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Abstract

Background

Intra-dialytic hypertension (IDH) is emerging as an important issue in hemodialysis patients.
Its risk factors and clinical outcomes are unclear.

Methods

A total of 73 prevalent hemodialysis patients were enrolled. They included 14 (19.2%)
patients with baseline IDH and 59 patients without IDH. Their clinical parameters, laboratory
parameters, and mortality were investigated over 78 months.

Results

The risks factor of IDH included low serum potassium levels, low ultrafiltration, and low arm
muscle area. Lower median survival was evident in the IDH group compared to the non-IDH
group, but was not significantly different. After adjusting for relevant confounders for age,
the IDH group displayed 2.846 times higher mortality rate than the non-IDH Group (adjusted
hazard ratio: 2.846; 95% confidence interval: 1.081-7.490; P=0.034).

Conclusion

IDH is associated with high mortality in hemodialysis patients. Clinicians should be aware of
the risk factors. Future research studies are needed to explore the mechanisms involved in
the association between IDH and mortality.

Introduction

The prevalence of hypertension in patients undergoing hemodialysis ranges from 65% to 85%
[1]. Hypertension results in cardiovascular complications in hemodialysis patients [2]. It is
also a powerful predictor of death [3]. Intra-dialytic hypertension (IDH), a unique form of
hypertension observed in hemodialysis patients, has recently emerged as an important issue.
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In general, systolic blood pressure (SBP) decreases during hemodialysis. However, 8-15%
of patients have IDH, which is an opposing trend to SBP [4,5]. Although the definition of IDH
has not been firmly established, several defining criteria have been suggested, including
increased mean arterial blood pressure exceeding 15 mmHg during or immediately after
hemodialysis [6], SBP increase>10 mmHg from pre-dialysis to post-dialysis [7], development
of hypertension during the second or third hour of hemodialysis after significant ultrafiltration
[8], increased blood pressure that is resistant to ultrafiltration [9], and aggravation of pre-exist-
ing hypertension or development of de novo hypertension with the administration of erythro-
poietin-stimulating agents (ESAs) [10].

IDH has high mortality and morbidity rates [7]. However, the definite cause of IDH
remains unclear. Proposed causes include sympathetic overactivity [4], volume overload [11],
renin-angiotensin-aldosterone system activation [12], endothelial dysfunction [13], elimina-
tion of antihypertensive drugs by hemodialysis [14], ESAs [15], and dialytic sodium gradient
[16]. However, none of these can clearly explain the etiology of IDH.

In the present study, we aimed to identify factors related to the development of IDH and
ascertain the relationship between IDH and mortality in hemodialysis patients.

Methods
Patients

We screened 108 adult patients with end-stage renal disease (ESRD) in a single hemodialysis
unit between June 2005 and September 2005. Thirty five patients were excluded because of
incomplete data or loss to follow-up. A total of 73 patients were divided into the IDH group
and non-IDH group. We used findings from a recently publication [13] to define IDH. The
definition criteria were an increase in post-dialytic SBP >10 mmHg compared to pre-dialytic
SBP in at least four of six consecutive hemodialysis sessions, and an absence of an intra-dialytic
decline in SBP.

Study design and data collection

This retrospective cross-sectional study was designed to determine clinical parameters, labora-
tory parameters, dialysis-related factors, and mortality. The study design was approved by the
Institutional Review Board of Soonchunhyang University Cheonan Hospital, Cheonan, Korea
(IRB approval number 2012-45). All patients provided their written informed consent before
entering the study. The blood level of laboratory parameters was checked in 2005 and reviewed
in 2016.

