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 ABSTRACT 
 

Article information 

 

Background: Intradialytic hypertension [IDH] is an increase in systolic blood 

pressure [SBP] of more than 10 mm Hg over pre-dialysis SBP, which is a 

serious consequence of hemodialysis [HD]. Evaluation of IDH-related 

cardiac dysfunction in HD patients, such as left ventricular hypertrophy 

[LVH] or pulmonary hypertension [PHTN], may be performed using an 

echocardiogram, a non-invasive technique. 

Objective: This study aimed to evaluate the characteristics of IDH in patients 

undergoing maintenance HD and the echocardiographic findings in 

patients with IDH. 

Patients and methods: A case-control study was conducted for seven months 

on 60 patients with end-stage renal disease in Al-Azhar University 

Hospital, Egypt. The study included adult patients on regular dialysis for 

more than three months and excluded patients with unstable health 

conditions. Data were collected through a full history, clinical 

examination, laboratory tests, and echocardiographic assessments and 

analyzed using statistical methods such as T-test, ANOVA, and the Chi-

square test. 

Results: The study showed a statistically significant reduction in left 

ventricular end-systolic diameter [LVESD], left ventricular end-diastolic 

diameter [LVEDD], left atrial volume index [LAVI], and pulmonary 

artery systolic pressure [PASP] in patients with IDH [p<0.05]. The 

reduction in LVESD was from 43.67 ± 3.26 to 42.17 ± 3.03 mm, in 

LVEDD from 59.6 ± 2.04 to 58.07 ± 3.93 mm, in LAV from 34.67± 2.3 

to 31.9 ± 2.04 mm3, and in PASP from 42.33 ± 6.7 to 40.93 ± 6.84 

mmHg. 

Conclusion: Poorly managed BP in HD patients is linked to volume overload, 

increasing the risk of diastolic dysfunction and subsequent heart failure. 

HD patients with IDH had substantial reductions in LVEDD, LVESD, 

and PASP after HD sessions. 
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INTRODUCTION 

To lessen the signs and symptoms of uremia, 

hemodialysis [HD], an extracorporeal treatment, 

is recommended. When kidney function is no 

longer adequate to preserve an individual's well-

being or life, HD partly replaces some essential 

renal functions [1]. The elimination of fluids and 

salt during HD is known to reduce blood 

pressure [BP] in most hypertensive patients; 

however, in a small proportion of individuals, 

BP paradoxically increases towards the end of 

HD [2,3]. Clinically, this condition is known as 

intradialytic hypertension [IDH], and it 

manifests as an increase in systolic blood 

pressure [SBP] of more than 10 mm Hg over the 

pre-dialysis SBP [4]. Patients with IDH can be 

asymptomatic; however, in some patients, 

convulsion, anxiety, palpitations, dyspnea, 

thoracic discomfort, profuse perspiration, and 

headaches may present [5]. Moreover, patients 

on hemodialysis may experience muscle 

cramps, vomiting, nausea, irritable legs, fatigue, 

syncopal attack, and hypotension, which may 

lead to discontinuation of the hemodialysis 

session [6,7]. 

Patients undergoing HD are more likely to 

have poorly managed BP because of volume 

overload. Previous studies on the cause of IDH 

have pointed to volume overload as a 

contributing cause [6,7]. High-risk patients for the 

development of cardiovascular diseases include 

those who have had IDH more than once. Even 

if patients do not look clinically volume 

overloaded, their dry body weight should be 

reevaluated [8].  

Patients on HD have a 9-fold increased risk 

of cardiovascular mortality compared to the 

general population. It has been shown that right 

ventricular [RV] systolic dysfunction is an 

independent risk factor for mortality, and 

structural and functional heart disorders are 

frequent in the HD population [9]. IDH is linked 

to substantial alterations in echocardiography 

[ECHO] characteristics and could be considered 

one of the leading causes of morbidity and 

mortality in individuals with cardiovascular 

disorders. 

