 
GFR

– Increased intraglomerular 
pressure

• Non-Hemodynamic effects

– Inflammation and 
oxidative stress

– Cellular hypertrophy and 
proliferation

Secondary Focal 
Segmental 

Glomerulosclerosis

Hyperfiltration of 
remaining healthy Nephrons

Primary Injury 
with loss of Nephron mass



Decline in GFR: ACEI and ARB use in Type 1 and Type 2 Diabetics
Lewis et al NEJM 329(20), 1993

Brenner et al NEJM 345(12), 2001
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Angiotensin-Converting Enzyme Inhibitors and 
Progression of Nondiabetic Renal Disease

• 11 RCT’s comparing the efficacy 
of anti-HTN regimens including 
ACEi

• Data on 1860 nondiabetic 
patients analyzed.

• Data adjusted for: 
– Patient and study characteristics at 

baseline

– Changes in systolic BP and urinary 
protein excretion during follow-up.

• RR for ACE inhibitor group: 
– 0.69 (CI, 0.51 to 0.94) for ESRD

– 0.70 (CI, 0.55 to 0.88) for the combination of 
doubling of baseline serum creatinine or ESRD. 

• Patients with greater urinary protein 
excretion at baseline benefited more from 
ACEi (P = 0.03 and P = 0.001)

• Data were inconclusive for patients with 
baseline urinary protein excretion less 
than 0.5 g/d.

Ann Int Med: Vol 135(2) 2001



ACEI/ARB’s in CKD: 
Summary

• ACEI or ARB are indicated for diabetic 
patients with uAlb/Creat ratio>0.03 
(microalbuminuria)

• ACEI or ARB are indicated for non 
diabetic CKD patients with uAlb/Creat
ratio>0.5 (overt proteinuria)

• Combination ACEI plus ARB provides 
no benefit and some harm (OnTarget
Study)

1. Maximize dose and target decreased 
proteinuria

2. Tolerate a small (15-20%) rise in serum 
creatinine

3. Attempt to manage Hyperkalemia 
without withdrawal of ACEI/ARB:
– Dietary K restriction

– GI Potassium Binders/Exchangers

– Loop diuretics; Fludrocortisone



Odds of Death within 1 Day of a 

Hyperkalemic Event, by 

Potassium Category and CKD

• 66,529 hyperkalemic events 
(3.2% of records)

• 34937 (52.7%) inpatient versus 
31322 (47.3%) outpatient

• Adjusted rate of hyperkalemia 
higher in: 

– CKD vs no CKD 

– Pts on RAAS blocker 
vs without RAAS 
blocker



HyperKalemia Treatment

Patiromer (“Valtessa”)

- Nonabsorbed polymer that 
binds potassium in exchange for 
calcium

- OPAL-HK trial studied mild 
(mean K 5.3) and moderate-to-
severe (mean K 5.7) 
hyperKalemia

- Study showed efficacy in both 
groups

NEJM Nov 2014

Sodium Polystyrene 
Sulfonate 
(“Kayexalate”)

• Approved in 1958, before 
requirements to prove the 
effectiveness and safety

• Associated with rare 
complication of intestinal 
necrosis

• Acts in GI tract to bind and 
exchange Na for K

– GI cramping and diarrhea

– Na retention

Sodium Zirconium 
Cyclosilicate (“Lokelma”)

• Selective cation exchanger

• Patients with hyperkalemia 
(mean K 5.3) who received ZS-9, 
versus placebo had a significant 
reduction in potassium levels at 
48 hours

• Normokalemia maintained 
during 12 days of maintenance 
therapy



SGLT2 Inhibitors

• Hyperglycemia activates sodium/glucose co-transporter 
2 (SGLT2) receptor leading to enhanced glucose (and Na) 
reabsorption along the proximal convoluted tubule 

• This leads to decreased Na (and Cl) delivery to the 
macula densa resulting in:

– afferent arteriolar dilation

– efferent arteriolar vasoconstriction 

– intraglomerular hypertension. 

• Inhibition of SGLT2 co-transporter increases delivery of 
glucose and Na to the distal convoluted tubule; sensed by 
the juxtaglomerular apparatus as increased kidney 
perfusion; resulting in:

– increased vasoconstriction of the afferent arteriole

– decreased intra glomerular pressure.

