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Abstract

Background

During hematopoietic stem cell transplantation (HSCT) the patients perform activities of low
and moderate intensity because have reduced hematological lineages, leaving them sus-
ceptible to hemorrhagic events. The objective of this study was to describe the frequency of
bleeding events, severity, and possible association with physical exercise in thrombocytope-
nic patients.

Methods

A retrospective study with seventy-seven HSCT patients hospitalised, that had a platelet
count < 50,000 /uL and received physical exercise during physiotherapy intervention.

Results

Regarding bleeding events, only six were related to physical exercise, and bleeding events
occurred more frequently at platelet levels < 10,000 /uL. The most frequent bleeding event
was epistaxis, considered of low severity, and with the moderate possibility of being related
to physical exercise; followed by extremity hematoma, considered of medium severity and
highly related to physical exercise. In this study, there was no occurrence of bleeding events
considered of high severity.

Conclusion

Bleeding frequency in supervised physical exercise during physiotherapy in adults with
thrombocytopenia undergoing HSCT is minor and relatively rare but occurs more frequently
in patients with platelet count <10,000 /uL. These results encourage the maintenance of
physical activity in this population who is at high risk of developing immobility-related
complications.
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Introduction

Hematological neoplasms comprise a wide category of alterations that affect the functioning of
the bone marrow and lymphoid organs, compromising the production and function of
hematopoietic cells [1, 2]. In 2018, the World Health Organization (WHO) estimated 509,590
cases of Non-Hodgkin’s Lymphoma and 437,033 cases of Leukemia [3]. In Brazil, epidemio-
logical data of the National Cancer Institute (INCA) estimated 5,940 new cases of leukemia for
the 2018-2019 biennium, the most prevalent hematological neoplasm, followed by Non-Hodg-
kin and Hodgkin’s lymphomas, respectively [1].

The treatment of hematological malignancies involves intense medical regimens, and
in some cases, Hematopoietic Stem Cell Transplantation (HSCT), resulting in extended
periods of hospitalization, high risk of infection and re-hospitalizations, interfering with
biological, psychological and social aspects of patients and family members [2, 4]. During
the pre-and post-HSCT period, the recipients are susceptible to the toxicities of condi-
tioning with myeloablative chemotherapy, radiotherapy, and complications resulting
from HSCT, which have deleterious effects on the cardiorespiratory and musculoskeletal
system. Also, the time of prolonged inactivity causes the decline of physical and func-
tional capacity, affecting the quality of life of the patient [5, 6]. Additionally, these
patients develop severe thrombocytopenia, increasing their predisposition to bleeding
[7, 8].

For a long time, absolute rest has been indicated for thrombocytopenic patients; however,
studies indicate a strong correlation between immobility and a vicious cycle of physical dys-
function, which results in a rapid and irreversible loss of function, increased morbidity, and
mortality [9, 10]. In this context, studies have demonstrated the positive effect of early physio-
therapy interventions in HSCT recipients [11, 12] showing that physical exercise can reduce
the decline in physical performance, cytopenia, and hospital stay [13, 14]. However, safety lev-
els of platelet counts and erythrocytes for physical exercise are not fully established in the liter-
ature [15]. Current publications propose that patients with platelet counts between 50,000
30,000 /uL perform exercises of moderate-intensity and active range of motion; 30,000-20,000
/uL walking, non-strenuous exercises, and fall prevention; and <20,000 /pL activities of daily
living with caution for the risk of falls [16].

The literature is scarce about the safety and complications of physical exercise in patients
with platelet counts less than or equal to 50,000 /uL. Thereby, studies that evaluate the fre-
quency of bleeding events, their severity, and possible association with physical exercise in
thrombocytopenic patients before and after HSCT, during the hospitalization period are nec-
essary. This study aimed to describe the bleeding frequency, its severity, and its association
with the physical exercise during physiotherapy intervention of thrombocytopenic HSCT
recipients hospitalized in a Bone Marrow Transplant (BMT) unit.

Materials and methods
Ethical aspects

The study follows the ethical precepts established by the National Health Council (NHC) by
number 466/12 and was approved by the Institutional Research Ethical Committee of the Hos-
pital Sirio-Libanés (number 2,116,361).

