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Introduction 

• Intradialytic hypertension (HTN), a rise in blood pressure (BP) that occurs 

during hemodialysis (HD) treatments in up to 15% of patients, is associated 

with higher morbidity and mortality 

• Intradialytic HTN may be due to endothelial cell (EC) dysfunction 

• In vitro exposure of ECs to high sodium (Na+) concentration promotes EC 

stiffness and imbalances in vasoconstrictors (endothelin-1 [ET-1]) and 

vasodilators (nitric oxide [NO])  

• Hypothesis: Among patients with intradialytic HTN, exposure to high 

dialysate-to-serum Na+ gradients will lead to a decrease in NO and increase 

in ET-1 during HD, resulting in EC dysfunction, in comparison to exposure 

to low dialysate-to-serum Na+ gradients 

Methods 

Conclusions 

• Altering dialysate Na+ concentration appears to have a longer-term (lag 

carryover) effect on endothelial cell function 

•  Further studies are needed to evaluate the long-term effects of the dialysate-

to-serum Na+ gradient on vasoconstrictors and vasodilators in patients with 

intradialytic HTN. 

Results 

We performed a 3-week, 2-arm, randomized single-blinded crossover study 

among HD patients with intradialytic HTN and compared the effects of high 

dialysate-to-serum Na+ gradients (5 mEq/L above participants’ baseline Na+) vs 

low dialysate-to-serum Na+ gradients (5 mEq/L below baseline Na+ with lower 

limit of 134 mEq/L) on intradialytic changes in NO and ET-1.  

 

 

Enrollment 

• A total of 392 patients were screened for inclusion, 365 were ineligible, 9 

refused participation, 18 enrolled, and 16 underwent study procedures 

• Inclusion criteria: On HD >30 days, age 18-85 years, able to provide 

informed consent, nephrologist deemed patient at target dry weight, 

hypertension (predialysis BP > 140/90 mm Hg or postdialysis BP > 130/80 

mm Hg), and systolic BP increases ≥10 mm Hg pre-to-postdialysis during ≥ 

4/6 last HD treatments 

• Exclusion criteria: active cancer, active wounds, unable to measure BP in 

upper extremity, current antibiotic treatment or IV antibiotics in past month, 

life expectancy < 6 months, unable to provide informed consent 

 

 

Study procedures 

• Participants randomized to either 1) high dialysate-to-serum Na+ gradient 

followed by low or 2) low dialysate-to-serum Na+ gradient followed by high 

• Baseline serum Na+ was measured 

• 1 week period (3 HD sessions) of allocated dialysate Na+ (high or low) 

followed by 1 week washout (standard dialysate Na+) followed by 1 week of 

alternate dialysate Na+ prescription (high or low) 

• At weeks 1 and 3 during the mid-week HD session, blood was sampled at 

time 0, 2, and 4 hours for measurement of serum NO and ET-1 

• ET-1 was measured by ELISA, and NO was measured by reductive 

chemiluminescence 

 

 

Statistical Analysis 

Differences between treatments were compared with repeated measures mixed 

linear regression and included randomization arm (high - low Na+ vs low - high 

Na+), treatment effect (high vs low Na+), subject, time and session.  
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Figure 1. A. Endothelin-1 levels in participants (N=16) who received 

low-dialysate-to-serum Na+ gradient (diamonds) or high dialysate-to-

serum Na+ gradient (squares). B. Nitrite levels in participants (N=16) 

who received low-dialysate-to-serum Na+ gradient (diamonds) or 

high dialysate-to-serum Na+ gradient (squares).  

  Endothelin-1 

(pg/mL) 

Nitrite (nM) 

Low dialysate-to-serum 

Na+ gradient vs high 

dialysate-to-serum Na+ 

gradient 

  

-0.03 (p=0.9) 

  

-0.07 (p=0.2) 

  

Randomization arm (low 

followed by high 

dialysate-to-serum Na+ 

gradient vs high followed 

by low dialysate-to-serum 

Na+ gradient) 

  

  

-0.49 (p=0.04) 

  

  

0.16 (p=0.02) 

*mixed linear regression adjusted for time, subject, session, and 

randomization arm 

Table 2. Mixed Model Results 

Intradialytic Hypertension (N=16) 

Age (years) 58.8 (±9.5) 

Male gender 15 (94%) 

Black race 6 (38%) 

Hispanic ethnicity 9 (56%) 

Dialysis duration < 1 year 4 (25%) 

Comorbidities 

        Diabetes mellitus 

        Coronary artery disease 

        Congestive heart failure 

        Peripheral vascular disease 

 

11 (69%) 

4 (25%) 

7 (44%) 

3 (19%) 

Table 1. Participant characteristics  • Study participants (N=16) had an average age of 58.8 years, 38% were 

black, 56% were Hispanic, and 94% were male (Table 1) 

• In the primary comparison of high vs low dialysate-to-serum Na+ gradient, 

there were no significant differences in intradialytic levels of NO or ET-1 

(Figure 1, Table 2) 

• When compared by randomization arm, participants who received the low 

dialysate-to-serum Na+ gradient followed by high compared to those who 

received the high dialysate-to-serum Na+ gradient followed by low had a 

significant decrease in ET-1 (parameter estimate -0.49 pg/mL, p=0.04) and 

significant increase in nitrite during hemodialysis (parameter estimate +0.16 

nM, p=0.02) (Table 2) 

Results, Cont. 

Summary 

• NO and ET-1 when participants were receiving the low dialysate-to-serum 

Na+ gradient versus the high dialysate-to-serum Na+ gradient were not 

significantly different 

• Participants randomized to the group receiving the low dialysate-to-serum 

Na+ gradient before the high dialysate-to-serum Na+ gradient had higher 

levels of NO and lower levels of ET-1 throughout the three week study 

period compared to patients who received the high dialysate-to-serum Na+ 

gradient before the low dialysate-to-serum Na+ gradient 
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