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ABSTRACT

Present study aimed to assess the efficacy of physical rehabilitation of donor kidney recipients
in the first year after transplantation.

The functional state and adaptive body reserves were assessed using hardware-software com-
plex “Sources of Health” for patients before and after kidney transplantation. The treatment re-
sults of 57 recipients (mean age 35.0+9.7) of donor kidney at different times of the postoperative
period are presented. Depending on the physical rehabilitation program, 2 groups of patients
were formed: I group (n=30) included patients for whom a physical rehabilitation was carried
out during the year, Il group (n=27) consisted of patients for who carried out physical rehabili-
tation in the first week after surgery for prevention of early postoperative complications. Group
Il included 30 relatively healthy people (15 women, 15 men; mean age 33.7%8.7 years), who did
not need the organ transplantation, and didn't have regular physical activity. Functional state
and adaptive body reserves were evaluated by hardware-software complex “Sources of Health”
at 1, 3, 6 and 12 months after surgery.

Physical rehabilitation with a personalized approach for one year after kidney transplanta-
tion can significantly improve functional and adaptive body reserves of donor kidney recipients.

Physical rehabilitation is necessary for patients at least for a year after kidney transplanta-

. T Lk

tion in order to improve the functional state and adaptive body reserves.

KEeyworbs: transplantology, physical rehabilitation, functional state of the body, physical education, adap-
tive body reserves, period of rehabilitation, diffusion, chronic kidney disease, life quality, re-

medial gymnastics.

INTRODUCTION

There is an annual steady increase in the num-
ber of patients of end stage renal disease [Ageeva L
etal.,, 2017]. In the last decades, renal replacement
therapy such as hemodialysis, peritoneal dialysis
and kidney transplantation to prolong the lives of
many patients with end stage renal disease [Tomi-
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lina N et al., 2017]. The life quality of such pa-
tients depends both on the manifestations of the
disease itself and on the type of replacement ther-
apy. Patients with such disease have to stay on di-
alysis for life or before kidney transplantation.
After transplantation of a donor organ, there may
be side effects from taking immunosuppressive
drugs, and the risk of transplant rejection may mean
a return to dialysis [Pascual M et al., 2002; Djamali
A et al., 2003; Kaplan B et al., 2004, Garcia G et
al., 2012]. At the same time, it is known that people
with transplanted organs can lead an active lifestyle,
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engage in physical culture and sports. The use of
immunosuppressants and steroids increases the risk
of infections and malignant diseases. Also side ef-
fects of steroid therapy are: weight gain, osteopenia
and osteonecrosis, cataract, ecchymosis, growth re-
tardation in children, the appearance or progression
of hypertension, hyperlipidemia and carbohydrate
metabolism disorders leading to an increase in car-
diovascular morbidity and mortality [Maalouf N,
Shane E, 2005; Ojo A, 2006]. Side effects of immu-
nosuppressive drugs: hypertension, hyperkalemia,
tremor, impaired glucose tolerance, hypertrichosis
and hyperplasia, nephrotoxicity and neurotoxicity
(tremor, epileptic seizures, hallucinations, psycho-
sis, coma) [Kasiske B et al., 2003, Painter P et al.,
2003]. The negative influence of immunosuppres-
sive therapy and dialysis significantly reduces the
quality of life and physical activity of the kidney
recipients. However, it can be corrected by various
methods of physical rehabilitation [Kasiske B et al.,
2003, Kasiske B et al., 2004, Armstrong K et al.,
2005, Lentine K et al., 2005; Maalouf N, Shane E,
2005; Ojo A, 2006]. One of the main methods of
preventing the risks of cardiovascular diseases is
physical exercises [Surgeon General’s Report,
1996, Zelle D et al., 2011]. Regular physical activ-
ity can help to reduce the risks of cardiovascular
diseases, increase the overall level of physical,
mental and adaptive health reserves in patients after
kidney transplantation [ Van den Ham E et al., 2007].
At the preoperative stage, regular exercise in-
creases the chances of a successful operation by
increasing the adaptive reserves of the body. The
condition of the cardiovascular system in pa-
tients before transplantation is low [Goldberg A
et al., 1983]. It is shown that more than 80% of
patients before kidney transplantation showed a
decrease in active physical activity; 62-79% of
patients experience difficulties when performing
exercises with minimal energy such as walking
or climbing stairs. Even after surgery, 40% of
these patients remain limited in exercise. There
is evidence that 67-82% of dialysis patients and
43% of recipients have symptoms of mild fa-
tigue and fatigue [Evans R et al., 1985].
Physical exercise in the early period after trans-
plantation significantly improves functionality
compared to their preoperative state, but exercise
tolerance remains below normal. At the same time,

in seriously ill patients, the improvement of func-
tional capabilities may not occur immediately
[Painter P et al., 2003].

