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Abstract

Objective: The present study inquired the effects of stopping ultrafiltration on arterial pressure in
hemodialysis patients.

Methods: Our study was performed in 92 hemodialysis patients. Ultrafiltration was stopped after the 3rd
hour of hemodialysis. Arterial pressure was measured in the supine position at 0, 5, and 10 minutes after
ultrafiltration was stopped.

Results: Systolic arterial pressure increased by a mean of 4 mm Hg and diastolic arterial pressure increased
by a mean of 2 mmHg at 10 minutes after ultrafiltration was stopped. With regard to the difference between
mean arterial pressure measured before dialysis and just after stopping ultrafiltration (0. minute), systolic
arterial pressure increased by a means of 5 mmHg and diastolic arterial pressure increased by a mean of 2
mmHg at 10 minutes after ultrafiltration was stopped in the patients with a mean arterial pressure decrease
of > 10 mmHg. However, stopping ultrafiltration caused no significant changes in the systolic arterial
pressure or diastolic arterial pressure of the patients with a mean arterial pressure decrease of < 10 mmHg.
An important correlation was determined between systolic arterial pressure elevation after stopping
ultrafiltration and age, ultrafiltration rate, duration of hemodialysis, gender in the patients with a mean arterial
pressure decrease of > 10 mmHg. Age and gender were the independent variables, which affected the systolic
arterial pressure elevation after stopping ultrafiltration.

Conclusion: In patients with a mean arterial pressure decrease of > 10 mmHg, stopping ultrafiltration
increases arterial pressure but this is a limited elevation. Stopping ultrafiltration related systolic arterial
pressure elevation is more evident in females and in the elderly.
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Introduction

Address for correspondence/reprints: Hypotension is one of the most common and
critical problems in hemodialysis patients (K/DOQI
Ahmet Karatag Workgroup, 2005). Hypotension during hemodialysis
is strongly associated with ultrafiltration. In
Telephone number: +90 (532) 5790772 hemodialysis, patients, extracellular fluid volume
increases owing to weight gain between two dialysis
ORCID-ID 0000-0001-9095-6054 sessions. Too much extracellular fluid is made away
with by ultrafiltration during hemodialysis (Kooman
E-mail: karatass5@hotmail.com et al., 2007). Ultrafiltration rate would be high by
virtue of high fluid intake between two dialysis
DOI:  10.19127/mbsjohs.804189 sessions and may cause to be intradialytic

hypotension (Saran et al., 2006). Excessive
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ultrafiltration through error evaluation of the patient’s
dry weight as well may bring about hypotension
(Palmer et.al.,2008). The risk of hypotension in the
course of hemodialysis is increased in some
conditions such as cardiac disorders, diabetes mellitus
(DM), agedness, and nitrate usage (K/DOQI
Workgroup, 2005; Kooman et al., 2007).

Intradialytic hypotension has been described
differently in different studies in the literature.
Nonetheless, the European Best Practice Guideline
and Kidney Disease Outcomes Quality Initiative
(K/DOQI) guidelines have defined intradialytic
hypotension as a > 20 mmHg decrease in systolic
arterial pressure or a drop off in mean arterial pressure
by 10 mmHg and the presence of concomitant
symptoms (K/DOQI Workgroup 2005; Kooman et
al., 2007). In accordance with European Best Practice
Guideline on hemodynamic instability advices,
ultrafiltration should be stopped for the treatment of
intradialytic hypotension. Stopping ultrafiltration
prevents a further fall in blood volume and allow refill
of blood volume from the interstitial compartment, by
this way hypotension may be improved (Kooman et
al.,, 2007). Although European Best Practice
Guideline recommends ultrafiltration should be
stopped for hemodialysis hypotension, the effects of
stopping ultrafiltration on arterial pressure is
indefinite. The present study investigated how arterial
pressure was affected by stopping ultrafiltration in
hemodialysis patients.

