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Abstract

Background: Intradialytic Hypotension (IDH) is a common clinical problem during Hemodialysis (HD) and is associated with increased mortality
and morbidity. Pneumatic Compression Devices (PCD) are known to increase blood flow and venous return in the lower limbs. In patients on
hemodialysis, PCDs may prevent IDH by reducing venous stasis and increasing central blood volume.

Methods: The study is a two-period, eighteen-treatment, randomized crossover trial. Patients at high risk of IDH were recruited. Patients underwent
eighteen HD sessions, randomized to begin the first nine sessions either with or without PCDs. The primary outcome was the incidence of IDH,
defined as an intradialytic decrease in Systolic Blood Pressure (SBP) from pre-dialysis SBP by at least 20 mmHg. Secondary outcomes were IDH with
patient symptoms requiring intervention, nadir SBP, absolute maximum decrease in SBP, nadir SBP less than 100 mmHg, nadir SBP less than 90
mmHg, net ultrafiltration and comfort on dialysis.

Results: 16 patients were recruited and randomized into 2 groups. There was no statistically significant difference in the incidence of IDH for PCDs
and control (58% versus 52%, P-value=0.31). All secondary outcomes were not statistically significantly different between two arms (all P-values

>0.05). However, most patients reported improved comfort and better quality of HD sessions with application of PCDs.

Conclusions: PCDs did not reduce intradialytic hypotension. However, PCDs improved patient comfort during HD sessions.
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Introduction

Intradialytic hypotension (IDH) is a common clinical problem
occurring in 20-30 percent of dialysis sessions [1]. It is associated with
increased mortality, hospitalization and cardiovascular complications
including left ventricular hypertrophy and myocardial stunning [1-4].

The pathophysiology of IDH is complicated and poorly understood.
It likely relates in part to a decrease in plasma volume associated with
ultrafiltration [5]. Ultrafiltration is associated with a 6-10% decrease
in blood volume [5,6] however despite this, Central Blood Volume
(CBV) is preferentially maintained [5-7]. This predominantly occurs
through vascular refilling from the lower limbs [5-7].

Pneumatic compression devices (PCD) are commonly used for
the prevention of deep vein thrombosis [8]. Intermittent pneumatic
compression has been demonstrated to increase velocity [9] and
blood flow volume (up to 80%) through the common femoral vein
[10]. Similarly, lower limb compression bandages have been shown
to decrease orthostatic systolic blood pressure decrements and
symptoms of orthostatic hypotension in elderly patients with postural
hypotension [11].

Studies of PCDs and their effect on hemodynamic parameters
in dialysis patients are limited. Small case series have demonstrated

improvements in muscle cramps, ultrafiltration and IDH [12-14].
A crossover trial evaluating the effect of PCDs in hemodialysis
patients showed a significantly increased total body water reduction,
suggesting a potential benefit in this population. The PCDs did not
demonstrate a reduction in the decrement of CBV [15]. However,
the study did not specifically recruit patients at high risk for IDH or
volume overload and was underpowered to detect a decrease in IDH.

Our aim therefore was to evaluate the effect of PCDs on the
incidence of IDH in a high-risk dialysis cohort.

Methodology

The study was a two-period, eighteen-treatment, randomized
crossover trial. Written informed consent was obtained from all
participants during recruitment period. The study protocol was
approved by Peninsula Health Human Research Ethics Committee.
The study was registered at Australian New Zealand Clinical Trial
Registry (anzctr.org.au, ACTRN12616000524493).

Study population

Eligible participants were recruited from our outpatient
hemodialysis unit at Frankston Hospital in Melbourne, Victoria,
Australia. Frankston Hospital is a 454-bed public hospital located

Int J Nephrol Kidney Fail | IUNKF


https://www.sciforschenonline.org

& SciForschen

pen HUB for Scientific Researc

in the outer metropolitan area of the city of Melbourne and provides
secondary and tertiary medical services. Eligible participants were
greater than 18 years of age, had been on hemodialysis for at least
3 months, had capacity to provide informed consent and had
intradialytic hypotension in at least 30% of hemodialysis sessions
during the four-week period prior to recruitment. Exclusion criteria
included recent unplanned, acute hospital admissions within the last
2 weeks, critical lower limb ischemia, pressure areas, known current
deep venous thrombosis or pulmonary embolism, compartment
syndrome, vascular access dysfunction, inability to provide informed
consent and previous lower limb amputation.