CardioVasc Diabetology 2017



SGLT2 Inhibitor Trials:
eGFR and Albuminuria



• CKD Patients:
– 4401 pts with type 2 DM and 

proteinuria>300mg/g

• End Point:
– Doubling serum create, ESRD, 

death due to CVD or 
CKD/ESRD

• Result: 
– Canagliflozin significantly 

reduced risk of kidney failure 
and CVD events



DAPA-CKD Trial

• CKD patients:
– GFR>25ml/min; mean eGFR 44ml/min

– Mean UACr: 950mg/g

– DM and Non DM

• EndPoint: 
– Risk of composite of sustained decline 

in eGFR of at least 50%

– End-stage kidney disease

– Death from renal or cardiovascular 
causes

• Result:
– End Point significantly lower with 

dapagliflozin than with placebo.
NEJM. Sept 24th, 2020



SGLT2i Complications

Renal Fellows Network



Kidney360 April 2021, 2 (4) 742-746

SGLT2i Clinical Application



SGLT2i Summary

• Outcomes data

– Reduced 3-point MACE in 
patients with ASCVD

– Reduced HF regardless of 
ASCVD or HF hx, and in 
CKD w/ eGFR>30

– Reduced 3-point Major 
Kidney Events regardless 
of ASCVD and in CKD w/ 
eGFR >30 (>25 in DAPA 
CKD)

• Postulated mechanism of 
action:

– Decrease hyperfiltration 
via JG apparatus action

– Natriuresis

• Side effects

– Volume contraction; 
prerenal Azotemia

– UTI’s (real incidence)

– Rare: Forniers Gangrene; 
Amputation risk



Avoiding Nephrotoxic Injury
RadioContrast Use in CKD: The PRESERVE Trial

• Multi-center 2-by-2 factorial design

• 4993 patients at high risk for renal complications

• IV  1.26% sodium bicarbonate or IV 0.9% sodium chloride 
and 5 days of oral acetylcysteine or oral placebo

• Primary end point occurred in:
– 110 of 2511 patients (4.4%) in the sodium bicarbonate group

– 116 of 2482 (4.7%) in the sodium chloride group (odds ratio, 0.93; P = 0.62) 

– 114 of 2495 patients (4.6%) in the acetylcysteine group

– 112 of 2498 (4.5%) in the placebo group (odds ratio, 1.02; P = 0.88).

• Among patients at high risk for renal complications 
undergoing angiography, there was no benefit of IV 
NaHCO3 over IV NSS or of oral acetylcysteine over placebo 
for the prevention of death, need for dialysis, or persistent 
decline in kidney function at 90 days or for the prevention 
of contrast-associated acute kidney injury.

N Engl J Med 2018;378:603-14.



Radio Contrast use in CKD

Recommendations:

1. Use Low Dose non ionic isotonic contrast 

2. Ensure patient well hydrated:
– NSS: 300ml over one hour pre contrast dose 

then 1ml/kg/hr for 4-6hrs post contrast for 
outpatients

– NSS: 1ml/kg/hr for 6-12hrs pre and post 
contrast (inpatients)

– If mild CHF present reduce hydration dose by 
50%

– If unable to tolerate hydration defer study or 
proceed based on clinical indication 
emphasizing lowest dose contrast compatible 
with complete study

Identify High Risk Populations:

– Proteinuric CKD

– CKD 4 and 5

– Diabetic Nephropathy

– Myeloma associated kidney 
disease

– AKI

– Recent (within 48 hrs) contrast 
exposure



Strategies for Caring with Patients with CKD 4

• Delay 
Progression

– ACE Inhibition

– Manage metabolic 
abnormalities

– Minimize AKI risk

– Review dietary options

• Manage 
Comorbids

– Cardiovascular risk

– Anemia 
management

– Metabolic Bone 
Disease 
Management

• Prepare for 
ESRD

– Isolate high-risk 
populations

– Patient education

– Refer to Nephrology

– Prepare for angioaccess

– Review Medical 
Management options



Relationship Between Achieved BP and Decline in Kidney
Function from Primary Renal Endpoint Trials

Nondiabetes
• MDRD. N Engl J Med. 1993
• AIPRI. N Engl J Med. 1996
• REIN. Lancet. 1997
• AASK. JAMA. 2002
• Hou FF, et al. N Engl J Med. 2006
• Parsa A et.al. NEJM 2013
Diabetes
• Captopril Trial. N Engl J Med. 1993
• Hannadouche T, et al. BMJ. 1994
• Bakris G, et al. Kidney Int. 1996
• Bakris G, et al. Hypertension. 1997
• IDNT. NEJM. 2001
• RENAAL. NEJM. 2001
• ABCD. Diabetes Care (Suppl). 2000

Update from Kalaitzidis R and Bakris GL In: Handbook of Chronic Kidney Disease. Daugirdas J (Ed.) 2011.



