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Abstract

Purpose  Chronic kidney disease (CKD) patients on long-
term dialysis present changes in pulmonary function and
respiratory muscle strength, negatively influencing physical
capacity.

Objective To analyze the impact of a continuous positive
airway pressure (CPAP) protocol on the respiratory capac-
ity of CKD patients under hemodialysis.

Methods A randomized clinical trial was conducted
involving 40 CKD patients 19-83 years old divided into
two groups: control (n = 20) and CPAP (n = 20). Sub-
jects were assessed on the respiratory muscle function test,
maximal respiratory pressures, peak flow and 6-min walk
test, at baseline and again at the 2-month follow-up. CPAP
group patients were submitted to CPAP protocol (PEEP:
5 cm H,0, flow: 15 L/min, FiO,: 33 %) three times per
week during hemodialysis sessions.

Results The CPAP group showed higher forced vital
capacity, forced expiratory volume in one second, peak
expiratory flow, maximal inspiratory pressure, peak flow, as
well as lower systolic blood pressure, heart rate, respiratory
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rate and Borg scale, in addition to a longer distance trav-
elled on the 6-min walk test, compared with the control
group.

Conclusion The introduction of a CPAP protocol during
hemodialysis sessions had a positive impact on pulmonary
function and physical capacity in CKD patients.

Keywords Chronic kidney disease - Hemodialysis -
Renal dialysis - Positive-pressure respiration

Introduction

Chronic renal disease leads to changes in almost all organic
systems. Pulmonary impairment may result directly from
circulating uremic toxins or indirectly due to volume over-
load, anemia, acid—base balance changes and cardiac or
musculoskeletal alterations, among others [1-3]. Signs and
symptoms may vary according to degree of muscle com-
promise by reduced caloric-protein intake and deficient
metabolism, both of which predominantly affect muscle
fibers causing myopathy and muscular atrophy [4].

Patients at advanced stages of chronic kidney disease
(CKD) undergoing hemodialysis have low tolerance to
exercise and present physical deconditioning. This patient
group also exhibits changes in pulmonary mechanics,
muscle function and gas exchange [2, 4, 5]. Among other
factors, the accumulation of interstitial fluid in the lungs
plays an important role in respiratory dysfunction in these
patients [1, 4, 6].

The traditional treatment for diseases associated with
pulmonary edema is noninvasive ventilation (NIV) in the
continuous positive airway pressure (CPAP) modality,
aimed at improving ventilation/perfusion ratio and res-
piratory mechanics [7]. To the best of our knowledge, no
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protocols using CPAP in patients undergoing HD are avail-
able in the literature. Consequently, the impact of this
modality of ventilatory support on respiratory function and
functional capacity in this patient group remains unknown.
This prompted the present study, analyzing the impact of a
CPAP-based protocol on respiratory and functional capac-
ity in CKD patients undergoing hemodialysis treatment.

Method
Study design/subjects

This prospective, consecutive, randomized controlled clini-
cal trial involved clinically diagnosed CKD patients under-
going HD sessions at the Center for Dialysis at a tertiary
teaching hospital. This study was previously approved by
the Research Ethics Committee of the institution (protocol
number 147/09), and the patients signed informed consent
forms to participate in the study as summarized in Fig. 1.

Inclusion criteria were patients aged 18 years or older,
undergoing HD for at least 6 months and hemodynamically
stable. Exclusion criteria were individuals requiring urgent
or elective surgical intervention during protocol applica-
tion, present or past history of pulmonary, cardiac, and sub-
jects with cognitive and/or physical impairments preclud-
ing performance of the tests in the assessments. The sample
size was calculated for simple random sampling, using a
confidence interval of 95 (95 %) and 5 % error for infinite
sample.

All patients had been undergoing 4-h HD
sions, three times per week for over 6 months, using a
polysulfone membrane (Fresenius) and bath contain-
ing sodium (138.0 mEq/L), potassium (2.0 mEq/L),

SESs-

Fig. 1 Flowchart of study

|

calcium (3.5 mEg/L), magnesium (1.0 mEg/L), chlo-
ride (108.5 mEqg/L), acetate (3.0 mEqg/L) and bicarbonate
(32.0 mEq/L).

Participants were randomized into two groups using
a series of numbered, sealed, opaque envelopes; each
envelope will contain a card stipulating to which group
the subject will be allocated: control group (n = 20) and
CPAP group (n = 20). Blinding will be maintained in all
steps of the research for investigators, assessors and trial
participants.

Respiratory evaluations

All evaluations were carried out prior to HD on the second,
mid-week HD session. As patients received three HD ses-
sions per week, there was a maximum of two-day interval
between HD sessions. Follow-up assessments were per-
formed in both control and CPAP groups after 2 months
(when the CPAP group had already finished treatment).

