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Background. Hemodialysis related hemodynamic instability is a major but an underestimated issue. Moreover, cardiovascular events
are the leading cause of morbidity and mortality associated with blood pressure in hemodialysis patients. However, there have
been many controversies regarding the role and management of hyper- and/or hypotension during hemodialysis that needs to
be addressed. Objective. To critically review the available published data on the atypical role of hyper- and/or hypotension in
cardiovascular associated morbidity and mortality in patients on hemodialysis and to understand the discrepancies in this context.
Methods. A comprehensive search of literature employing electronic as well as manual sources and screening 2783 papers published
between Jan 1980 and Oct 2015 was conducted to collect, identify, and analyze relevant information through peer-reviewed
research articles, systematic reviews, and other published works. The cardiovascular events, including accelerated atherosclerotic
cardiovascular disease (ASCVD), stroke, heart failure, myocardial infarction, myocardial ischemia, and stress induced myocardial
dysfunction, leading to death were considered relevant. Results. A total of 23 published articles met the inclusion criteria and were
included for in-depth review and analysis to finalize a comprehensive systematic review article. All the studies showed a significant
association between the blood pressure and cardiovascular disease events in hemodialysis patients. Conclusions. Both intradialytic
hypertension/hypotension episodes are major risk factors for cardiovascular mortality with a high percentage of probable causality;
however, clinicians are faced with a dilemma on how to evaluate blood pressure and treat this condition.

1. Introduction

In chronic kidney disease (CKD) the kidney function is grad-
ually reduced over a period of time. As a result, glomerular fil-
tration rate (GFR) of the patient drops to <60 mL/minute and
the albumin-to-creatinine ratio of patient’s urine becomes
>30 mg/g. The occurrence of a total, irreversible, and per-
manent kidneys’ failure is termed as end-stage renal disease
(ESRD) where fluid is retained by the patient’s body resulting
in the accumulation of harmful wastes. Consequently, the

ESRD patients need suitable treatment in order to replace and
compensate for the work of such failed kidneys.

The prevalence of CKD and ESRD is increasing world-
wide. According to the US National Kidney Foundation, 26
million American adults suffer from CKD, the precursor to
ESRD, and millions more are at increased risk [1]. It has been
estimated that more than 700,000 Americans have ESRD
[2]. In Malaysia, increase in ESRD was largely driven by the
increasing incidence of diabetic kidney disease accounting
for 58% of new patients accepted for dialysis [3]. Similarly,
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CKD is rapidly growing in Pakistan due to increasing number
of patients with diabetes and high blood pressure, late
diagnosis, and high volume of kidney stone disease leading
to death of about 20,000 Pakistanis every year [4].

Cardiovascular disease is the main cause of death in
patients with ESRD [5, 6]. It is estimated that ESRD patients
are 5 to 20 times more likely to die because of cardiovascular
causes than the general population [7-9]. It is also a well-
established fact that blood pressure plays a decisive role in
CVD based mortality and morbidity in ESRD patients on
hemodialysis; however, a careful literature review of various
observational studies is more often demonstrating highly
conflicting and controversial data regarding the relationships
between blood pressure (hyper- and hypotension) and CVD
based mortality in patients on hemodialysis [10-17].

Zager et al. described a “U”-shaped relationship between
postdialysis systolic blood pressure (SBP) and mortality [17]
and in another study by Port et al. [18] it was found that pre-
dialysis SBP 110 mmHg was associated with increased mor-
tality. On the other hand, investigators of another study did
not observe any association between BP and mortality [19].
In addition to the above, Park et al. [20] described the rela-
tionship of dialysis alterations (before, during, and after the
process of dialysis) with changes in BP and mortality. These
authors also compared outcomes across strata of predialysis
SBP, ultrafiltration rates, and time on dialysis, none of which
significantly modified the primary findings [20].

Kalantar-Zadeh and his coworker [21-23] presented the
theory of “reverse epidemiology” which states that “conven-
tional risk factors of cardiovascular disease and mortality in
the general population such as body mass, serum cholesterol,
and blood pressure are also found to relate to outcome in
maintenance dialysis patients, but often in an opposite direc-
tion.”

Chao et al. reported that safe and smooth achievement
of ultrafiltration and solute removal goal in chronic dialysis
patients is prohibited by a decrease of systolic or mean blood
pressure (intradialytic hypotension) to a certain level. They
have referred to various studies elucidating the potential
mechanisms involved in the development of intradialytic
hypotension, including excessive ultrafiltration and loss of
compensatory mechanisms for blood pressure maintenance
[24]. However, Charra et al. argue that reverse epidemiology
has misleading relevance on dialysis management. According
to them the high early mortality generally associated with
and attributed to intradialytic hypotension values does not
contradict the need of obtaining normal blood pressure in
patients on hemodialysis in order to reduce long-term cardio-
vascular mortality. They, however, suggest for further inves-
tigation candidly confirming the ultimate noxious/beneficial
role played by antihypertensive medications in patients on
hemodialysis [25].