Characterization of the study

It is characterized as a retrospective study using a sample of hospitalised patients in the
BMT unit in a private hospital, Sao Paulo, Brazil, who received physical exercise during
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physiotherapy intervention between January 2011 and December 2015. The study included
patients aged > 18 years, who had undergone HSCT, that had a platelet count <50,000 /uL.
They were observed from the introduction of the HSCT conditioning until 30 days after
the transplant. Patients were divided into five groups according to the degree of thrombo-
cytopenia (<10,000; 10,001-20,000; 20,001-30,000; 30,001-40,000; 40,001-50,000 /pL).
We excluded patients who had an incomplete or unavailable medical history and/or prior
coagulopathy.

Data collection

For data collection, an instrument form was developed by the authors based on information
from the literature and from the professional experience of the researchers and multidisciplin-
ary team. The information contained in the electronic medical records of each patient was
accessed to fill out the form.

The instrument form presented the following items:

« Patient’s medical chart number.

o Age, gender, weight, height, and ethnicity.

« Baseline disease that led to the indication for HSCT and the type of HSCT.

o Laboratory information including daily platelet count.

o Medical information including a description of events, including bleeding episodes.

« Description of hemorrhagic complications (type, severity, and complications) that occurred
during the conditioning period and 30 days after HSCT.

The instrument forms were filled by the researchers daily on information on medical,
physiotherapeutic, and nursing team records. Hematological complications were consid-
ered to be related to physiotherapy if their relationship was observed and registered. Every
occurrence of a bleeding episode was computed; however, if the same event of bleeding in
the same patient was documented in multiple days in the medical records, it was considered
only as one event.

In this study, any physical exercise supervised by the physiotherapist during hospitalization
at the BMT unit was considered a physiotherapeutic procedure, following the institution’s
standards. Usually, the time of each session was about 30 to 50 minutes, including aerobic,
resistance, active, passive, and stretching exercises. The time and intensity of the physical exer-
cise program were prescribed according to the patient’s functional level, clinical condition,
and therapeutic goal.

Bleeding frequency

It consists of simplifying the number of significant bleeds that occurred in a certain period,
that is [17]:

number of bleeds

Bleeding frequency = At

It is used to quantify the frequency of bleeding in certain populations. The higher the value,
the greater the occurrence of bleeding in a given time (Af). In this study, the (Af) was consid-
ered the number of days of physiotherapy intervention.
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Bleeding classification

Bleeding events were classified according to severity (Low Severity, Moderate Severity, and
High Severity) and attribution to physical exercise (Highly Likely, Moderate Possibility, and
Highly Unlikely) based on criteria in the literature [16]:

1. Low Severity (LS): no need for medical intervention.

2. Moderate Severity (MS): medical or nursing intervention was necessary, but it did not affect
the patient’s physiotherapy intervention.

3. High Severity (HS): it resulted in the suspension of physiotherapy intervention or transfer
of the patient to an environment of greater complexity.

The contribution of physical exercise to bleeding was categorized as:
1. Highly Likely (HL): extremity hematoma and cerebral haemorrhage.
2. Moderate Possibility (MP): hematuria, epistaxis, and ecchymosis.

3. Highly Unlikely (HU): hemoptysis, gastrointestinal bleeding, oral and tongue bleeding, and
menstrual/vaginal bleeding.

Data analysis

Data regarding age and hospital length of stay were expressed by the median and interquartile
range. Body mass index (BMI) was expressed by the mean and standard deviation. The demo-
graphic and clinical characteristics were analysed, expressed by absolute values and percentage
of the occurrence. The bleeding frequency was obtained using the formula: Bleeding
frequency = Total number of bleeds/ Total number of days of physiotherapy intervention.

