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ABSTRACT

Introduction: Patients on hemodialysis (HD)
present high mortality from cardiovascular
complications and high morbidity, including
decreasing functional capacity and quality of
life. Objective: To analyze clinical and labo-
ratory responses of patients in HD to intra-
dialytic cardiopulmonary rehabilitation on
an outpatient basis. Methods: We evaluated
14 patients in a prospective study for 8 mon-
ths using cardiopulmonary rehabilitation
protocol (CRehab) consisted of intradialytic
aerobic exercise with a cycle ergometer. We
analyzed heart rate (HR), systolic (SBP) and
diastolic blood pressure (DBP), peripheral
oxygen saturation (SpO,) and modified Borg
scale. We evaluated cardiac function by echo-
cardiogram, functional capacity by six mi-
nutes walk test (6MWT), and quality of life
by SF-36 survey, before and after CRehab.
Biochemical data and KT/Vsp were collec-
ted form medical records. Results: During
CRehab, the results of HR, SBP, DBP, SpO,
and Borg scale showed no significant chan-
ges. 6MWT test showed progressive increase
in the distance covered (p < 0.001) as well as
a reduction in the scale of Borg post-6MWT
(p = 0.009). There was no significant change
in any biochemical data or in KT/Vsp. There
was increase in left ventricular ejection from
65.7 +10.2% to 73.6 = 10.1% (p = 0.028)
and in left ventricular diastolic diameter (p =
0.027). According to SF-36 survey, patients
showed improvement in three areas: physical
role functioning (p = 0.012), bodily pain (p =
0.007) and vitality (p = 0.009). Conclusion:
The intradialytic CRehab applied in this po-
pulation was safe and allowed objective im-
provement of functional capacity and exerci-
se tolerance, subjective improvement in the
perception of effort, significant increase in
cardiac function and better quality of life in
different domains.

Keywords: renal insufficiency, chronic; re-
nal dialysis; quality of life; exercise.

Resumo

Introducio: Pacientes em hemodiilise (HD)
tém alta mortalidade e morbidade por com-
plicacdes cardiovasculares, inclusive por
reducio da capacidade funcional e quali-
dade de vida. Objetivo: Analisar a evolucio
clinica e laboratorial de pacientes em HD
ambulatorial submetidos a reabilitagdo car-
diopulmonar (RCP) intradialitica. Métodos:
Avaliamos 14 pacientes em um estudo pro-
spectivo por 8 meses, utilizando protocolo de
RCP com exercicios aerdbicos intradialiti-
cos. Analisamos frequéncia cardiaca (FC),
pressdo arterial sistlica (PAS) e diastélica
(PAD), saturagdo periférica de oxigénio
(SpO,) e escala de Borg modificada em to-
das as sessdes de HD. Avaliamos funcio
cardiaca por ecocardiograma, capacidade
funcional (CF) pelo teste de caminhada de
seis minutos (TC6M), e qualidade de vida
pelo Questiondrio SF-36, antes e depois da
RCP. Dados bioquimicos e de Kt/Vsp foram
coletados dos prontudrios. Resultados: Du-
rante a RCP, os resultados de FC, PAS, PAD,
SpO, e escala de Borg ndo mostraram alter-
agoes significativas. No TC6M observamos
aumento progressivo da distancia percor-
rida (p < 0,001) e redugdo na escala de Borg
p6s-TC6M entre DO-D180 (p = 0,009). Nao
houve alteragdo significativa nos testes bio-
quimicos e no KT/Vsp. Houve aumento na
fragdo de ejegdo de 65,7 = 10,2 para 73,6 =
10,1% (p = 0,028) e no didmetro diastélico
do ventriculo esquerdo (p = 0,027). No ques-
tionario SF-36, houve melhora significativa
nos dominios: limitagdo fisica (p = 0,012),
dor (p = 0,007) e vitalidade (p = 0,009). Con-
clusao: A RCP intradialitica nesta populagao
foi segura e permitiu melhora objetiva da CF
e tolerancia ao exercicio, melhora subjetiva
na percepcio do esforgo, aumento significa-
tivo da fun¢io cardiaca, bem como melhoria
na qualidade de vida em diferentes dominios.