AIM OF THE WORK 

This study aimed to assess the characteristics 

of IDH in patients undergoing maintenance HD, 

in addition to their echocardiographic findings. 

PATIENTS AND METHODS 

This case-control study was conducted over 

a period of seven months, from December 2021 

to June 2022, on 60 patients with end-stage 

renal disease [ESRD] who were admitted to the 

Nephrology Unit, Al-Azhar University Hospital, 

New Damietta, Egypt. Patients were classified 

into two groups: Group I: 30 patients with IDH 

[cases], and Group II: 30 patients with non-IDH 

[controls]. 

Ethical Consideration: The local ethical 

committee of Al-Azhar university approved the 

study. All included patients provided their 

written informed consent. 

Inclusion criteria: We included adult 

patients [>18 years] on regular HD therapy for 

more than three months and treated with acetate 

bicarbonate-buffered dialysate, arteriovenous 

fistula, and arteriovenous graft as HD access. 

Exclusion criteria: Patients were excluded 

if they had unstable hemodynamics, un-

controlled hypertension, decompensated liver 

disease, decompensated heart failure, patients 

with an expected survival time of less than three 

months, or patients with a history of trauma, 

surgery, or severe infection. 

Data collection: At presentation, all patients 

were subjected to full history taking [age, sex, 

duration of dialysis, ultrafiltration volume, 

cause of ESRD, and smoking], and clinical 

examination, including clinical assessment of 

dry body weight by neck vein examination, 

edema, ascites, chest examination, cardiac 

examination, and weighing scale. Moreover, 

pulse rate and rhythm were evaluated. BP was 

assessed before, during, and after HD. 

The non-fistula side of the upper arm was 

measured for BP using a digital BP monitor 30 

minutes before the start of HD and every hour 

throughout the HD session. Pre-dialytic BP 

[pre-HD BP] was taken 30 minutes before HD 

started and 120 minutes after beginning HD, 

whereas post-dialytic BP [post-HD BP] was 

measured immediately after the end of dialysis. 

Accordingly, the peri-dialytic change in BP will 

be calculated as follows: Peridialytic BP change 

= post-HD BP – pre-HD BP. 

The post-HD BPs, post-HD BPs and peri-

dialytic SBP changes for each patient were 

documented throughout a 3-month observation 
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period. Patients with persistent IDH were those 

who experienced an average peri-dialytic SBP 

rise of more than 10 mmHg during the course of 

the whole three-month monitoring period. 

Investigations: Regarding the laboratory 

investigations, all the following tests were 

performed for all patients: blood urea pre and 

post-HD, serum creatinine [SCr], potassium 

[K], Ph, calcium [Ca], sodium [Na], hematocrit 

[Hct%], hemoglobin [Hb], and white blood cells 

[WBCs]. The adequacy of HD was assessed by 

Kt/v. ECG was done on all patients during the 

HD session. 

Transthoracic echocardiographic assess-

ment: Immediately before and after HD, 

conventional ECHO was performed using a 

PHILIPS EPIC7 [Philips healthcare, Sanjon, 

Canada] ECHO device with a transducer [3.5 

MHz]. The same sonographer conducted ECHO 

in the supine or slight left lateral decubitus 

position before HD sessions and again at the 

end of HD. The American Society of 

Echocardiography Guidelines were used to 

compute all echocardiographic data. 

Statistical methods: Data were analyzed 

using the Statistical Package for Social 

Sciences, version 23.0 [SPSS Inc., Chicago, 

USA]. We used the Shapiro-Wilk test to assess 

the normality of the data; normally distributed 

data were evaluated using T-test and ANOVA, 

while non-normally distributed data were 

assessed using the Mann-Whitney test and the 

Kruskal-Wallis test. The quantitative data, 

including age, LVEDD, LVESD, LAVI, EF, 

and laboratory parameters, were presented as 

mean ± standard deviations [SD] and ranges. In 

addition, qualitative variables were presented as 

frequencies and percentages. The Chi-square 

[X2] test or Fisher exact test was used in terms 

of qualitative data. A p-value of less than 0.05 

was considered significant. 

