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Background
Primary aldosteronism (PA)
▪ A common and potentially curable 

form of HTN characterised by 
excessive production of 
aldosterone by the adrenal glands 
that is partially or completely 
autonomous of the renal-
angiotensin-aldosterone system 
(RAAS)

• Associated with suppressed renin 
activity and variable but not 
universal hypokalaemia

The Thiazide-Sensitive NCC
• Modulated by K+ and aldosterone 

but it is unclear which is dominant
- K+ dephosphorylates pNCC via 

WNK-SPAK
- Aldosterone deubiquitylates NCC 

via MR-SGK1-Nedd4-2

Urinary extracellular vesicles 
(uEVs)
• Consist of microvesicles (200-

1000nm) and exosomes (30-
150nm)

• Originate from epithelial cells 
lining the urinary tract

• Reliable non-invasive tool to 
monitor specific physiological 
responses and disease 
mechanisms

In humans, PA is associated with
• Increased NCC abundance and 

phosphorylation (pNCC) in urinary 
extracellular vesicles (uEVs). 

• Whether these effects are 
primarily driven by aldosterone 
induced hypokalaemia is unclear

Aim

To address the hypothesis that oral 
potassium replacement can suppress 
NCC and pNCC in patients with elevated 
aldosterone driven hypokalaemia. 

Methods
Medication affecting plasma 
aldosterone or renin levels were 
replaced by other anti-HTN drugs, e.g.
verapamil, prazosin, moxonidine and/or 
hydralazine
Patients with hypertension and raised 
ARRs were admitted to hospital to 
undergo seated saline suppression 
testing (SSST) as a means of confirming 
or excluding PA. 
Plasma K+ aldosterone and renin 
concentration were measured at 7AM 

following overnight recumbency on the 
morning after admission and again at 
8AM on the following day after 3 hours 
of upright posture. If the initial plasma 
K+ was less than 4.0 mmol/l, 
participants were given sufficient slow-
release KCl (Span K) up to Q6h to 
achieve as close to 4.0 mmol/l as 
possible by the next morning at 7AM. 
uEVs were harvested by progressive 
ultracentrifugation and NCC was 
analysed by immunoblotting.

Results
Recruitment
Total N=38
- Median age: 45 year
- Sex: F24/M14
- Median BMI: 30.7
- Median NO. of anti-HTN drug: 2
- Median SBP: 145 [115, 174]
- Median DBP: 88 [68, 110]
- Median Basal K+: 3.6 [2.8, 4.4] 

mmol/L

KCl replacement
• KCl group: 25 (F16/M9) were given 

KCl
• Non-KCl group: 13 (F8/M5) 

received no KCl

SSST diagnosis of PA
• KCl group: 
- Positive SSST in 22, F14/M8, 

thereby confirming PA
- Negative SSST in 3, F2/M1, 

designated low renin hypertension 
(LRH) 

• Non-KCl group:  
- Positive SSST in 10, F6/M4 (PA) 
- Negative SSST in 3, F2/M1 (LRH) 
- 5 (PA4/LRH1) subjects baseline 

K+<4.0 mmol/L

Changes of biochemical 
parameters
• KCl group (+KCl in boxplots)
- Total dose of KCl (given as Span-K): 

6.0 [2.4, 16.8]g 
- Plasma K+: 3.4 [2.8, 3.9] to 4.1 [3.1, 

4.7] mmol/L (p=2.2e-05)
- Plasma Aldosterone: 305 [46, 

1630] to 547 [164, 1140] pmol/L, 
(p=0.02)

- Plasma Renin increased from 1.2 
[0.5, 4.6] to 2.7 [0.6., 6.6] mU/L 
(p=1.9e-05)

• Non-KCl group (-KCl in boxplots)
- Plasma K+ unchanged: 4.0 [3.1, 4.4] 

to 3.9 [3.5, 4.4] mmol/L (p=0.64)
- Plasma Aldosterone increased 

from 194 [59, 356]) to 422 [157, 
700] pmol/L (p=0.02)

- Plasma Renin increased from  2.1 
[0.5, 7.1] to 3.2 [0.5, 17.7] mU/L 
(p=0.03)

Changes of NCC abundance and 
phosphorylation in uEV

Correlations

Discussion and 
Conclusions

• Acute oral KCl replacement 
increased plasma potassium in 
hypertensive patients with raised 
ARRs

• The KCl replacement is associated 
with decreases in NCC abundance 
and phosphorylation in uEVs.

• This suggests Plasma K+ may 
override the effects of aldosterone 
on NCC.

• KCl replacement effect on NCC in 
LRH requires validation due to 
small numbers.

• The observed changes in 
aldosterone and renin levels:

- More likely the result of upright 
posture at the time of post-test 
sampling at baseline 

- Circadian rhythm? No changes in 
cortisol. 