After surgery, patients cannot always lead an ac-
tive lifestyle and endure physical activity in full.
Limitations in physical activity are associated with
many factors: cardiac muscle dysfunction, gluco-
corticosteroid and immunosuppressive therapy,
high levels of uremic toxins, anemia, vegetative
dysfunction, and muscle fatigue. Found that patients
with anemia in the stage of terminal renal failure
muscle weakness due to the violation of tolerance to
physical exercise. Painter P.L. and co-authors (1986)
also reported that Vo2max (maximum oxygen up-
take — IPC) in dialysis patients was half the normal
value in healthy individuals of the same age.

Physical exercises carried out during or in the
intervals between hemodialysis sessions improve
the performance of IPC. In a randomized study of
patients after kidney transplantation, the role of
exercise in increasing exercise tolerance was es-
tablished. Exercises help to increase the strength
of skeletal muscles, improve joint flexibility and
balance [Painter P et al., 2003].

There is a close physiological and functional
connection between muscle activity and the work
of the urinary system. It is known that the kidneys,
like any organ of our body, need training.

Hypodynamia disrupts the activity of the urinary
system and adversely affects the human condition
as a whole. Therefore, physical therapy is an impor-
tant component of treatment and rehabilitation of
people with kidney disease. Regular physical exer-
cises increase the functional capacity of the patient,
thus increasing the physical performance necessary
for successful rehabilitation [Painter P et al., 2003,
Van den Ham E et al., 2007].

Thus, physiological changes, that are specific
for patients with chronic kidney disease, as well as
for recipients with a donor kidney, determine the
need to include physical exercises in the program
of medical rehabilitation [Romano G et al., 2017].

The study of the functional state and adaptive
reserves of the body depending on the level of
physical activity at the stages of medical rehabili-
tation is an actual problem, and its solution helps
to optimize the development of complex rehabili-
tation programs.
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Fi1cure 1. Comparative evaluation of the functional
state of the organism in groups I (left column) and
11 (right column) before surgery with group 111
(curve) with the components of the integral health
score scale (general reserves, physical reserves,
mental reserves, adaptation reserves).

MATERIAL AND METHODS

A total of 57 recipients of donor’s kidney (25
women, 32 men, average age 35+£9.65 years) were
observed. In all cases end-stage renal disease was
the reason of transplantation. Depending on the
programs of physical rehabilitation, patients were
categorized into 2 groups: 30 participants, ranging
in age from 21 to 55 years and passing all 3 stages
of rehabilitation, formed I group; II group con-
sisted of 27 patients, ranging in age from 20 to 57
years, who had only 1 stage of medical rehabilita-
tion. Group III included 30 relatively healthy peo-
ple at the age of 19-56, who did not need an organ
transplant, had a normal lifestyle and didnot do
sports and fitness. All groups were comparable by
sex and age, and I and II groups were also compa-
rable due to the causes of end-stage renal disease,
the length of time spent on substitutive renal ther-
apy before surgery and the function of the trans-
plant after the operation.

According to the evaluation of the functional
state of the patients after transplantation, an algo-
rithm of physical rehabilitation was developed.
Each phaseof this algorithm included a complex of
exercise therapy and “dosed” walking, which were
limited and changed depending on the functional
state of the recipient and the phase of postopera-
tive rehabilitation.

The physical load was dosed using the Borg’s
scale of perceived exertion. To estimate the effec-
tiveness of physical rehabilitation at 1, 3, 6 and 12
months after transplantation, the functional condi-
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Fi1Gure 2. Dynamics of physical reserves indices of
groups I and II (left and right columns correspond-
ingly) at different times of the postoperative period,
and group III (curve).

tion and adaptive reserves of the organism were as-
sessed using the hardware-software complex
“Sources of Health”. Group III was also tested for
comparison.

The result of testing is a comprehensive assess-
ment of health reserves — an “integral health
score”. The components of the integral health
score scale are general reserves (GR), physical re-
serves (PR), mental reserves (MR), and adaptation
reserves (AR) [Balandin Yu, Generalov V, 2004].