Palavras-chave: doenca renal cronica;
didlise renal; qualidade de vida; exercicio.
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INTRODUCTION

Malnutrition and chronic inflammation of chronic
kidney disease (CKD) patients on hemodialysis are
closely related to muscle mass loss, with resulting de-
crease in the ability of routine daily activities.! As a
consequence, in the last decade the use of CRehab in
HD patients has been increasily considered.? However,
although the majority of CRehab programs have been
applied in the periods between dialysis (interdialytic
period),® exercise during HD (intradialytic program)
may be of significant impact.?

In general, intradialytic exercise is recommended
for the first two hours of HD as cardiovascular ins-
tability with nausea and vomiting may occur beyond
the third hour, which may affect the regularity of
training. Despite evidences pointing to clear benefits
of aerobic exercises for HD patients, this practice is
not routinely employed in this population, differently
from what is applied to chronic pulmonary obstruc-
tive disease and heart failure.? Therefore, the present
study attempted to evaluate the impact of a medium
term aerobic intradialytic program, on the functional
capacity, quality of life, exercise tolerance and heart
function of stable renal patients on a regular HD
program,

MEeTHODS

This is a prospective, non-randomized study, invol-
ving stage 5D CKD patients on a regular HD pro-
gram. Patients above 18 years old, on HD (4 hours, 3
times a week) for at least 6 months, and using arterio-
venous fistula were included. Patients with cardiovas-
cular disease, neurological, musculoskeletal and any
other disability that would preclude the use of cycle
ergometer or active inflammatory/infectious disease
in the last 6 months, and patients becoming acutely
sick needing hospitalization, were all excluded.

The initial population was composed by 24 eligi-
ble patients followed between 2011 and 2015. From
these selected patients, 4 patients needed hospitaliza-
tion, 1 was transplanted, 1 was transferred to another
unit, 1 relapsed systemic erythematous lupus and 3
dropped out for particular reasons, with 14 patients
remaining for the entire study period.

STUDY DESIGN

Patients were evaluated during 3 phases with to-
tal length of 240 days. All were submitted to
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transthoracic echocardiography, functional capacity
evaluation by walk test of six minutes (6MWT, m)*
and SF-36 quality of life Survey (SF-36).° Laboratory
data were collected from medical records. The 3 pha-
ses are described in Figure 1.

Figure 1. Study design. D = day; HR = heart rate; BP = blood pressure;
SpO, = peripheral oxygen saturation.
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Phase I: Total of 60 days without intradialytic
CRehab. Patients were regularly dialyzed and submit-
ted to routine Lab tests, echocardiography and SF-36.
The 6MWT was performed at baseline and day 60.

Phase II: Total of 120 days with intradialytic
CRehab in all HD sessions. The CRehab was per-
formed, beginning after the first hour of HD. During
the procedure the patients were monitored for arte-
rial systolic (SBP) and diastolic (DBP) blood pressure,
heart rate (HR), peripheral oxygen saturation (SpO,)
measured by usual oxymeter (Octivetech 300C,
Clinical Guard, Atlanta, USA) and modified Borg
scale,® all in 4 moments (0, 10, 20 and 30 min). The
6MWT was performed at day 180.

Phase III: Total of 60 days without intradialytic
CRehab. Patients were regularly dialyzed and sub-
mitted to routine Lab tests, ECHO and SF-36. The
6MWT was performed at day 240.

INTRADIALYTIC CREHAB PROTOCOL

132 guidelines

According to National” and Internationa
for CRehab, the patients were submitted to aerobic
exercise in lower limbs for 30 minutes. The use of
the cycle ergometer (Original Pedlar, Battle Creek,
Fremont, USA) for CRehab was always initiated after
the first 60 minutes of HD. On some patients with
lower functional capacity according to 6MWT, the
weekly progression of time was introduced until rea-
ching the total time of 30 minutes. In order to define
the dose of the exercise, the Karvonen formula was

applied to calculate the training heart rate (THR),



through a maximal heart rate (MHR)'® and using 50-
80% of reserve heart rate (RHR)." In addition, to
assure patient safety during the procedures, the modi-
fied Borg scale was used each 10 minutes for measu-
ring the effort perception.

