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Abstract 
Hypertension is one of the most prevalent and clinically significant comorbidities in patients with chronic kidney disease 

(CKD), particularly those undergoing hemodialysis (HD). The interplay between renal dysfunction, fluid overload, 

vascular remodeling, and neurohormonal dysregulation renders blood pressure (BP) control a complex challenge in this 

high-risk population. Despite advances in dialysis techniques and pharmacological therapy, approximately 60–80% of HD 

patients continue to experience hypertension, which is strongly associated with left ventricular hypertrophy (LVH), 

accelerated cardiovascular morbidity, and premature mortality. 

This review synthesizes current evidence on the pathophysiology of hypertension in CKD and hemodialysis, highlighting 

the roles of the renin–angiotensin–aldosterone system (RAAS), sympathetic overactivity, oxidative stress, and arterial 

stiffness. Epidemiological data on the global prevalence of hypertension in HD patients are discussed, alongside the 

clinical consequences of uncontrolled BP, including glomerular injury, residual kidney function decline, and 

cerebrovascular disease. Challenges to optimal BP control are outlined, with emphasis on intradialytic BP fluctuations, 

fluid overload, and medication–dialysis interactions. 

Management strategies are explored in depth, spanning fluid balance optimization, dialysis prescription modifications, 

lifestyle interventions, and pharmacotherapy with renin–angiotensin system inhibitors, calcium channel blockers, beta-

blockers, and mineralocorticoid receptor antagonists. Finally, we examine the outcomes of effective BP control, including 

reductions in LVH, stroke incidence, and all-cause mortality, while emphasizing research gaps such as individualized BP 

targets, biomarker-guided therapy, and the role of novel agents. 

Given the profound impact of hypertension on survival and quality of life in HD patients, a multidisciplinary approach 

integrating nephrology, cardiology, and patient-centered care is essential. Future research should focus on precision 

medicine and innovative dialysis techniques to optimize BP control and improve long-term outcomes. 
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1. Introduction 
Chronic kidney disease (CKD) represents a major 

public health burden, affecting approximately 10–

15% of adults worldwide, with prevalence steadily 

rising due to the global epidemics of diabetes and 

hypertension.
(1)

 Among patients with advanced 

CKD requiring renal replacement therapy, hemod-

ialysis (HD) remains the most common modality, 

sustaining millions of individuals with end-stage 

renal disease (ESRD). However, despite its life-

saving role, HD is accompanied by significant 

morbidity and mortality, largely driven by cardio-

vascular disease. 
(2)

 

Hypertension is one of the most prevalent comorb-

idities in patients with ESRD, with estimates sug-

gesting that 60–80% of individuals undergoing HD 

have persistently elevated blood pressure (BP). 
(3,4)

 

The relationship between CKD and hypertension is 

bidirectional: hypertension contributes to both the 

initiation and progression of renal impairment, 

while the loss of renal function exacerbates sodium 

and fluid retention, neurohormonal activation, and 

vascular dysfunction, perpetuating BP elevation. 
(5,6)

In dialysis patients, this interplay creates a 

unique and challenging clinical scenario in which 

BP control is not only difficult to achieve but is also 

critical for reducing adverse outcomes. 

Uncontrolled BP in HD patients is strongly 

associated with left ventricular hypertrophy (LVH), 

ischemic heart disease, stroke, and heart failure, 

making hypertension one of the leading contributors 

to premature cardiovascular mortality in this group. 
(7,8)

 Moreover, hypertension accelerates the decline 

of residual kidney function, impairs dialysis 

efficiency, and worsens patient-reported outcomes 

such as fatigue, quality of life, and functional status 

.
(9)

 These complications highlight the importance of 

achieving effective BP control as a cornerstone of 

dialysis care. 

Despite its importance, optimal BP management in 

HD patients remains elusive. The complex interplay 

of pathophysiological mechanisms—including 

renin–angiotensin–aldosterone system (RAAS) acti-

vation, sympathetic overactivity, endothelial dysfu-

nction, and arterial stiffness—makes hypertension 

in ESRD more resistant to treatment compared to 

the general population. 
(10)

 In addition, dialysis-

related factors such as fluid overload, intradialytic 

hemodynamic shifts, and electrolyte imbalances 

further complicate BP control .
(11)

 Traditional phar-

macotherapy is often insufficient or limited by 

adverse effects, drug–dialysis interactions, and pol-

ypharmacy .
(12)

 Furthermore, controversies persist 

regarding the definition of hypertension and the 

optimal BP targets in HD patients, with both overly 

aggressive and inadequate BP control linked to 

adverse outcomes .
(13)

 

Over the past two decades, increasing attention has 

been devoted to understanding the mechanisms and 

management of hypertension in HD. Non-pharma-

cological approaches such as optimization of dry 

weight, sodium restriction, and dialysis prescription 

adjustments are now recognized as essential 

elements of therapy .
(14)

 Pharmacological treatment 

remains central, with accumulating evidence supo-

rting the use of renin–angiotensin system inhibitors, 

calcium channel blockers, beta-blockers, and 

mineralocorticoid receptor antagonists in specific 

contexts. 
(15,16)

 

The purpose of this review is to synthesize the 

available evidence on hypertension in HD patients. 