Methods

Study design and patients

This present study was confirmed by the Ordu
University Clinical Research and Ethics Committee.
(Date: 01/11/2018, issue number: 2018/224)
Informed consent form was received from the
subjects included in the study. All study procedures
were performed according to the Declaration of
Helsinki. Our study was conducted between April
2019-February 2020.0Our study was multicenter. Data
collection was done in two places Ordu University
Training and Research Hospital hemodialysis center
and Samsun D-Med hemodialysis center.

Our study population included 92 hemodialysis
patients. Our study was conducted with all patients
who agreed to participate in the study in two
hemodialysis centers. The patients were above 18
years old and had hemodialysis treatment for at least
3 months. Patients received bicarbonate hemodialysis
treatment 3 times a week. The dialysate flow rate was
500 ml / min. The blood flow rate was between 250-
400 ml / min. Patients with cardiac dysrhythmia,

acute-chronic  bleeding, acute infection and
hospitalized were not included the study.

Co-morbid conditions of the patients were
investigated. The patients were questioned about the
presence of hypertension [patients receiving
antihypertensive drugs either occasionally or
regularly], DM [patients receiving oral antidiabetic
and/or insulin] and cardiovascular diseases (CVD)
[coronary artery disease, congestive heart failure,
cardiac valve replacement, cardiac pacemaker,
peripheral ~ vascular disease]. On  physical
examination, all patients were euvolemic. The dry
weight of the patients was recorded, and their systolic
arterial pressure and diastolic arterial pressure were
measured prior to dialysis in the supine position.
Mean arterial pressure was calculated as diastolic
arterial pressure plus one-third of (systolic arterial
pressure— diastolic arterial pressure) (Abdelfatah et
al., 2001). The amount of ultrafiltration was recorded.

Ultrafiltration was stopped at the 3rd hour of
hemodialysis and arterial pressure was measured 0, 5
and 10 minutes after ultrafiltration was stopped
during the patients were in supine position. The
difference between mean arterial pressure evaluated
at the starting of hemodialysis and mean arterial
pressure measured at the 3rd hour of hemodialysis
[just after stopping ultrafiltration (0. minute)] was
calculated. In hemodialysis patients, blood pressure
drops towards the end of hemodialysis due to
ultrafiltration. Coll et al. stopped ultrafiltration in
their study after the 1st and 3rd hour of hemodialysis
and found a blood volume increase of 2% and 2.3%
respectively (Coll E at al.,2004). In our study, we
stopped ultrafiltration at the the 3rd hour of
hemodialysis. The patients who were symptomatic
due to intradialytic hypotension and patients who
were given saline infusion were excluded from the
study. We analyzed the patients by dividing them into
two groups according to the decline in the mean
arterial pressure value (those with a mean arterial
pressure decrease of > 10 mmHg and those with a
mean arterial pressure decrease of < 10 mm Hg). It
was calculated how much arterial pressure increased
after 5 and 10 minutes after ultrafiltration was
stopped. All arterial pressure measurements were
applied using the same automated arterial pressure
apparatus  (Omron M3 Intellisense, Omron
Healthcare, Kyoto, Japan) (Akpolat T et al.,2012).

Statistical analysis

The SPSS 16 statistics software was used to
evaluate the data in our study. The Kolmogorov-
Smirnov test is used to determine whether continuous
variables were normally distributed, while descriptive
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analyses were presented as averages and standard
deviations for variables with normal distribution.
Median and interquartile range (25%-75%) were used
for variables not distributed normally. The difference
between the 0, 5 and 10-minute measurements was
evaluated by repeated measures ANOVA. In cases in
which was a significant difference between the
groups was found, pairwise comparisons were made
and evaluated using the Bonferroni correction.
Normally distributed variables were compared using
the paired Student’s t test. For correlation analysis,
Pearson test was used for variables with normal
distribution, Spearman test for variables with at least
one non-normal distribution, or sequential variables.
Multivariate analysis was carried out using the
significant factors identified in univariate analysis.
Multiple linear regression analysis was carried out
detect the independent predictors that affected the
systolic arterial pressure elevation as a result of
stopping ultrafiltration. Logarithmic conversion was
carried out for the variables that did not show a
normal distribution for the multiple linear regression
analysis. A p value of < 0.05 was considered
statistically significant.