FuncTtionaL caraciTy (FC) TEST

The evaluation of functional capacity was perfor-
med using 6MWT in the interdialytic period accor-
ding to the American Thoracic Society and European
Respiratory Society Recommendations.* The test
could be stopped in case of thoracic pain, shortness of
breath, cramps, paleness or dizziness. Before and after
the procedure, vital signs, Borg scale and SpO, were
examined. In case the patients presented high levels of
SBP (> 180 mmHg) and or DBP (> 110 mmHg), the
test would not be done.

LABORATORY TESTS, CARDIAC FUNCTION AND QUALITY
OF LIFE

Data for serum biochemistry, hemoglobin, electrolytes
and C-reactive protein (CRP) were obtained from rou-
tine Lab tests. The values for KT/V were calculated
from usual formula'?for days 0, 60, 180 and 240. The
evaluation of cardiac function was done using thora-
cic bidimensional echocardiography (Acuson X300,
Siemens, Miinchen, Germany). The following para-
meters were described: left ventricle systolic (LVSD)
and diastolic (LVDD) diameter; left ventricle poste-
rior wall (LVPW); ejection fraction (EF). The SF-36°
was used for quality of life evaluation.

STATISTICAL ANALYSIS

All the values obtained were presented as mean = stan-
dard deviation (SD) or median (interquartile interval:
25%, 75%) according to symmetric or asymmetric
distribution of variables. The values were analyzed
by Student’s t test (paired and non-paired) for quan-
titative symmetric distribution, and Mann-Whitney
and Wilcoxon for asymmetric distribution variables.
Such tests were used for 2-groups comparison. For
comparative analysis of 3 or more groups, one-way
ANOVA repeated measures was used for symmetric
distribution and Friedman test for asymmetric distri-
bution variables. Holm-Sidak was used for compari-
son between pairs of groups as post-test. Results were
considered significant when p < 0.05.

Cardiopulmonary rehabilitation in HD

REsuLTs

A total of fourteen patients, being 8 women and 6
men, were evaluated. Mean age was 50.2 = 15.2. The
patients were ethnically diverse with 3 white, 8 black
and 3 brown or mulattos. The causes of renal disea-
ses were as follows: arterial hypertension (6), diabetes
mellitus (4), chronic glomerulonephritis (2), unkno-
wn (2). Mean time on HD was 23 = 10 months. Body
weight (kg) and BMI (kg/m?) were not significantly
different comparing before and after the study (67 =
22 and 66 = 18 kg, 22 = 12 and 21 = 10, respectively).
The results from blood tests and KT/Vsp values are
expressed in Table 1 for the periods DO, D60, D180
and D240. There was no significant difference among
all these parameters.

Table 2 depicts all vital signs, modified Borg scale
and SpO, with data from all HD sessions at each 10
minutes during intradialytic CRehab. There was no
significant alteration observed in all parameters ana-
lyzed. Figure 2 describes the results for FC test as ana-
lyzed by the distances covered during 6MWT. It was
observed a significant increase of the covered distance
in the CRehab period.

On the other hand, after CRehab interruption
(D180 to D240), there was a significant decrease of
covered distance. It is noteworthy that at day 240,
the patients were still able to walk for longer distance
when compared with moments DO and D60. Table 3
shows comparative analysis of HR, SpO, and Borg
scale at pre and post 6MWT on periods D0, D60,
D180 and D240. Values of HR showed significant in-
crease between pre and post 6MWT, at all moments,
except on D60.

However, when analyzing pre-test moments, a sig-
nificant decrease was observed between moments DO
and D240 (p = 0.009) and between D60 and D240
(p = 0.01). Values for modified Borg scale were all
different when comparing pre and post 6MWT. The
comparison between moments pre-test revealed that
the values were not significantly different, whereas on
moments post-test there was a significant reduction
between moments DO and D180 (p = 0.009).

