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Definitions 

• Hyponatremia is defined as 
– Plasma sodium < 135 meq/liter 

• Mild Hyponatremia is defined as 
– Plasma sodium 130 - 134 meq/liter

• Moderate Hyponatremia is defined as 
– Plasma sodium  121 – 129 meq/liter

• Severe hyponatremia is defined as 
– Plasma sodium < 120 meq/liter Seizures 
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Hospital Mortality and Hyponatremia 

Mortality increases 
as serum Na < 135 



Treatment of Hyponatremia 

Avoid
Osmotic Demyelinating Syndrome 

Prevent Seizures and Brain Herniation
(Hyponatremic Encephalopathy)





Everyone Agreed for Decades 
with this Rate of Correction !!! 

I want Guidelines with a slow rate
I want NA correction with an easy touch
I want a physician who will spend some 

time
Not correct  and go in a demyelinating  

rush
I want somebody who will understand

When it comes to Hyponatremia , I want a 
slow rate (of correction) 



And then came this article in 2023 ! 
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Severe Hyponatremia Correction, Mortality, 
and Central Pontine Myelinolysis

Seethapathy H. NEJM Evid 2023; 2 (10) 



Rapid Correction of Hyponatremia Improved 
Patient Survival in ICU Patients 



Rapid vs Slow Correction of Hyponatremia 



“Blockbuster” Conclusions 

• There was a poor correlation between the 
rate of Na correction and the 
development of ODS

• A higher mortality was associated with a 
slow rate of correction < 6 meq/L/24 
hours 

• A lower mortality was associated with a 
higher rate of correction  



As a Result of this Study ………

Hyponatremia 
Guidelines



Impact of This Article on Practice Pattern in 
Treating Hyponatremia – Twitter Survey  
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Rate of Na Correction in the first 24 hours 

#NephJC Chat Wednesday, October 25th, 2023



The Rebuttal ! 

• The authors' methodology for defining overcorrection may 
also have led them to erroneous conclusions. Based on the 
results of this study, do we need to rethink our current 
approach to overcorrection of hyponatremia? Do we need to 
relax our PNa correction limits? Is it safe to rapidly correct 
all patients with hyponatremia? We believe the answer to 
these questions is no!

Volume 15: Issue 5

https://www.kidneynews.org/view/journals/kidney-news/15/5/kidney-news.15.issue-5.xml


Dr Kupin’s Konclusions

• ODS is unlikely to develop in patients without pre-
existing risk factors of cirrhosis  / CHF / malnutrition 
even with severe Hyponatremia regardless of the rate of 
correction  

• Avoid excessively slow rates of correction < 6 meq/L in 
first 24 hours 

• Not yet established if rates > 10 meq/L are clearly better 
than 6 – 10 Meq/L but increasing evidence points to the 
safety of slightly faster correction rates than previously 
thought 







Benefit of Low Dose Thiazide in 
Preventing Calcium Stone Disease 

Dhayat N, BMC Nephrology volume 19: 349 (2018)

https://bmcnephrol.biomedcentral.com/


Rationale for the NOSTONE Study 

• A variety of thiazide derivatives were used in the 
prior studies 

• Multiple dosing regimens – once daily / twice daily 
• Few RCT
• Few Prospective trials 
• Lack of double-blinding and intention-to-treat 

analysis
• Absence of adverse event and drop out reporting



NOSTONE 

• Prospective, multicenter, parallel-arm, double-blind and 
placebo-controlled design with 
– stratification by disease activity
– clear allocation concealment and intention-to-treat 

analysis
– employment of high sensitivity and high specificity 

imaging
– use of state-of-the-art dietary recommendations,
– careful assessment of putative side effects in the 

stone population 
– exclusive public funding support



NOSTONE Patient Population 

• Study Participants:
• Age 18 years or older
• Recurrent kidney stone disease (≥ 2 

stone events within the 10 years prior to 
randomization)

• Any past kidney stone containing 50% 
or more of calcium oxalate, calcium 
phosphate or a mixture of both



Did I mention the Study was done in 
…….??????? 



NOSTONE Protocol

• Participants were randomized into 4 groups:
• 12.5 mg hydrochlorothiazide daily 
• 25 mg hydrochlorothiazide daily
• 50 mg hydrochlorothiazide daily
• Placebo daily 

• Participants underwent non-contrast CT scan of 
kidneys at start of randomization and at the end 
of 3 years. Follow up visits were at 3 months and 
then yearly. There were telephone visits every 3 
months.



Patient Population 

• 100 patients in EACH group ! 
• 99.9 % Caucasian 
• 35% had a history of > 4 stones / lifetime
• 60% had documented Hypercalciuria



Dhayat et al. N Engl J Med 2023 Mar 2;388(9):781-791

p= NS



Dhayat et al. N Engl J Med 2023 Mar 2;388(9):781-791

Placebo
12.5 mg
HCTZ

25 mg
HCTZ

50 mg
HCTZ



Dhayat et al. N Engl J Med 2023 Mar 2;388(9):781-791

NO benefit from HCTZ in patients with or without Hypercalciuria 



Dhayat et al. N Engl J Med 2023 Mar 2;388(9):781-791

Hypokalemia and new onset Diabetes were more 
common in the HCTZ groups  



Conclusions : NOSTONE TRIAL 

HCTZ did not result in a lower frequency of symptomatic 
calcium stone recurrence 

HCTZ did not result in an overall  lower frequency of 
radiologic kidney stone recurrence 

HCTZ was not effective in reducing stone recurrence 
evcn in patients with hypercalciuria 

HCTZ therapy was associated with an increased risk of 
new onset diabetes and hypokalemia 



Limitations : NOSTONE TRIAL

Study duration was only 3 years 
while kidney stone recurrence may 

take a longer duration to occur 

NO control for the use of Kcitrate 
in any of the groups 

Only HCTZ was used while prior 
studies used Chlorthalidone and 

Indapamide 



Published Articles
 Influence Clinical Practice 





It’s Time for Precision Medicine : 
Hitting the Bullseye of Therapeutic Action

Receptor Targets

Small Molecule 
Inhibitors 

You !!! 



