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Hemodialysis (HD) is the most common renal replacement therapy for patients with end-
stage renal disease (ESRD) and can significantly reduce mortality and improve the quality
of life of patients. The occurrence of intradialytic hypotension and intradialytic
hypertension are important risk factors for death and disability during dialysis in
patients with ESRD, yet their etiology remains unclear, and some studies suggest that
nitric oxide (NO) and endothelin-1 (ET-1) may play an important role in these
hemodynamic alterations. For this purpose we examined the changes in NO and ET-1
levels during hemodialysis in 30 patients on maintenance hemodialysis (MHD) after
arteriovenous fistula surgery. Thirty dialysis patients were divided into group I (stable
blood pressure during dialysis), group II (Intradialytic hypotension) and group III
(Intradialytic hypertension) according to the change of blood pressure (BP) during
hemodialysis, with 10 cases in each group. BP of MHD patients were measured Pre-
dialysis (Pre-D), at 1 h of dialysis (1h-D), at 2 h of dialysis (Mid-D, 2h-D), at 3 h of
dialysis (3h-D), and at the end of dialysis (Post-D); and blood samples were taken from
the arterial end at Pre-D, Mid-D, and Post-D to measure NO and ET-1 levels. The
results of the analysis showed that as dialysis proceeded and ended, the NO levels in
the three groups gradually decreased, with significant differences compared with those
before dialysis (p < 0.05); the ET-1 levels in group III gradually increased, with
significant differences compared with those before dialysis (p < 0.05), while the
increasing trend of ET-1 levels in group I and group II was not significant. The
increasing trend of MAP in group I was not significant (p > 0.05); MAP in group II
showed a gradual decrease and MAP in group III showed an increasing trend, and the
difference between MAP after dialysis and before dialysis was significant (p < 0.05).
Correlation analysis showed a significant positive correlation between ET-1 levels and
MAP in Group III at Mid-D (r = 0.847, p = 0.002). This shows that serum ET-1 and NO
levels are significantly higher than normal in MHD patients after arteriovenous
endovascular fistula surgery, and both ET-1 and NO levels are changing during
dialysis, and there may be a link between their changes and blood pressure changes.
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It is suggested that the blood pressure fluctuations that occur during dialysis in MHD
patients may be related to endothelial cell dysfunction.
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INTRODUCTION

Hemodialysis (HD) was clinically applied in the 1960s and is
currently the most commonly used blood purification therapy
for the treatment of end-stage renal disease (ESRD) (1, 2). In
recent years, the composition ratio of dialysis complications
has changed with the advancement of HD technology,
including the improvement of dialysis machines, the
improvement of dialysis water quality, the application of
dialyzers with good membrane biocompatibility, etc. (3, 4).
However, acute hemodynamic changes during dialysis are still
common, mainly in the form of intradialytic hypotension and
intradialytic hypertension (5, 6). Poor BP (BP) control is a
common complication in patients with ESRD-HD and an
independent risk factor for patient prognosis. Unlike the
control of BP in general patients, HD patients need to control
BP not only during HD but also during the fluctuation of BP
during HD. However, some studies (6, 7) have shown that
intra-dialysis hypotension and intra-dialysis hypertension
caused by fluctuations in BP during dialysis can increase the
incidence of cardiovascular time and mortality in HD patients.
Therefore, the pathogenesis of hypotension and hypertension
during HD, if fully understood and effectively controlled, may
have a significant impact on the long-term survival and
quality of life of HD patients.

Studies (8, 9) have found that endothelin (ET-1) and nitric
oxide (NO) may be involved in the onset and progression of
BP changes during dialysis in HD patients. ET-1 is the most
potent vasoconstrictor substance identified, and it is widely
distributed in cardiovascular and neural tissues, and the
increased peripheral vascular resistance in essential
hypertension may be related to its excessive production (10).
NO is a gaseous biological messenger molecule that is widely
involved in a variety of physiological and pathological
processes in the body, and is considered to be a regulatory
mediator in the regulation of vascular tone and maintenance
of BP stability (11, 12). The aim of this study was to
investigate the relationship between the expression of serum
ET-1 and NO levels and BP changes in patients with different
degrees of BP in ESRD treated with HD after action
endovenous fistula surgery and their correlation.
MATERIALS AND METHODS

Study Subjects
30 patients who underwent regular hemodialysis after
arteriovenous endovascular fistula in our hemodialysis center
from January 2020 to December 2021 were selected. Medical
history, physical examination, X-ray examination, electro-
cardiogram, echocardiogram, and relevant laboratory tests
2

were taken at the time of enrollment. A mercury column
sphygmomanometer was used to measure BP in the right
upper arm of patients, and 30 patients with ESRD were
divided into three groups according to the changes in BP
during HD, with 10 patients in each group: patients with
stable BP during HD were group I; patients with hypotension
during HD were group II, mainly manifested by a sudden
drop in systolic blood pressure (SBP) with symptoms, SBP
<90 mmHg or SBP drop ≥20 mmHg, or at least 50% of the
dialysis treatment process showed systolic blood pressure
<90 mmHg or SBP decrease ≥20 mmHg; hypertension during
HD was the Group III, which mainly showed normal blood
pressure or hypertension before dialysis, but the mean arterial
pressure (MAP) increased more than 15 mmHg during
dialysis compared with that before dialysis.