Study protocol

Participants were randomized by a computer-generated number
into two groups to start with either nine sessions with PCD or nine
sessions without PCD (Figure 1). Group A participants started
with nine hemodialysis sessions with PCD, follow by a one-week
washout period, followed by nine hemodialysis sessions without
PCD. Group B participants started with nine hemodialysis sessions
without PCD, followed by nine sessions with PCD. There were no
differences between treatment period and control period, except for
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Figure 1: Study randomization and design.

40 participants screened |

18 noteligible

22 participants eligible
to participate

the application of PCD. Standard of care during hemodialysis was
maintained throughout the duration of the study. Where possible, no
changes were made to dialysis prescription parameters such as sodium
dialysate and ideal body weight. Participants were advised to maintain
their current antihypertensive medications during the trial.

During the intervention period, a Kendall Sequential Compression
Device 700 Series was applied prior to commencement of
hemodialysis and removed prior to patient’s discharge from the
unit. The device consists of a controller, non-disposable tubing and
single-patient use compression sleeves. During the intervention
sessions, the compression sleeve was applied to participants’ legs. A
pump performed intermittent compression during the duration of the
dialysis. Each cycle of compression lasted 60 seconds. The compression
sleeve comprised of 3 chambers. The lowest chamber, middle chamber
and highest chamber applied sequential compression of 45 mmHg,
40 mmHg and 30 mmHg, respectively. The PCD had a venous refill
detection system, which optimized time between compressions,
ranging from 20 to 60 seconds, based on the individual patients’
venous refill time.

Study outcomes

Participant baseline characteristics extracted from
hemodialysis records and Frankston hospital medical database, with
informed consent from all participants.

were

Weight, systolic blood pressure, diastolic blood pressure and heart
rate were measured before the dialysis session prior to application of
PCD. Intradialytic hemodynamic parameters were measured at one-
hour intervals, including blood pressure, heart rate, symptoms of IDH
(muscle cramps, headache, dizziness, diaphoresis, nausea, vomiting)
and any nursing intervention performed. Blood pressure was measured
using Welch Allyn Connex vital sign monitor with automated blood
pressure cuffs by hemodialysis nurse. Post-hemodialysis weight,
ultrafiltration volume, blood pressure and any side effects from PCD
were recorded.

The primary outcome was the incidence of intradialytic hypotension,
which was defined as the presence of a decrease in systolic blood
pressure from pre-dialysis blood pressure of 20 mmHg or more at
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Figure 2: Study flow diaphragm.
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Table 1: Demographics data of participants.

Overall (N=16)
Age median (years) (IQR) 69.5 (64.3-75.0)
Male (%) 6 (37.5)
Time since initiation of dialysis (months) (IQR) 88 (21-117.75)
Antihypertensive median (IQR) 2 (0-2)

Cause of ESRF
Diabetes Mellitus (%) 10 (62.5)
Glomerulonephritis (%) 3(18.75)
Obstructive uropathy (%) 1(6.25)
Hypertension (%) 1(6.25)
Other (%) 1(6.25)
Charlson Comorbidity Index (IQR) 7.5 (5-8.5)
Comorbidities
Diabetes Mellitus (%) 11 (68.75)
Hypertension (%) 11 (68.75)
Left ventricular dysfunction (%) 8 (50)
Valvular heart disease (%) 3(18.75)
Table 2: Study results.
PCDs No PCDs
(Intervention) | (Control) P Value