• What are APOL1 variants ? 
• What is Inaxaplin ?
• Why would anyone but a nephrologist be interested in 

this ? 
• Dr K -This is an Internal Medicine conference not 

Renal Grand Rounds ! (and it’s Sunday morning!) 



A Supercontinent Splits Apart 



Barriers to 
Survival on the African Continent 

Food / Water  

Environment 

Shelter

Hostile Animals 
Microbiologic Diseases



Diseases in Africa 
Early Man had to Overcome 

Malaria Trypanosomiasis
(African Sleeping 

Sickness) 



Darwinian Theory of 
Survival of the Fittest :  

Genetic Mutations 

Malaria 

Sickle cell
 Mutation  

Trypanosomiasis

APOL1 
Mutations 

Black Race

Survival !!!! 



The Verdict is in : Evidence is Clear 

CKD / ESRD
DM / ESRD
HTN / ESRD
SLE / ESRD
HIV / ESRD
Transplant / ESRD

Homozygous 
APOL1 
Variants



The Slave Trade Spread APOL1 
Variants Across the World 



Racial Differences in the Incidence of CKD / ESRD

At every age group, the 
incidence of CKD and 
ESRD are significantly 

higher in people of 
African black race 

ancestry

Black Race 13% of U.S. 
population but 32% of 

ESRD population 



Hereditary APOL1 Variants Account 
for the Major Risk of Kidney Disease in 

Black Patients in the U.S.

36% of Black race 
individuals in the U.S. 

carry a mutation 
either G1 or G2 of the 

APOL1 allele



Inaxaplin • APOL1 is not only 
produced in the liver 
and circulates but is 
intrinsic to 
PODOCYTES

• Variants cause a gain of 
function mutation and 
the insertion of pores 
into the cell wall and 
mitochondria

• Inaxaplin will block 
these pores from 
functioning 

Friedman, D. Clin J Am Soc Nephrol. 2021 Feb 8; 16(2): 294–30

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7863644/


O Egbuna et al. N Engl J Med 2023;388:969-979.

Significant decrease in 
proteinuria for all patients 

after 13 weeks that was 
sustained 3 months 

beyond the study period ! 





APLO1 variants first discovered 10 years ago 

First clinical trial (Phase 2a) showing the benefit 
of an oral agent in blocking the clinical 
manifestations of renal injury (proteinuria) 

A remarkable achievement and demonstration of the 
concept ………………



Inaxaplin



HTN is Out of Control in the U.S. 





FDA Approves 2 Devices for Renal Denervation 

Recor Medical 
Approved Nov 8 2023

Symplicity Spyral  System

Ultrasound Ablation 

FDA Advisory panel 10-2 
approval 

Medtronic
Approved Nov 20 2023

Paradise System 

Radiofrequency Ablation 

FDA Advisory panel 6-7 
approval 



Potential Market for Renal Denervation 

500 million (First year) 
to 3 Billion Dollars (3 years)  



Anatomy of Renal Denervation 

https://healthcare-in-europe.com/media/story/12107/image-1413131225.jpg

The Renal nerves are more 
concentrated in the distal part 

of the renal artery 



Procedure to Perform Renal Denervation 

• Access the femoral artery 
• Insert the device up the aorta 

into the renal artery using 
angiography to guide location 
– Risks

• Wall dissection 
• Damage to 

atherosclerotic plaques 
– emboli

• Perforation / bleeding 
• Apply signals : 

radiofrequency or ultrasound 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fthoracickey.com%2Fdenervation%2F&psig=AOvVaw3gCBMXv08IAm4TKsmUkPTd
&ust=1708368932913000&source=images&cd=vfe&opi=89978449&ved=0CBMQjRxqFwoTCJjM06zItYQDFQAAAAAdAAAAABAE



Renal Denervation Leads to Sustained 
Decrease in BP over 9 Years 

Sesa-Ashton G. Hypertension. 2023;80:811–819



Key Facts to Keep in Mind 

10 mmHG 
Reduction in BP 

20% Decrease in 
CV Events 

Renal 
Denervation 

33% Non-
Responder rate 

Average Renal 
Denervation 

Reduction in BP 

5 - 10 mm Hg 
Decrease in 
Systolic BP



Patients Willing to Undergo Renal 
Denervation Therapy is Influenced by the 

Number of Anti-HTN Drugs they Take  

•. 2021 Jan;39(1):162-168 
•. 2021 Jan;39(1):162-168 
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Candidates for Renal Denervation Therapy 

Patients with resistant hypertension, defined by blood 
pressure >130/80 mm Hg despite being on 3 medications 
with maximally tolerated doses incluidnig a diuretic 

Patients with uncontrolled hypertension despite 
attempting lifestyle modification and antihypertensive 
medication but who are either intolerant of additional 
medication or do not wish to be on additional 
medications and who are willing to undergo renal 
denervation after shared decision-making



The Renal Denervation Tsunami Has Started – 
Let’s See what Happens in 2024 ! 





Thank you !!! 

• What new discoveries will come in 2024 ???
•  Let’s get together next year and find out !!! 
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