Inclusion Criteria
Patients with ESRD aged >18 years, dialysis age >3 months, 2–3
dialysis sessions per week, 3.5–4 h per session. Combined with
sleep apnea syndrome, insulin resistance syndrome and other
diseases that more significantly affect ET-1 and NO levels.

Exclusion Criteria
Patients with tumors; patients with failed kidney transplants;
patients with abnormal mental behavior; patients with 2
interruptions or transfers from dialysis treatment; patients
with acute complications such as infections and bleeding.

Research Methodology
Treatment
All MHD patients were dialyzed 2 to 3 times a week for 4 h each
time with Baxter CTl90 dialyzer, Fresenius 4008B or 4008S
dialysis machine with blood flow rate of 250 mL/min and
dialysate flow rate of 500 mL/min, normal heparin
anticoagulation and bicarbonate dialysis.
Clinical Data were Collected
Including age, sex, primary disease, BP, dialysis time, previous
cardiovascular disease, and biochemical indexes [included
white blood cells (WBC), hemoglobin (Hb), platelets (PLT),
serum albumin (SAB), triglycerides (TG), total cholesterol
(TC), high-density lipoprotein (HDL), low-density lipoprotein
(LDL), and parathyroid hormone (PTH)]. In ESRD patients,
the age of dialysis (months), type of dialyzer used,
ultrafiltration volume, BP Pre-dialysis (Pre-D), BP at l, 2, and
3 h of dialysis, and BP at the end of dialysis (Post-D) were
recorded, and the brachial BP on the non-endovascular side
was measured. Each measurement was taken 3 times and the
mean value was taken.
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Blood Specimen Collection
The blood specimens were collected at Pre-D, 2 h of dialysis
(Mid-D, 2h-D) and at Post-D, respectively, by lowering the
blood flow rate to 50 ml/min and taking blood specimens at
the arterial end of the dialysis line after stopping ultrafiltration
and ineffective dialysis for 1 to 2 min.

Blood Pressure Measured and Recorded
Patients in both groups were measured by dedicated medical staff
with an electronic sphygmomanometer in a lying position with
the measuring arm at the same level as the heart and the
sphygmomanometer. 3 groups of dialysis patients rested for
10 min before dialysis, and the blood pressure was measured
Pre-D, at 1 h of dialysis (1 h-D), at 2 h-D, at 3 h of dialysis
(3h-D) and at Post-D on the upper arm without fistula. MAP
= (SBP - diastolic blood pressure)/3 + diastolic blood pressure.

Laboratory Tests
blood samples were drawn from the arterial end of HD patients
at Pre-D, at Mid-D and at Post-D. The detection of NO was
performed by chemiluminescence method, and the kit was
purchased from Nanjing Jiancheng Institute of Biological
Engineering; the detection of ET-l was performed by enzyme-
linked immunoassay, and the kit was purchased from ADL,
USA. The reference range of normal value of NO: (39.00 ±
11.00) μmol/L; the reference range of normal value of ET-1:
(50.8 ± 7.58) pg/mL.

Statistical Methods
SPSS 22.0 statistical software was used to analyze the data, Prism 7.0
was used to create the statistical graphs. Count data were expressed
as rates (%) with a chi-square test. The measurement data were
described as mean ± standard deviation (Mean, SD) using t or F
test. correlation between ET-1 and MAP was analyzed using
pearson correlation analysis. α = 0.05 was the test level.
RESULTS

Comparison of General Data Between HD
Different BP Patient Groups
No statistically significant differences (p > 0.05) were found
between group I, group II and group III in terms of general
information such as gender, age, dialysis age, dry weight,
water loss and primary disease (Table 1).
TABLE 1 | Comparison of general data between HD different BP patient groups.

Information Group I (n =

Male (%) 5 (50.00)

Age (years; Mean, SD) 65.49 ± 10.2

Dialysis age (months; Mean, SD) 60.46 ± 26.3

Dry weight (kg; Mean, SD) 62.81 ± 9.8

Water loss (kg) 2.56 ± 1.01

Primary disease Diabetes mellitus (%) 0 (0.00)
Chronic nephritis (%) 6 (60.00)
Hypertensive nephropathy (%) 2 (20.00)
Other (%) 2 (20.00)
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Comparison of Clinical and Biochemical
Indexes Among Group I, Group II and Group
III
Baseline values of serologicalmarkers such asWBC,Hb, PLT, SAB,
TG, TC, HDL, LDL, and PTHwere collected for comparison in the
three groups. The results showed that none of the differences in
clinical biochemical indices among group I, group II and group
III were statistically significant (p > 0.05) (Figure 1).