Clinical parameters included age, sex, height, duration of hemodialysis, underlying disease,
left ventricular hypertrophy, dose of ESAs and antihypertensive drugs, body mass index
(BMI), arm muscle area (AMA), and normalized protein catabolic rate (nPCR). Laboratory
parameters obtained from pre-dialytic measurements included albumin, urea nitrogen, creati-
nine, hemoglobin, ferritin, sodium, potassium, bicarbonate, calcium, phosphorus, intact para-
thyroid hormone, and total cholesterol. Plasma renin activity, serum aldosterone, epinephrine,
and norepinephrine values were checked before and after hemodialysis in all patients with
IDH and 57 of 59 patients (97%) without IDH. Commercially available radioimmunoassay
kits were used to measure plasma concentration of renin (Renin Riabead; Dainabot, Tokyo,
Japan), aldosterone (Immunotech SA, Marseille, France), and epinephrine and norepineph-
rine (IBL, Hamburg, Germany). Dialysis-related factors included pre- and post -dialytic body
weight, inter-dialytic weight gain, pre- and post-dialytic SBP, ultrafiltration volume, and urea
[(clearance x time) / volume; Kt/V].
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Statistical analyses

Continuous data are expressed as mean + standard deviation or mean + standard error. Cate-
gorical data are expressed as frequencies (number of cases and percentages). Differences were
determined with independent ¢ test or Mann-Whitney U test for continuous data. Pearson’s
chi-square test or Fisher’s exact test were used to compare categorical data.

Risk factors of IDH were identified with regression analysis. Survival curves were con-
structed using Kaplan-Meier estimates with comparisons between curves based on log-rank x2
statistic. IDH was related to all-cause mortality using univariable and multivariable Cox pro-
portional hazard regression analyses in consideration of clinically plausible interactions. The
primary end point was death. Time was the period from the beginning of the follow-up to
the primary end point. The proportional hazard assumption was confirmed by inspecting
log (—log [survival]) curves and examining time-dependent covariates. SPSS version 14.0 soft-
ware (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. In all statistical analyses,
P < 0.05 was considered statistically significant.

Results
Baseline characteristics

IDH was prevalent in 14 (19.2%) of 73 patients. The mean delta SBP (post-SBP minus pre-dia-
lytic SBP) value for six consecutive hemodialysis sessions in the IDH group was significantly
higher than that in the non-IDH group (mean + standard error, 12.78 + 1.37 vs. -9.42 + 1.40;
95% confidence interval [CI]: 14.13 to 11.43 vs. -3.98 to -14.86; P < 0.001) (Fig 1).

The mean age of the 73 patients was 54 years. Of the 73 patients, 41 (56.2%) were males.
The causes of ESRD included diabetes mellitus (DM; #n = 21), hypertension (n = 24), chronic
glomerulonephritis (n = 18), polycystic kidney disease (n = 2), and unknown (n = 8). DM
accounted for 28.8% of the causes of ESRD. The proportion of diabetic patients was relatively
low because all unstable patients were excluded. Records at this center established that the
prevalence of DM among the ESRD patients was 18% in 1992 and 49% in 2009. Since the
number of diabetic patients has increased rapidly since 2000, the proportion of diabetic
patients is likely to be lower in 2005 than in the present [17]. Of the 73 patients, 58 (79.5%)
had hypertension, which was treated with regular antihypertensive medication. Thirty nine
patients had left ventricular hypertrophy, including 7 patients in the IDH group and 32
patients in the non-IDH group. The mean pre- and post- dialytic body weights were 50.4 and
47.5 kg, respectively. The mean inter-dialytic weight gain was 2.8 kg. Mean ultrafiltration
volume was 3.2 L. No significant differences in baseline characteristics were found between
the two groups (Table 1).

Clinical parameters, laboratory parameters, and dialysis-related factors

Serum potassium levels, inter-dialytic weight gain, ultrafiltration volume, urea nitrogen, BMI,
AMA, and nPCR were significantly lower in the IDH group compared to those in the non-
IDH group (Student’s t-test; Table 2). Multivariate logistic regression was performed on fac-
tors with P < 0.05. Serum potassium level, ultrafiltration volume, and AMA remained signifi-
cant risk factors for IDH. The odds ratio (OR) of IDH was 0.089 (95% CI: 0.017-0.476,

P =0.005) for each increase of 1.0 mmol/L in serum potassium level. OR was 0.386 (95% CI:
0.166-0.894, P = 0.026) for each increase of 1.0 L in ultrafiltration volume and 0.887 (95% CI:
0.800-0.982, P = 0.021) for each increase of 1.0 cm? in AMA (Table 3).
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Fig 1. Mean delta SBP (post-dialytic SBP minus pre-dialytic SBP) of six consecutive hemodialysis sessions. The mean
delta SBP in the IDH group was significantly higher than that in the non-IDH group (mean + standard error, 12.78 £ 1.37 vs