Specifically, we will.
(1)

 explore the pathophysi-

ological mechanisms linking CKD, dialysis, and 

hypertension;
(2)

 summarize epidemiological data on 

the prevalence and risk factors of hypertension in 

HD; 
(3)

 review the clinical impact of inadequate BP 

control;
(4)

 outline the challenges faced in managing 

hypertension during dialysis;
(5)

 evaluate available 

management strategies, including pharmacological, 

non-pharmacological, and dialysis-related interve-

ntions; and.
(6)

 highlight the outcomes of effective 

BP control alongside gaps and future directions in 

research. 
 

2. Pathophysiology of Hypertension in CKD and 

Hemodialysis 

Hypertension in patients with chronic kidney 

disease (CKD) and end-stage renal disease (ESRD) 

undergoing hemodialysis (HD) is multifactorial, 

reflecting a complex interplay of renal, vascular, 

and neurohormonal abnormalities. The loss of 

kidney function leads to profound dysregulation of 

fluid balance, sodium handling, and vascular tone, 

all of which contribute to persistently elevated 

blood pressure (BP). 
(17)

 Moreover, hemodialysis 
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itself introduces unique hemodynamic stressors that 

exacerbate BP fluctuations. 
(18)

 
 

2.1 Sodium and Fluid Retention 

One of the most fundamental mechanisms 

underlying hypertension in CKD is impaired renal 

sodium excretion. As glomerular filtration rate 

(GFR) declines, the kidneys lose their ability to 

adequately eliminate sodium, leading to volume 

expansion and hypervolemia. 
(19)

 Fluid overload 

directly increases cardiac output and vascular 

resistance, raising BP. In HD patients, failure to 

achieve the patient’s "dry weight" results in chronic 

extracellular fluid overload, which is strongly 

associated with pre-dialysis hypertension. 
(20)

 

Between dialysis sessions, fluid accumulation 

further compounds BP elevation, while aggressive 

ultrafiltration during HD can cause hypotension, 

contributing to significant intradialytic BP 

variability. 
(21) 

 

2.2 Activation of the Renin–Angiotensin–

Aldosterone System (RAAS) 

The renin–angiotensin–aldosterone system (RAAS) 

plays a central role in the pathophysiology of 

hypertension in CKD. Reduced renal perfusion 

stimulates renin release, leading to increased 

production of angiotensin II, a potent 

vasoconstrictor, and aldosterone, which promotes 

sodium and water retention. 
(22)

 In CKD and ESRD, 

RAAS activation is often exaggerated, resulting in 

sustained vasoconstriction, increased vascular 

stiffness, and persistent hypertension. 
(23)

 Elevated 

angiotensin II levels also contribute to myocardial 

hypertrophy and vascular remodeling, amplifying 

cardiovascular risk. 
(24) 

 

2.3 Sympathetic Nervous System Overactivity 

Sympathetic nervous system (SNS) overactivity is 

another hallmark of hypertension in CKD and HD 

patients. Reduced renal function is associated with 

increased afferent signaling from ischemic kidneys, 

leading to heightened sympathetic outflow. 
(25)

 SNS 

overactivity increases heart rate, cardiac output, and 

systemic vascular resistance, all of which contribute 

to elevated BP. In HD patients, sympathetic 

activation is further aggravated by vascular access, 

fluid overload, and recurrent hemodynamic 

instability. 
(26)

 Persistent SNS overdrive not only 

sustains hypertension but also increases the risk of 

arrhythmias and sudden cardiac death, which are 

leading causes of mortality in dialysis patients. 
(27)

 
 

2.4 Endothelial Dysfunction 

Endothelial dysfunction plays a key role in the 

vascular pathology of CKD-associated 

hypertension. Healthy endothelium produces nitric 

oxide (NO), a vasodilator that helps regulate 

vascular tone. In CKD, oxidative stress and chronic 

inflammation impair NO synthesis and 

bioavailability, leading to reduced vasodilation and 

heightened vascular resistance 
.(28)

 Hemodialysis 

exacerbates this dysfunction through repeated 

exposure to bioincompatible dialysis membranes 

and systemic inflammation .
(29)

 The resulting 

endothelial injury contributes to vascular stiffness, a 

common feature in ESRD patients with isolated 

systolic hypertension .
(30)

 
 

2.5 Vascular Remodeling and Arterial Stiffness 

Chronic hypertension induces structural vascular 

changes, including medial hypertrophy, fibrosis, 

and calcification of arteries. 
(31)

 These changes lead 

to arterial stiffness, which increases systolic BP and 

pulse pressure, further burdening the heart and 

kidneys. 
(32)

 In HD patients, vascular calcification is 

accelerated by disturbances in calcium–phosphate 

metabolism and chronic exposure to high BP 
(33)

. 

Arterial stiffness impairs renal autoregulation, exa-

cerbates glomerular injury, and perpetuates a cycle 

of worsening hypertension and renal damage 
(34).