Baseline and follow-up assessments included the fol-
lowing exams: laboratory parameters (Kt/V, hemoglobin,
serum albumin and urea); pulmonary function test (PFT),
forced vital capacity (FVC), volume expired in 1 s (FEV)),
FEV,/FVC, peak expiratory flow (PEF); maximal respira-
tory pressures evaluating maximal inspiratory pressure and
maximal expiratory pressure; peak flow and the 6-min walk
test (6GMWT).

The maximal respiratory pressures were evaluated with
the manometer. Patients were instructed an expiration to
residual volume followed by maximum inspiration to eval-
uate the maximum inspiratory pressure and inspiration to
the inspiratory reserve volume followed by an expiration
to residual volume to evaluate the maximum expiratory
pressure.

Assessed for eligibility (n=74)

Excluded (n=31)

+ No meet the criteria for inclusion (n=20)
+ Declined to participate (n=7)

+ Other reasons (n=4)

Eligibility (n=43)

[

[ Monitoring for 2 months]

Control group (1) (n=22)
Not intervention

+ declined to participate (n=2)
+ discontinued the protocol (n=0)

CPAP group (ll) (n=21)
Intervention
+ declined to participate (n=0)
+ discontinued the protocol (n=1)

[ Analyzed

Analyzed (n=20)

+ Excluded from analysis (n= 0)

Analyzed (n=20)
+ Excluded from analysis (n= 0)
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For assessment of peak flow, patients were told to
inspire deeply and using a nose clip, and expire on a port-
able device that measures the speed of expiration.

The 6MWT consists of a free walk during 6 min as fast
as possible across a flat surfaced 30-m-long corridor graded
by meter, including level of effort based on the Borg scale.
At completion of the 6 min, the total distance walked was
recorded [8].

CPAP protocol

Patients in the study group were submitted to a protocol
involving continuous positive airway pressure (CPAP)
applied during 24 HD sessions, therefore over a 2-month
period. HD sessions were started as per the routine practiced
by the sector, and, 1 h into the session, patients were assisted
by the physiotherapist on placement of the facemask, which
was secured using a head strap. Patients remained on CPAP
for 30 min. Air pressure was produced by a flow generator
setup with fraction of inspired oxygen (FiO,) at 33 %, con-
tinuous flow of 15 L/min and PEEP of 5 cm H,O.

Statistical analysis

Differences between groups were assessed with the unpaired
Student’s ¢ test or Mann—Whitney test, when appropriate.
The paired Student’s ¢ test was used to compare within-
patient variations. Proportions of qualitative variables were
compared using the Chi-square test. A p value lower than
5 % (p < 0.05) was considered statistically significant. The
Statistical Package for the Social Sciences (version 13.0)
statistical software was used for the data analysis.

Results

There were three losses of patients: two of these were from
the control group, and they decided to drop out in the final
respiratory evaluation. One patient in the treatment group
had pneumonia, diagnosed in the third CPAP session, and

this individual was excluded because the results in respira-
tory evaluations would be biased. Therefore, this study was
completed with 40 patients, 20 in each group.

The etiology of CKD in the control group was distrib-
uted as follows: one case with chronic glomerulonephritis,
seven patients with hypertensive nephrosclerosis and two
with cystic disease of the kidneys. For the CPAP group, eti-
ologies were as follows: eight cases of chronic glomerulo-
nephritis, nine with hypertensive nephrosclerosis, two with
diabetes mellitus and one patient with a tumor process.
There was no statistically significant difference in etiology
between the two groups.

At baseline assessment, no statistically significant differ-
ence between control and CPAP groups was evident for gen-
der, with both groups comprising 55 % women and 45 %
men. Similarly, no difference between the groups was found
for mean age, height, body mass or time on HD (Table 1).

Groups were compared at baseline and follow-up for
the following laboratory parameters: Kt/V, hemoglobin,
serum albumin and urea. At baseline, a higher mean cre-
atinine level was observed in the CPAP group, whereas at
follow-up, the same group had greater serum albumin lev-
els (Table 2).

On the PFT test, only the parameter PEF showed a sta-
tistically significant difference, with the CPAP group hav-
ing a lower mean value compared with the control group
(2.83 + 0.51 versus 3.43 £ 1.00, respectively; p = 0.03).
Conversely, no significant difference was found for base-
line maximal respiratory pressures. PEF and 6MWT values
between the control group and CPAP group.

Comparing PFT parameters at baseline and follow-up
for the two groups revealed a decrease in forced expira-
tory volume in one second (FEV,) (p = 0.04) in the control
group and increased FVC (p < 0.001), FEV, (p < 0.001)
and PEF (p < 0.001) in the CPAP.