-9.42 +1.40; 95% confidence interval: 14.13to 11.43 vs. -3.98 to -14.86; P < 0.001). SBP, systolic blood pressure; IDH, intradialytic
hypertension.

https://doi.org/10.1371/journal.pone.0181060.9001

Renin-angiotensin-aldosterone system and sympathetic activity

Serum aldosterone levels before and after hemodialysis were significantly lower in the IDH
group than those of the non-IDH group. However, there was no significant difference in
plasma renin activity (pre- or post- dialytic), epinephrine level, or norepinephrine level
between the two groups (Table 4). To understand the confounding effect of antihypertensive
drugs, we classified these drugs into two categories: potassium-related drugs (angiotensin
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Table 1. Baseline characteristics of patients.

Parameters

Age (years)

Male, n (%)

Target weight (kg)

Kt/V urea

SBP (mmHg)
Pre-dialytic
Post-dialytic

DBP (mmHg)
Pre-dialytic
Post-dialytic

Albumin (g/L)

Creatinine (umol/L)

Calcium (mmol/L)

Phosphorus (mmol/L)

Intact PTH (ng/L)

Hemoglobin (g/L)

Erythropoietin doses (U/week)

IDH (n = 14)
54.1+13.1
11 (78.5%)
52.8+8.0
1.67+0.65

139.3+14.9
141.4+15.1

80.0+7.8
80.7+8.3
38+5.0

753.9+225.2

2.13+0.19
1.19+0.36
90.8+75.6
1007
6714 + 4322

Data are presented as mean + standard deviation or number (percentage).

IDH, intra-dialytic hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; PTH, parathyroid hormone.

https://doi.org/10.1371/journal.pone.0181060.t001

Non-IDH (n = 59)
54.0+13.0
30 (50.8%)
57.9+10.8
1.68 +0.68

140.0+21.7
131.7+19.4

79.5+9.4
78.6+9.2
39+4.7
844.5+281.8
2.15+0.19
1.37 £0.51
88.0+101.5
103+ 11
4361 + 4558

0.982
0.077
0.098
0.967

0.908
0.084

0.852
0.443
0.387
0.267
0.765
0.215
0.925
0.269
0.084

receptor blockers, angiotensin-converting enzyme inhibitors, and beta-blockers) and potas-
sium-unrelated drugs (calcium channel blockers and vasodilators like minoxidil). Patients

were then subdivided according to whether potassium-related drugs were prescribed. Diuret-

ics were not used in any of these patients. In the IDH group, potassium-related drugs were pre-
scribed to 12 patients, whereas 2 patients were not prescribed any antihypertensive drug. In

the non-IDH group, potassium-related drugs were prescribed to 42 patients, whereas 12

Table 2. Laboratory parameters and dialysis-related factors in the IDH and non-IDH groups.

Parameters

Sodium(mmol/L)

Potassium (mmol/L)
Bicarbonate (mmol/L)
Pre-dialytic body weight (kg)
Post-dialytic body weight (kg)
Inter-dialytic weight gain (kg)
Ultrafiltration (L)

Urea nitrogen (mmol/L)

BMI (kg/m?)

AMA (cm?)

nPCR (g-kg™-day™)
Hemoglobin(g/dL)
Hematocrit(%)

Data are presented as mean + standard deviation.
IDH, intra-dialytic hypertension; BMI, body mass index; AMA, arm muscle area, nPCR, normalized protein catabolic rate.

https://doi.org/10.1371/journal.pone.0181060.t002

138.21 £4.154

IDH

4.7+0.5
21.5+4.2
55.6+8.9
53.3+8.0
24£1.2
27+1.1
15.2+6.6
19.6+2.4
25.5+6.0
0.69+0.12
9.98+0.74
30.3+2.62

Non-IDH
137.0+16.6
52+0.7
22.4+31
61.5+11.3
58.6+11.0
3.0+0.8
3.5+0.8
19.4+6.1
21.8+3.2
32.2+10.4
0.86+0.24
10.31+£1.05
31.81+£3.19

0.463
0.003
0.471
0.072
0.098
0.032
0.002
0.026
0.017
0.028
0.011
0.269
0.126
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Table 3. Multivariate logistic regression analysis in the IDH groups (Odds ratio, 95% confidence

intervals).