 
 

2.6 Inflammation and Oxidative Stress 

Patients with CKD and ESRD experience a chronic 

pro-inflammatory state characterized by elevated 

cytokines such as tumor necrosis factor-α (TNF-α) 

and interleukin-6 (IL-6). 
(35)

 These mediators 

promote vascular injury, fibrosis, and endothelial 

dysfunction, which contribute to hypertension. In 

addition, increased production of reactive oxygen 

species (ROS) in CKD leads to oxidative stress, 

further impairing endothelial function and 

promoting vascular remodeling 
(36)

. The combined 

effects of inflammation and oxidative stress are 

particularly relevant in HD patients, where repeated 

exposure to dialysis-induced stressors amplifies 

systemic inflammation .
(37)
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2.7 Dialysis-Related Hemodynamic Factors 

Beyond intrinsic CKD mechanisms, the dialysis 

procedure itself introduces additional contributors 

to BP instability. Rapid ultrafiltration can cause 

intradialytic hypotension, while inadequate fluid 

removal predisposes to post-dialysis hypertension. 
(38)

 Dialysate sodium concentration also influences 

BP: higher concentrations promote sodium retention 

and hypertension, while lower levels may cause 

intradialytic hypotension. 
(39)

 Electrolyte shifts, 

particularly in potassium and calcium, further 

impact vascular tone and cardiac function, 

complicating BP regulation. 
(40) 

 

3. Epidemiology and Prevalence of Hypertension 

in Hemodialysis 

Hypertension is highly prevalent among patients 

receiving hemodialysis (HD) and represents one of 

the most important risk factors for cardiovascular 

morbidity and mortality in this group. Despite 

advances in dialysis technology and 

antihypertensive therapy, blood pressure (BP) 

control remains suboptimal for a large proportion of 

patients. 
(41)

 
 

3.1 Prevalence of Hypertension in the 

Hemodialysis Population 

It is estimated that 60–80% of patients undergoing 

HD have hypertension, making it one of the most 

frequent comorbidities in this population. 
(42,43)

 

Large observational studies consistently confirm 

this high prevalence, with some reporting that up to 

90% of HD patients experience elevated BP at some 

point during their treatment. 
(44)

 Hypertension in this 

setting is often multifactorial, related to fluid 

overload, arterial stiffness, sympathetic 

overactivity, and the activation of the renin–

angiotensin–aldosterone system (RAAS). 
(45) 

The prevalence may vary depending on the criteria 

used for diagnosis (pre-dialysis BP, post-dialysis 

BP, ambulatory BP monitoring) and the population 

studied. For example, in a multicenter European 

study, approximately 70% of HD patients had 

uncontrolled hypertension based on pre-dialysis BP 

values
(46)

. Similarly, a retrospective single-center 

study in the United States found that only about 

one-third of HD patients achieved recommended BP 

targets despite being on multiple antihypertensive 

agents. 
(47)

 

3.2 Risk Factors and Determinants 

Several factors contribute to the disproportionately 

high prevalence of hypertension in HD patients: 

 Fluid overload: Inadequate ultrafiltration and 

excess interdialytic weight gain strongly 

correlate with pre-dialysis hypertension. 
(48)

 
 Vascular changes: Arterial stiffness and 

vascular calcification, common in ESRD, lead to 

isolated systolic hypertension, particularly in 

older patients. 
(49) 

 Dialysis-related factors: High dialysate sodium 

concentrations, rapid fluid shifts, and suboptimal 

dialysis prescriptions contribute to persistent 

hypertension. 
(50)

 

 Pharmacological influences: Use of 

erythropoiesis-stimulating agents (ESAs) for 

anemia management, calcium-containing 

phosphate binders, and polypharmacy can 

increase BP. 
(51)

 

 Autonomic and neurohormonal 

dysregulation: Enhanced sympathetic activity 

and overactivation of RAAS are frequent in 

dialysis patients and drive resistant hypertension. 
(52)

 
 

3.3 Pre- and Post-Dialysis Hypertension 

Hypertension in HD patients is often classified 

according to whether it occurs before or after 

dialysis: 

 Pre-dialysis hypertension is strongly associated 

with volume overload and is the most common 

form observed in routine practice. 
(53)

 

 Post-dialysis hypertension, defined as persistent 

BP elevation despite ultrafiltration, may indicate 

underdialysis, endothelial dysfunction, or 

excessive sympathetic activation .
(54)

 

Studies have shown that increased post-dialysis 

systolic BP is associated with extracellular 

overhydration, and such patients often have higher 

risks of cardiovascular events. 
(55)

 In some cases, 

paradoxical intradialytic hypertension occurs, where 

BP rises during the dialysis session; this 

phenomenon, though less common, is associated 

with poor outcomes and increased hospitalization 

rates. 
(56)

 
 

3.4 Patterns of Hypertension in Hemodialysis 

Ambulatory and interdialytic BP monitoring studies 

have revealed that conventional pre- and post-
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dialysis BP measurements may underestimate the 

true burden of hypertension in HD patients. 