Results

The sample consisted of 77 patients, 40 men (52%), and 37 women (48%), with a median age
of 54 [38.7-66] years and a BMI of 25.4 + 4.5 kg/m”>. The predominant type of HSCT was allo-
geneic (n = 41; 54%), being 30 related (39%) and 11 unrelated (15%), followed by autologous
HSCT (n = 36; 46%). A total of 1341 days of physiotherapy sessions were analysed in a median
hospital length of stay of 30 [23-35] days. The patients presented 1315 (98%) days of physio-
therapy sessions with aerobic exercises, 1287 (96%) with resistance exercises, 36 (2.7%) with
active exercises, 18 (1.3%) passive exercises, and 1341 (100%) with stretching exercises.

A higher occurrence of platelet count was observed on admission, between 30,001-50,000
/uL (n = 60, 78%), and during the physiotherapy period between 10,001-30,000 /pL (n = 742
sessions, 55%) (Fig 1). Table 1 shows the demographic and clinical characteristics of the
patients and platelet scores.

During the hospitalization, there were 164 records of adverse events; however, only 49
events were episodes of bleeding, of which, six bleeding events were related to the physiother-
apy intervention, these bleeding events were present more frequently in patients with platelet
levels < 10,000 /uL (n = 04, 67%). These data are shown in Table 2.

Bleeding events (n = 06) were classified according to the severity and its association with
physical exercise during physiotherapy intervention (Table 3). The most frequent event was
epistaxis (n = 03, 50%), considered of low severity and with a moderate possibility of being
related to physical exercise; followed by an extremity hematoma (n = 02, 33%), considered of
moderate severity, and highly likely to be related to physical exercise in the physiotherapy
intervention. In this study, there was no bleeding event considered of high severity.
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Hospitalised patients in a bone marrow

transplantation unit

77 patients

1341 days of
physiotherapy

164 records of
adverse events

49 bleeding events

43 not related to 6 related to
physical exercise physical exercise

Fig 1. Number of patients, number of adverse events and number of bleeding-related or not to physical exercise.

https://doi.org/10.1371/journal.pone.0255413.9001

The bleeding frequency values for physiotherapy days are shown in Table 4. The bleeding
frequency was low during physiotherapy in all ranges of thrombocytopenia, but bleeding
events are more frequent in patients with platelet count < 10,000 /pL.

Discussion

This retrospective study sample involved a greater number of male individuals (52%), aged
over 30 years (83%), with a higher occurrence of related allogeneic HSCT (39%) and an aver-
age duration of hospitalization period of 32+13.27 days. Epidemiological data in Li et al.

(2016) [18] found most prevalent hematologic malignancies in the male population (55.7%),
and that it can be diagnosed at any age may vary from 15.3 years, as in leukemia lymphoblastic,
to 77.3 years, as in chronic myelomonocytic leukemia, which may justify the mean and stan-
dard deviation of age in our study of 50.50+16.34. Data from the Worldwide Network for
Blood and Marrow Transplantation (2015) [19] regarding the use of HSCT as a therapeutic
intervention for hematologic disorders demonstrate increased use of the allogeneic HSCT type
in Pan-American regions in recent decades. Between 1996 and 2005, 51,347 were registered,
and from 2006 to 2012, 54,437 (46%) were allogeneic HSCT, corroborating the occurrence of a
higher number of allogeneic HSCT in our study.

Concerning physical exercise during physiotherapy intervention, Fu et al. (2018) [16]
assessed the frequency of bleeding, severity, and attribution to physical exercise in 133 patients
with hematological malignance with severe thrombocytopenia (< 20,000/puL) during the reha-
bilitation period and showed 97 bleeding events, being considered of low (n = 72, 74%),
medium (n = 14, 14%) and high (n = 11, 11%) severity. Regarding their relation to physical
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Table 1. Demographic and clinical characteristics of patients.