Intradialytic hypotension (SBP
drop by go mmg) ) ( 58.1 52.1 0.34
Nadir SBP (mmHg) mean (SD) 120.1(19.5) | 119.7(19.3) | 0.85
Nadir DBP (mmHg) mean (SD) 66.3 (9.3) 65.7 (16.2) | 0.58
m::'nm(:g’)dmp in SBP (mmHe) | 73 (108) | 253(162) | 034
Nadir SBP <100 mmHg (%) 16.2 13.2 0.50
Nadir SBP <90 mmHg (%) 5.2 4.2 0.78
SBP drop by 20 mmHg with
symptoms and nursing 7.4 8.3 0.83
intervention (%)
Ultrafiltration (L) mean (SD) 2.07 (0.07) 2.06 (0.07) | 0.97

Table 3: Adverse events.

Adverse events Number of events (%)
Discomfort 4 (33.3%)
Pain, ache 3 (25.0%)
Tingling 2 (16.7%)
Leg cramps 2 (16.7%)
Itchiness 1(8.3%)
Total 12

any time during dialysis. Secondary outcomes were intradialytic
hypotension with symptoms and requiring nursing intervention,
nadir systolic blood pressure less than 90 mmHg, nadir systolic blood
pressure, nadir diastolic blood pressure, absolute maximum drop
in systolic blood pressure from pre-dialysis systolic blood pressure,
ultrafiltration achieved per session and symptoms of intradialytic
hypotension.

Post study, a survey evaluating whether PCDs improved the
quality of hemodialysis was conducted. Side effects of PCDs were also
recorded during every intervention session and analyzed.

Statistical analysis

Statistical analysis was performed using Stata v14 (StataCorp LP,
Texas, USA). All continuous variables were tested for normality of
distribution using the Shapiro-Wilk test. Those variables that failed this
test were transformed (by cube root) to achieve normal distribution
and the transformed data was also tested for skewness and kurtosis
to ensure transformed data was suitable for further statistical analysis
using parametric tests.

For continuous variables, the comparison of whether compressions
were applied or not was conducted using a t-test. Categorical variables
were tested using X 2 -test or Fisher’s Exact test. Further tests for
interactions of factors such as session number, compression and
order of compression on the outcome were examined using two-way
repeated measures ANOVAs and multiple logistic regression analysis.
All tested data achieved a power > 0.8 when a = 0.05 for each test, thus
an accepted statistical difference was found and could safely reject the
null hypothesis when P<0.05.

Results
Study participants

Participants were recruited at Frankston Hospital Hemodialysis
Unit from April 2016 to May 2016. Forty patients were screened, of which
twenty-two participants were eligible to participate (Figure 2). Seventeen
participants consented and were enrolled in the trial. Five patients
declined to participate in the study. Participants were randomized
into group A (nine participants) or group B (eight participants). After
randomization, prior to intervention, one participant from group B
electively withdrew consent due to concerns regarding side effects.
Sixteen participants (nine in group A and seven in group B) were
included in the analysis.

Baseline characteristics of sixteen participants who received
intervention are presented in table 1. The median age was 69.5 years
(IQR 10.75 years) and 37.5% of participants were male. Diabetes was
the most common reason for ESRD (Table 1).

Two participants from group B electively withdraw from the study
during the intervention period. The reason for withdrawal was calf
discomfort during hemodialysis after the PCD was applied. However,
their data was used in the final analysis.

Study outcomes

Overall, analysis of primary and secondary outcomes showed no
statistically significant differences between control and intervention.
The primary outcome, intradialytic hypotension, occurred in 79 out
of a total of 136 hemodialysis sessions (58.1%) in the intervention
arm compared to 75 out of a total of 144 sessions in the control group
(52.1%) (p=0.31). There was no difference between the control arm
and intervention arm in mean nadir SBP (P=0.85), mean nadir DBP
(P=0.58), maximum intradialytic SBP drop (P=0.34), incidence of
nadir SBP less than 100 mmHg (P=0.50) and incidence of nadir
SBP less than 90 mmHg (P=0.78) (Table 2). Adverse side effects
likely related to PCDs were recorded in 12 out of 280 hemodialysis
sessions, with the most common complaint being discomfort (4
sessions) (Table 3).