Interdialytic BP, measured at home or via 44-hour 

ambulatory BP monitoring, often shows higher 

prevalence rates of uncontrolled hypertension 

compared to in-unit measurements .
(57)

 

Common patterns include: 
 
 Sustained hypertension: Persistently elevated 

BP before, during, and after dialysis, often 

linked to fluid overload and RAAS activation 

.
(58) 

 Isolated systolic hypertension: Driven 

primarily by arterial stiffness and vascular 

calcification, common in elderly HD patients. 
(59)

 

 Resistant hypertension: Defined as 

uncontrolled BP despite the use of three or more 

antihypertensive medications, reported in up to 

25% of HD patients. 
(60)

 
 

3.5 Global and Regional Variations 

The prevalence and control rates of hypertension in 

HD patients vary worldwide. For example: 
 In European cohorts, uncontrolled hypertension 

rates range between 60% and 70%. 
(61) 

 In North America, up to 75% of HD patients fail 

to meet target BP levels despite polypharmacy. 
(47) 

 In Middle Eastern and Asian populations, 

prevalence rates of 70–80% have been reported, 

with fluid overload and poor adherence to 

dietary sodium restrictions as major 

contributors. 
(62)

 
 

4. Clinical Impact of Hypertension in 

Hemodialysis 

Hypertension is not only highly prevalent among 

patients undergoing hemodialysis (HD), but it also 

contributes significantly to morbidity, mortality, 

and reduced quality of life. The consequences 

extend beyond elevated blood pressure (BP) 

readings, as hypertension accelerates both renal and 

cardiovascular injury, promotes systemic 

inflammation, and complicates dialysis treatment 

itself. 
(63) 

 

4.1 Glomerular Injury and Proteinuria 

Sustained hypertension exerts mechanical stress on 

the glomeruli, leading to hyperfiltration, endothelial 

injury, and glomerulosclerosis. 
(64)

 Elevated 

intraglomerular pressure causes structural damage 

and scarring, ultimately impairing filtration 

capacity. One hallmark of glomerular injury is 

proteinuria, which not only reflects renal damage 

but also promotes further nephron loss in a vicious 

cycle. 
(65)

 In HD patients, uncontrolled BP 

accelerates the decline of residual kidney function, 

which is crucial for fluid and solute clearance and is 

strongly associated with improved survival. 
(66)

 
 

4.2 Tubulointerstitial Injury 

Beyond glomerular damage, hypertension also 

contributes to tubulointerstitial fibrosis, 

characterized by ischemia of renal tubules and 

inflammatory cytokine release .
(67)

This process 

leads to loss of functional nephrons and worsens the 

progression of kidney disease. In patients with 

ESRD on HD, tubulointerstitial damage is already 

extensive; however, hypertension accelerates this 

injury and further reduces residual kidney function, 

complicating fluid and BP management. 
(68)

 
 

4.3 Arterial Stiffness and Impaired Renal 

Perfusion 

Chronic hypertension leads to vascular remodeling, 

medial hypertrophy, and arterial stiffness. 
(69)

 In the 

kidneys, this reduces the autoregulatory ability of 

afferent arterioles, thereby impairing renal perfusion 

and contributing to ischemic nephropathy. 
(70)

 In 

HD patients, arterial stiffness is common and 

strongly associated with isolated systolic 

hypertension, which is difficult to manage with 

standard therapy. 
(71)

 
 

4.4 Left Ventricular Hypertrophy and Cardiac 

Complications 

One of the most critical consequences of 

hypertension in HD patients is left ventricular 

hypertrophy (LVH). LVH develops as a 

compensatory response to chronic pressure 

overload, leading to myocardial thickening, reduced 

compliance, and diastolic dysfunction. 
(72)

 In the 

HD population, the prevalence of LVH exceeds 

70% and is a powerful predictor of adverse 

outcomes including arrhythmias, sudden cardiac 

death, and heart failure .
(73)
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Uncontrolled BP further increases the risk of 

coronary artery disease (CAD), myocardial 

infarction, and cerebrovascular events. The 

combination of CKD-associated vascular 

calcification and hypertension creates a synergistic 

risk profile, making cardiovascular disease the 

leading cause of mortality in HD patients. 
(74)

 
 

4.5 Stroke and Cerebrovascular Events 

HD patients with poorly controlled hypertension are 

at significantly increased risk of ischemic and 

hemorrhagic stroke .
(75)

 Arterial stiffness, vascular 

calcification, and endothelial dysfunction 

exacerbate cerebral vascular injury. Studies indicate 

that each 10 mmHg rise in systolic BP increases 

stroke risk by up to 20% in this population 
.(76)

 

Moreover, fluctuations between interdialytic 

hypertension and intradialytic hypotension 

contribute to impaired cerebral perfusion, further 

elevating stroke risk. 
(77)

 
 

4.6 Systemic Inflammation and Oxidative Stress 

Hypertension itself is a pro-inflammatory condition, 

and in CKD/HD patients, it amplifies systemic 

inflammation through cytokines such as TNF-α and 

IL-6. 
(78)

 In parallel, increased production of 

reactive oxygen species (ROS) contributes to 

endothelial dysfunction and vascular remodeling. 
(79)

 The combined effects of inflammation and 

oxidative stress accelerate cardiovascular injury and 

worsen BP control. 
 

4.7 Decline in Residual Kidney Function 

Residual kidney function (RKF) is an important 

determinant of survival and quality of life in HD 

patients, as it contributes to fluid balance, 

phosphorus excretion, and toxin clearance. 
(80)

 

Hypertension accelerates the decline of RKF by 

promoting glomerulosclerosis, interstitial fibrosis, 

and ischemia. 
(81)

 The loss of RKF worsens BP 

control, since ultrafiltration during dialysis becomes 

the sole means of fluid removal, perpetuating a 

cycle of hypertension and renal decline. 
(82)

 
 

4.8 Mortality and Long-Term Outcomes 

The cumulative effects of hypertension—LVH, 

stroke, arterial stiffness, and renal decline—

translate into markedly increased mortality risk. 