Variables Total = 77
Age (years)
18-30 13 (17%)
30-60 35 (45%)
>60 29 (38%)
Gender
Male 40 (52%)
Female 37 (48%)
BMI (Kg/m?) 254145
Ethnicity
White 74 (97%)
Hispanic 1(1%)
Blacks 2 (2%)
Primary cancer
Leukemia and pre-leukemic syndrome 29 (38%)
Lymphoma 24 (32%)
Multiple Myeloma 14 (19%)
Others 10 (11%)
HSCT type
Allogenic 41 (54%)
Allogenic related 30 (39%)
Allogenic unrelated 11 (15%)
Autologous 36 (46%)
Platelet count at admission (/uL)
<10,000 02 (03%)
10,001-20,000 04 (05%)
20,001-30,000 11 (14%)
30,001-40,000 25 (33%)
40,001-50,000 35 (45%)
Platelet count during rehabilitation (/uL)
<10,000 146 (11%)
10,001-20,000 387 (29%)
20,001-30,000 355 (26%)
30,001-40,000 249 (19%)
40,001-50,000 204 (15%)

Abbreviations: BMI: body mass index; Kg: kilogram; m*: square meter; uL: microliter. Data present in

mean * standard deviation or frequency (%).

https://doi.org/10.1371/journal.pone.0255413.t001

exercise, 74 (76%) were of moderate possibility, 19 (20%) were highly unlikely, and 4 (4%)
highly likely to be related to physical exercise. The one event of high severity and highly attrib-
uted to physical exercise was cerebral bleeding. In this study, the bleeding rate was greater in
patients with counts platelets of <10,000 and 10,000-15,000 (bleeding frequency is 0.17 and
0.37, respectively). In our study, the bleeding frequency was also more frequent in patients
with thrombocytopenia <10,000 when compared to the other thrombocytopenia ranges.
However, it was lower than in the study by Fu et al. (2018) (0.02 vs 0.17, respectively).

Neal et al. (2018) [20] evaluated the frequency of bleeding events in 278 cancer patients that
were referred to daily rehabilitation. The bleeding was classified by the WHO bleeding scale
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Table 2. Bleeding events according to platelet count.

Platelet count (/uL) Absolute Bleeding events Absolute bleeding related to physical exercise
<10,000 08 04 (03 Epistaxis and 01 extremity hematoma)
10,001-20,000 21 01 (Extremity hematoma)
20,001-30,000 11
30,001-40,000 04 01 (Hematuria)
40,001-50,000 05 -
Total 49 06

Abbreviations: pL: microliter.

https://doi.org/10.1371/journal.pone.0255413.t1002

ranging from Grade I-IV. During the rehabilitation period, 34 patients (28.6%) had at least
one bleeding episode, with 12 patients having multiple bleeding episodes, totaling 56 events.
Most of the bleeding events (n = 49, 87.5%) were considered to be of moderate severity rated
as Grade I and II, and seven (5.8%) were considered as Grade IV. Statistical analysis showed
no association between platelet count and severity of the event, including very low platelet
counts (<11,000, p = 0.106 or 11,000 to 20,000/uL p = 0.319). However, unexpectedly, there
was a higher occurrence of bleeding in patients with platelet count > 51,000 /uL (n = 35,
62.5%), differently from the results of our study and Fu et al. (2018) [16], which demonstrated
a higher occurrence of bleeding with platelet count <10,000/uL but corroborates the data of a
higher occurrence of low and medium severity bleeding. However, factors as the different
types of cancer and the presence of patients using antiplatelet agents and anticoagulants make
it more difficult to compare the studies’ results.

However, studies by Elter et al. (2009) [15] and Morishita et al. (2013) [21] did not find
bleeding events in their samples. The study by Elter et al. (2009) [20] evaluated patients with
hematological neoplasms who received high doses of chemotherapy and underwent submaxi-
mal aerobic exercise protocol. During the execution of the protocol, no patient with platelet
count <10,000/pL presented bleeding and no patient with hemoglobin count < 8 g/uL had
severe tachycardia. Accordingly, Morishita et al (2013) [21] evaluated physical exercise in
patients with allogeneic HSCT during the cytopenic period and demonstrated that no bleeding

Table 3. Bleeding characteristics, severity, and attribution to physical exercise.