The aim of the current systemic review is to summarize
and critically review the available published data related
to the atypical role of hyper- and/or hypotension in car-
diovascular associated morbidity and mortality in patients
on hemodialysis, to understand the discrepancies in this
context, and to, possibly, propose suitable strategies for
management of patient care with special reference to blood
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pressure causing cardiovascular events leading to death in
hemodialysis patients.

2. Methodology

2.1. Administrative Information. The protocols and checklist
of PRISMA [26] and PRISMA-P 2015 [27, 28] have been
followed in writing of this systemic review article. The title
of the review is finalized in accordance to the said protocols.
The review has no registration number as it has not been
registered in registry. All authors contributed to the search,
identification, screening, selection, and developing inclusion
or exclusion criteria. As there existed wide variability in study
populations and also due to different methods adopted for the
measuring outcomes, we did not conduct any meta-analysis
and the articles were therefore analyzed descriptively with an
emphasis on trends. All authors critically reviewed, provided
feedback on, and approved the final version of the manuscript
to be submitted for publication.

A comprehensive search of literature employing elec-
tronic as well as manual sources, published between Jan 1980
and Oct 2015, was conducted in order to collect, identify,
and analyze relevant information and knowledge existing in
the instant area of our search through relevant peer-reviewed
research articles, systematic reviews, and other published
works related to blood pressure and cardiovascular events,
such as stroke, myocardial infarction, and heart failure, in
hemodialysis patients.

2.2. Search Strategies. A strategic, systematic, and compre-
hensive way of search techniques was applied, by the first
author in independent capacity, to extract relevant articles of
interest employing electronic database system such as Pub-
Med, International Pharmaceutical Abstracts (IPB), Cumula-
tive Index of Nursing and Allied Health Literature
(CINAHL), Web of Science, Scopus, Current Content,
Embase, All Evidence-Based Medicine (EBM) Reviews
(Cochrane DSR, ACP Journal Club, DARE, and CCTR), and
Google Scholar, using the Boolean operators for combina-
tions of key words and terms relevant to the topic of this
review article, such as patient care management in hemo-
dialysis, cardiovascular morbidity and mortality in hemodial-
ysis, management of cardiovascular events in hemodial-
ysis patients, management of cardiovascular events and blood
pressure in hemodialysis patients, the role of hypertension in
cardiovascular associated morbidity and mortality in hemo-
dialysis, the role of hypotension in cardiovascular associated
morbidity and mortality in hemodialysis, the controversial
role of hyper- and/or hypotension in cardiovascular events in
hemodialysis patients, end-stage renal disease and hemodial-
ysis, end-stage renal failure and hemodialysis, stage 5 CKD
and hemodialysis, advanced CKD, and hemodialysis. Keep-
ing in view the difficulty in translating our specific search
questions into concise key word or search terms, all other
possible strategies were also exhausted in order to capture all
that relevant information that might have been skipped in the
database searches. Moreover, the bibliographies of selected
articles were reviewed for the said purpose. In addition to the
above-mentioned search using electronic database systems,
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manual sources were also exploited for the said purpose. Sim-
ilarly, several academic researchers and professional nephro-
logists were contacted for help. For getting access to full-text
research/review articles the library and E-journals facility of
University Sains Malaysia (USM) were used. In addition to
these, the Higher Education Commission (HEC) sponsored
digital library facility of Quaid-i-Azam University (QAU),
Islamabad, was also utilized as alumni of QAU. Finally,
abstracts and proceedings of several important meetings,
conferences, workshops, and seminars organized by various
renal societies of nephrology and other relevant bodies or
individuals were also reviewed to get the most in this context.

2.3. Study Selection. The articles were identified by the prin-
cipal investigator/first author, independently, through all the
electronic sources. After removal of the duplicates, the data
were subjected to a two-staged screening process comprised
initially of screening by titles followed by abstract screening.
This process screened out a major fraction of the initially
identified articles from the electronic database systems to be
excluded, leading to a smaller sample of leftover articles being
qualifying for the 3rd stage of full-text screening process. Eli-
gibility assessment was conducted by Amjad Khan and Amer
Hayat independently in an unblinded standardized manner.
Disagreements between reviewers were resolved by consen-
sus.