Cardiovascular disease accounts for over 50% of 

deaths in HD patients, with uncontrolled 

hypertension being a major modifiable contributor. 
(83)

 Mortality rates are significantly higher in HD 

patients with systolic BP above 160 mmHg, 

whereas effective BP control is associated with 

reductions in both cardiovascular and all-cause 

mortality .
(84)

 
 

5. Challenges in Blood Pressure Control During 

Hemodialysis 

Achieving optimal blood pressure (BP) control in 

patients on hemodialysis (HD) is uniquely 

challenging due to the interplay of 

pathophysiological, dialysis-related, and 

pharmacological factors. Unlike the general 

hypertensive population, HD patients experience 

frequent BP fluctuations, ranging from severe pre-

dialysis hypertension to intradialytic hypotension, 

complicating long-term management. 
(85)

 The 

following subsections highlight the major 

challenges contributing to poor BP control in this 

population. 
 

5.1 Fluid Shifts and Hemodynamic Instability 

Fluid overload is one of the principal drivers of 

hypertension in HD patients. Between sessions, 

patients accumulate extracellular fluid due to 

impaired renal excretion, resulting in pre-dialysis 

hypertension. 
(86)

 During dialysis, ultrafiltration 

removes this excess fluid; however, when fluid is 

removed too aggressively, patients are prone to 

intradialytic hypotension (IDH), which occurs in up 

to 30% of HD sessions. 
(87) 

This dynamic creates a paradox: insufficient fluid 

removal perpetuates hypertension, while rapid 

removal increases the risk of hypotension, 

cramping, and organ hypoperfusion. 
(88)

 

Additionally, intradialytic hypotension is associated 

with myocardial ischemia, cerebral hypoperfusion, 

and accelerated loss of residual kidney function. 
(89)

 

Thus, balancing fluid management remains one of 

the most difficult aspects of BP control in HD. 
 

5.2 Vascular Access and Hemodynamic Effects 

Vascular access, essential for HD, also influences 

BP regulation. Arteriovenous fistulas (AVFs), the 

preferred form of access, can lead to increased 

cardiac output and altered hemodynamics, 

occasionally contributing to hypertension .
(90)
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Conversely, central venous catheters are linked with 

inflammation and sympathetic activation, which 

also affect BP. 
(91)

 

Furthermore, long-term vascular changes, including 

calcification and arterial stiffness, increase systolic 

BP and pulse pressure, further complicating BP 

stability during HD. 
(92)

 These alterations highlight 

the interplay between dialysis access and systemic 

hemodynamics. 
 

5.3 Electrolyte Imbalances and Dialysate 

Composition 

Electrolyte shifts during HD profoundly affect 

vascular tone and BP regulation. 

 Sodium: High dialysate sodium concentrations 

promote sodium retention, fluid overload, and 

sustained hypertension. Conversely, low sodium 

concentrations increase the risk of intradialytic 

hypotension .
(93)

 

 Potassium: Both hyperkalemia and hypokalemia 

alter vascular tone and cardiac conduction, 

predisposing patients to BP instability and 

arrhythmias.
(94)

 

 Calcium and phosphorus: Disturbances in 

calcium-phosphate metabolism accelerate 

vascular calcification and arterial stiffness, 

worsening systolic hypertension. 
(95)

 
 

5.4 Autonomic Dysfunction and Sympathetic 

Overactivity 

Patients with ESRD frequently exhibit autonomic 

dysfunction, including impaired baroreceptor 

sensitivity and blunted vascular responses, which 

contribute to poor BP regulation. 
(96)

 At the same 

time, sympathetic nervous system (SNS) 

overactivity is highly prevalent, leading to increased 

heart rate, systemic vasoconstriction, and elevated 

BP. 
(97)

 

These abnormalities predispose patients to 

intradialytic hypertension, defined as paradoxical 

BP elevation during dialysis sessions, which has 

been linked to higher hospitalization and mortality 

rates. 
(98)

 Sympathetic overactivity also contributes 

to arrhythmogenesis, further compounding 

cardiovascular risk. 
(99) 

 

5.5 Polypharmacy and Drug–Dialysis 

Interactions 

Most HD patients take multiple medications to 

manage hypertension, anemia, mineral bone 

disease, and other comorbidities. Polypharmacy 

increases the risk of drug–drug interactions, poor 

adherence, and altered pharmacokinetics. 
(100) 

In addition, several antihypertensives—particularly 

water-soluble beta-blockers (e.g., atenolol, 

metoprolol)—are dialyzable, resulting in reduced 

efficacy post-dialysis and variable BP control. 
(101)

 

Other agents, such as RAAS inhibitors, carry a risk 

of hyperkalemia, which is especially dangerous in 

ESRD. 
(102)

 The need for frequent dose adjustments 

and the lack of evidence-based guidelines on drug 

timing relative to dialysis sessions further 

complicate pharmacotherapy in HD patients .
(103)

 
 

5.6 Individual Variability and BP Target 

Controversies 

Another challenge in managing hypertension during 

HD is the lack of consensus on optimal BP targets. 

