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Abstract
Orthostatic hypotension is a risk factor for falls among chronic hemodialysis (HD) patients. This study aimed to investigate
the hemodynamic response to orthostatic stress immediately after an HD session. Twenty-one HD patients (mean age,
70.2 ± 8.1 years; HD duration, 7.5 ± 6.4 years) participated in this study. Each 5-min hemodynamic monitoring was
performed in the supine, semi-recumbent, and sitting positions immediately after an HD session. Hemodynamic variables
were measured using a noninvasive beat-to-beat monitoring device during the test. Patients were divided into an
intradialytic hypotension (IDH) group and a non-IDH group according to the presence or absence of IDH on the day of
the measurements, and intra- and intergroup comparisons were performed. In the IDH group, the nadir values of systolic
blood pressure in the semi-recumbent and sitting positions were significantly lower than those in the supine position and
the last systolic blood pressure in the semi-recumbent position. The nadir of stroke volume in the sitting position was
significantly lower than that in the supine position. There were no statistically significant intergroup differences in the
changes for any positions. These results suggest that patients with IDH require special attention when getting out of bed
to prevent post-dialytic falls.
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Background
Orthostatic hypotension (OH) is caused by an excessive
decrease in cardiac output (CO) and/or compensatory
vasoconstrictor mechanisms such as autonomic failure
and age-related physiologic changes [1]. OH is a risk factor for falls among chronic hemodialysis (HD) patients.
The cross-sectional prevalence of OH in HD patients is
reportedly higher than that in the general population.
Previous studies reported a 42% prevalence of OH in the
introductory phase of HD [2] versus 5–30% in unselected individuals aged ≥ 65 years [3].
In the post-dialysis period, there are several HD-related
risk factors for OH such as the rapid removal of intravascular volume and several hours of bed rest during HD
therapy, in addition to other common risk factors such as
advanced age, autonomic failure, and frailty. Previous
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studies demonstrated that the incidences of OH and falls
were higher in the post- than pre-dialysis. Roberts et al.
reported that 69.6% of patients had post-dialysis OH versus 34.8% with pre-dialysis OH [4]. The incidences of falls
pre- and post-dialysis session are reportedly 9–41% [5]
and 27–73% [6], respectively. These findings suggest the
risk for post-dialytic falls. Furthermore, post-HD OH and
intradialytic hypotension (IDH) are significant and independent factors that affect mortality in HD patients [7].
Therefore, studying hemodynamic responses to orthostatic stress after dialysis is important to manage the fall
risk in the care for HD patients. However, to our knowledge, little is known about hemodynamic response during
postural change immediately after an HD session.
A manual sphygmomanometer is most frequently used
to measure OH; however, this device provides only a single blood pressure value unless repeated measurements
are taken to identify clinically relevant OH [8]. Continuous beat-to-beat blood pressure measurements are increasingly available in hospital settings [9]. Beat-to-beat
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methods have been validated against intra-arterial recordings, meet acceptable criteria for bias and precision
[10], and identified a higher prevalence of OH than
sphygmomanometry [11]. Furthermore, beat-to-beat
technology is reportedly more effective for detecting OH
and discriminating blood pressure responses in fallers
and non-fallers compared to intermittent manual sphygmomanometer assessments [12].
This study aimed to investigate hemodynamic responses to orthostatic stress immediately after an HD
session using continuous beat-to-beat blood pressure
measurements. We hypothesized that the decreases in
blood pressure upon orthostatic stress immediately after
an HD session would be larger in patients with IDH
than in those without IDH.

Methods
Patients

This observational study was conducted in a single dialysis center (Ibuki Clinic, Osaka, Japan). Twenty-five HD
patients (mean age, 70.8 ± 8.6 years; male/female ratio,
10/15) who underwent maintenance HD three times a
week at Ibuki Clinic, Osaka, Japan, participated in this
study. None of the patients had common risk factors for
falls such as gait disorder, visual impairment, or neurologic disease [13], and all were able to walk into the
clinic unassisted and had a history of hypotensive episodes immediately after HD session within the previous
year. We excluded patients with severe heart disease
(New York Heart Association III or IV) or peripheral artery disease (Fontaine III or IV) as well as those with
neurological diseases that induce OH.
This study was approved by the Ethics Committee of
Mukogawa Women’s University, and written informed
consent was obtained from each participant after a detailed explanation of the study protocol was provided.
Demographic and clinical characteristics