Dynamics of the integral health score, ex-
pressed as a percentage of the maximum possible
value, allows an objective assessment of the effec-
tiveness of treatment and rehabilitation events and
training activities. In this case, the effect of the
spent recovery or treatment is dependent on the in-
crease in the “amount of health”, and not on the
decrease in the “amount of disease” [Patcai J et
al.,, 2013; Crouch R, 2013].

Statistical analysis was performed using SPSS
Statistics 17.0 and MS Excel. Whereas normal
sampling distribution was not obtained at a given
sample size, a nonparametric Mann-Whitney U
criterion was used to determine the significance of
differences between the three groups (p<0.05).
The arithmetic mean and standard deviation were
calculated.

RESULTS AND DISCUSSION

According to the values of general, physical,
mental and adaptive health reserves indices, there
were no significant differences across all scales in
groups I and II before surgery (Fig. 1). However,
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FIGURE 3. Dynamics of mental reserves indices of
groups I and Il (left and right columns correspond-
ingly) at different times of the postoperative period,
and group III (curve).

all indices of I and II groups are lower than the
corresponding parameters in III group. It confirms
the negative effect of chronic renal failure and di-
alysis on the functional state and adaptive reserves
of the body.

Comparing the average indices of PR of pa-
tients in I and II groups before surgery, as well as
after 1, 3, 6 and 12 months after transplantation,
the following results were obtained (Fig. 2). PR
index before the operation in I (27.943.4) and II
(26.5£3.8) groups did not differ significantly
(p>0.05), and was lower by 11.7% than the same
parameter in healthy people (p<0.05).One month
after the operation, a decrease of PR index in I
(18.24£3.5) and in II (17.743.02) groups was ob-
served, with no significant difference between the
groups (p>0.05).Three months after the operation,
a significant increase of PR index (by 6.3%)was
observed in I group compared to II (p<0.05), and
after 6 months, this index remained significantly
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FIGURE 5. Dynamics of general reserves indices of
groups I and Il (left and right columns correspond-
ingly) at different times of the postoperative period,
and group III (curve).
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FIGURE 4. Dynamics of adaptation reserves indices of
groups I and I (left and right columns correspond-
ingly) at different times of the postoperative period,
and group III (curve).

higher (by 5.4%) in I group compared to II. Twelve
months after the operation, PR index of I group in-
creased (41.7£6.0) (p<0.05) by 9.6% compared to
IT group, that was obviously related to the exten-
sion of rehabilitation period to 12 months after sur-
gery in this group. In I group, the dynamics of PR
index was found to be higher than the mean values
in III group; however, these data were not statisti-
cally significant. This achievement and increase of
PR indices of patients in comparison with practi-
cally healthy people convincingly proved the effi-
cacy of a long program of physical rehabilitation
using an individualized approach during the first
year after surgery.

Before surgery, MR index in I (57.9+£3.9) and 11
(54.94£5.6) groups did not differ (p>0.05), but it
was significantly lower (by 26.1%) than in III
group (p<0.05). In one month after surgery, the in-
crease of MR index was 7.8% and 8.4% (I and II
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FI1GURE 6.Comparative evaluation of the functional
state of the organism in groups I (left column) and
11 (right column) before surgery with group I11
(curve) with the components of the integral health
score scale (general reserves, physical reserves,
mental reserves, adaptation reserves) in a year.
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groups, respectively; p<0.05), which can be ex-
plained by the positive attitude and high motiva-
tion of patients. Three months after surgery, a sig-
nificant increase of MR index (5.8%) was noted in
I group in comparison with II (p<0.05). After 6
months, MR index remained significantly higher
(by 6.6%) in I group compared to II group. One
year after the operation, the level of MR index in-
creased by 12.2% (p<0.05) in I group in compari-
son with II, which was obviously related to the ex-
tension of physical rehabilitation period to 12
months in this group. In I group, changes of MR
index were higher than the mean values of III
group, however, they were not statistically signifi-
cant (Fig. 3). The observed dynamics of MR indi-
ces in the kidney recipients compared to practi-
cally healthy people also demonstrate the effec-
tiveness of physical rehabilitation methods in pa-
tients of I group.