Some studies suggest that lower pre-dialysis 

systolic BP (<140 mmHg) improves outcomes, 

while others show a J-shaped relationship, with 

excessively low BP linked to higher mortality. 
(104)

 

Moreover, measurement variability contributes to 

diagnostic uncertainty. Routine pre- and post-

dialysis BP measurements often fail to capture true 

interdialytic hypertension, which can only be 

accurately assessed with ambulatory or home BP 

monitoring. 
(105)

 This complicates both the diagnosis 

and treatment of hypertension in HD patients. 
 

6. Management Strategies 

Managing hypertension in hemodialysis (HD) 

patients requires a comprehensive and 

individualized approach that addresses both the 

underlying pathophysiological mechanisms and the 

unique challenges associated with dialysis 

treatment. Strategies are generally divided into non-

pharmacological measures, pharmacological 

therapy, and dialysis-based interventions, though in 

practice, an integrated approach is essential. 
(106)

 

Non-pharmacological strategies are the cornerstone 

of hypertension management in HD. Optimizing 

fluid balance is perhaps the most critical 

intervention. The concept of ―dry weight,‖ defined 

as the lowest post-dialysis weight at which the 

patient remains normotensive and free of fluid 

overload, is central to BP control .
(107)

 Failure to 



Hagar Abdou Mohamed al,2025                                                                                          Vol. 29 NO (3) 2025                                                                                                                                                                                                                                                                                                

========================================================================================== ============== 

185 

 

achieve dry weight leads to chronic extracellular 

fluid expansion and persistent hypertension, while 

aggressive ultrafiltration carries the risk of 

intradialytic hypotension and ischemia. 
(108)

 Careful 

clinical evaluation, along with adjunctive tools such 

as bioimpedance spectroscopy, is often required to 

accurately estimate dry weight. 
(109)

 In some cases, 

increasing dialysis frequency, such as nocturnal or 

daily sessions, can provide more gradual fluid 

removal and better BP control. 
(110)

 Maintaining 

ultrafiltration rates below 10–13 mL/kg/h is also 

crucial, as higher rates are associated with 

cardiovascular instability and increased mortality 

.
(111)

 

Sodium restriction is another essential non-

pharmacological measure. High sodium intake 

exacerbates thirst, fluid retention, and interdialytic 

weight gain, leading to sustained hypertension. 
(112)

 

Most guidelines recommend limiting sodium intake 

to less than 2 g/day (equivalent to about 5 g of salt). 
(113)

 However, patient adherence remains a 

challenge, particularly due to the widespread 

consumption of processed foods. Dietary counseling 

and individualized nutrition plans can significantly 

improve compliance and outcomes. 
(114)

 Lifestyle 

interventions such as weight management and 

exercise also contribute to BP control. Although 

obesity is prevalent in HD patients and is associated 

with higher cardiovascular risk, intentional weight 

reduction must be approached cautiously to avoid 

protein-energy malnutrition. 
(115)

 Structured exercise 

programs, including intradialytic cycling and 

resistance training, have shown beneficial effects on 

BP regulation, cardiovascular fitness, and overall 

quality of life in dialysis patients. 
(116)

 

Despite the importance of lifestyle measures, most 

HD patients require pharmacological therapy to 

achieve adequate BP control. Renin–angiotensin–

aldosterone system (RAAS) inhibitors, including 

angiotensin-converting enzyme inhibitors (ACEIs) 

and angiotensin receptor blockers (ARBs), are 

commonly prescribed due to their ability to lower 

BP, reduce left ventricular hypertrophy (LVH), and 

provide vascular protection .
(118,119)

 Evidence 

suggests that ARB therapy reduces cardiovascular 

mortality in HD patients by up to 50% compared to 

standard treatment .
(120)

 However, the risk of 

hyperkalemia, especially in patients with residual 

kidney function, necessitates close monitoring. 
(121)

 

ARBs are often favored over ACEIs in dialysis 

patients, as they are less likely to cause cough and 

are less dialyzable, providing more consistent BP 

control .
(122)

 

Calcium channel blockers (CCBs), particularly 

dihydropyridines such as amlodipine, are effective 

agents for managing systolic hypertension, which is 

common in HD due to arterial stiffness. 
(123)

 They 

act by promoting vasodilation and improving 

vascular compliance, and randomized trials have 

demonstrated reductions in cardiovascular mortality 

and ischemic events in patients treated with 

amlodipine. 
(124,125)

 While peripheral edema is a 

frequent side effect, this can often be managed 

through optimized ultrafiltration.
 (126)

 Beta-blockers 

are another important option, especially for HD 

patients with LVH, coronary artery disease, or 

arrhythmias .
(127)

 They mitigate sympathetic 

overactivity, reduce myocardial oxygen demand, 

and lower arrhythmia risk. 
(128)

 However, their 

efficacy depends on dialyzability: water-soluble 

beta-blockers such as atenolol and metoprolol are 

easily removed during dialysis, while lipophilic 

agents like carvedilol remain in circulation. 
(129)

 

Observational studies suggest that cardioselective 

beta-blockers confer greater survival benefits than 

non-selective agents. 
(130)

, though intradialytic 

hypotension is a concern, particularly with 

carvedilol. 
(131)

 