In our follow-up survey after completion of the study period,
thirteen out of sixteen participants either agreed or strongly agreed
that PCDs improved the quality of hemodialysis in term of comfort.
No significant side effects were reported; however two patients
withdrew during the study due to discomfort associated with PCDs.
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Discussion

In our current study, PCDs did not have a significant effect on the
incidence of IDH, other hemodynamic parameters or symptoms of
intradialytic hypotension. The study was adequately powered for our
statistical analysis.

We hypothesize those PCDs ineffectiveness at reducing IDH was
related to the multifactorial pathophysiology of IDH. Changes in blood
volume hemodynamics, while important are unlikely to fully explain
its mechanism. Failure to increase peripheral vascular resistance may
be an important contributing factor to the development of IDH [7].
This may be due to inappropriate activation of the cardiodepressor
reflex, resulting in increased parasympathetic and decreased
sympathetic nervous system activity [16]. Cardiovascular diseases,
such as left ventricular hypertrophy and myocardial ischemia,
can greatly increase risk of developing IDH [3]. In our cohort,
cardiovascular disease was highly prevalent with 50% of participants
having a history of LVH or congestive heart failure. Cardiovascular
dysfunction combined with the hemodynamic stress of hemodialysis
has been proposed to cause regional enteric ischemia [4]. This may
lead to translocation of endotoxin from intestinal bacteria, systemic
inflammation and hypotension, perpetuating a vicious cycle [4]. In
addition, it has been proposed that myocardial stunning occurs in
some patients undergoing hemodialysis, although the mechanism is
poorly understood [17]. While PCDs attempt to counter changes in
blood volume on dialysis, they do little to address the various other
important factors involved in IDH, possibly explaining the negative
result of this study.

PCDs were well tolerated; with 81% of patients agreeing that they
improved noticed an improvement in the comfort of dialysis compared
to control. This important finding should not be underestimated.
Withdrawal of dialysis is a common cause of death in end-stage renal
failure [18,19], highlighting the importance of comfort and quality of
life in this population. In dialysis patients, foot massage therapy has
been shown to increase sleep quality [20], reduce fatigue, pain and
muscle cramping [21,22]. These trials raise the possibility that PCDs
could be used to improve the tolerability of dialysis and quality of life
in dialysis patients in future studies.

Our study has various limitations. Firstly, while the number of
dialysis sessions evaluated was substantial, the number of individual
subjects was limited. Secondly, the crossover design of the study
eliminated many potential confounders however as the intervention
period was over 6-7 weeks, we cannot exclude the effect of time as
a potential confounding factor. However, the effect of time should
have been mitigated by the initial randomization of patients to start
with or without IPCs. In addition, other factors such as medications
might also be an important confounding factor. Thirdly, the
technical adjustment of the IPCs, such as degree of tightness, was
not standardized but instead was tailored to patients’ comfort. This
may have influenced the effect on venous return, which we did not
measure. Fourthly, we did not have access to central blood volume
measurements, which may be one of the key factors in explaining
IDH, particularly as blood pressure may not reflect intravascular
blood volume. Finally, while all efforts were made to make no
adjustments to dialysis parameters, 63% of participants’ ideal body
weight was changed during study period. Although the majority of
the changes in ideal body weight was equal or less than 1 kg from the
original ideal body weight, this may have influenced the intradialytic
hemodynamic parameters.

The strength of the current trial is that it was the first adequately
power trial to evaluate the effect of IPCs on a high-risk cohort for ICH.
We also used thigh high pneumatic compression devices with a venous
refill detection system to optimize the frequency and effectiveness of
compressions and maximize the volume of lower limb venous return.

Conclusion

The use of PCDs did not decrease the incidence of intradialytic
hypotension or symptoms of intravascular volume depletion. PCDs
were well tolerated and improved the quality of dialysis in the majority
of patients.
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