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ABSTRACT

Introduction: Arterial hypertension (AH) is highly prevalent among patients with chronic
kidney disease undergoing hemodialysis and is associated with cardiovascular complications.
Blood pressure variability according to the timing of measurement generates diagnostic and
therapeutic uncertainty. Objective: To analyze the behavior of ambulatory blood pressure during
long (72-hour) and short (48-hour) interdialytic periods, relating it to pre- and post-dialysis blood
pressure values and correlating body weight with all blood pressure measurements. Materials
and Methods: Observational, analytical, longitudinal study with repeated measures conducted
in 84 patients undergoing chronic hemodialysis. Home blood pressure measurements (4
determinations per day) were performed over one month during both interdialytic periods.
Paired Student’s t test and Pearson’s correlation coefficient were used. Statistical significance
was set at p<0.05. Results: Systolic blood pressure was higher during the long interdialytic
period compared with the short period (151.12+24.66 vs 139.92+24.69 mmHg; p<0.003).
Diastolic blood pressure was also higher (85.07+13.14 vs 79.40%14.40 mmHg; p<0.008).
A positive correlation was found between weight gain and systolic blood pressure (r=0.43).
Conclusion: Ambulatory blood pressure is significantly higher during the long interdialytic
period. Interdialytic weight gain correlates primarily with systolic blood pressure.

Key Words: Blood Pressure, Hypertension, Hemodialysis, Chronic Kidney Disease, Long
Interdialytic period, Short Interdialytic period.

Corresponding author: Maria Carolina Acosta Cazal. Universidad Nacional de Asuncién, Facultad de Ciencias Médicas, Catedra de
Fisiopatologia, San Lorenzo, Paraguay. Email: mcaosta@fcmuna.edu.py.

Responsible Editor: ®Prof. Dr. Hassel Jimmy Jiménez*, ®Dra. Lourdes Talavera*.

*Universidad Nacional de Asuncién, Facultad de Ciencias Médicas. San Lorenzo, Paraguay.

Received on 2025/03/26; accepted on 2026/03/26.

)|
Este es un articulo publicado en acceso
Editorial de la Facultad de Ciencias Médicas abierto bajo una licencia Creative Commons


https://orcid.org/0000-0002-4677-877X
https://orcid.org/0009-0008-2190-7329
https://orcid.org/0009-0003-8133-9304
https://orcid.org/0009-0001-7079-645X
https://orcid.org/0000-0001-5938-8853
https://orcid.org/0000-0003-4078-5853
https://orcid.org/0000-0001-9671-3037
https://creativecommons.org/licenses/by/4.0/

Acosta Cazal, M. et al * Blood pressure patterns in hemodialysis: an observational longitudinal study during interdialytic periods.
An. Fac. Cienc. Méd. (Asuncion) 2026; 59(1): €59012613.

RESUMEN

Introduccion: La hipertension arterial (HTA) es altamente prevalente en pacientes con
enfermedad renal crénica en hemodidlisis y se asocia a complicaciones cardiovasculares.
La variabilidad de la presion arterial segin el momento de medicién genera incertidumbre
diagndstica y terapéutica. Objetivo: Analizar el comportamiento de la presion arterial
ambulatoria en los periodos interdialiticos largo (72 horas) y corto (48 horas), relacionandola
con los valores pre y post-dialisis y correlacionando el peso corporal con todas las mediciones.
Material y Métodos: Estudio observacional, analitico, longitudinal de medidas repetidas en 84
pacientes en hemodialisis crénica. Se realizaron mediciones domiciliarias (4 determinaciones/
dia) durante 1 mes en ambos periodos interdialiticos. Se utilizé prueba t de Student para
muestras relacionadas y coeficiente de Pearson. Se considero6 significativo p<0,05. Resultados:
La presion arterial sistolica fue mayor en el periodo interdialitico largo vs corto (151,12+24,66
vs 139,92+24,69 mmHg; p<0,003). La presion diastdlica también fue mayor (85,07£13,14 vs
79,40+14,40 mmHg; p<0,008). Se encontro correlacion positiva entre ganancia de peso y presion
sistélica (r=0,43). Conclusidn: La presion arterial ambulatoria es significativamente mayor en
el periodo interdialitico largo. La ganancia de peso interdialitica se correlaciona principalmente
con la presion arterial sistdlica.

Palabras Claves: Presién arterial, hipertensién arterial, hemodidlisis, enfermedad renal crénica,

periodo Inter dialitico corto, periodo Inter dialitico largo.