Comparison of Serum NO and ET-1 Levels
at Pre-D, Mid-D and Post-D in Group I,
Group II and Group III
Serum ET-1 and NO levels at Pre-D were significantly higher
than normal in all three groups. Univariate analysis of ET-1
and NO levels Pre-D in the three groups showed that the
differences were not statistically significant (p > 0.05). As
dialysis progressed and ended, the NO levels in the three
groups gradually decreased and were significantly different from
those Pre-D (p < 0.05); the ET-1 levels in group III gradually
increased and were significantly different from those Pre-D
(p < 0.05), while the increasing trend of ET-1 levels in group I
and group II was not significant (p > 0.05) (Table 2 and Figure 2).

Comparison of MAP During HD in Group I,
Group II and Group III
The difference of MAP at Pre-D in the three groups was not
statistically significant (p > 0.05). As dialysis proceeded, the
increasing trend of MAP in group I was not significant (p >
0.05); MAP in group II showed a gradually decreasing trend,
and the MAP Post-D was significantly lower than that Pre-D
(p < 0.05); MAP in group III showed an increasing trend, and
the MAP Post-D was significantly higher than that Pre-D
(p < 0.05) (Table 3 and Figure 3).

Correlation Analysis of ET-1 Levels and
MAP at 2h-D (Mid-D) in Group III
By compared and analyzed Figures 2, 3 we founded that both
ET-1 levels and MAP levels showed an increasing trend
during dialysis in group III. Therefore, we further analyzed
the correlation between ET-1 and MAP in group III, and the
showed that the level of ET-1 at Mid-D in group III was
significantly positively correlated with MAP (r = 0.847,
p = 0.002) (Figure 4).
10) Group II (n = 10) Group III (n = 10) p value

4 (40.00) 6 (60.00) 0.670

1 66.00 ± 8.51 66.33 ± 7.24 0.977

4 51.23 ± 25.20 46.35 ± 20.16 0.665

0 59.76 ± 7.62 58.77 ± 10.20 0.603

2.62 ± 0.33 2.45 ± 0.87 0.889

1 (10.00) 4 (40.00) 0.185
7 (70.00) 2 (20.00)
1 (10.00) 2 (20.00)
1 (10.00) 2 (20.00)
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FIGURE 1 | Comparison of clinical and biochemical indexes. The levels of white blood cells (WBC), hemoglobin (Hb), platelets (PLT), serum albumin (SAB),
triglycerides (TG), total cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), and parathyroid hormone (PTH) are indicated in descending
order from A to I.
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DISCUSSION

With the improvement of socio-economic level and people’s
living conditions in China, more and more ESRD patients can
Frontiers in Surgery | www.frontiersin.org 4
choose continuous hemodialysis (MHD) as an alternative
therapy. However, intradialytic hypotension and intradialytic
hypertension due to fluctuations in BP during dialysis in
patients with MHD are important risk factors for
2022 | Volume 9 | Article 905372
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cardiovascular and cerebrovascular complications, morbidity and
mortality, and all-cause mortality in dialysis patients (14, 15).
Recent studies (16, 17) have shown that intradialytic
FIGURE 2 | Trends of ET-1, NO levels in the three groups. A indicates the trend i

TABLE 2 | Comparison of serum NO and ET-1 levels at Pre-D, Mid-D and
Post-D in group I, group II and group III (Mean, SD).

Indicators/groups ET-1(pg/mL) NO (μmol/L)

Group I (n = 10)

Pre-D 142.26 ± 38.34 136.50 ± 40.81

Mid-D 124.37 ± 36.54 69.16 ± 20.28*

Post-D 140.30 ± 41.57 54.23 ± 8.04*,**

Group II (n = 10)

Pre-D 153.86 ± 32.26 160.18 ± 43.65

Mid-D 147.60 ± 17.53 81.20 ± 25.48*

Post-D 140.34 ± 40.25 62.19 ± 17.20*

Group III (n = 10)

Pre-D 120.23 ± 42.18 155.34 ± 46.71

Mid-D 170.62 ± 20.87* 82.06 ± 20.83*

Post-D 165.42 ± 44.58* 57.26 ± 10.2*,**

Note: Compared with the same group at Pre-D, *p < 0.05; compared with the same
group at Mid-D, **p < 0.05.