Results

Baseline characteristics of the patients are shown
in Table 1. Systolic arterial pressure was increased by
a mean of 4 mm Hg (p<0.001) and diastolic arterial
pressure increased by a mean of 2 mmHg (p<0.001)
at 10 minutes after stopping ultrafiltration. Mean
arterial pressure rised by a mean of 2 mmHg
(p<0.001) at 10 minutes after stopping ultrafiltration
(Table 2).

The patients were dichotomized in regard to the
difference between the mean arterial pressure values
measured before dialysis and just after stopping
ultrafiltration (Oth minute) (those with a mean arterial
pressure reduce of > 10 mmHg and those with a mean
arterial pressure decrease of <10 mmHg). Systolic
arterial pressure increased by a mean of 5 mmHg
(p<0.001) and diastolic arterial pressure raised by a
mean of 2 mmHg (p=0.001) at 10 minutes after
stopping ultrafiltration in the patients with a mean
arterial pressure decrease of > 10 mmHg. Stopping
ultrafiltration caused no prominent changes in the
systolic arterial pressure or diastolic arterial pressure
of the patients with a mean arterial pressure decrease
of <10 mmHg (p=0.919 for systolic arterial pressure;
p=0.297 for diastolic arterial pressure) (Table 3).

Table 1. Baseline characteristics of the patients

Patients
(n=92)
Age, years 62.5 (53-72)
Gender
Male 44 (47.8%)
Female 48 (52.2%)
Duration of hemodialysis, months 63 (21-101)
Predialysis sistolic arterial pressure, mmHg 135£19
Predialysis diastolic arterial pressure, mmHg ~ 77+11
Predialysis mean arterial pressure, mmHg 97+12

Cause of End Stage Renal Disease
Hypertensive nephrosclerosis 32 (34.8%)

Diabetic nephropathy 17 (18.5%)

Amyloidosis 5 (5.4%)
Glomerulonephritis 4 (4.3%)
Polycystic kidney disease 4 (4.3%)
Vesicoureteral reflux 2 (2.2%)
Nephrolithiasis 2 (2.2%)

Unknown 26 (28.3%)

Comorbid conditions
Hypertension 65 (70.7%)

20 (21.7%)

40 (43.4%)

Diabetes mellitus
Cardiovascular disease

Chronic  Obstructive  Pulmonary
9 (9.8%)

Disease

Correlation analysis was fulfilled to inquire the
factors associated with arterial pressure elevation as a
result of stopping ultrafiltration in the patients with a
mean arterial pressure decrease of > 10 mmHg. An
important correlation was determined between
systolic arterial pressure elevation 10 minutes after
stopping ultrafiltration and age (r=0.3; p=0.012),
ultrafiltration rate (r= -0.302; p=0.012), duration of
hemodialysis (r= -0.270; p = 0.025), gender (r= -
0.426; p<0.0001). There was no significant
correlation between stopping ultrafiltration related
systolic arterial pressure elevation and the level of
predialysis systolic arterial pressure reduction during
hemodialysis (r= 0.49; p = 0.692), DM (r= 0.120; p =
0.328), HT (r= 0.29; p= 0.813), cardiovascular
disease (r= 0.139; p= 0.255). In the same patient
group, there was no significant correlation between
the elevation in diastolic arterial pressure 10 minutes
after stopping ultrafiltration and age (r= 0.047;
p=0.701), ultrafiltration rate (r= -0.237; p = 0.05),
duration of hemodialysis (r = -0.145; p = 0.236),
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gender (r= -0.126; p=0.301), level of predialysis
diastolic arterial pressure  reduction during
hemodialysis (r= -0.121; p=0.323), DM ( =0.42;
p=0.729), HT (r= -0.044; p=0.719), cardiovascular
disease (r=-0.006; p=0.961).