Parameters P Odds Ratios(95% confidence intervals)
Potassium(mmol/L) 0.0046 0.089(0.017-0.476)

Inter-dialytic weight gain(kg) - -

Ultrafiltration 0.0026 0.386(0.166—0.894)

Urea nitrogen(mmol/L) - -

BMI (kg/m2) - -

AMA (cm2) 0.021 0.887(0.800-0.982)

HCO3 0.09 1.127(0.979-1.298)

nPCR (g-kg-1-day-1) - -
BMI, body mass index; AMA, arm muscle area; nPCR, normalized protein catabolic rate.

https://doi.org/10.1371/journal.pone.0181060.t003

patients received potassium-unrelated drugs and 5 patients did not receive any antihyperten-
sive drug. There was no significant difference in the frequency with which potassium-related
drugs were prescribed between the IDH group and the non-IDH group according to Fisher’s
exact test. The difference in the rates of hypertensive dialyzable drugs (minoxidil and Iodixa-
nol) and non-dialyzable drugs(valsartan, losartan, candesartan, telmisartan, carvediol, nifedi-
pine, and amlodipine) between the IDH and non-IDH groups was not statistically significant.

Mortality

During 78 months of follow-up, 26 patients died, including 8 patients in the IDH group (6
males and 2 females) and 18 patients in the non-IDH group (10 males and 8 females). The
overall survival in Kaplan-Meier plots for the non-IDH group was higher than that in the IDH
group. However, the overall survival rates in the two groups were not significantly different
(50% vs 69.5%, P = 0.209) (Fig 2). Univariate Cox regression was done for factors with

P < 0.05 or those that were clinically significant (Table 5). The results of multivariate Cox
regression analysis showed that the IDH Group had 2.846 times higher mortality rate than
non IDH Group (Table 6). The reason Kaplan-Meier plots and multivariate Cox regression

Table 4. Renin—-angiotensin—aldosterone system and sympathetic activity in the IDH and non-IDH groups.

Parameters IDH Non-IDH P
Plasma renin activity (ng-mL™"-h™")
Pre-dialysis 2.40+2.56 3.86+4.85 0.130
Post-dialysis 3.2314.89 6.26 £ 7.30 0.730
Serum aldosterone (nmol/L)
Pre-dialysis 3.1+6.5 75+13.6 0.009
Post-dialysis 64.4+79.1 261.7£478.4 0.005
Serum epinephrine (pmol/L)
Pre-dialysis 247.6+120.8 221.8+114.4 0.478
Post-dialysis 175.6+61.6 197.9+105.0 0.310
Serum norepinephrine (pmol/L)
Pre-dialysis 1518.1+1231.8 1456.6 + 1135.4 0.867
Post-dialysis 921.4+£995.9 843.3+835.6 0.789

Data are presented as mean +* standard deviation.
IDH, intra-dialytic hypertension.

https://doi.org/10.1371/journal.pone.0181060.t004

PLOS ONE | https://doi.org/10.1371/journal.pone.0181060 July 25, 2017 6/11


https://doi.org/10.1371/journal.pone.0181060.t003
https://doi.org/10.1371/journal.pone.0181060.t004
https://doi.org/10.1371/journal.pone.0181060

@. PLOS | ONE Intra-dialytic hypertension

1.0 - I _ﬂ non IDH

1 IDH

0.8

Survival

0.4+

0.2

| I 1 | |
0 20 40 G0 80

Month

Fig 2. Kaplan Meier overall survival curve. The non-IDH group had higher survival rate than the IDH group. However, there
was no significant difference in overall survival rate between the IDH group and the non-IHD group (50% vs. 69.5%, P = 0.209).

https://doi.org/10.1371/journal.pone.0181060.9002

Table 5. Univariate Cox regression analysis for mortality.