Also in the CPAP group, mean maximal pressures and
peak flow were increased at follow-up (p < 0.001), as were
systolic blood pressure (SBP) (p = 0.01), heart rate (HR),
respiratory rate (f) and distance walked (p < 0.001) in the
6MWT.

Table 1 Baseline

- . Variables Group Mean SD Minimum Maximum P
characteristics of the 20 patients
izlz)thet@?ff)l gcrgzlli ((II)DVerSUS Age (years) I 54.65 19.93 19.00 83.00 0.07
un(})eiéirilnfg 1Irllemodiallysisg(rl(-)ll]g)) 1 44.75 12.86 27.00 68.00
Height (m) I 1.62 0.70 1.53 1.75 0.37
I 1.65 0.90 1.52 1.81
Weight (kg) I 60.83 10.48 48.00 99.00 0.19
I 64.73 8.12 48.00 82.00
Time on HD (months) I 46.15 41.40 9.00 132.00 0.20
I 52.90 29.23 18.00 112.00

SD standard deviation. Source Center for Dialysis of the Santa Casa de Sao Paulo
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Table 2 Baseline and follow-up

; i Variables Groups Baseline Follow-up
laboratory results of patients in
the control (I) and in CPAP (II) Mean P Mean p
Kt/V | 1.38 £0.21 0.92 148 £0.16 0.73
1T 1.39 £0.18 1.37 £ 0.16
Hemoglobin (g/dL) 1 11.86 + 1.59 0.67 11.60 £+ 1.47 0.67
1I 12.06 + 1.33 12.53 + 1.14
Albumin (g/dL) I 3.58 £0.40 0.67 3.67 £ 041 <0.001
I 3.53+£0.34 4.01 £0.40
Urea (g/dL) | 37.80 £ 27.28 0.90 132.78 + 29.56 0.06
I 138.77 £ 22.14 117.22 + 14.94
Creatinine (mg/dL) 1 9.95 £ 1.79 <0.001 9.95 +1.97 0.35
1I 11.89 + 1.70 10.50 + 1.74

Kt/V and urea removal rate (clearance). Source Center for Dialysis of the Santa Casa de Sao Paulo

Table 3 Results of the 6-min

. Groups Mean SD Minimum Maximum p
walk test (6MWT) for patients
in the control (I) and CPAP (IT) SBP (mmHg) I 6.50 12.25 ~20.00 30.00 <0.001
groups 11 ~7.50 12.92 ~30.00 20.00
DBP (mmHg) I 2.50 7.86 —~10.00 20.00 0.83
il 2.00 6.95 —10.00 20.00
HR (bpm) I 6.90 14.79 —14.00 51.00 <0.001
i —6.50 8.65 —22.00 9.00
£ (ipm) I 1.90 422 —4.00 10.00 <0.001
i —2.55 331 —10.00 1.00
SpO,(%) I 0.35 0.87 —1.00 2.00 0.21
il 1.10 248 —3.00 8.00
Borg I 1.40 3.25 —4.00 11.00 0.01
i —0.80 2.16 —4.00 3.00
Distance (m) I —2.80 33.19 —80.00 81.00 <0.001
i 31.70 28.77 —3.00 96.00 0.83

BP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; f, respiratory frequency; SpO,
peripheral oxygen saturation; Borg, perceived exertion scale. Source Center for Dialysis of the Santa Casa

de Sao Paulo

Comparing control and CPAP groups for values on
the PFT revealed a significantly higher values in FVC
(p < 0.001), FEV, (p < 0.001) and PEF (p = 0.01) in the
CPAP group. Maximal inspiratory pressure and peak flow
were also different (p < 0.001 for both).

The 6MWT revealed a significant decrease in SBP, HR,
f and Borg scale ratings as well as an increase in distance
walked for the CPAP group after application of the protocol
(Table 3).

Discussion

Patients with CKD undergoing HD show a decline in qual-
ity of life, with changes in a number of systems including

@ Springer

cardiac, respiratory and musculoskeletal systems [1, 2, 8,
9]. The results of the present study showed that utilization
of a CPAP program during hemodialysis sessions had a
positive impact on pulmonary function and physical capac-
ity among CKD patients.

Analysis of laboratory exams in patients on chronic HD
should be carried with caution since variations are influ-
enced by multiple factors resulting from the effect of HD
among patients undergoing dialysis for more than 3 months
[10-12]. Therefore, changes in serum creatinine and albu-
min observed in our study should be assessed in conjunc-
tion with assessments of nutritional and metabolic status
(not performed).

On baseline assessments of the control and CPAP
groups, values for the PFT were homogeneous and the
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reductions seen in FVC, FEV,, FEV,/FVC and PEF were
in line with those reported by previous studies in CKD [4,
13, 14]. The PFT test allows the measurement of oxygen
uptake capacity and gas exchange potential [15]. Other
studies have noted that, although small, the variation in pre-
dicted values on spirometry in CKD leads to a significant
impact on physical capacity [15, 16], an observation cor-
roborated by the findings of our study.