Systolic arterial pressure (8.55 + 7.80 vs. 1.82 +
6.78 mmHg; p < 0.001) elevation 10 minutes after
stopping ultrafiltration was more evident in females
compared to males in the patients a mean arterial

pressure (2.29 + 5.12 vs. 1.54 = 4.33 mmHg; p =
0.513) increased similarly in both genders.

Multiple linear regression analysis was carried out
for determination of the variables that affected the
stopping ultrafiltration related arterial pressure
elevation. Age and gender were found to be the
independent variables that affected the stopping
ultrafiltration related systolic arterial pressure
elevation (Table 4).

pressure decrease of > 10 mmHg. Diastolic arterial

Table 2. The values of arterial pressure at 0", 5 and 10" minutes after stopping ultrafiltration (n=92)
10% minute mean+SD
109.07£19.36 *,1
63.58+10.58*
78.74+12.20 *

5" minute mean+SD
107.48+20.31 *
63.12+£10.47
77.91+12.41 *

0" minute mean=SD
105.23+19.81
62.33+£10.29
76.63+£12.31

Sistolic arterial pressure, mmHg
Diastolicarterial pressure, mmHg
Mean arterial pressure, mmHg

*p< 0.05 as compared to 0™ minute.
 p< 0.05 as compared to 51" minute;

Table 3. The values of arterial pressure at 0™, 5™ and 10" minutes after stopping ultrafiltration according to the decrease in mean
arterial pressure

Mean arterial pressure decrease by > 10 Mean arterial pressure decrease by <10

mmHg (n=69) mmHg (n=23)

0" minute 5"  minute 10" minute O minute 5" minute 10™ minute

mean+SD mean+SD mean+SD mean+SD mean+SD mean+=SD
Systolic ~arterial  pressure, 101.57+18.27 104.36+19.48*  106.71+18.82  116.22+20.56 116.83+20.29  116.13+19.67
mmHg 5t
Diastolic arterial pressure, 59.58+9.10 60.96+10.07 61.49+9.81*%  70.60+9.30 69.60+8.99 69.82+10.52
mmHg

73.57£10.97  75.42+11.84*  76.56+11.36* 85.81+11.76 85.34+11.27  85.26+12.53

Mean arterial pressure, mmHg

*p< 0.05 as compared to 0™ minute;
 p< 0.05 as compared to 5" minute;

Table 4. Independent variables affecting the systolic arterial pressure elevation (multiple linear regression analysis)

Variables B Standardized 95% CI p value
lower upper

Age 25.9 0.281 5.613 46.188 0.013

Gender -5.892 -0.371 -9.256 -2.528 <0.001

Ultrafiltration rate -0.245 -0.106 -0.769 0.279 0.354

Duration of hemodialysis ~ -2.073 -0.137 -5.246 1.099 0.196

Cl=Confidence interval

Discussion

Hypotension is a serious problem in hemodialysis
patients. European Best Practice Guideline on
hemodynamic instability recommended placing the
patient in Trendelenburg position and stopping
ultrafiltration for the management of intradialytic
hypotension and infusing isotonic saline as long as
hypotension is improved with these procedures
(Kooman et al., 2007). We have demonstrated that the
arterial ~ pressure increased  with  stopping
ultrafiltration in the patients with a mean arterial
pressure decrease of > 10 mmHg compared to
predialysis values; in addition to, this was a limited
elevation. The systolic arterial pressure elevation
after stopping ultrafiltration was more evident in

