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What Are Kidneys??

• Bean shaped 
organs

• About the size of 
a fist

• Located below 
the rib cage

• Either side of the 
spine



Normal Renal Function
• “Center of the human 

body”
• Filters > 200 quarts 

daily
• Maintains fluid and 

electrolyte homeostasis
– Critical importance in BP 

regulation
• Excretes nitrogenous 

waste products
• Hormonally active

– Bone health
– RBC development



The Kidneys Are Complex!!

• Usually, we all have TWO
– Each with an average of 

1M nephrons
• Filtering units

• Assessment of function
– Estimated GFR (blood)
– Urinalysis
– Structural evaluation

• If all of the above are 
normal, no concerns!!



Serum Creatinine



What is GFR?
• Rate (at which the) Glomeruli 

Filter (plasma)

• Measured in mL/min/1.73m2 BSA



Chronic Kidney Disease 
(CKD)

850 million people worldwide!!  (NIH 2022)
In the US, it’s about 37 million cases (1 out of 7 
Americans)!!



Kidney Disease Outcomes 
Quality Initiative (K/DOQI)

• Clinical Practice Guidelines on CKD
American Journal of Kidney Disease Feb 2002



AJKD, 39 (2) Sup 1:S25, Feb 2002

“The level of glomerular filtration rate (GFR) is widely 
accepted as the best overall measure of kidney function in 
health and disease.” 





CAUSES OF CKD

•Diabetes (Type 1 & Type 2)
•High Blood Pressure (Hypertension) 
•Glomerular Diseases
•Genetic and Inherited Diseases
•Autoimmune Disorders
•Structural or Urinary Tract Issues
•Medications
•Cardiovascular Disease and Obesity



“Once  CKD is recognized
-Look for complications!
-Look to prevent progression 
(kidney protective meds)”





Hypertension

• Estimated prevalence of 30% in the 
United States

• Treatment of hypertension is the most 
common reason for office visits of non-
pregnant adults to clinicians in the 
United States and for use of prescription 
drugs





Hypertension

 With the aging population and rise of obesity, HTN will 
become more common!

 Data from the 2005-2008 NHANES survey show that only 
50.1 % of persons with hypertension have their blood 
pressure under control
 < 140/90 mmHg



Keller et al, NEJM Jan 2003





Lewington et al, Lancet, Dec, 2002





Townsend, CJASN, 2011

HOW TO TREAT?



JAMA, 289(19):2560-2572, May 21, 2003









JNC 8, JAMA 2014



Salt Restriction





American Journal of Medicine, July 1955



• 4 week randomized cross-over evaluation
• 12 patients with resistant HTN

– SBP > 140 or DBP > 90 despite 3+ medications 
including thiazide

• High versus low salt diet
– Low salt 50 mmol/day
– High salt supplemented with NaCl tabs
– Other portions of diet controlled







What is Diabetes?

• Diabetes-  Increased urine production
– Insipidus

• Abnormal water regulation 
– Mellitus

• From increased sugar in the urine



Diabetes Mellitus
• Type 1

– Lack of pancreatic 
production of insulin

• Genetics
• Viral infection(?)

– Onset at young age
– Thin body type
– Abrupt onset
– Polyuria, polydipsia

  

• Type 2
– Middle age to elderly 

onset
– Often no symptoms
– Normal or increased 

insulin levels
• “pancreatic burnout”

– Genetic & dietary 
factors





Diabetic Nephropathy is the 
Leading Cause of ESRD in the 

USA!



How Does Diabetic Kidney 
Disease Happen??

• High blood sugar 
causes hyperfiltration
– Creat/GFR normal (or 

high!)
• Advanced glycosylation 

end-products (AGEs)
– Effect the blood vessels 

(small and large)
– Cause abnormal cell 

growth and proliferation
– Damages important cells 

in the kidneys 
• Causes proteinuria



Proteinuria
• Early on it’s 

“microalbuminuria”
– 30 – 300 mg/24 hrs
– Important screening test!!

• Diabetic Nephropathy
– Macroalbuminuria (> 300 

mg/24 hrs)
• Will lead to sodium 

retention and 
hypertension!
– Vicious cycle that makes 

proteinuria worse!

CKD

Na+ retention

HTN



Detrimental effects of proteinuria

Remuzzi & Bertani, NEJM Nov 1998





Diabetic Nephropathy
• The greater the 

proteinuria, the more 
rapid the decline in 
renal function
– Many patients end up on 

dialysis!
• Time course of disease 

progression is variable
– Depends on many 

factors
– Genetics
– Medications



Treatment
• Multifactorial risk factor 

reduction
– Reduce dietary fat
– Light to moderate 

exercise
– Smoking cessation
– Blood sugar control (A1C 

< 6.5%)
– BP control (< 130/80)
– ACE inhibitor therapy
– Lipid-lowering therapy

“Makes sense 
to me! ”



1,000,000 glomeruli per kidney!

It’s all about protecting the glomeruli!

CKD Treatment



So, What Are The Mainstays 
of CKD Treatment?

– RAAS inhibition (BP 
reduction)

• RENAAL (2001) 
• IDNT (2001)

– SGLT-2 inhibition
– Selective MRA treatment 

(finerenone)
• FIDELIO DKD



More than just lowering blood sugar!