The values for SpO, did not show significant dif-
ference between values pre and post in all moments.
However, when comparing pre-test values, we ob-
served significant increase between moments D60 and
D240 (p = 0.009). The post-test values were different
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TaBLE 1 LABORATORY PARAMETERS AND HD DOSE (KT/VSP) AT DIFFERENT TIMES OF THE STUDY (BASELINE, 60 DAYS, 180
DAYS, 240 DAYS)
DO D60 D180 D240 p value
11.2 1.0 11.5 1.4
Hb (g/dl) 0.512
(9.6;11.9) (10.0;11.4) (9.5;12.1) (10.9;12.3)
4.9 5.0 5.1 5.1
K (mEg/l) 0.509
(4.6;5.2) (4.7:5.2) (4.7:6.0) (4.5;6.1)
Ca (mg/dl) 93+12 96+ 12 93+0.9 9.2+13 0.702
5.3 4.3 4.4 4.7
P (mg/dl) 0.197
(4.5;6.5) (3.7;5.2) (3.7;5.2) (2.9;5.3)
, . 8.6 10.6 7.1 8.5
C- reactive protein (mg/dl) 0.395
(4.2;13.8) (7.3;19.1) (4.4;9.5) (8.1;21.1)
15 1.3 14 14
KT/sp 0.113
(1.3;1.6) (1.2;1.4) (1.2;1.6) (0.9;1.6)
Values are median (interquartile interval: 25%, 75%).
TaABLE 2 CLINICAL PARAMETERS
D60-90 D90-120 D120-150 D150-180 p value
FCR 81.4 + 8.1 8156+ 6.0 82.6 + 10.6 82.6 +6.2 0.966
FC10 974 +9.2 103.2 £+ 8.2 101.1 = 13.6 96.4 + 11.0 0.244
FC20 104.1 + 13.8 110.0 £ 12.2 106.5 + 16.4 102.0 + 1.5 0.365
FC30 105.0 £ 13.2 M9 =118 113.1 £+ 134 104.4 +10.4 0.278
PAS R 136.3 + 12.1 136,6 + 12,8 138,9 + 19,6 138,4 + 9,2 0,951
PAS 10 1445 £ 13.0 1445 £ 121 1495+ 54 148.1 £ 73 0.573
PAS 20 1477 + 13.0 146.1 + 12.2 148.8 + 10.3 146.4 + 77 0.926
PAS 30 156.8 + 14.5 148.0 £ 13.1 1395 +£22.2 144.0 £ 8.7 0.574
PAD R 86.8+9.9 85.9 + 74 89.3+ 73 90.9 = 71 0.328
PAD 10 916 £ 5.8 88.1 +5.8 929+56 89.8+56 0.204
PAD 20 912 +74 89.6 +4.3 924 +6.5 89.1 + 3.6 0.416
PAD 30 91.0 (87.7;96.4) 90.0 (87.0;92.1) 89.7 (87.4;978) 87.8 (83.7;89.4) 0.084
SpO, R 96.8 + 1.0 974 + 0.6 96.5+ 0.9 972 +0.8 0.050
SpO, 10 975 (96.0;98.0) 974 (96.8;97.8) 972 (96.9;97.2) 97.6 (97.1,97.8) 0.901
SpO, 20 97.8 (98.6;95.0) 976 (97.0;979) 970 (96.6;97.8) 97.1 (96.1;976) 0.580
SpO, 30 97.6 (95.5;97.9) 974 (96.7;97.6) 975 (97.0;,97.8) 97.3 (96.3;974) 0.479
BORG R 0.2+0.3 0.1+0.2 0.2+03 0.1+0.3 0.607
BORG 10 06+05 06=+0.7 0.7+09 0.7+05 0.956
BORG 20 09+06 1.1+£0.7 1.0+1.0 1.0+ 0.6 0.965
BORG 30 1.4 +09 14+09 1.1+ 1.1 1.2+0.8 0.818

R = baseline; HR = heart rate; SBP = systolic blood pressure (mmHg); DBP = diastolyc blood pressure (mmHg); SpO2 = peripheral oxygen
saturation (%). Results expressed in mean + standard deviation or median (25%;75%) according to symmetric or asymmetric distribution of
variables. Statistical analyses were performed by Repeated measures ANOVA.

when moments DO and D180 were compared (p <
0.05). The results pointed to a progressive decrease
in the values of HR and Borg scale pre 6MWT on the
periods examined.

The echocardiographic data revealed significant
increase in left ventricular diastolic diameter (LVDD)
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and ejection fraction (EF) when comparing pre and
post CRehab moments (DO and D180). Results from
SF-36 survey also demonstrated increased domains
for physical role functioning, bodily pain and vitality.
Results of cardiac function from ECHO and SF-36
are depicted on Table 4.