2.4. Inclusion and Exclusion Criteria. For the purpose of
this systemic review, the search was limited to be conducted
within a specific period of publication (Jan 1980 to Oct 2015),
including the studies with a minimum of 100 participants,
published in English, and containing appropriate information
and knowledge available in the area of our search question
through relevant peer-reviewed research articles, systematic
reviews, and other published works related to hemodialysis
patients. All other studies lying outside the above narrated
range and purview specified for this systematic review
were excluded. The screening process has been summarized
through PRISMA flow diagram as illustrated in Figure L.

2.5. Data Extraction and Quality Assessment. To assess the
study quality, a data extraction sheet was developed and
refined after testing on ten randomly selected studies. Amjad
Khan extracted the data from included studies and Amer
Hayat checked the extracted data. Disagreements were
planned to be resolved by mutual discussions; however, any
such disagreement did not arise.

3. Results

A total of 2783 articles were identified by the principal inves-
tigator/first author, independently, through all the electronic
sources; out of these articles, the electronic database systems
could retrieve 2778 and the Google Scholar searching as 05
(n = 2778 + 5 = 2783). After removal of the duplicates
(n =997), the data (n = 1786) were subjected to a two-staged
screening process comprised initially of screening by titles
followed by abstract screening. This process screened out a

major fraction of the initially identified articles from the elec-
tronic database systems to be excluded (1 = 1694) leading to
a smaller sample of leftover articles (n = 92) qualifying for the
3rd stage of full-text screening process. After screening of the
92 full-text articles, it was found that only 23 articles (Table 1)
were relevant to meet inclusion criteria and were declared
successful to be part of further studies to be carried out over
them towards the completion of this review. The screening
process has been summarized through PRISMA flow dia-
gram as illustrated in Figure 1. There were multiple reasons
which led to the exclusion of nonrelevant articles.

All the studies reviewed showed a significant associa-
tion between the blood pressure and cardiovascular disease
events. In one of the articles (s # 8, Table 1), the authors
reported that both increases and decreases in blood pressure
from before to after hemodialysis would be associated with
all-cause and cardiovascular mortality, independent of pre-
dialysis BP levels. They identified a U-shaped relationship
between pre- and postdialysis changes in BP and all-cause
and cardiovascular mortality.

In the instant case, it was found that various observational
studies are demonstrating conflicting and controversial data
regarding the relationships between blood pressure (hyper-
and/or hypotension) and mortality caused by cardiovascular
events in patients on hemodialysis. Moreover, these studies
have also intensively evaluated relationship between different
types of BP measurements and CVD based mortality in
hemodialysis patients. Therefore, it was decided to divide
and report the findings of this study into various parts as
described below.

3.1. Relation between BP and CVD Based Mortality

3.LL Risk Related to Hypertension Episodes. Among the 23
articles included for qualitative synthesis (Table 1), 12 articles
(serial #1, 4, 5, 6, 10, 11, 12, 13, 14, 19, 20, and 22) focus on and
suggest a strong association of hypertension with various car-
diovascular disease events leading to morbidity and mortality
of CKD or ESRD patients on hemodialysis.

3.1.2. Risk Related to Hypotension Episodes. Only one article
(s # 3) reports the strong association of hypotension, mea-
sured either predialysis or postdialysis, with increased mor-
tality in patients on hemodialysis.

3.1.3. Risk Related to Both Hyper- and Hypotension Episodes.
Among the 23 reviewed articles, 10 studies (s # 2, 7, 8, 9, 15,
17,18, 21, and 23) reported that both hyper- and hypotension
are found to be associated with cardiovascular events based
morbidity and mortality in patients on hemodialysis.

3.2. Relation between the Type of BP Measurement and CVD
Based Mortality. In 18 (s # 1-6, 8, 10-15, and 19-23) out of
the 23 articles reviewed, the blood pressure was measured
at standardized hemodialysis units, that is, dialysis cen-
ters (predialysis, postdialysis, and intradialysis), while the
remaining 5 studies (s # 7, 9, 16, 17, and 18) have discussed
the blood pressure measurements obtained at home, either by
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FIGURE 1: PRISMA flow diagram showing the search strategy and results.

the patient or using an ambulatory blood pressure monitor,
and their relationship with CV morbidity and mortality.