The demographic and clinical characteristics obtained
from patients’ medical records included age, sex, body
mass index, presence of underlying diabetes mellitus
(DM), HD vintage, dry weight, cardiothoracic ratio, left
ventricular ejection fraction (LVEF) by echocardiography, and hemoglobin (Hb), hematocrit (Ht), blood
urea nitrogen, creatinine, albumin (Alb), total cholesterol, triglyceride, high-density lipoprotein cholesterol,
and C-reactive protein levels in a blood sample obtained
before HD. Serum B-type natriuretic peptide (BNP) level
was measured before and after the HD session. Parameters concerning arterial stiffness included ankle-brachial
index (ABI), toe-brachial index, brachial-ankle pulse
wave velocity, and skin perfusion pressure. The body
fluid removal rate (%) during the HD session was
assessed according to the following equation: body fluid
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removal rate (%) = (pre-dialysis body weight − post-dialysis body weight)/post-dialysis body weight × 100 [14].
Study protocol

Hemodynamic monitoring was performed on the day of
the HD session after a 1-day interval at the timing of
getting out of the dialysis bed for returning home. Arterial blood pressure was recorded every 30 min during the
HD session by the cuff method with an automatic blood
pressure monitor. IDH was defined as a decrease of ≥
20 mmHg in systolic blood pressure (SBP) during the
HD session [15]. Patients were divided into an IDH
group and a non-IDH group according to the aforementioned definition of IDH on the day of the measurement.
Immediately after the HD session and detachment of
the dialysis circuit, subjects were maintained in the supine position in the dialysis bed for 5 min and then passively moved into a semi-recumbent position by
repositioning the head of the bed to 60° and maintained
the position for 5 min (semi-recumbent position phase).
Next, the subjects were asked to move unassisted into a
chair placed beside the dialysis bed and remain there for
5 min (chair sitting position phase). Each postural
change occurred within 10 s.
Hemodynamics measurement

During the aforementioned postural changes, we continuously recorded noninvasive beat-to-beat arterial
blood pressure (Portapres, Finapres Medical Systems,
Amsterdam, The Netherlands) from the pointer or middle finger of the hand without vascular access. The finger cuff of the Portapres was sized to each participant
per the manufacturer’s specifications after a calibration
procedure. Participant height, weight, and age were entered before starting the device to ensure accurate determination of stroke volume (SV) and CO using the
Modelflow algorithm (Modelflow, TNO Biomedical Instrumentation, Amsterdam, The Netherlands) [16]. A
hydrostatic height correction sensor was placed at the
level of the heart to compensate for any hand movements relative to the heart that could impact the blood
pressure recordings.
Assessment of hemodynamics

SBP and diastolic blood pressure (DBP) were derived
from the arterial pressure waveform. Heart rate (HR)
was computed as the inverse of the inter-beat interval
and expressed as beats per minute. Beat-to-beat left ventricular SV was estimated by modeling flow from the arterial pressure waveform (16). CO was the product of
estimated SV and HR. Total peripheral resistance (TPR)
was computed by mean blood pressure at the heart level
divided by the computed CO.
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Data processing

The data were exported to Microsoft Excel spreadsheets
with BeatScope software using the 5-s average method
[9], which was reported to show the best association
with fall history using various mean times.
Outcome measures

SBP measurements at the following time points were
analyzed:
1. Baseline: SBP of the final 5-s average of the supine
position phase before the semi-recumbent position
phase
2. Semi-recumbent nadir: the lowest 5-s average SBP
obtained within the first 3 min of the semi-recumbent
position phase
3. Semi-recumbent recovery: SBP of the final 5-s
average of the semi-recumbent position phase
before the chair sitting position phase
4. Sitting nadir: lowest 5-s average SBP obtained
within the first 3 min of the chair sitting position
phase
Values for DBP, HR, SV, CO, and TPR at the same
time point of SBP obtained according to the above definition were used in the analysis. Data acquired during
postural changes were excluded to avoid any effect from
body motion.
Statistical analysis

Values for SBP, DBP, HR, SV, CO, and TPR between
each time point were analyzed by two-way analysis of
variance with the repeated measures or Kruskal-Wallis
and Bonferroni test as the post hoc test in each group.
The two groups in each time point were compared using
an unpaired t test or the Mann-Whitney test after converting to the difference from the baseline values (i.e.,
ΔSBP, ΔDBP) and percentage changes relative to the
baseline values (i.e., %HR, %SV, %CO, %TPR). Clinical
characteristics in each group were compared using an
unpaired t test or the Mann-Whitney test or chi-square
test. Values are shown as mean ± SD. P values < 0.05
were considered statistically significant. All statistical
analyses were performed using IBM SPSS version 19
(IBM Japan Inc., Tokyo, Japan).