Figure 2. Comparison of distance covered during the 6min Walk Test
in different moments of rehabilitation (baseline, 60 days, 180 days
and 240 days). Statistical analyses were performed by Holm-Sidak
test pos-repeated measured ANOVA.
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Discussion

Chronic renal patients on HD present considerable
less functional capacity when compared to normal
subjects, which directly impacts on morbidity and
mortality.’>'* In addition, the sedentary behavior,
normally adopted by renal patients on dialysis, may
contribute to the decline on physical activity, gene-
rating functional incapacity and inactivity.!® The
present study attempted to apply an intradialysis
CRehab program in order to examine the effect of the
proposed procedure on physical conditioning, inclu-
ding cardiac function and psychosocial aspects linked
to the quality of life.

Historically, the first CRehab for patients on di-
alysis was applied and described by Goldberg et al.

Cardiopulmonary rehabilitation in HD

in 1983' with beneficial results for arterial pressure
control and serum hemoglobin levels. Ever since, sev-
eral studies have been done using different modalities
of exercises between sessions of HD, with interesting
results on functional capacity, cardiac function and ar-
terial pressure control, anemia and quality of life.!”!$

In hemodialysis patients, the majority of CRehab
programs have been applied in the interdialytic peri-
od. Nevertheless, it has been suggested that the intra-
dialytic exercise can be more beneficial since it might
promote better clearance of solutes due to increased
blood flow systemically.>>'>2* Qur results on arterial
pressure control revealed no change on regular levels
previously recorded from the patients, although there
was a tendency to decrease the levels. These results
are in variance with previous studies that showed sig-
nificant decrease on baseline SBP and DBP in proto-
cols using 4 to 7 months of CRehab.!®7:2.22 In only
one study, however, the protocol was applied for a
period of 3 months.?

The 6MWT used in our study to examine FC is
accessible and cost-effective, given the possibility of
correlation between covered distance and the peak
VO,."?* Our study showed a significant improve-
ment on functional capacity of HD patients, as seen
by the increase of distance covered. These results are
in agreement with previous studies where an improve-
ment of FC was observed to be in the order of 9 to
25 % .23,25~28

On the other hand, the study by Segura-Orti ez
al.?’’, was not able to show a better FC using the same
test, albeit close assessment of supervision during
CRehab by the physiotherapist. By contrast, in the
studies by Koh ez al.?® and Fitts,” there could not
be observed better FC, although supervision during
CRehab did not occur. Other aspects on the evalu-
ation of FC using 6MWT deal with SpO,, HR and

TABLE 3 COMPARISON BETWEEN CLINICAL PARAMETERS HR (HEART RATE), SPO, (PERIPHERAL OXYGEN SATURATION) AND
BORG SCALE PRE E POST BMIN WALK TEST IN DIFFERENT MOMENTS (BASELINE, 60 DAYS, 180 DAYS AND 240 DAYS)
DO D60 D120 D240
PRE POST P PRE POST P PRE POST pvalue PRE POST pvalue
value value
HR < 835 1070
864+ 118 1056+92 0084 759+100 1029+48 <0001 72886 1044=129 <0001
0001 (74.0910) (98.0;112.0)
SpO, 98.0 9.0 975 9.5 93.0 98.0 9.0 9.0
0.074 0.063 0375 0313
(968,980  (92.0,98.0) (96.0,980)  (935,98.0) (980,98.0) (98.0:99.0) (98.0,980)  (98.0,98.0)
BORG <
| 00(006 302048 - 04x07 26x18 0002 000000 100510 0008 0.0+0.0 13+ 11 0.009
Scale .|

Results expressed in mean + standard deviation or median (25%;75%) according to symmetric or asymmetric distribution of variables. Statistical

analyses were performed by paired t-test or Wilcoxon signed rank test.
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TaBLE 4 PARAMETERS OF ECHOCARDIOGRAM AND SF-36 SURVEY BEFRORE AND AFTER REHABILITATION
Pre-Rehabilitation Post-Rehabilitation p value

Echocardiogram

LVDD (mm) 54.5 (49.0;56.0) 56.0 (53.0;58.0) 0.027
LVSD (mm) 324 +6.7 298 +4.6 0.259
LVPW (mm) 122+ 18 13.3+3.3 0.909
EF (%) 65.7 + 10.2 73.6 = 10.1 0.028
SF-36 Survey