Diuretics are generally less effective in ESRD due 

to the loss of renal function, but they retain value in 

patients with preserved urine output. Loop diuretics 

such as furosemide can reduce interdialytic fluid 

gain and help preserve residual renal function. 
(132,133)

 Mineralocorticoid receptor antagonists 

(MRAs), particularly spironolactone, were once 

avoided due to hyperkalemia risk, but recent 

evidence indicates that low-dose spironolactone 

significantly reduces cardiovascular mortality and 

LVH in HD patients without causing dangerous 

potassium elevations when carefully monitored. 
(134,135)

 Large-scale trials such as ALCHEMIST and 

ACHIEVE are currently investigating the safety and 

long-term benefits of MRAs in this population. 
(136)

 

Other agents, including clonidine, hydralazine, and 

minoxidil, may be used in resistant hypertension, 
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but their side effect profiles and risks of intrad-

ialytic BP fluctuations limit routine use. 
(137–139)

 

Dialysis-related modifications also play a crucial 

role in BP management. Dialysate sodium 

concentration directly affects fluid balance and BP. 

High sodium dialysate promotes fluid overload and 

hypertension, whereas low sodium dialysate reduces 

interdialytic weight gain but increases the risk of 

intradialytic hypotension [93]. Sodium profiling, in 

which sodium concentration is gradually decreased 

during dialysis, offers a compromise by minimizing 

both hypertension and hypotension episodes. 
(140,141)

 

Increasing dialysis frequency or duration, such as 

with daily or nocturnal HD, has also been shown to 

improve BP stability and reduce antihypertensive 

medication requirements. 
(142,143)

 Additionally, 

hemodiafiltration (HDF), which enhances solute 

and fluid removal, may provide better BP control 

compared to conventional HD in some patients. 
(144)

 
 

7. Outcomes of Blood Pressure Control in 

Hemodialysis Patients 

Effective blood pressure (BP) control in patients 

undergoing hemodialysis (HD) is associated with 

significant clinical benefits, including improved 

cardiovascular health, preservation of residual 

kidney function, enhanced dialysis efficiency, better 

quality of life, and reduced mortality. Conversely, 

uncontrolled hypertension remains one of the 

strongest predictors of adverse outcomes in this 

high-risk population. 
(146)

 

Cardiovascular disease is the leading cause of death 

in HD patients, and hypertension is a major driver 

of this burden. 
(147)

 One of the most important 

benefits of adequate BP control is the reduction in 

left ventricular hypertrophy (LVH). Sustained 

hypertension and fluid overload place a chronic 

pressure burden on the myocardium, leading to 

ventricular thickening, diastolic dysfunction, and 

increased risk of heart failure. 
(148)

 Several studies 

demonstrate that lowering BP can reverse or reduce 

LVH, which translates into improved cardiac 

performance and survival. 
(149)

 Beyond LVH, 

adequate BP control also reduces the risk of 

coronary artery disease, arrhythmias, and 

cerebrovascular events such as ischemic and 

hemorrhagic stroke. 
(150)

 Each 10 mmHg increase in 

systolic BP has been associated with a markedly 

higher risk of cardiovascular complications in 

dialysis patients, underscoring the importance of 

sustained BP management. 
(151) 

Stroke prevention represents another major outcome 

of BP control. HD patients with uncontrolled 

hypertension experience higher rates of both 

ischemic and hemorrhagic stroke due to a 

combination of arterial stiffness, vascular 

calcification, and endothelial dysfunction. 
(152)

 By 

lowering BP, the risk of cerebrovascular events is 

substantially reduced. Studies suggest that patients 

with controlled systolic BP not only have fewer 

strokes but also experience improved cerebral 

perfusion and cognitive outcomes. 
(153) 

In addition to cardiovascular protection, BP control 

helps preserve residual kidney function (RKF), 

which is an important determinant of survival in 

dialysis patients. RKF contributes to solute 

clearance, fluid balance, and phosphorus regulation, 

and patients who retain some kidney function 

generally experience fewer complications and better 

outcomes .
(154)

 Hypertension accelerates the loss of 

RKF by promoting glomerulosclerosis, ischemia, 

and tubulointerstitial fibrosis, whereas effective BP 

management slows this decline. 
(155)

 Preserving 

RKF reduces the intensity of ultrafiltration required 

during dialysis sessions, further stabilizing BP and 

decreasing the risk of intradialytic complications. 
(156) 

Another outcome of effective BP management is 

improved dialysis efficiency. Uncontrolled 

hypertension and fluid overload complicate 

ultrafiltration and reduce dialysis adequacy by 

increasing hemodynamic instability .
(157)

 

Conversely, stable BP during and between sessions 

enhances ultrafiltration, solute clearance, and 

overall treatment effectiveness. Patients with well-

controlled BP often report fewer symptoms during 

dialysis, such as cramping, dizziness, and fatigue 

.
(158) 

Quality of life (QoL) is also strongly influenced by 

hypertension control. Elevated BP is associated 

with symptoms including headaches, lethargy, and 

dizziness, all of which impair daily functioning. 
(159)

 

Furthermore, hypertension exacerbates 

cardiovascular complications that limit physical 

activity and increase hospitalization rates. Studies 

have shown that patients with well-controlled BP 
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experience less fatigue, better functional status, and 

fewer hospital admissions. 
(160)