RESULTS 

Overall, the study population had a mean 

age of 49±11 years, 55% were males, and 45% 

were females. Both groups had a comparable 

mean age (p=0.979) and gender (p=0.06). 

Approximately 20% were current smokers, 27% 

were ex-smokers, and 53% were ever-smokers. 

The mean duration of dialysis was 3.73±2.24 

years. The associated comorbidities were 

vasculitis [1.5%], obstructive uropathy [5%], 

glomerulonephritis [5%], polycystic kidney 

[5%], systemic lupus erythematosus [7%], HTN 

[35%], diabetes [DM; 15%], and both HTN and 

DM [25%]. There was a statistically 

insignificant difference between Group I and 

Group II regarding the leading cause of CKD 

(p=0.618), as shown in table [1]. The mean dry 

body weight in both groups before HD was 

comparable [76.77 ± 11.59 and 77.23 ± 10.64; 

p=0.626]. After HD, 67% of the Group I 

patients achieved dry body weight, compared to 

87% in Group II.   

Regarding the SBP, it increased in 50%, 

decreased in 20%, and did not change in 30%. 

In those with increased SBP, the pre-HD SBP 

was 123.17 ± 11.33 mmHg compared to 140.67 

± 9.35 mmHg post-HD, with a median change 

of 16.6%. In those with decreased SBP, the pre-

HD SBP was 144.58 ± 10.544 mmHg, while 

post-HD was 109.58 ±8.107 mmHg, with a 

median reduction of -24.1%, as shown in table 

[2]. Diastolic blood pressure [DBP] increased in 

47% of patients, decreased in 20% of patients, 

and remained constant in 33% of patients. 

Regarding the laboratory investigations, Hb, 

Hct%, WBCs, uric acid, albumin, and SCr were 

comparable in both groups, with no statistically 

significant difference. Pre-HD, the urea level 

was 164.07±32.144 mg/dL in Group I and 

151.93±23.95 mg/dL, with no significant 

difference [p=0.128]. On the other hand, the 

urea after HD was significantly higher in the 

IDH group than the non-IDH Group [85.1 ± 

16.57 vs. 75.37 ± 11.57; p=0.015], respectively. 

In terms of electrolytes, serum K, Ca, and pH 

were comparable in both groups, with no 

statistically significant difference. On the other 

hand, the serum Na was significantly elevated in 

Group I compared to Group II [145.53± 2.36 vs. 

135.17± 2.183 mEq/L; p<0.001], as shown in 

table [3]. Regarding serum parathyroid hormone 

and Sp Kt/v, we could not find a significant 

difference between both groups. 

Most patients showed sinus rhythm [90%], 

while only [10%] showed tachy-arrhythmia. 

Roughly 28% of patients had LVH, 20% had 

RVH, 16% had inverted T waves with 

pathological Q, and 12% showed inverted T 

waves alone, as shown in the table [4]. 

ECHO findings regarding the pre- and post-

HD LVEDD, LVESD, LAVI, EF, and PASP 

were reported in table [5 and 6]. 
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Table [1]: Comparison between Group I and group II groups as regards the leading causes of CKD 

Main Cause Group I  [IDH] Group II [Control] Total  

No. % No. % No. % 

Congenital 0 0 1 3.16 1 1.5 

Diabetes mellitus 6 20 3 10 9 15 

Glomerulonephritis 2 6 1 3.16 3 5 

Hypertension  8 27 13 44 21 35 

Hypertension and Diabetes mellitus 7 23 8 27 15 25 

Obstructive Uropathy 2 7 1 3.16 3 5 

Polycystic Kidney 2 7 1 3.16 3 5 

Systemic lupus erythematosus 3 10 1 3.16 4 7 

Vasculitis 0 0 1 3.16 1 1.5 

Statistics X2= 6.257, p value=0.618  

Table [2]: SBP in pre- and post-HD patient in both groups 

Variables  

In those with increased SBP SBP [mmHg] 