Frontiers in Surgery | www.frontiersin.org 5
hypotension is associated with patient prognosis and is an
independent risk factor for high hospitalization rates in MHD
patients, as well as reduced survival; intradialytic hypertension
is an independent risk factor for increased mortality in MHD
patients. There are numerous studies on the mechanisms of
combined hypertension on dialysis, while the main mechanism
for the occurrence of blood pressure fluctuations during dialysis
is not clear (18). Meanwhile, the smooth control of blood
pressure during dialysis in MHD patients has great significance
for improving the prognosis of dialysis patients and improving
the quality of survival of dialysis patients.

It is now believed that vascular endothelial injury is an
important pathophysiological basis for cardiovascular disease,
and in chronic kidney disease, endothelial dysfunction is often
seen in the early stages of disease development, with patients
commonly having abnormal endothelial function (19). Studies
(20–22) have shown that vascular endothelial function is
closely related to the dynamic levels of NO and ET-1, where
ET-1 acts on ETA receptors in smooth muscle cells to
promote calcium ion release and enhance extracellular calcium
ion inward flow, resulting in strong vasoconstriction, which
leads to an increase in SVR. NO is an important vasodilator
with the opposite effect of ET-1, which is widely distributed
in the body and can modulate vascular tone, inhibit platelet
n ET-1 levels. B is the change trend of NO level.
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https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org


TABLE 3 | Comparison of MAP during HD in group I, group II and group III (Mean, SD).

Time/group Pre-D 1 h-D 2 h-D 3 h-D Post-D

Group I (n = 10) 95.23 ± 12.28 100.06 ± 13.25 102.36 ± 11.58 98.27 ± 12.14 99.87 ± 10.56

Group II (n = 10) 108.30 ± 14.50 101.25 ± 12.77 93.23 ± 10.18 91.56 ± 10.26 90.24 ± 11.31*

Group III (n = 10) 98.70 ± 13.68 103.24 ± 15.16 109.58 ± 14.73 116.50 ± 13.29 122.06 ± 15.14*,**,***

Note: Compared with the same group at Pre-D, *p < 0.05; compared with group I at Post-D, **p < 0.05; compared with group II at Post-D, ***p < 0.05.

FIGURE 3 | Trend of MAP changes during dialysis in 3 groups.

FIGURE 4 | Correlation analysis of ET-1 levels and MAP at 2 h-D (Mid-D) in
group III.

Li et al. NO, ET-1 Levels/Blood Pressure
monthly endothelial adhesion and thrombosis to prevent
vascular endothelial disorders and atherosclerosis (23, 24).

In this study, serum NO and ET-1 levels were found to be
significantly higher than normal in patients with MHD, which is
consistent with many literature reports (25–27). Meanwhile, this
study found that serum NO levels in all three groups showed a
gradual decrease during dialysis, and there were statistical
differences between the three groups before and after dialysis
when comparing serum NO levels themselves. The consideration
may be related to the smaller molecular weight and stronger
Frontiers in Surgery | www.frontiersin.org 6
dispersion properties of NO, which is gradually removed by
dialysis during the dialysis process and the amount removed
increases with time, etc. However, we also found no statistical
difference in NO levels in group II dialysis compared with the
post-dialysis group, while the other two groups were statistically
different, suggesting that the occurrence of hypotension in
dialysis may still be related to NO levels. The effect of NO is not
only to achieve peripheral vasodilation, but also to inhibit
sympathetic nerve endings, to inhibit the release of
catecholamines, and to inhibit their biological activity, which can
inhibit autonomic function and can act synergistically with
prostaglandins to cause a drop in blood pressure in patients on
dialysis (28, 29). However, this study did not find any significant
correlation between changes in NO levels before and after
dialysis and changes in MAP, considering that the reason is
mainly that NO, as a small molecule, can be removed by
hemodialysis. In addition, this study also found that the changes
in serum ET-1 levels at Pre-D and Post-D in group I and group
II were not significant, but the ET-1 levels in group III were
significantly higher at Mid-D than Pre-D and were still higher
than the Pre-D levels at Post-D (p < 0.05), showing the same
change trend as their MAP changes. The correlation analysis of
MAP and ET-1 in dialysis showed a significant correlation
(p < 0.05), which suggests that serum ET-1 levels may be
associated with the development of hypertension in dialysis.

In conclusion, serum ET-1 and NO levels were significantly
higher than normal in MHD patients after arteriovenous
fistula surgery, and both ET-1 and NO levels were changing
during dialysis, and there may be a link between their changes
and blood pressure changes. suggesting that the blood
2022 | Volume 9 | Article 905372
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pressure fluctuations that occur during dialysis in MHD patients
may be related to endothelial cell dysfunction. As this study was
a retrospective analysis, the conclusions obtained need to be
supported by prospective studies with larger samples.
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