Results
Clinical and demographic characteristics

We evaluated 21 patients (mean age, 70.3 ± 8.0; male/female ratio, 9/12); three patients were excluded before
the hemodynamic monitoring because of discomfort including nausea just after the HD session. In the three
patients, SBP decreased by ≥ 20 mmHg in two patients
and by < 20 mmHg in one patient during the HD
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session. Another patient was excluded because of syncope with SBP decrease of ≥ 20 mmHg during the HD
session. The underlying kidney diseases were diabetic
nephropathy (n = 15), chronic glomerulonephritis (n = 4),
polycystic kidney disease (n = 1), and chronic nephritis
(n = 1). The body fluid removal rate during the HD in all
participants was < 5%. No patient was administered
midodrine to prevent IDH before and during the HD
session or complained of hypotensive symptoms including dizziness and faintness during the hemodynamic
monitoring. Eleven patients were categorized into the
IDH group, and the other 10 were categorized into the
non-IDH group.
Clinical and demographic characteristics for each
group are shown in Table 1. Hb and Ht levels in the
IDH group were significantly higher than those in the
non-IDH group (P = 0.009 and P = 0.033, respectively).
The mean Alb level in the IDH group was significantly
lower than that in the non-IDH group (P = 0.040). There
were no significant intergroup differences in cardiac
function markers or body fluid removal rates (Table 2).
Hemodynamics during postural changes

The changes of hemodynamic parameters between each
time point are shown in Fig. 1. SBP for semi-recumbent
nadir in the IDH group were significantly lower than
those for baseline and semi-recumbent recovery. The
SBP for sitting nadir in the IDH group was significantly
lower than that for semi-recumbent recovery. The SV
for sitting nadir in the IDH group was significantly lower
than that for baseline.
There were no statistically significant intergroup differences between the two groups in changes at any time
point.

Discussion
In the present study, hemodynamic monitoring during
postural changes was performed immediately after an
HD session in both the semi-recumbent and sitting positions using noninvasive beat-to-beat blood pressure
monitoring. OH has been traditionally measured on active standing or on a head-up tilt table at an angle of
60°. In patients who are unable to stand or who are at
risk for symptomatic standing postural hypotension,
evaluating postural hypotension in a sitting position is
recommended. Advanced age, significant bed rest, and
hypertension are reportedly the most important predisposing factors for seated postural hypotension [1]. The
effectiveness of the orthostatic stress test in the sitting
position was demonstrated in a study by Shaw et al., in
which passive seated orthostatic stress and head-up tilt
testing produced blood pressure responses of similar
magnitudes and no difference was seen in cerebral blood
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Table 1 Characteristics of subjects
IDH group
(n = 11)

Non-IDH group
(n = 10)

P value

Age (years)

71.1 ± 8.7

70.4 ± 7.1

0.852

HD vintage (years)

7.5 ± 5.6

7.4 ± 7.2

0.888

Characteristics

Male/female

5/6

4/6

0.617

DM (+/−)

8/3

7/3

0.705

BMI

23.4 ± 2.4

22.2 ± 3.2

0.354

CTR

51.1 ± 3.4

49.2 ± 3.4

0.246

9.1

10.0

0.739

Medications
ACEI/ARB (%)
β-blocker (%)

9.1

10.0

0.739

Ca antagonist (%)

36.4

20.0

0.145

Hb

11.8 ± 0.6

10.6 ± 1.2

0.009

Ht

36.3 ± 2.3

32.7 ± 4.4

0.033

BUN

56.3 ± 17.7

59.2 ± 13.1

0.689

Cr

9.79 ± 4.41

9.23 ± 1.23

0.369

Alb

3.4 ± 0.3

3.6 ± 0.2

0.040

TC

163.1 ± 43.9

171.3 ± 37.9

0.669

TG

109.3 ± 48.8

104.3 ± 35.6

0.815

HDL-c

42.9 ± 11.4

42.8 ± 10.6

0.983

CRP

0.24 ± 0.23

0.09 ± 0.08

0.128

Laboratory parameters

Atherosclerotic parameters
ABI

0.95 ± 0.21

1.10 ± 0.13

0.087

TBI

0.59 ± 0.15

0.63 ± 0.13

0.596

ba-PWV

2233.3 ± 460.0

2087.1 ± 584.4

0.530

SPP

63.3 ± 16.1

63.1 ± 11.9

0.979

Data are expressed as means ± SD
BMI body mass index, DM diabetes mellitus, CTR cardiothoracic ratio, ACEI
angiotensin-converting-enzyme inhibitor, ARB angiotensin receptor blocker, Ca
calcium, Hb hemoglobin, Ht hematocrit, BUN blood urea nitrogen, Cr
creatinine, Alb albumin, TC total cholesterol, TG triglycerides, HDL-c highdensity lipoprotein cholesterol, CRP C-reactive protein, ABI ankle-brachial
index, TBI toe-brachial index, ba-PWV brachial-ankle pulse wave velocity, SPP
skin perfusion pressure

Table 2 Markers of cardiac function and removed body fluid
rate
IDH group
(n = 11)

Non-IDH group
(n = 10)

P value

LVEF (%)

67.8 ± 7.8

71.1 ± 12.5

0.495

BNP (pre-HD session)