Physical functioning 59.1 £ 14.3 60.1 £ 26.3 0.877
Physical role functioning 20.5 + 21.8 65.0 + 376 0.012
Bodily pain 42.1 £ 22.1 71.3 £ 34.4 0.007
General health perceptions 49.9 £ 25.7 60.4 + 25.2 0.111
Vitality 40.5 + 216 64.5 +24.9 0.009
Social role function 60.9 = 25.0 875+ 19.5 0.087
Emotional role function 48.5 +40.5 70.7 + 35.3 0.173
Mental health 62.5+ 242 80.0 + 276 0.234

LVDD = left ventricular diastolic diameter; LVSD = left ventricular systolic diameter; LVPW = left ventricular posterior wall diameter; EF = ejection
fraction. results expressed in mean =+ standard deviation or median (25%;75%) according to symmetric or asymmetric distribution of variables.
statistical analyses were performed by paired t-test teste t or Wilcoxon signed rank test.

modified Borg scale. These parameters were only ex-
amined in the study by Reboredo et al.,’° which was
in agreement with our results showing reduction on
modified Borg scale in the post-test moments.

The analysis of clinical laboratory data did not
reveal significant findings when comparing all mo-
ments. In addition, data of KT/Vsp were not sig-
nificantly different after CRehab, which opposes
data from other studies showing increases from 11
to 38%.17:233%31 The studies by Momeni et al.>? and
Musavian et al.3* and showed significant reduction of
serum potassium after 16 and 12 weeks of CRehab,
respectively. Likewise, Goldberg et al.'® observed a
significant increase of 29% on serum hemoglobin,
while in the study by Musavian et al.® the increase
was up to 0.6 mmol/L.

Regarding the results on serum levels of calcium,
phosphorus and sodium, to our knowledge, no study
showed significant alterations. In addition, two re-
cent studies have examined these electrolytes, with no
relevant results.>** Finally, the results on serum CRP
levels were shown to decrease after an 8-week pro-
tocol in 21 patients.®® Our results did not show this
decrease on CRP and this cannot be explained at this
moment. Nevertheless, one can consider that different
results may be accounted by the different populations
examined.

In the present study we documented a clear sig-
nificant improvement on cardiac function as we could
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observe an increase in LVDD and EF after CRehab
(Table 4). In fact, few studies have examined cardiac
function using ECHO after this protocol. The previ-
ous study by Deligiannis et al.?! applied intradialytic
aerobic exercises during 3 months for 30 minutes
with 60 to 70% MHR and observed increase of EF.
In addition, Momeni et al.3? used the same protocol
of the group of Deligiannis et al.”! observed increase
of EF, systolic and diastolic VE function.

The explanation for these results may reside on
better conditioning of the heart with adaptation to
aerobic exercise, regularly observed in normal indi-
viduals. Moreover, the patients of this study presented
arterial pressure in the normal range before the proce-
dures (Table 2), and also EF levels on normal values
(Table 4). All these results give support to the notion
of preserved ventricular mass, still able to react as
into Frank Starling mechanism of adaptation to the
proposed exercise stress and aerobic demand.

Finally, the results on the evaluation of quality of
life by SF-36 survey demonstrated that CRehab pro-
tocol was of great benefit as it promoted a significant
improvement in three domains: physical role func-
tioning, bodily pain and vitality (Table 4). Previous
studies from other groups also encountered positive
results with the same domains.>'7??37 Among these
studies, only two of them presented significant re-
sults on emotional role function and general health
perception.?>?” In fact, one can speculate about the



new feeling of well-being after the progress achieved
on physical conditioning and true cardiac function
improvement. Nevertheless, more specific studies are
needed to address this issue.

In conclusion, the present study applying a pro-
posed cardiopulmonary rehabilitation intradialytic
protocol to patients on hemodialysis, with controlled
supervised aerobic exercises, clearly demonstrated a
beneficial effect on functional capacity, cardiac func-
tion with increase of EF and LVDD, and subjective
signs of improvement on quality of life. These find-
ings strongly suggest that a careful, supervised pro-
gram of cardiopulmonary rehabilitation on renal
patients on dialysis may be more intensively applied
in order to decrease the incidence of cardiovascular
morbidity and mortality, and to improve the quality
of life of these patient population.
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