Parameters P
Weight. change 0.24
Age 0.00036
IDH 0.21
HTN grade 0.11
Grade 1 0.056
Grade 2 0.70
Grade 3 0.89
DM 0.65
Hemoglobin 0.025
Erythropoietin dose 0.27
HCO3 0.059
nPCR 0.33
BUN 0.64
Cr 0.08

nPCR, normalized protein catabolic rate; IDH, intra-dialytic hypertension; BUN, blood urea nitrogen; Cr,
creatinine.

https://doi.org/10.1371/journal.pone.0181060.t005
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Table 6. Multivariate Cox regression analysis for mortality (Hazards ratio, 95% confidence intervals).

Parameters P Hazard Ratios(95% confidence intervals)
Age 0.001 1.095(1.040-1.153)
HTN grade 0.004

Grade 1 0.002 12.439(2.560-60.439)
Grade 2 0.127 3.049(0.729-12.744)
Grade 3 0.035 9.475(1.166-76.991)
Albumin - -

HCO3 0.09 1.127(0.979-1.298)
IDH 0.034 2.846(1.081-7.490)
Creatinine - -

DM - -

HTN, hypertension; IDH, intra-dialytic hypertension; DM, diabetes mellitus

https://doi.org/10.1371/journal.pone.0181060.t006

differed was the compounding effect. Hypertensive patients were divided into four groups. In
Group 1, BP was within the normal range and no antihypertensive drugs were prescribed. In
Group 2, control of BP required antihypertensive drugs from only one category. In Group 3,
two or three categories of antihypertensive drug were required to control BP, but not minoxi-
dil. In Group 4, antihypertensive drugs from more than three categories were required to con-
trol BP, including minoxidil.

Discussion

This study has limitations in its sample size. However, it demonstrated that low serum potas-
sium levels, low ultrafiltration, and low AMA in patients are risk factors for IDH. To the best
of our knowledge, this is the first report that demonstrates that serum potassium level, ultrafil-
tration volume, and AMA are associated with IDH in hemodialysis patients.

As serum potassium is a uremic retention solute, clinicians aim to maintain low values of
the solute. However, our findings imply that very low values of serum potassium level might
be harmful. Therefore, a safe cut off level is required to ensure patients are not over-treated.

Although the relationship between potassium level and hypertension has not been clearly
defined, several hypotheses have been proposed in previous studies, including low potassium
intake, serum potassium in natriuresis, antioxidant action, correction of insulin resistance,
and inhibition of sympathetic activity [18-22]. However, the pathogenetic role of low potas-
sium level in IDH was not determined in the present study. Further studies are required to
confirm the relationship between potassium level and IDH.

Nutrition is another important issue among hemodialysis patients. AMA and nPCR are
nutritional indices correlated with the prognosis of hemodialysis patients [23,24]. The Kidney
Disease Outcomes Quality Initiative guidelines recommend the measurement of serum urea
nitrogen level for evaluating the nutritional status in ESRD patients. Presently, serum urea
nitrogen, BMI, AMA, and nPCR values were significantly lower in the IDH group. Because
urea nitrogen and AMA values are positively correlated with protein intake, low AMA and low
urea nitrogen values in IDH patients would suggest low protein intake. Similarly, the lower
nPCR values in IDH patients are indicative of low protein intake because nPCR is dependent
on protein intake and Kt/V urea. In this study, Kt/V urea differed significantly between the
two groups (0.69 + 0.12 vs. 0.86 + 0.24 g-kg'-day ™', P = 0.011). These lower values of serum
urea nitrogen, BMI, AMA, and nPCR in IDH patients suggest that IDH patients have poorer
nutritional status.

PLOS ONE | https://doi.org/10.1371/journal.pone.0181060 July 25, 2017 8/11


https://doi.org/10.1371/journal.pone.0181060.t006
https://doi.org/10.1371/journal.pone.0181060

@° PLOS | ONE

Intra-dialytic hypertension

As seen in Table 2, the ultrafiltration volume in the IDH group was lower than that in the
non-IDH group. However, the ratio of ultrafiltration volume to inter-dialytic weight gain did
not differ significantly between the two groups (1.20 £ 0.34 vs. 1.18 + 0.21 L/kg, P = 0.86).
Therefore, a lower ultrafiltration volume cannot explain the development of IDH.