Pre-dialysis [110-150] 

Mean ± SD 

123.17 ± 11.333 

After 120 minutes [110-150] 132 ± 8.867 

Post-dialysis [110-150] 140.67 ± 9.354 

% Change Median 16.6 

In those with decreased SBP SBP [mmHg] 

Pre-dialysis [120-160] 

Mean ± SD 

144.58 ± 10.544 

after 120 minutes [120-140] 140.83 ± 11.645 

Post dialysis [120-140] 109.58 ±8.107 

% Change Median -24.1 

Table [3]: Comparison between Group Ⅰ and Goup Ⅱ in terms of laboratory investigations 

P value Group II [Control] 

Mean ± SD 

Group I [IDH] 

Mean ± SD 

Laboratory finding 

0.075 8.7±0.466 8.73±0.583 Hemoglobin level [g/d] 

0.501 24.1±0.885 24.37±1.189 Hematocrit % 

0.463 6647.33±1705.239 7112.75±1724.596 Total Leukocyte count [K/㎕] 

0.651 7.77±1.165 8.33±1.605 Creatinine [mg/dl] 

0.537 6.5±0.82 6.7±8.074 Serum uric acid [mg/dL] 

0.000 135.17±2.183 145.53±2.36 Serum Sodium [mEq/L] 

0.068 4.47±0.571 4.27±0.583 Serum Potassium[mEq/L] 

0.515 8.13±0.434 8.79±0.556 Serum Calcium[mg/dL] 

1.0 4.83±0.648 5±0.587 Serum Phosphorus [mg/dL] 

0.925 342.27±52.283 362.7±42.655 Serum Parathyroid Hormone 

[pg/ml] 

0.263 3.74 ±0.571 3.5±0.572 Serum Albumin [g/dL] 

 

0.128 

0.015 

 

151.93±23.945 

75.37±11.568 

 

164.07±32.144 

85.1±16.57 

Urea [mg/dL] 

Pre-HD 

post-HD    

0.253 1.13±0.4 1.03±0.32 Sp KT/V 

Table [4]: ECG rhythm and findings in the whole study population 

  No. [%] 

ECG [Rhythm] Sinus 54 [90] 

Tachyarrhythmia 6 [10] 

ECG [Finding] Inverted T wave 8 [13] 

Inverted T wave & pathological Q 10 [17] 

Left Ventricular Hypertrophy 11[30] 

Right Ventricular Hypertrophy 18 [18] 

Normal 13[ 22] 
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Table [5]: Echocardiography parameters pre and post-dialysis with IDH 

Variable Mean ± SD P value 

LVEDD Pre  59.6±2.044 
< 0.05 

Post 58.07±3.930 

LVESD Pre 43.67±3.262 
<0.05 

Post 42.17±3.030 

LAVI Pre 34.67±2.368 
<0.05 

Post 31.9±2.04 

EF Pre 50.53±8.541 
0.149 

Post 48.97±8.381 

PASP Pre 42.33±6.764 
<0.05 

Post 40.93±6.843 

Table [6]: Echocardiography parameters pre and post-dialysis in the patients with and without IDH 