Introduction

Arterial hypertension (HTN) is a frequent
association in patients with chronic kidney
disease (CKD) undergoing hemodialysis (HD)
and is a risk factor for the development of
cardiovascular complications, constituting an
important cause of morbidity and mortality in
these patients ("2,

Sustained elevation of blood pressure (BP)
can lead to: cerebrovascular accident, left
ventricular hypertrophy, myocardial ischemia,
and atherosclerotic vascular lesions, which
threaten the life of the individual @4. Optimal
BP control is essential to prevent the morbidity
and mortality associated with it.

The prevalence of HTN in individuals on HD
is highly variable and probably depends on
the modality used for its diagnosis ™. In the
PRESDIAL Study, conducted in Hemodialysis
Centers in Barcelona, it was found that 67.4%
of patients on hemodialysis had HTN ©,

HTN is defined as blood pressure values
higher than 140 mmHg for systolic blood

pressure (SBP) and 90 mmHg for diastolic
blood pressure (DBP) ©). Rahman et al. define
uncontrolled HTN as SBP equal to or greater
than 160 mmHg and/or DBP equal to or greater
than 90 mmHg ), measured pre-dialysis and
over 1 month. In fact, the diagnosis of HTN in
patients on HD is a challenge and may lead to
overtreatment or undertreatment due to the
multiple factors involved ©.

Adequate control of volume expansion is
probably the key to better BP control, since
studies analyzing the prevalence of HTN in
subjects undergoing prolonged HD show better
BP control. A study conducted by Bernard
Charra, published in 2005, demonstrates that
better control of extracellular volume leads
to better blood pressure control. The mean
pre-dialysis BP of HD patients in that study
was 128/79 mmHg ©. Therefore, there are
important differences in BP according to
the extracellular volume they present. For
example, those patients who have significant
interdialytic weight gain undergo substantial
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fluid removal in a few hours during the HD
session and present a decrease in BP. These
patients regain the amount of fluid that was
removed during the interdialytic period and
show an increase in BP. Therefore, it is unclear
which BP measurement should be used to
diagnose HTN. In pre-dialysis, the patient
may be hypertensive, and in post-dialysis,
may be hypotensive, and substantial errors in
treatment may occur ©,

So, what BP do they maintain most of the
time? In pre-dialysis, the patient has the
greatest fluid gain, but not all the time does
the patient have that condition. At the end of
the HD session, do they have the same BP
values as in pre-dialysis? Does BP gradually
increase as the subject gains weight during
the interdialytic period? What happens to BP
during long interdialytic periods (72 hours) and
short interdialytic periods (48 hours)? After
long interdialytic periods, should patients have
higher BP than during short periods? And if
these BP variations are significant, how can
we manage their treatment appropriately to
reduce morbidity and mortality?

The objective of the study is to analyze, in
patients on hemodialysis, the behavior of
ambulatory blood pressure during long periods
(72 hours between dialysis) and short periods
(48 hours between dialysis), relating it to
blood pressure values during the hemodialysis
session (pre- and post-dialysis), and to
correlate body weight with all blood pressure
values of the hemodialyzed patient.

Materials and Methods

Design:  Observational, analytical, and
correlational study with repeated measures.
It was conducted at the NEFRO SERV
Hemodialysis Center from March to November
2024. Ninety-six prevalent patients (more than
3 months on hemodialysis treatment) were
considered, but only 84 patients consented to
participate in this observational study without
exposure to any risk and therefore completed
the proposed study protocol. Patients who
could not or did not wish to follow the protocol

were excluded (dependent patients, patients
with emotional instability, and those non-
adherent for unidentified reasons).

60.5% were male and 39.5% female. The
mean age of the patients was 58+18 years.
Among the conditions leading to CKD, the
most prevalent was type 2 diabetes mellitus,
present in 47%, while 53% were non-diabetic.
All patients received 3 HD sessions per week,
each lasting 3.5 to 4 hours. The filters used
were polysulfone, bicarbonate-based buffer,
and NIPRO Diamax dialysis machines.

80% received antihypertensive treatment
based on: calcium channel blockers, beta-

blockers  (43%),  angiotensin-converting
enzyme inhibitors (20%), angiotensin |l
receptor antagonists (5%), and central

blockers (38%). 90% received two or more
antihypertensive agents. The most commonly
used combination was calcium channel
blockers with beta-blockers. Only 42% strictly
followed the recommendations.