The most popular hypotheses to explain IDH are stimulation of renin-angiotensin system
and the overactivation of sympathetic system by ultrafiltration induced hypovolemia. In this
study, the pre- and post- dialytic aldosterone levels were lower in the IDH group than the non-
IDH group. No significant differences of epinephrine and norepinephrine level were present
(Table 3). In IDH patients, post-dialytic SBP is higher than pre-dialytic SBP. Therefore, intra-
dialytic aldosterone secretion is attenuated by elevated blood pressure during hemodialysis.
Considering consecutive sessions for the maintenance hemodialysis, serum aldosterone
level in IDH patients could be lower than that in non-IDH patients before and after dialysis.
Although epinephrine and norepinephrine level were not significantly different, another
method to explore the sympathetic nervous system overactivation is needed.

Peripheral vascular resistance is increased in IDH patients [25]. Peripheral resistance
increases in IDH patients are associated with increased endothelin [25, 26]. The mechanism of
endothelin increase in IDH patients is not clear. Unfortunately, this study did not measure
endothelin levels. Studies of vasoconstriction peptides, including entothelin, may help under-
stand IDH mechanism and manage IDH patient.

Increased blood viscosity increase peripheral resistance and cause hypertension. In this
study, haematocrit and erythropoietin dose were not associated with IDH. But, progressive
ultrafiltration induced rise of hematocrit because of the hemoconcentration can cause IDH.
So there is a need to study the relationship between pre-dialytic and post-dialytic hematocrit
changes and IHD. Presently there was no association between erythropoietin dose and IDH,
However, care is advised before prescribing erythropoietin because erythropoietin triggers
endothelin synthesis [27].

IDH is associated with poor outcomes [8,18]. In the present study, the overall mortality in
the IDH group was higher than that in the non-IDH group, although there was no significant
difference in cumulative mortality between the two groups (Fig 2). The small number of study
subjects and relatively short period of follow-up might have caused the lack of significance.
Additional studies with larger size and longer follow-up period are required.

The present study is retrospective in nature. It involved a review of medical records. The
limitations of this study include its small sample size, single-centre nature, and observational
design. Further well-designed prospective studies are needed to confirm our findings.

Acknowledgments

This research was supported by Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education (2015R1A6A1A03032522)
and Soonchunhyang University Research Fund.

Author Contributions
Conceptualization: Eun Young Lee.

Data curation: Jae Seok Park, Kyu Tae Yoon, Hyo Wook Gil, Eun Young Lee, Sae Yong
Hong.

Formal analysis: Jae Seok Park.

Writing - original draft: Chi-Young Choi.

PLOS ONE | https://doi.org/10.1371/journal.pone.0181060 July 25, 2017 9/11


https://doi.org/10.1371/journal.pone.0181060

@° PLOS | ONE

Intra-dialytic hypertension

Writing - review & editing: Chi-Young Choi.

References

1.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Grekas D, Bamichas G, Bacharaki D, Goutzaridis N, Kasimatis E, Tourkantonis A. Hypertension in
chronic hemodialysis patients: current view on pathophysiology and treatment. Clinical nephrology.
2000; 53(3):164-8.: PMID: 10749293

Foley RN, Parfrey PS. Cardiovascular disease and mortality in ESRD. Journal of nephrology. 1997; 11
(5):239-45. PMID: 9831236

Charra B, Calemard E, Ruffet M, Chazot C, Terrat J-C, Vanel T, et al. Survival as an index of adequacy
of dialysis. Kidney international. 1992; 41(5):1286-91. PMID: 1614043

Inrig JK. Intradialytic hypertension: a less-recognized cardiovascular complication of hemodialysis.
American Journal of Kidney Diseases. 2010; 55(3):580-9. https://doi.org/10.1053/j.ajkd.2009.08.013
PMID: 19853337

Van Buren PN, Kim C, Toto RD, Inrig JK. The prevalence of persistent intradialytic hypertension in a
hemodialysis population with extended follow-up. The International journal of artificial organs. 2012; 35
(12):1031-8. https://doi.org/10.5301/ija0.5000126 PMID: 23065874

Amerling R, Cu GA, Dubrow A, Levin NW, Osheroff RJ. Complications during hemodialysis. Clinical
Dialysis. 1995; 3:235-67.