females and in the elderly. Presence of DM, HT or
cardiovascular disease did not have an effect on
systolic arterial pressure elevation. The degree of the
decrease in predialysis systolic arterial pressure
values during hemodialysis did not affect the stopping
ultrafiltration related systolic arterial pressure
elevation. No significant changes happen in arterial
pressure with stopping ultrafiltration in patients with
a mean arterial pressure decrease of < 10 mmHg.
Excessive fluid gained between two dialysis sessions
is removed by ultrafiltration. Blood volume decreases
with the removal of excess fluid during ultrafiltration,
and this cause a decrease in arterial pressure. Once the
blood volume is reduced, the body tries to maintain
the arterial pressure within logical limits using
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compensatory mechanisms. When the blood volume
decreases, arterial constriction occurs, total
peripheral resistance increases, and the arterial
pressure increases. Vasoconstriction occurs in large
vessels and blood is transferred to the central
circulation resulting in cardiac contractility and
cardiac output uplift. Moreover, direct autonomic
stimulation causes an increase in heart rate and
myocardial contraction, and cardiac output is
maintained. Hypotension occurs when these
recompense mechanisms fail (Kooman et al.,2007;
Schneditz et al., 1992; Van der Sande et al.,2000;
Thijssen et al., 2013) Compensatory mechanisms for
keeping the arterial pressure within exact limits show
variation among patients. Hypotension is more
widespread in patients over the age of 65 years,
patients with low systolic arterial pressure at the
beginning of dialysis, diabetic patients, patients with
hypoalbuminemia, uremic neuropathy, autonomic
dysfunction, cardiovascular problems or severe
anemia, and in patients requiring high volume
ultrafiltration (K/DOQI Workgroup,2005).

Ultrafiltration is one of the most substantial
factors in the development of hypotension in
hemodialysis patients. Hypotension rarely occurs in
patients that do not undergo ultrafiltration (Barth C et
al.,2003; Thijssen et al., 2013). Ultrafiltration
decreases blood volume and inadequate refilling
leads to hypovolemia which is suspected to be a major
cause for hemodialysis related hypotension
(Schneditz et al., 1992; Thijssen et al., 2013).
Stopping ultrafiltration increases the plasma volume
of the patient, restrains a farther decline in blood
volume and may ease refill of blood volume from the
interstitial compartment (Kooman et al., 2007). Coll
et al. demonstrated that pause of ultrafiltration at the
end of the first and third hours of hemodialysis ensure
a blood volume increase of 2% and 2.3%, in order of
(Coll E et al., 2004). In the present study, we as well
evidenced that arterial pressure increases with
stopping ultrafiltration in patients with a mean arterial
pressure decrease of > 10 mmHg .

Hemodynamic instability European Best Practice
Guideline is described as: intradialytic hypotension
systolic arterial pressure > 20 mmHg or a 10 mmHg
reduction in mean arterial pressure and clinical
symptoms that require nursing intervention (Kooman
et al.,2007).

When the patients were divided into two groups as
regards the decrease in mean arterial pressure, we
observed that systolic arterial pressure increased by a
mean of 5 mmHg 10 minutes after stopping
ultrafiltration in the patients with a mean arterial
pressure decrease of > 10 mmHg; but no significant