58% of patients received HD through an
arteriovenous fistula and 42% through a
central venous catheter. Blood pressure was
monitored before the start of the HD session,
every hour, and at the end of the HD session
usingg an OMRON sphygmomanometer
installed on the HD machine.

At home, patients were monitored with
digital OMRON sphygmomanometers on
Sundays (for those receiving HD on Monday,
Wednesday, and Friday) and on Mondays for
those receiving HD on Tuesday, Thursday, and
Saturday. Four measurements were taken in
one day for one month. This corresponded
to the long interdialytic period (LIDP). An
average of these periods was obtained.
Home measurement protocol: patient seated,
5 minutes of rest, no prior caffeine intake,
appropriate cuff size, 2 measurements per
determination, and recording of the average.

Similarly, patients receiving HD sessions
on Monday, Wednesday, and Friday were
monitored four times a day on Thursdays for
one month (short interdialytic period, SIDP).
Those receiving HD on Tuesday, Thursday, and
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Saturday were monitored on Mondays (LIDP)
and Fridays (SIDP) four times a day for one
month.

Likewise, pre-dialysis BP was obtained
on Mondays (for patients on HD Monday,
Wednesday, and Friday) and Tuesdays (for
those on Tuesday, Thursday, and Saturday
HD) for one month (pre-HD BP of the long
interdialytic period, Pre-HD BP LIDP). Post-
dialysis BP (Post-HD BP LIDP) was also
measured.

Additionally, pre- and post-dialysis BP were
recorded for one month on Wednesdays
for patients receiving HD on Monday,
Wednesday, and Friday, and on Thursdays
for those receiving HD on Tuesday, Thursday,
and Saturday (Pre-HD BP SIDP and Post-HD
BP SIDP). Weight was measured at the HD
center following the same protocol as BP
measurements. Written informed consent was
obtained, confidentiality was guaranteed, and
results were shared with the patients.

Statistical Analysis

Data were grouped by convenience and
analyzed by comparison using Student’s
t-test and Pearson’s correlation coefficient.
Results were expressed as mean and standard
deviation (SD), with statistical significance set
at p<0.05 and a 95% confidence level.

Resultados

In the results of the measurements of the 84
patients on dialysis, we found that considering
blood pressure up to 140/90 mmHg as normal,
in the Pre-HD LIDP, 67% of hemodialyzed
patients had uncontrolled BP; in contrast, in
the Pre-HD SIDP period, 53% of patients had
uncontrolled BP.

Systolic blood pressure (SBP) in the LIDP
was significantly higher than SBP in the
SIDP: 151.12+24.66 vs 139.92+24.69 mmHg
(p<0.003). The same occurred with diastolic
blood pressure (DBP) in the LIDP vs SIDP:
85.07+13.14 vs 79.40+14.40 mmHg (p<0.008),
which was also significantly higher. See Table
1.

Subsequently, Pre-HD BP LIDP and Post-HD BP
LIDP, as well as Pre-HD BP SIDP and Post-HD
BP SIDP, were compared, and no significant
differences were found between them.

Additionally, to determine the influence of
weight gain on SBP and DBP, a correlation
analysis between variables was performed.
Interdialytic weight gain and SBP: r=0.43, and
between interdialytic weight gain and DBP:
r=0.27 Figures 1 and 2.

Table 1. Comparison of systolic and diastolic blood pressure across the different measurement periods.

Short

Long Short
postdialysis postdialysis p
period period

predialysis
period

Interdialytic Sl )
lon r)i/d interdialytic predialysis
ong perio period period
Systolic
Blood 451 1400 7()  130.024007() 147862219
Pressure
(mmHg)
Diastolic
Blood oo h7at31() 794144 7923:114
Pressure
(mmHg)

143,6£21,7  148,93£23,9  147,67+26,2 <0,003

78,1£12,5 76,49+13,4 78,87+12,5 <0,008
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Figure 1. Correlation between body weight gain (kg) and systolic blood pressure (mmHg).
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Figure 2. Correlation between weight gain (kg) and diastolic blood pressure (mmHg).