Inrig J, Oddone E, Hasselblad V, Gillespie B, Patel U, Reddan D, et al. Association of intradialytic blood
pressure changes with hospitalization and mortality rates in prevalent ESRD patients. Kidney interna-
tional. 2007; 71(5):454—61. https://doi.org/10.1038/sj.ki.5002077 PMID: 17213873

Fellner SK, editor Intradialytic hypertension: Il. Seminars in Dialysis; 1993: Wiley Online Library.
Levin NW, editor Intradialytic hypertension: I. Seminars in Dialysis; 1993: Wiley Online Library.

Sarkar SR, Kaitwatcharachai C, Levin NW. Complications during hemodialysis. Clinical Dialysis. 2005;
4:237-72.

Cirit M, Akcicek F, Terzioglu E, Soydas C, Ok E, Ozbasli C, et al. ‘Paradoxical’rise in blood pressure dur-
ing ultrafiltration in dialysis patients. Nephrology Dialysis Transplantation. 1995; 10(8):1417-20. PMID:
8538935

Bazzato G, Coli U, Landini S, Lucatello S, Fracasso A, Morachiello P, et al. Prevention of intra-and
postdialytic hypertensive crises by captopril. Contributions to nephrology. 1983; 41:292-8. PMID:
6396035

Inrig JK, Van Buren P, Kim C, Vongpatanasin W, Povsic TJ, Toto RD. Intradialytic hypertension and its
association with endothelial cell dysfunction. Clinical Journal of the American Society of Nephrology.
2011; 6(8):2016—24. https://doi.org/10.2215/CJIN.11351210 PMID: 21757643

Kopple JD. National kidney foundation K/DOQI clinical practice guidelines for nutrition in chronic renal
failure. American journal of kidney diseases. 2001; 37(1):S66—-S70. PMID: 11158865

Abraham P, Macres M. Blood pressure in hemodialysis patients during amelioration of anemia with
erythropoietin. Journal of the American Society of Nephrology. 1991; 2(4):927-36. PMID: 1751794

Movilli E, Camerini C, Gaggia P, Zubani R, Feller P, Poiatti P, et al. Role of dialysis sodium gradient on
intradialytic hypertension: an observational study. American journal of nephrology. 2012; 38(5):413-9.
https://doi.org/10.1159/000355974 PMID: 24216674

Seok Su Jin, Kim Jung Hoon, Gil Hyo Wook, Yang Jong Oh, Lee Eun Young et al. Comparison of
Patients Starting Hemodialysis with Those Underwent Hemodialysis 15 Years Ago at the Same Dialysis
Center in Korea. The Korean J Intern Med. 2010; 25(2):188—-194 https://doi.org/10.3904/kjim.2010.25.
2.188 PMID: 20526393

Poulter N, Khaw K, Mugambi M, Peart W. MIGRATION-INDUCED CHANGES IN BLOOD PRESSURE:
A CONTROLLED LONGITUDINAL STUDY. Clinical and Experimental Pharmacology and Physiology.
1985; 12(3):211-6. PMID: 4028511

Fujita T, Ando K. Hemodynamic and endocrine changes associated with potassium supplementation in
sodium-loaded hypertensives. Hypertension. 1984; 6(2 Pt 1):184-92. PMID: 6373586

Ando K, Matsui H, Fujita M, Fujita T. Protective effect of dietary potassium against cardiovascular dam-
age in salt-sensitive hypertension: possible role of its antioxidant action. Current vascular pharmacol-
ogy. 2010; 8(1):59-63. PMID: 19485915

Azadbakht L, Mirmiran P, Esmaillzadeh A, Azizi T, Azizi F. Beneficial effects of a Dietary Approaches to
Stop Hypertension eating plan on features of the metabolic syndrome. Diabetes care. 2005; 28
(12):2823-31. PMID: 16306540