change was observed in systolic arterial pressure or
diastolic arterial pressure in the patients with a mean
arterial pressure decrease of < 10 mmHg. Normal
healthy subjects can tolerate a volume loss up to 20%
without developing hypotension; nevertheless,
dialysis patients may improve hypotension even with
far less loss in blood volume (Van der Sande et
al.,2000; Kooman et al., 2007). The critical blood
volume loss at which intradialytic hypotension occurs
varies between 2% and 29% in hemodialysis patients
with a large intra-individual variation. Whilst some
hemodialysis patients cannot tolerate small volumes
of blood loss, some can tolerate loss up to 29% (Barth
et al., 2003; Kooman et al., 2007). The patients with
a mean arterial pressure decrease of < 10 mmHg were
able to tolerate blood loss due to ultrafiltration
without developing hypotension; therefore , no
increase was determined in arterial pressure by
stopping ultrafiltration, whereas, as the patients with
a mean arterial pressure decrease of > 10 mmHg were
less tolerable to fluid removal by ultrafiltration,
arterial pressure was decreased by ultrafiltration.
Stopping ultrafiltration increased the arterial pressure
in such patients as fluid removal was discontinued by
cessation of ultrafiltration. Stopping ultrafiltration
related arterial pressure elevation has been
investigated in other studies. In an earlier study,
ultrafiltration was stopped when the patients were in
the passive leg raising position (Erdem, 2016).
Passive leg lifting was defined as flat passive lifting
of the legs above the heart level while the patient was
in a supine position (Geerts et al., 2012, Erdem,
2016). In patients with intradialytic hypotension,
stopping ultrafiltration at passive leg raising position
produced a mean increase of 3 mmHg in systolic
arterial pressure and a mean of 1 mmHg increase in
diastolic arterial pressure (Erdem, 2016). Different
from the above-mentioned study, we stopped
ultrafiltration when the patients were in supine
position. Passive leg raising as well causes rise in
arterial pressure (Erdem, 2016). The reason for a
more remarkable increase in arterial pressure with
stopping ultrafiltration in the present study is
cessation of ultrafiltration in the supine position
instead of passive leg raising position. Bradshaw et
al. demonstrated a rise in mean arterial pressure by
pausing ultrafiltration in the patients with decreased
mean arterial pressure during hemodialysis.
Ultrafiltration was paused for 10 minutes if the
patient’s mean arterial pressure was < 70 mmHg or
decreased by > 30 mmHg as compared to the values
before dialysis. Mean arterial pressure recovered to >
70 mmHg within 10 minutes in 24.6% cases
(Bradshaw et al., 2011). The authors have reported
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that short term interruption of ultrafiltration would
lead to vascular refilling and an increase in mean
arterial pressure (Bradshaw et al., 2011, Bradshaw et
al., 2015).

In our study, the stopping ultrafiltration related
systolic arterial pressure elevation was more notable
in the elderly and in females. Dialysis-induced
hypotension develops when the ultrafiltration related
blood volume reduction is greater than the vascular
refilling rate. Fluid transmission between interstitial
space and vascular space depends on many factors
such as capillary hydrostatic pressure, plasma oncotic
pressure, capillary permeability, or lymphatic
drainage (Thijssen et al., 2013). For this reason, the
decrease in blood volume may widely vary among
patients even if a similar ultrafiltration rate is applied
(Santoro et al.,1998; Thijssen et al., 2013). The
vascular space refilling rate may also be highly
variable depending on these factors (Sulowicz et al.,
2006). More evident arterial pressure improvement
with stopping ultrafiltration in the elderly may be
related to vascular permeability. Vascular
permeability increases in advanced age (Oakley et al.,
2014). This may lie behind a more rapid fluid
transmission from the interstitial space to the vascular
space when the vascular volume decreases and may
bring about an elevation in blood pressure. A study
investigated the acute influence of drinking water on
arterial pressure in healthy participants. Whilst an
acute systolic arterial pressure elevation developed in
the elderly, systolic arterial pressure elevation did not
occur in the young due to drinking water. A more
obvious arterial pressure elevation may occur in the
elderly with the same amount of fluid (Jordan et al.,
2000). Vascular permeability was shown to increase
due to estradiol in females (Hox et al., 2015). Hence,
stopping ultrafiltration related arterial pressure
elevation could have been more evident in females in
whom the vascular volume decreased compared to
males. There are studies existent indicating that
intradialytic hypotension is more frequent in the
elderly (K/DOQI Workgroup, 2005; Sands et al.,
2014;) and in females (Shoji et al., 2004; Sands et al.,
2014). Increased vascular permeability may have a
duty in the development of both intradialytic
hypotension and stopping ultrafiltration related
arterial pressure elevation in females and in the
elderly. Further studies are required to inquire this
issue.

Conclusion

In conclusion, no significant change occurs in
systolic arterial pressure or diastolic arterial pressure
by stopping ultrafiltration in the patients with a mean

arterial pressure decrease of <10 mmHg. There is an
increase in arterial pressure by stopping ultrafiltration
in hemodialysis patients with a mean arterial pressure
decrease of >10 mmHg but this is a limited elevation.
Stopping ultrafiltration related systolic arterial
pressure elevation is more evident in females and in
the elderly. Stopping ultrafiltration may come across
the treatment of patients that improve hypotension
while hemodialysis.
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