-Patients with Type 2 DM and albuminuric CKD stage 2 & 3
 -Treated with 100 mg canagliflozin daily vs placebo
 -Already receiving RASi therapy (ACEi or ARB)
-At median follow up 2.62 years, treatment group had...
 -34% lower relative risk of ESRD, doubling of serum 

creat or death from renal causes
 -lower risk of CV death/MI/CVA 



-4304 albuminuric CKD patients with & WITHOUT DM (67/33)
 -eGFR 25-75 mL/min
 -98% of patients on RASi (ACEi or ARB)
 -Assigned to dapa 10 mg daily vs placebo
 -Median follow up 2.4 years
-Risk of eGFR decline by 50%, ESRD, death from renal/CV 
causes significantly lower with dapa
 



EMPA-Kidney Trial
-Enrolled 6609 patients to receive 10 mg empagliflozin 
versus placebo to assess effects on progression of CKD as 
well as death from CV causes
-Patients had either
 -GFR 20-45 or…
 -GFR 45-90 PLUS proteinuria



What Else???



FLOW Trial
• 3533 diabetic CKD patients

– Maximal doses of RAS inhibitors
– Randomized to weekly semaglutide 1 mg vs 

placebo
– Median follow up of 3.4 years
– Trial was stopped early due to significant 

benefit in the treatment group
• 24% risk reduction of achieving the primary 

composite end point
– Kidney failure, 50% drop in eGFR, or death from 

renal/CV causes



What is NOT part of the 
plan?

• “So Doc, you’re saying I have bad 
kidneys... That means I should drink 
more water, right?”



RCT conducted at 9 centers in Canada
-Approximately 600 patients
 -CKD stage 3
 -Micro/macroalbuminuria
 -Total urine volume < 3 L
-Randomized to “coaching” to drink more water vs standard 
intake





CKD-REIN Study, NDT 2021



CKD-WIT & CKD-REIN
• Conclusion?

– In patients with CKD, “forced 
hydration” is NOT a reliable part 
of the treatment plan!



What About When Kidneys 
Fail??



End-Stage Renal Disease

• About 550,000 Americans on dialysis 
currently

• More than 260,000 Americans are living 
with a kidney transplant

1.U.S. Renal Data System Annual Data Report ESRD Chapter 1, Incidence, Prevalence, 
Patient Characteristics and Treatment Modalities (Annual Data Report | USRDS)

https://usrds-adr.niddk.nih.gov/2024/end-stage-renal-disease/1-incidence-prevalence-patient-characteristics-and-treatment-modalities


Dialysis

Hemodialysis 
• The patient’s blood is 

cleaned directly through 
an artificial kidney

• Can be done in a center 
or at home

• Needs durable access to 
the blood stream
– Preferably though an AV 

shunt/fistula/graft
• Takes time…..  

Peritoneal Dialysis
• The patient uses his/her 

own peritoneal 
membrane to clean the 
blood

• Fluid infused via an 
abdominal catheter and is 
“cycled” over the course 
of hours

• Usually done at home, 
preferably overnight



Kidney Transplant

• Surgical procedure where a 
new kidney is implanted into 
a patient with kidney failure

• About 27,500 per year in 
the US

• Living donor (25%)
– Preferred

• Deceased donor (75%)
– Usual wait time of 4-7 years 

depending on blood type





Wearable Artificial Kidney



Xenotransplantation



Xenotransplantation

• Genetically modified pig kidneys have 
been shown to function in non-human 
primates for 2-3 years
– Anand et al, Nature 2023; 622:393-401

• Shorter term results have been seen 
with human recipients declared brain 
dead
– Locke et al, JAMA Surg 2023; 158:1106-1108
– Montgomery et al, NEJM 2022; 386: 1889-1898



Xenotransplantation
• Richard Slayman

– 62 yo male from 
Weymouth, MA

– ESRD/DM/HTN with 
previously failed 
renal transplant

– Back on dialysis with 
poor tolerance of 
treatment

– Limited dialysis 
access options

• 2 procedures/month



Xenotransplantation
• Saturday March 16, 

2024
– Transplant 

performed at Mass 
General

– Induction
• Thymoglobulin
• Rituximab
• Steroids
• Ravulizumab 

(experimental 
complement inhibitor)

• April 3, 2024
– Discharged home

• Tacrolimus
• Mycophenolate
• Prednisone

• May 11, 2024
– Died “suddenly”
– MGH press release

• Death was 
“unrelated” to the 
transplant



Xenotransplantation
• April 12, 2024

– Second pig kidney 
transplant performed 
at NYU Langone

– 54 yo female with 
combined 
heart/kidney failure

– Received LVAD first, 
then pig kidney 8 
days later

• Also got the pig 
thymus as well

• May 29, 2024
– Kidney had to be 

removed 
– Concern for “lack 

of blood flow”
– No concern for 

rejection
– Patient returned 

to dialysis



Xenotransplantation

• Conclusions?
– We are getting closer!
– Kidneys can make urine “on the table”
– Sicker patients don’t do well…

• LVAD patients normally not eligible for 
transplant



Thank You!

Questions??
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