Lipid Management

Statins:

• Lower mortality and 
cardiovascular events 
in persons with early 
stages of CKD, 

• Have little or no effect 
in persons on dialysis,

• Have uncertain effects 
in kidney transplant 
recipients.

Ann Int Med 2012, 157(4): 263-275 



Current evidence on Oral Anticoagulant Therapy for 

patients with Atrial Fibrillation across the spectrum of 

CKD

Kidney International 2017



Apixiban use versus Warfarin in Chronic 
Kidney Disease

Circulation. 2018 Jun 28



Anemia Management in CKD

NEJM 1987, Vol 316 pg. 73-78



Question

The target Hemoglobin level for patients on dialysis receiving 
Erythropoetin Stimulating Agents (ESA’s) should be:

A. 9-10mg/dl

B. 10-11mg/dl

C. 11-12mg/dl

D. >12mg/dl



Studies of Anemia Management and the use of 
Erythropoetin in CKD

Normal Hct Study
Besarab A et al. N Engl J 
Med 1998;339:584-590

183 deaths and 19 non fatal MI’s 
in nl-Hct group and 150 deaths 
and 14 non fatal MI’s in low-Hct
group (RR 1.3; 95% CI, 0.9 to 
1.9). Study halted.

Pts in nl-Hct group had a 
decline in the adequacy of 
dialysis and received more
IV iron dextran.

CHOIR Study
Ajay Singh et al. N Engl J 
Med 2006;355:2085-98.

125 events (Death, MI, CHF, 
Stroke) in the high-Hb group vs
97 events in the low-Hb group 
(HR, 1.34; 95% CI, 1.03 to 1.74; 
P = 0.03).

Improvements in the quality 
of life were similar in the 
two groups.

CREATE Study
Drueke et al N Engl J Med 
2006;355:2071-84

No effect on first cardiovascular 
event 

General health and physical 
function improved 
significantly (P = 0.003 and 
P<0.001) in high Hb group. 

TREAT Study
Marc Pfeffer et al N Engl J 
Med 2009;361:2019-32

Death or a cardiovascular event 
in 632 pts in Rx group vs 602 pts 
in placebo group (P = 0.41)

Fatal or nonfatal stroke in 
101 pts in Rx grp vs 53 in 
placebo group (P<0.001). 



Hypoxia Inducible Factor (HIF):
Role in Anemia Management

Ped Nephrol: 2019; 34(3): 365–378.



• Two randomized, phase 3, open-label 
noninferiority trials

• Compared vadadustat with 
darbepoetin alfa

• Pt population: 
– non DM CKD.

• Findings:
– Vadadustat compared with darbepoetin met 

the prespecified noninferiority criterion for 
hematologic efficacy

– Did not meet prespecified noninferiority 
cardiovascular safety targets.

Vadadustat in Patients with Anemia and Non–
Dialysis-Dependent CKD

Glenn M. Chertow, M.D., M.P.H., et al.

N Engl J Med 2021; 384:1589-1600



Strategies for Caring with Patients with CKD 4

• Delay 
Progression
– Control BP

– ACE Inhibition

– Manage 
metabolic 
abnormalities

– Minimize Renal 
injury

• Manage 
Comorbids
– Cardiovascular 

risk

– Anemia 
management

– Metabolic Bone 
Disease 
Management

• Prepare for 
ESRD
– Isolate high risk 

populations

– Patient 
education

– Refer to 
Nephrology

– Prepare for 
angioaccess

– Review Medical 
Management 
options



Preparing for ESRD:
The Timing of Specialist Evaluation in Chronic Kidney Disease; 

effect on Morbidity and Mortality
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Question

The percentage of patients initiating hemodialysis with a dialysis 
catheter as their primary access (versus a fistula or a graft) is:

A. 10%

B. 30%

C. 60%

D. 80%



Hemodialysis:
Benefits of a native vein AV Fistula

• Preserve non dominant arm 
veins:

– Avoid Blood draws

– Avoid IV access

– Avoid PICC lines

• Patient education and referral for 
AVF at CKD 4-5 transition

• Time from fistula creation to 
useability is variable (3-6 
months)

Relative Risk P value

of death

Diabetics:

AVF 1.00

PTFE 1.39 0.0004

Catheter 1.49 0.0004

Non-Diabetics:

AVF 1.00

PTFE 1.09 0.26

Catheter 1.72 0.0001



Peritoneal Dialysis

• 8-10% of prevalent ESRD patients in the US 
are on PD; significantly less than in other 
developed countries

– subtle differences in practice patterns

– unintended financial considerations

• Medical outcome date would seem to favor 
more utilization of PD

– Improved mortality 

• Most home dialysis units are small

– some have minimal clinical experience

– consolidation of PD programs may be 
needed.