Before surgery, AR index in I (58.2+3.7) and II
(57.4+5.4) was higher than in a month after the op-
eration (49.9+4.3 and 47.2+7.8, respectively;
p<0.05). Three months after operation, AR index
increased in I (by 5.3% ) group in comparison with
II (p>0.05), and after six months AR index in-
creased significantly (by 7.0%) in I group com-
pared to II. Twelve months after the operation, AR
index increased by 14.9% in I group compared to
II group (p<0.05), which is obviously related to the
extension of physical rehabilitation during the first
year after surgery in this group. In group IAR
index was higher than the mean values of I1I group
by 12.5% (p<0.05) (Fig. 4).

Before surgery GR index did not differ in I, II
groups and was lower (by 13.5%)in comparison
with the corresponding parameter of III group (p
<0.05). One month after the operation, a decrease of
GR index was noted in I (25.6£4.01) and II
(24.9£3.6) groups, with no significant differences
between the groups (p>0.05). Three months after
surgery, an increase of GR index (by 11%) was ob-
served in [ group, compared with II group (p<0.05).
After six months GR index remained higher (by
10%) in I group than the same one in II group. After
twelve months GR index value increased by 13.8%
in I group compared with the same parameter of II
group and did not differ statistically from the value
of healthy people group (p<0.05) (Fig. 5).

One year after the operation, there was a sig-

nificant improvement of all health indices in I
group in comparison with Il group (p<0.05): GR
by 13.6%, PR by 9.8%, MR by 12.4%, and AR by
15.5%. At different times after the operation, II
group showed improvement in the components of
the integral index of health compared to the preop-
erative period, but a year later the indices were
lower (p<0.05) than in III group: GR by 12.9%, PR
by 5.8%, MR by 10.2% and AR by 2.7% (Fig. 6).

It was shown that integral health indices of pa-
tients in I group became higher in a year after sur-
gery (GR 0.7%, PR 4%; AR 12.8%), that is related
with either efficacy of physical activity or kidney
normal function after transplantation. Increase of
MR index (2.2%) can be due to development of
physical strength and the ability to feel a full-
fledged workable person in the contrast of sensa-
tions before surgery. There were no significant dif-
ferences in usual life of participants of III group
because these people didn’t have a necessity to do
physical education and tolead a healthy life, that is
related withthe lack of disease, surgery, risk of
death, feelings of helplessness, etc., that’s why in-
dices of I group patients became significantly
higher (p<0.05) (Fig. 6).

Discussion

In accordance with the obtained results, there
were no statistically significant differences in physi-
cal and mental health indicators in patients from I and
II groups in the preoperative period. However, all the
indicators were significantly lower than in the group
of healthy people, which confirms the negative effect
of chronic renal failure and dialysis on the functional
state and adaptive reserves of the body. These data
correspond to previous studies. Thus, there is evi-
dence that chronic renal failure is associated with
long-term psychological effects on patients undergo-
ing hemodialysis [Anees M et al., 2008]. A chronic
disease, such as kidney failure, is a continuous and
usually lengthy process. In the pre-operative period,
the patients need to adapt their lifestyle to dialysis
treatment. Patients with kidney disease undergoing
regular dialysis have decreased indicators of both the
physical and mental health components [Koutsopou-
lou-Sofikiti E et al, 2009]. The complexity and
chronic nature of the disease affect the life quality of
patients with chronic kidney failure and reduce their
life expectancy [Anees M et al., 2011].
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Analysis of the health indices in I and II groups
one month after the operation demonstrated that
the physical health indices decreased significantly,
that can be explained by influence of the serious
surgery procedure of kidney transplantation. By
contrast, the index of mental health significantly
increased in both groups compared to the preoper-
ative period, which is obviously due to the pa-
tient’s high motivation for the long-awaited opera-
tion. At the same time, all indicators remained sig-
nificantly lower in comparison with III group. In a
previous randomized study, a significant effect of
the kidney transplantation operation on both the
psychological and physical components of health
was shown, and the positive effect of physical ex-
ercise on patients with a donor kidney was also
confirmed [Painter P et al., 2002].

We also observed an increasing difference be-
tween I and II groups at 3, 6 and 12 months after
surgery in terms of GR, PR, MR, and AR indexes,
which were better in I group (p<0.05). This obser-
vation confirms long-term benefits of regular
physical activity in patients after kidney transplan-
tation. A number of studies have shown that physi-
cal exercises improve physical performance, in-
crease muscle strength, improve blood pressure
control, etc. [Painter P et al., 2002; Van den Ham
Eetal, 2007; Romano G et al., 2017].

Thus, patients with regular physical activity
have improved health indicators, and the presented
data indicate the effectiveness of the developed
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