Reductions in 

hospitalization not only improve patient QoL but 

also decrease healthcare costs, an important 

consideration in managing the global burden of 

dialysis care. 
(161) 

Perhaps most importantly, effective BP control 

reduces mortality in HD patients. Observational 

studies consistently demonstrate that patients with 

systolic BP maintained below 140 mmHg have 

significantly lower risks of cardiovascular and all-

cause death compared to those with uncontrolled 

hypertension. 
(162)

 Importantly, there appears to be a 

U-shaped or J-shaped association, with both 

uncontrolled hypertension and excessively low BP 

linked to higher mortality. This suggests that 

individualized BP targets are necessary in dialysis 

patients, rather than universal thresholds. 
(163)

 Long-

term survival benefits are most pronounced when 

both systolic and diastolic pressures are maintained 

within recommended ranges. 
(164)

 

Despite the benefits of hypertension control, 

multiple barriers remain, including poor medication 

adherence, dialysis-related BP fluctuations, and 

comorbidities such as diabetes and heart failure. 
(165)

 

Overcoming these barriers requires a multifaceted 

approach that combines optimized dialysis 

prescriptions, pharmacological therapy, lifestyle 

modifications, and multidisciplinary care. 
 

8. Future Directions and Research Gaps 

Despite advances in understanding and managing 

hypertension in hemodialysis (HD) patients, several 

gaps remain in both research and clinical practice. 

The high prevalence of uncontrolled blood pressure 

(BP), coupled with the persistent burden of 

cardiovascular morbidity and mortality, underscores 

the urgent need for novel approaches and precision 

strategies. 
(167)

 

One of the foremost challenges is the lack of 

universally accepted BP targets for patients on 

dialysis. While most guidelines recommend 

maintaining pre-dialysis systolic BP below 140 

mmHg, observational data suggest a U- or J-shaped 

relationship between BP and mortality, where 

excessively low BP may be as harmful as 

uncontrolled hypertension. 
(168)

 This indicates that 

rigid thresholds may not be appropriate for all 

patients, and individualized targets based on age, 

comorbidities, and residual kidney function may 

provide better outcomes .
(169)

  

Another key area is the need for improved BP 

monitoring techniques. Routine pre- and post-

dialysis measurements often fail to reflect the true 

interdialytic BP load, which is more strongly 

associated with cardiovascular outcomes .
(170)

 

Ambulatory BP monitoring (ABPM) and home BP 

monitoring are increasingly recognized as more 

accurate methods, but their adoption remains 

limited due to cost, accessibility, and patient 

adherence. 
(171)

 Future research should explore 

wearable technologies and digital health platforms 

that enable continuous BP monitoring, offering real-

time data to guide therapy adjustments. 
(172) 

In terms of pharmacological therapy, the evidence 

base for antihypertensive drug use in HD remains 

limited compared to the general population. Many 

landmark hypertension trials excluded patients with 

advanced CKD or dialysis dependence, leaving 

uncertainty about the efficacy and safety of 

commonly used agents. 
(173) 

Future studies should 

focus on head-to-head comparisons of drug classes, 

optimal timing of administration relative to dialysis, 

and the role of combination therapy in resistant 

hypertension. 
(174)

 Furthermore, emerging therapies 

such as novel mineralocorticoid receptor 

antagonists (MRAs) and non-steroidal agents may 

hold promise for reducing cardiovascular risk while 

minimizing hyperkalemia. 
(175) 

Beyond pharmacology, dialysis prescription 

innovations represent an area of growing interest. 

Modifying dialysate sodium concentration, 

personalizing ultrafiltration profiles, and adopting 

hemodiafiltration (HDF) or more frequent dialysis 

sessions have all demonstrated benefits in small 

studies, but larger trials are needed to confirm their 

impact on long-term BP control and survival. 
(176)

 

Personalized dialysis prescriptions that integrate 

fluid balance, electrolyte management, and BP 

control may provide superior outcomes compared to 

standard ―one-size-fits-all‖ approaches. 

Emerging fields such as precision medicine and 

biomarker-guided therapy may also play a pivotal 

role in future hypertension management. Identifying 

biomarkers of sympathetic overactivity, endothelial 

dysfunction, or vascular calcification could help 
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stratify patients at greatest risk and guide targeted 

interventions. 
(177)

Genomic and pharmacogenomic 

approaches may further refine antihypertensive 

therapy by predicting drug response and adverse 

effects in individual patients. 
(178)

 
 

9. Conclusion 

Hypertension is a common and serious complication 

in hemodialysis patients, impacting cardiovascular 

health, dialysis efficacy, and survival. It results 

from a complex mix of fluid overload, 

neurohormonal changes, vascular remodeling, and 

dialysis-related factors, making it difficult to 

manage. Despite therapeutic advances, blood 

pressure control remains poor in many patients, 

increasing risks of left ventricular hypertrophy, 

stroke, coronary disease, and mortality. Effective 

management requires a multifaceted approach—

including fluid control, sodium restriction, 

optimized dialysis, and tailored medications—

supported by a multidisciplinary team and active 

patient participation. Emerging tools like 

personalized dialysis, advanced monitoring, and 

new therapies offer hope for better outcomes. 

Controlling hypertension should remain a key focus 

to improve both longevity and quality of life in this 

vulnerable group. 
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