PLOS ONE | https://doi.org/10.1371/journal.pone.0181060 July 25, 2017 10/11


http://www.ncbi.nlm.nih.gov/pubmed/10749293
http://www.ncbi.nlm.nih.gov/pubmed/9831236
http://www.ncbi.nlm.nih.gov/pubmed/1614043
https://doi.org/10.1053/j.ajkd.2009.08.013
http://www.ncbi.nlm.nih.gov/pubmed/19853337
https://doi.org/10.5301/ijao.5000126
http://www.ncbi.nlm.nih.gov/pubmed/23065874
https://doi.org/10.1038/sj.ki.5002077
http://www.ncbi.nlm.nih.gov/pubmed/17213873
http://www.ncbi.nlm.nih.gov/pubmed/8538935
http://www.ncbi.nlm.nih.gov/pubmed/6396035
https://doi.org/10.2215/CJN.11351210
http://www.ncbi.nlm.nih.gov/pubmed/21757643
http://www.ncbi.nlm.nih.gov/pubmed/11158865
http://www.ncbi.nlm.nih.gov/pubmed/1751794
https://doi.org/10.1159/000355974
http://www.ncbi.nlm.nih.gov/pubmed/24216674
https://doi.org/10.3904/kjim.2010.25.2.188
https://doi.org/10.3904/kjim.2010.25.2.188
http://www.ncbi.nlm.nih.gov/pubmed/20526393
http://www.ncbi.nlm.nih.gov/pubmed/4028511
http://www.ncbi.nlm.nih.gov/pubmed/6373586
http://www.ncbi.nlm.nih.gov/pubmed/19485915
http://www.ncbi.nlm.nih.gov/pubmed/16306540
https://doi.org/10.1371/journal.pone.0181060

@° PLOS | ONE

Intra-dialytic hypertension

22,

23.

24,

25.

26.

27.

Lawton WJ, Fitz AE, Anderson EA, Sinkey C, Coleman R. Effect of dietary potassium on blood pres-
sure, renal function, muscle sympathetic nerve activity, and forearm vascular resistance and flow in nor-
motensive and borderline hypertensive humans. Circulation. 1990; 81(1):173-84. PMID: 2297825

Tayyem RF, Mrayyan MT. Assessing the prevalence of malnutrition in chronic kidney disease patients
in Jordan. Journal of Renal Nutrition. 2008; 18(2):202-9. https://doi.org/10.1053/j.jrn.2007.10.001
PMID: 18267213

Dwyer JT, Larive B, Leung J, Rocco M, Burrowes JD, Chumlea WC, et al. Nutritional status affects qual-
ity of life in Hemodialysis (HEMO) Study patients at baseline. Journal of Renal Nutrition. 2002; 12
(4):213-23. PMID: 12382213

Chou KJ, Lee PT, Chen CL. Physiological changes during hemodialysis in patients with intradialysis
hypertension. Kidney Int. 2006; 69:1833-1838. https://doi.org/10.1038/sj.ki.5000266 PMID: 16691262

Raj DS, Vincent B, Simpson K, Sato E, Jones KL, Welbourne TC, et al. Hemodynamic changes during
hemodialysis role of nitric oxide and endothelin. Kidney Int 2002; 61: 697—704. https://doi.org/10.1046/
j.1523-1755.2002.00150.x PMID: 11849413

Bode-Bdger SM, Béger RH, Kuhn M, Radermacher J, Frélich JC. Recombinant human erythropoietin
enhances vasoconstrictor tone via endothelin-1 and constrictor prostanoids. Kidney Int 1996; 50:
1255-1261. PMID: 8887285

PLOS ONE | https://doi.org/10.1371/journal.pone.0181060 July 25, 2017 11/11


http://www.ncbi.nlm.nih.gov/pubmed/2297825
https://doi.org/10.1053/j.jrn.2007.10.001
http://www.ncbi.nlm.nih.gov/pubmed/18267213
http://www.ncbi.nlm.nih.gov/pubmed/12382213
https://doi.org/10.1038/sj.ki.5000266
http://www.ncbi.nlm.nih.gov/pubmed/16691262
https://doi.org/10.1046/j.1523-1755.2002.00150.x
https://doi.org/10.1046/j.1523-1755.2002.00150.x
http://www.ncbi.nlm.nih.gov/pubmed/11849413
http://www.ncbi.nlm.nih.gov/pubmed/8887285
https://doi.org/10.1371/journal.pone.0181060