Discussion

HTN is a serious problem in patients
undergoing periodic and chronic HD. HTN in
hemodialysis patients presents particularities
that make its management complex 01,
Sodium retention and the consequent volume
expansion would be one of the mechanisms
involved in its development and perhaps the
most powerful mechanism responsible for the

difficult clinical management in these patients.
Other mechanisms such as activation of the
renin—angiotensin  system, activation of
the sympathetic nervous system, reduced
nitric oxide synthesis due to endothelial
dysfunction, treatment with erythropoietin,
hyperparathyroidism with increased
intracellular  calcium, and accelerated
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atherosclerosis  with  arterial  stiffness
are all very important pathophysiological
mechanisms; however, undoubtedly, the
main mechanism of development would be
sodium retention and volume expansion,
which causes an increase in venous return
leading to an increase in cardiac output and
the development of HTN. Therefore, the main
cause of poor HTN control would be the
difficulty in achieving appropriate weight in
patients, which would depend on interdialytic
fluid intake and dietary salt consumption .

We found an increase in BP levels in Pre-HD
LIDP (72 hours) compared with Pre-HD SIDP
(48 hours). This increase in BP was observed
for both SBP and DBP. Therefore, in those
patients who receive HD sessions on Monday,
Wednesday, and Friday (three times per week),
Mondays would present higher pre-dialysis BP
than Wednesdays. This situation raises the
question: what is the patient's BP? Which data
should be considered for appropriate patient
management? This phenomenon leads us to
consider that fluid accumulation is a primary
factor in the pathophysiology of pre-dialysis
HTN.

Regarding the criteria for HTN in hemodialysis
patients, there is no clear definition of arterial
hypertension due to the wide fluctuations
observed in these patients. What occurs in
the non-hemodialysis population is not fully
extrapolable to the hemodialysis population, as
hemodialysis patients have greater tolerance
to higher BP levels. The KDOQI/KDIGO clinical
guidelines mention BP values greater than
140/90 mmHg in pre-dialysis and greater than
130/90 mmHg in post-dialysis; however, their
level of evidence is 2c and, although relevant,
these values are not differentiated between
long and short interdialytic periods. Long
interdialytic periods (72 hours) involve greater
fluid gain, which clearly influences BP. Strictly
speaking, pre-dialysis may occur after a long
(72 hours) or short (48 hours) interdialytic
period, but their values are different.

According to Gardano et al.,, 70% to 80% of
patients undergoing hemodialysis present

HTN, and it is diagnosed when BP is higher
than 140/90 mmHg in pre-dialysis and/or
higher than 130/80 mmHg in post-dialysis (2.
In the same line, the 2021 KDIGO guidelines
propose that pre-dialysis BP should be equal
to or lower than 140/90 mmHg and post-
dialysis equal to or lower than 130/80 mmHg
(19, Sarafidis et al., in a European study, also
mention the same values but emphasize home
blood pressure, arguing patient stress during
the hemodialysis procedure (4. None of these
studies consider interdialytic periods, and we
found an important difference between pre-
dialysis BP values depending on whether the
HD session occurs after 48 hours or after
72 hours. This finding gives an important
particularity to our study.

HTN  presents particularities in HD
patients, which include: a) isolated systolic
hypertension in a higher proportion than
other HTN modalities, b) increased pulse
pressure, ¢) a high percentage of nocturnal
hypertension (19, In addition, unlike what
occurs in the general population, in which HTN
is associated with higher mortality, this does
not occur in the same way in hemodialysis
patients. This paradoxical phenomenon
indicates that in hemodialysis patients, low
BP has more deleterious long-term effects,
and higher BP is associated with better
outcomes. This phenomenon is called inverse
BP epidemiology and leads to uncertainties
regarding the danger of HTN and how to treat
it in this particular population ®.

Pre-dialysis hypotension, which would reflect
hypovolemia or significant vasodilation that
could be due to overdose of antihypertensive
medications or patients with heart disease
such as congestive heart failure with reduced
left ventricular ejection fraction, conditions
hemodialysis therapy by increasing episodes
of intradialytic hypotension that may generate
hypoperfusion in different organs (9. This
situation emphasizes that appropriate patient
management would depend on the physicians
who regularly attend patients during their
hemodialysis sessions. This would seem
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logical; however, unfortunately, this does not
always occur in Paraguay, where in many
cases medication management is handled
by physicians who are not responsible for the
hemodialysis sessions and are therefore not
familiar with the patient, generating problems
in adequate clinical management due to the
great variability in BP levels in these patients.
With outpatient visits on a given day of the
week and once every two months, optimal
treatment is impossible and compromises
the quality of hemodialysis due to recurrent
episodes of hypotension that may occur when
patients are overmedicated.