4. Discussion and Interpretations

Management of patient care in hemodialysis patients is an
important but complex task on the part of healthcare team
members. In this connection, the randomized controlled
trials conducted for reducing primary outcomes of cardiovas-
cular disease events, mortality, and morbidity in such patients
have so far not been proven very successful. The area of
major concern in the management of hemodialysis patients
as related to the above referred outcomes includes the cardio-
vascular disease burden, control of hyper- and/or hypoten-
sion, anemia, inflammation, and abnormalities in mineral
metabolism. At times, these issues are further complicated
by conflicting and controversial data obtained from obser-
vational and randomized controlled trials. The main reason
for such controversies could be the limited treatment options
for reducing these endpoints in maintenance hemodialysis
patients. Therefore, for continuous management of advanced
care in patient on hemodialysis it is essential to conduct, in
future, well-planned randomized controlled trials in order

to meet the goal of improving outcomes. Such trials should
consider new therapies to better target these factors, consid-
eration of additional risk factors that have not been well tested
to date, and therapies with new targets.

In the light of the literature studied, it is now well estab-
lished that during hemodialysis treatment the changes occur-
ring in hemodynamics act as a marker for higher risk of
patient morbidity and mortality. The most common clinical
problems include developments and management of hyper-
tension or hypotension.

It has been reported that accelerated atherosclerotic
cardiovascular disease (ASCVD) has close association with
high blood pressure [10] and that ASCVD morbidity [11] and
mortality [10, 12] may be decreased significantly through suc-
cessful treatment of hypertension. The defined hypertension
among adults should be 140/90 mmHg (systolic BP (SBP)/
diastolic BP (DBP)) while in patients with existing ASCVD
the recommended target BP is 130/80 mmHg [10]. Recently, a
target BP 130/80 mmHg for patients with chronic kidney dis-
ease stages I to IV [14] has been recommended. Very recently,
the pre-HD (140/90 mmHg) and post-HD (130/80 mmHg)
BP targets have also been recommended [15]. However,
this recommendation was graded as less authentic and
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weak because its evidence was extrapolated from the results
obtained from general population.

In contrast, another study showed that a blood pressure of
140/90 was associated with a decreased risk for left ventricular
hypertrophy but an increased mortality risk [16]. According
to the finding of Diaz et al. [29] (Table 1, article at s # 2),
amongst the patients on hemodialysis approximately 20% of
the patients are prone to episodes of hypotension; and occur-
rence of intradialytic hypertension is common in approxi-
mately 15% of the hemodialysis patients. Hence the results of
studies reviewed (Table 1) demonstrated that the relationship
of cardiovascular outcomes with hyper- and/or hypotension
has been very much controversial. These controversies are
mostly related to the particular relationship of blood pressure
measurement time and techniques (measurement of predia-
Iytic, postdialytic, or intradialytic blood pressure or interdia-
lytic home and ambulatory blood pressure) to cardiovascular
morbidity and mortality.

Apart from these, some investigators found and reported
a “U”-shaped relationship between postdialysis systolic blood
pressure (SBP) and mortality [17]. According to this study
mild to moderate elevations in predialysis SBP were not
associated with significant increases in ASCVD and all-cause
(AC) mortality. Later on similar results were claimed by some
other researchers too who reported high postdialysis SBP
and low pre- and postdialysis DBP that were associated with
increased mortality of the HD patients [13] and in another
study by Port et al. [18] it was found that predialysis SBP
110 mmHg was associated with increased mortality. On the
other hand, investigators of another study did not observe any
association between BP and mortality [19].

In addition to the above, Park et al. [20] described the
relationship of dialysis alterations (before, during, and after
the process of dialysis) with changes in BP and mortality. They
hypothesized another U-shaped relationship between peri-
dialytic hypertension and hypotension and stated that both
increases and decreases in BP from before to after dialysis
would be associated with all-cause and cardiovascular mor-
tality, independent of predialysis BP levels [20]. The authors
found that modest intradialysis declines in systolic BP (SBP)
(=30 to 0mmHg) were associated with the best sur-
vival, whereas a pre- to postdialysis decline of less than
-30 mm Hgand any pre- to postdialysis increase of more than
zero mm Hg were associated with higher mortality. The great-
est survival was associated with a pre- to postdialysis change
in SBP of —14 mm Hg. They observed similar results for dia-
stolic BP, too.

The controversial theory of “reverse epidemiology” [21-23]
reported a paradoxical association between hypertension and
mortality in hemodialysis patients. It claims that a normal to
low blood pressure is associated with poor outcomes, whereas
high pressure confers survival advantages, a phenomenon
referred to as “reverse epidemiology.” It may be stated
that although the above-mentioned paradoxical associations
between hypotension and mortality might not be causal, yet
the reverse epidemiology of systolic hypertension (HTN) and
its relative survival advantage in maintenance hemodialysis
(MHD) and chronic heart failure (CHF) patients or other

similar populations might have significant clinical and public
health implications.