Burkhart J, CJASN 2009 Dec;4 Suppl 1:S125-31

Multidisciplinary pre-dialysis programs 

increase the proportion of patients 

initiating dialysis with PD.

Ribitisch et al Peritonal Dial Int 2013 Jul-Aug;33(4):367-

71



Home Hemodialysis:
Clinical Benefits of More Frequent Hemodialysis 

• Improved Fluid Management 

• Mitigation of the Two-Day “Killer 

Gap” (Weekend)

• Less Cardiovascular Injury 

• Reduced Cardiovascular-related 

Hospitalizations and Overall Mortality 

• Improved Health-Related Quality of 

Life 



Home HD Equipment
• Multiple options for home hemodialysis:

– Fresenius Baby K, NxStage, B. Braun Melsungen, Tablo

• The systems have some differences: 

– B Braun is a standard hemodialysis machine; used incenter and at home. 

– Fresenius "Baby K" home machine is close to a standard hemodialysis 
machines, but somewhat more user friendly and smaller. 

• B Braun and the Fresenius Baby K require a separate reverse osmosis 
water treatment system; Dialysate flow rates 300 to 800 ml/minute. 

– NxStage System uses either pre prepared dialysate or on demand 

• DFR 200 ml/minute but generally runs at rates less than 150 ml/minute. 

• Ultrapure system: bags of ultrapure dialysate; uses 15 to 60 liters per 
treatment 

• Pureflow system: on demand dialysate production; uses a deionization 
process to create a 60, 50 or 40 liter batch of dialysate depending on the 
SAK (bag of dialysate concentrate) specified by the MD.

– Tablo: In center self care

• Creates dialysate on demand

• Portable built in RO: 150-300ml/min DFR
Wikipedia



Growth in Home Modalities in the US.



Question

The best time to refer a CKD patient for initial transplant 
assessment based on level of GFR is:

A. GFR <60 ml/min

B. GFR 30-45 ml/min

C. GFR <20ml/min

D. GFR <15ml/min



Kidney Transplantation

Key Concepts

• Kidney transplantation is the most cost-effective 
modality of renal replacement.

• Transplanted patients have a longer life and better quality of life.

• Early transplantation (before [pre-emptive] or within 1 year of 
dialysis initiation) yields the best results.

• Living donor kidney outcomes are superior to deceased donor 
kidney outcomes.

• Early transplantation is more likely to occur in patients that are 
referred early to nephrologists.

• Refer for transplant evaluation when eGFR <20 
mL/min/1.73m2.



Palliative Care Nephrology:
Incidence of ESRD by Age
- the ageing of the dialysis population



Functional Status of Elderly Adults
before and after Initiation of Dialysis

•3702 nursing home residents in 
the United States 
•Initiated dialysis dialysis between 
June 1998 and October 2000. 
•At least one measurement of 
functional status was available 
before dialysis.
•Functional status was measured 
by assessing the degree of 
dependence in seven ADL’s (on the 
Minimum Data Set–Activities of 
Daily Living [MDS–ADL] scale of 0 
to 28 points, with higher scores 
indicating greater functional 
difficulty).

Tamura et al N Engl J Med 2009;361:1539-47.



A comparative survival study of patients over 75 years with 
chronic kidney disease stage 5

Kaplan–Meier survival curves 
comparing the dialysis and 
conservative groups (P<0.001).

Kaplan–Meier survival curves for those with 
high comorbidity (score>2), comparing dialysis 
and conservative groups

Murtagh et al Nephrol Dial Transplant (2007)



Conservative Management of Stage V CKD

• Conservative management 
should be an option

• It should be supported by a 
comprehensive management 
program.

• It should be available to people 
and families through either 
primary care or specialist care as 
local circumstances dictate. 

• The comprehensive conservative 
management program should 
include:
– protocols for symptom and pain 

management, 

– psychological care, spiritual care

– culturally sensitive care for the 
dying patient and their family 
(whether at home, in a hospice or a 
hospital setting)

– provision of culturally appropriate 
bereavement support.

Kidney International Supplements (2013) 3, 5–14



Conclusions

• Kidney Disease is common and management is complicated

• The majority of patients with CKD have non progressive disease

• Cardiovascular disease is a major co-morbidity

• For patients with progressive CKD care strategies should be initiated early to 
improve long term morbidity and mortality

• A team approach is required

• Pre-planning for renal replacement therapies is necessary in those with progressive 
disease