177.7 ± 120.4

109.4 ± 67.9

0.160

BNP (post-HD session)

83.7 ± 53.6

61.4 ± 30.8

0.297

Removed body fluid rate (%)

3.48 ± 1.07

2.96 ± 0.45

0.187

flow velocity in the middle cerebral artery between the
two tests in healthy volunteers [8].
In this study, patients with IDH had orthostatic intolerance upon postural change from a supine to a
semi-recumbent position immediately after an HD session. This finding supports our assumption that HD
therapy negatively affected orthostatic tolerance in HD
patients with IDH. Furthermore, the nadir SBP in the
sitting position was significantly lower than that in the
semi-recumbent position in the patients with IDH, that
is, the change from the semi-recumbent to the sitting
position decreased the SBP.
In the IDH group, compensatory responses to orthostatic stress such as increases in HR and TPR for stabilizing arterial pressure did not reach statistical
significance in spite of significant SBP and SV decrease.
Since the orthostatic HR response may be a useful
marker of cardiac baroreflex function [10], this result
suggests that autonomic dysfunction including diabetic
and/or uremic neuropathy was a possible factor for
those poor responses considering the lack of a significant intergroup difference in major risk factors for
orthostatic intolerance such as age, cardiac function
measured by LVEF and BNP level, and body fluid removal rate. Further studies are needed to investigate the
effect of those factors on orthostatic intolerance immediately after an HD session.
The post-dialysis period includes not only a higher risk
for postural hypotension but also other factors that may
increase the risk for accidental falls. Cook et al. revealed
that HD treatment altered motor function in older HD patients, weakening their strength and decreasing their mobility after the HD session [7]. Soangra et al. reported
decreased sit-to-walk test performance pre- versus
post-HD session [17]. Furthermore, a greater postural
sway in the post- versus pre-HD session was observed
[18] in addition to poorer postural control in HD patients
than in age-matched controls, which was further exacerbated by the simultaneous performance of a cognitive task
[19]. These results suggest that the immediate post-HD
period is particularly unsafe, so medical staff in dialysis
units should be sure to provide the necessary support
[18]. Accordingly, dialysis staff should consider such
alterations concerning physical function post-dialysis as
well as the probability of the aforementioned postural
hypotension immediately after the HD session. It is likely
that dialysis staff already knows about the increased risk
for post-dialysis falls; however, only a few studies have
reported hemodynamic data from that period. This study
is the first to use beat-to-beat technology immediately
after an HD session to capture rapid and transient
hemodynamic fluctuations.
There were significant differences in Hb, Ht, and Alb
levels between the IDH and non-IDH groups. It is
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Fig. 1 Hemodynamic responses to postural changes immediately after dialysis session. a SBP. b DBP. c SV. d CO. e HR. f TPR. Data are expressed
as means ± SD. *P < 0.05

known that anemia is one of the factors that aggravate
OH in the general population [20]. However, Hb and Ht
level measurements in both groups in this study were
within the target range recommended by the Japanese
Society of Dialysis Therapy guideline [21], which suggests that even patients with target Hb and Ht levels
could develop OH immediately after HD. Meanwhile,
the K/DOQI guidelines [15] include hypoalbuminemia
as a factor related to IDH; however, whether the intergroup difference in Alb has clinically relevant significance remains unclear because of a lack of evidence.
There are several limitations to this study. First, the
small sample size may have affected its ability to show a
statistically significant difference in some measures. In
addition, we could not evaluate the impact of DM which
is the most common disease associated with peripheral
damage to the autonomic nerves [22] and could not
evaluate patients with hypotensive symptoms before
hemodynamic monitoring, who might have had orthostatic intolerance just after HD session. Second, the correlation between IDH and orthostatic intolerance
immediately after dialysis was not fully clarified. It is well
known that intradialytic and orthostatic hypotension

have multifactorial causes. Future studies to identify factors related to post-dialysis OH are needed to enable the
earlier detection of fall risk. Third, there is a diverse pattern of orthostatic BP decay [11] such as initial and delayed OH in which a blood pressure decrease occurs
within 15 s and after 3 min, respectively [23]; however,
we could not investigate the blood pressure patterns and
recovery times. Further studies on blood pressure decrease timing are needed to develop more effective strategies to reduce the probability of post-dialytic falls in
HD patients upon returning home.

Conclusion
In patients with IDH, postural changes from the supine to
the semi-recumbent position immediately after an HD session may significantly decrease SBP. Postural changes from
a semi-recumbent to a sitting position may also significantly decrease SBP. These results suggest that beat-to-beat
hemodynamic monitoring during HD session provides useful information to identify the patients with a potential risk
for post-dialytic falls and that dialysis care team members
should provide support to patients with IDH who are transferring out of bed to prevent post-dialytic falls.
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