As described above in the results section, the authors of
some studies have attributed the cardiovascular associated
morbidity and mortality to the hypertension while others
have related the same to hypotension in case of patients on
hemodialysis. In fact high blood pressures measured either
before or after dialysis are either not associated or minimally
associated with increased mortality. In addition to this, the
association of low BP and cardiovascular related mortality in
hemodialysis is further magnified when BP is considered as
a time-dependent covariate. Moreover, the phenomenon of
lower BP being associated with increased morbidity and mor-
tality in hemodialysis patients has been referred to as “reverse
epidemiology” of hypertension, which has logically raised
concerns of the patients and practitioners regarding lowering
of BP among hypertensive patients on hemodialysis.

These facts clearly indicate that proper control of blood
pressure is critical in dialysis patients and its importance can
never be overemphasized because the risk of other comor-
bidities will increase under such extreme changes. Therefore,
proper knowledge and awareness is required against the
effect of such abnormalities and to help in preventing their
complications and recurrence [29].

5. Limitations

The major limitation of the instant review could be attributed
to the possible but inadvertent selection biasness of the
retrieved articles, although all possible efforts were made to
ensure the inclusion of all relevant and exclusion of all the
irrelevant articles. Accordingly, a total of 2783 articles could
be retrieved from the databases; however, after removal of the
duplicates (n = 997), only 1786 remained for screening and
further processing and finally only 23 could meet the inclu-
sion criteria. Moreover, we could not conduct any meta-
analysis and the articles were therefore analyzed descriptively
with an emphasis on trends because of wide variability in
study populations and also due to different methods adopted
for the measuring outcomes. In addition to the above, while
conducting such studies, a judicial analysis and careful assess-
ment of the baseline comorbidities are of utmost importance
because the relationship between BP and mortality is stronger
in diabetics than in nondiabetics [30]. However, in the instant
case no formal assessment of the comorbidities was con-
ducted. It is also worth mentioning over here that the use of
antihypertensive agents by the HD patients may significantly
affect the risk of CVD based mortality; consequently such
type of confounding factors might affect the overall relation-
ship between BP and CVD based mortality. Among the 23
studies included in the instant review, six studies have not
reported the use of any such antihypertensive agents and this
could be considered a significant factor and important limita-
tion affecting the proposed BP relationship with CVD based
mortality.



6. Recommendations

Based on the critical review of the shortlisted articles
(Table 1), it was revealed that there were a lot of controversies
regarding the role and/or management of blood pressure in
patients on hemodialysis, for example, uncertainty about how
to measure BP in hemodialysis patients, a poor understand-
ing of the association between hyper- and/or hypotension and
cardiovascular disease events and other risks of adverse out-
comes, and a complex interplay of multiple factors affecting
both hypo- and hypertension (systolic and diastolic pressure),
so it would be premature to make any specific recommenda-
tions regarding BP management in ESRD patients on hemo-
dialysis.

However, it is hereby recommended that in-depth studies
are required to further explore the complex physiological
and dialysis-related mechanisms influencing BP and also the
yet poorly understood association between hyper- and/or
hypo-tension and cardiovascular disease events for better
management of BP in patient population on hemodialysis
while focusing on both generally applicable plans and indi-
vidualization in order to determine the BP target and the
treatment regimen.

7. Conclusions

The study of reviewed articles showed that both hypertension
and hypotension episodes are major risk factors for mortality
with a high percentage of probable causality. The clinicians
are faced with a dilemma on how to evaluate blood pressure
and treat this condition. Hypertension is common, difficult to
diagnose, and poorly controlled among patients with ESRD.
Patients with CKD and regular hemodialysis who experience
moderate or severe intradialytic hypotension have signifi-
cantly higher prevalence of myocardial ischemia and stress
induced myocardial dysfunction than those who experience
no or mild intradialytic hypotension. It is well established
that there exists a relationship between pre- to postdialysis
changes in BP and mortality. Both increases and decreases in
BP from before to after dialysis would be associated with all-
cause and cardiovascular mortality, independent of predial-
ysis BP levels. Topics of major concern in the management
of maintenance hemodialysis patients include the overall car-
diovascular disease burden, blood pressure control, anemia,
abnormalities in mineral metabolism, and inflammation.
Overall, treatment options for reducing these endpoints in
maintenance hemodialysis patients are limited, and future
randomized controlled trials are essential to continuing to
advance care in this population, with the goal of ultimately
improving hard outcomes. Future trials should consider new
therapies to better target these factors, additional risk factors
that have not been well tested to date, and therapies with new
targets, including inflammation. Further studies with larger
numbers could be more conclusive.
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