IDH Non-IDH t-test P 

LVEDD 

Pre Mean ± SD 59.6±2.044 Pre Mean ± SD 57.27±2.288 4.023 0.704 

Post Mean ± SD 58.07±3.930 Post Mean ± SD 56.57±2.417 1.72 0.673 

% change Median -2.5 % change Median -0.869 - - 

LVESD 

Pre Mean ± SD 43.67±3.262 Pre Mean ± SD 38.93±4.085 4.321 0.08 

Post Mean ± SD 42.17±3.030 Post Mean ± SD 38.47±4.305 4.434 0.224 

% change Median -2.2 % change Median 0 - - 

LAVI 

Pre Mean ± SD 34.67±2.368 Pre Mean ± SD 26.5±1.834 17.94 0.087 

Post Mean ± SD 31.9±2.04 Post Mean ± SD 23.1±1.845 20.09 0.2 

% change Median -8.57 % change Median -13.207 - - 

EF 

Pre Mean ± SD 50.53±8.541 Pre Mean ± SD 59.33±5.689 -4.011 0.028 

Post Mean ± SD 48.97±8.381 Post Mean ± SD 59.83±6.783 -4.768 0.066 

% change Median -2.83 % change median 0.833 - - 

PASP 

Pre Mean ± SD 42.33±6.764 Pre Mean ± SD 44.53±2.980 -1.908 0.047 

Post Mean ± SD 40.93±6.843 Post Mean ± SD 37.30±1.664 2.833 0.954 

% change Median -2.43 % change median -17.778 - - 

 

DISCUSSION 

A change in BP may result from an 

extracellular volume response triggered by an 

increase in serum Na. Serum Na may directly 

affect the cardiovascular system, the local renin-

angiotensin system, and the hypothalamus, all 

of which may have a role in regulating BP [10]. It 

is crucial to consider dialysate sodium as a 

possible cause of IDH. Peng et al. reported that 

IDH could be attributed to a low dialysate 

sodium concentration [7% lower than serum] 
[10]. This positive sodium gradient could be 

particularly significant in the pathogenesis of 

IDH, in addition to increasing interdialytic 

weight gain and BP. In 206 hemodialysis 

patients, there was a direct correlation between 

the dialysate to serum sodium gradient and the 

change in SBP during dialysis [11].  

Our study showed that there was a 

statistically significant decrease in LVESD and 

LVEDD post-dialysis in patients with IDH. This 

is in line with the findings of Gerede et al. who 

examined 84 individuals with IDH who were 

receiving regular HD [12]. Standard echocardio-

graphic measures were performed, and it was 

discovered that HD considerably reduced 

LVEDD and LVESD. Additionally, Kudoh and 

Yaso's investigation showed that in patients 

with IDH, the LVEDD reduced from [40.3±4.2 

mm] to [36.1±4.6 mm] [13]. According to 

Oosugi et al. patients with IDH were more 

likely to decrease LVEDD post-dialysis and 

have a worse LVEF than those without IDH [14]. 

In a study by Wang et al. the LVEDD dropped 

from 53.5±1.1 mm to 49.5±1.9 mm in 12 

patients with renal insufficiency but without the 

overt cardiac disease who had received HD [15]. 

In agreement with our findings, Ene-Iordache 

et al. [16] found a significant [p<0.001] drop in 

LA volume from 36.7 ±21.7 mm3 to 29.5±10.0 

mm3. It was reported that LA volume could 

predict the prognosis of HD patients at risk of 

developing IDH [17]. Our study showed that IDH 

was associated with a statistically significant 

reduction in PASP. According to a study by 

Pabst et al. conducted on 31 dialysis patients, 

25 of whom had pulmonary hypertension, there 

was a statistically significant drop in PASP from 

(43±16) mmHg to (37±13) mmHg (p= 0.001) 
[18].  

We acknowledge that our study has some 

limitations, including the small sample size and 

the single-center setting, which may hinder the 

generalizability of our findings. Moreover, we 

could not assess the predictors of the occurrence 
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of IDH or the lipid profile of the included 

patients due to the lack of data. In addition, we 

enrolled only those who were subjected to 

hemodialysis, which may introduce a risk of 

selection bias. 

Conclusion: Poorly managed BP in HD 

patients is linked to volume overload, increasing 

the risk of diastolic dysfunction and subsequent 

heart failure. HD patients with IDH had 

substantial reductions in LVEDD, LVESD, and 

PASP after HD sessions. 
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