Post-dialysis HTN, which would indicate
increased activity of the renin—angiotensin
system in response to volume removal,
increased activity of the autonomic nervous
system, and the possibility of removal of
antihypertensive medications during dialysis,
would be situations that increase morbidity and
mortality in these patients (7). In our patients,
despite the relationship between fluid gain and
HTN, pre- and post-dialysis BP did not show
significant differences, which would indicate
that with volume removal, compensatory
mechanisms  (renin—angiotensin  system,
sympathetic nervous system) are activated.
Therefore, immediately after the HD session,
no differences in BP values were observed
despitevolumeremoval. Thus,intheimmediate
post-dialysis period, volume removal does not
play a major role in BP levels (after volume
removal, BP should decrease in all patients),
with other BP-regulating mechanisms being
more important than volume. Is this a transient
reaction?

In our study, we observed that both SBP and
DBP are higher in the LIDP compared with the
SIDP,based onhomeblood pressure monitoring
(HBPM). Obviously, volume gain would
determine this difference. We emphasize that
BP control by HBPM was performed the day
before HD; therefore, in the LIDP, control was at
48 hours after the last HD session, and in the
SIDP, at 24 hours. In addition, we did not find
statistically significant differences between

BP measured at home by HBPM in the LIDP
and Pre-HD BP in the LIDP. These data indicate
that volume gain plays a central role in BP.
The difference in SBP between the LIDP and
SIDP is approximately 10 mmHg, and in DBP 6
mmHg. An increase of 10 mmHg and 5 mmHg
increases mortality (7,

In addition, when we performed a correlation
between interdialytic weight gain and SBP
(r=0.43), this correlation was positive and
would explain the difference between the
measurements obtained in the LIDP and SIDP.
For DBP, the correlation was low (r=0.27).
Between Pre-HD BP LIDP and Post-HD BP
SIDP, there was no statistically significant
difference despite fluid removal; therefore,
other mechanisms come into play to maintain
BP in response to the removal of weight
gained during the interdialytic period. In
patients undergoing prolonged HD, is fluid
removal alone the key factor for achieving
normotension? In prolonged HD sessions, is
better BP control solely related to interdialytic
fluid gain? By prolonging HD hours, could
vasoconstrictive substances be removed,
contributing to better BP control?

In our patients, despite reaching clinically
appropriate weight, we did not observe a
statistically significant difference in BP before
and after the HD session. Therefore, we
consider that in the immediate post-dialysis
period, despite fluid removal, BP is maintained
due to the aforementioned compensatory
mechanisms, and over time (the duration of
which is not clearly defined), BP becomes
more dependent on volemia. This explains
why we found a significant difference in BP
between the LIDP and SIDP. Additionally, we
found a positive correlation (mainly systolic)
between BP and weight gain (increase in
fluids) between one HD session and the next.

What is the actual BP of the hemodialyzed
patient? When should BP be measured to be
most reliable? What consequences do these
volume variations have on the vascular tree,
given the frequent vascular alterations and
neurohormonal changes they entail? What is
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the contribution of the different factors to BP
levels? Due to the complex pathophysiology of
HTN in these patients, appropriate treatment
remains a major challenge.

Study Limitations

First, this is a single-center study; second, BP
levels were not measured using Ambulatory
Blood Pressure Monitoring (ABPM), which
could clarify many uncertainties regarding
blood pressure throughout the day and
particularly its nighttime behavior (nocturnal
blood pressure); and third, bioimpedance was
not used to determine patients’ appropriate
weight.

Conclusion

The diagnosis of HTN in hemodialysis patients
is difficult due to its wide variability. Therefore,
initiating or adjusting antihypertensive
treatment without adequate communication
with the team supervising hemodialysis
sessions may lead to therapeutic errors
and complications. We do not agree with
Panagiotis et al. (18) that midweek pre-dialysis
BP is reliable. We also do not agree with simply
establishing pre- and post-dialysis parameters,
given that there are significant differences
when BP is measured after 48 hours and after
72 hours from the previous HD session.

Many factors are involved in HTN in these
patients, and fluid gain has an influence,
especially in pre-dialysis. The gradual
accumulation of fluids during the interdialytic
period may activate certain mechanisms
that increase BP, which may respond even
more intensely to rapid fluid removal in order
to maintain BP and ensure tissue perfusion.
Patients undergoing prolonged HD (8-10
hours) have better BP control, but this may
not be explained solely by fluid removal,
which may even be similar to that in patients
undergoing shorter sessions (4 hours). Rather,
prolonged sessions may allow better removal
of substances that increase BP, improved
control of phospho-calcium metabolism, or a

reduction in inflammatory factors that play a
role in the arterial system.
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