The changes seen on the physical function and capacity
tests indicate that CKD can alter arterial and venous capil-
laries as well as both enzymatic and mitochondrial activ-
ity, thereby affecting normal functioning of the structure of
skeletal muscle fibers [17-19], evidenced by the low toler-
ance to physical activities seen in this patient group [19].

In our study, however, the group submitted to the CPAP
program showed a significant increase in values for FVC,
FEV and PEF, confirming a positive impact of the treatment.
This increase may have been influenced by the CPAP pro-
tocol [14], although no similar studies are available in the
literature for comparison. Inspired by findings of Siafakas
et al. [5] we can say that limitation in airflow and reduced
FVC are due to a generalized weakening of respiratory mus-
cle strength and resultant delay in muscle fiber contraction.
This clinical picture can be ameliorated through greater tis-
sue oxygen delivery [11, 18] by improving the ventilation/
perfusion ratio in patients submitted to NIV [20]. This was
evidenced by higher FVC after treatment in our study.

Dujic¢ et al. [6] also observed reductions in FEV, cor-
relating these with reversible obstruction of the small air-
ways and with air trapping caused by early closure of the
bronchioles and bronchi due to fluid accumulation proxi-
mal to distal small airways. Our study showed this effect
to be positively influenced by CPAP, owing to the greater
recruitment of alveoli attained utilizing PEEP [7], and the
procedure helps in reducing interstitial pulmonary edema
[21, 22].

The impact of CKD in HD patients on the endothelium
of pulmonary capillaries is an increase in permeability
leading to interstitial edema and increased resistance of
the airways, contributing to dyspnea and low capacity for
physical exercise, as seen in these patients, given that pro-
gressive effort requires higher maximal oxygen consump-
tion (VO,) [23].

Peak VO, of patients on dialysis is approximately half
the expected value for healthy sedentary individuals [24].
Although maximal oxygen consumption (maxVO,) was not
directly assessed in our study, we noted a difference in per-
formance on the 6MWT between baseline and follow-up
assessments for control and CPAP groups. The 6MWT can
be used as a proxy of maxVO, with distance walked being
positively correlated with maxVO, values [24, 25].

Mehta and Hill (2001), studying the effects of NIV, con-
firmed reductions in cardiac pre- and after-loads as well as

lower auto-PEEP among patients with hyperinflation, and
optimization in respiratory effort [26], even when ventila-
tion was applied for short periods [20]. With our protocol,
patients remained under positive pressure for only 30 min
per session yet showed improved PFT performance and
maximal inspiratory pressure and peak flow values. This
created favorable conditions for improvement in respira-
tory muscle strength through the ventilatory support by
CPAP, and this strength is severely impaired in CKD due
to changes in oxygen transport, extraction and consumption
that trigger metabolic processes detrimental to ideal ten-
sions for oxygenation of muscle fibers, particularly types I
and II [1, 4, 12, 27, 28].

Maximal respiratory pressures and peak flow readings
serve as an indicator of muscle strength behavior in patients
under HD and invariably show lower values in CKD
patients compared with expected values for age-matched
healthy individuals [12, 29]. It is likely that the increased
maximal inspiratory pressure and peak flow observed in
our study were attributable to an increase in mitochondrial
structures which were less impacted by the typical HD-
related hypoxia [30-32] during the treatment period.

Variation in distance walked on the 6MWT is consid-
ered a valuable marker, since it is tightly correlated with
morbidity and mortality in chronic diseases such as cardiac
insufficiency [24, 33, 34]. A longer distance walked in the
test is associated with lower morbidity [25, 35] and indi-
rectly shows the beneficial effects of CPAC protocol, which
has led to an increase in distance walked by patients from
the CPAP group.

The 6MWT, in addition to measuring distance, also
assesses blood pressure, heart rate, respiratory frequency,
peripheral oxygen saturation and Borg rating (perceived
exertion scale) [26]. Therefore, it constitutes an objective
measure, verifying the positive impact of the therapeutic
protocol. Besides the greater distance walked, the CPAP
group also showed a significant decrease in HR, f and Borg
scale ratings, with CPAP patients reporting lower levels of
perceived exertion and fatigue.

The CPAP protocol had a positive impact on CKD
patients undergoing HD and can be used as an instrument
in physiotherapy for optimizing HD and providing patients
with functional benefits.

Clinically, the method could still be reproduced during
hemodialysis sessions by bringing the positive impact of
improved physical performance that influence on imple-
menting of routine every day activities of patients with
CKD in addition to low cost and protocol security while
the patient is this in renal unit optimizing the routine
treatment that usually leads to physical disability of the
patients.
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