Frequency (%)
Severity of bleeding
High
Moderate 3 (50%)
Low 3 (50%)
Bleeding attributed to physical exercise
Highly likely 2 (33%)
Moderate possibility 4 (67%)
Highly unlikely
Bleeding (Severity, attribution to physical exercise)
Epistaxis (L,MP) 3 (50%)
Hematuria (M,MP) 1 (17%)
Extremity hematoma (M,HL) 2 (33%)

Abbreviations: H: High, M: Moderate, L: Low; HL: Highly likely, MP: Moderate possibility, HU: Highly unlikely.

https://doi.org/10.1371/journal.pone.0255413.t003
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Table 4. Bleeding frequency: Platelet counts (/pL) during physical therapy (number of bleeding/days of
physiotherapy).

<10,000 (04/146) 0.0273
10,001-20,000 (01/387) 0.0026
20,001-30,000 (0/355) 0
30,001-40,000 (1/249) 0.0040
40,001-50,000 (0/204) 0

pL: microliter.

https://doi.org/10.1371/journal.pone.0255413.1004

event occurred in the group that received the intervention with physical exercise. There was
also no dizziness or tachycardia.

This divergence in the literature studies may be related to bleeding spontaneously occurring
in patients with thrombocytopenia, in which bleeding is not related exclusively to the severity
of thrombocytopenia, but the combination of multiple factors, as pointed by Ho-Tin-Noé et al.
(2017) [22]. The authors suggest that the association of thrombocytopenia and the inflamma-
tory process may induce bleeding, and not only the severity of thrombocytopenia. Also, other
factors can predispose to bleeding such as age range. Toseto et al. (2013) [17] indicated a
higher incidence of bleeding in older patients. This demonstrates that the cause of bleeding is
multifactorial in thrombocytopenic patients and, therefore, is not only related to the severity
of thrombocytopenia.

Hemorrhagic cystitis is often a serious complication of HSCT, with the potential to cause sig-
nificant morbidity [23]. It occurs in up to 70% of hematopoietic stem cell transplant recipients
and is associated with prolonged hospitalization [24, 25]. However, the patient who presented
hematuria after exercise in the present study showed negative tests for viral or bacterial infec-
tions. In addition, showed spontaneous improvement without any clinical intervention. Multi-
ple studies have shown that clinically significant haematuria is relatively common after exercise
[26-28] and can be defined as hematuria that occurs after strenuous exercise and resolves with
rest in individuals with no apparent underlying kidney or urinary tract pathology [29].

Although epistaxis occurred after physical exercise and its association with physical exercise
is reported in medical records, we cannot exclude other primary causes. Spontaneous epistaxis
presents several factors such as local nasal inflammation, medication, platelet and coagulation
abnormalities, and hereditary hemorrhagic telangiectasia [30]. In addition, for a long time,
hypertension was considered to be a major cause of spontaneous epistaxis, however, this topic
appears to be more controversial in literature [31, 32]. Therefore, the present study considers
epistaxis as a moderate possibility of being related to physical exercise.

Lastly, chemotherapy may induce fatigue and a severe decrease in muscle strength, espe-
cially in striated muscles which may be further aggravated by reduced physical activity [33]. In
patients that did not perform physical exercise and who were receiving chemotherapy for lym-
phoma, there was a decrease of up to 14.6% in muscle strength [34]. In our study, we showed
that the bleeding frequency is low without highly severe events. The physical exercise practice
is important to enhance the gain or maintenance of muscle strength and functionality during
the hospital stay in patients undergoing HSCT [35].

To summarize, the bleeding frequency was low during physiotherapy in thrombocytopenic
patients undergoing HSCT in all ranges of thrombocytopenia. There was no bleeding of high
severity or highly attributed to physical exercise supervised by the physiotherapist, but bleed-
ing events of medium and low severity and medium and low attribution to physical exercise
are more frequent in patients with platelet count <10,000 /pL.
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Conclusion

Bleeding frequency in supervised physical exercise during physiotherapy in adults with throm-
bocytopenia undergoing HSCT is minor and relatively rare but occurs more frequently in
patients with platelet count <10,000 /uL. These results encourage the maintenance of physical
activity in this population who is at high risk of developing immobility-related complications.

Acknowledgments

The authors acknowledge the Ministério da Saude—Brasil and Hospital Sirio-Libanés.

Author Contributions

Conceptualization: Erick Alvaro Grencheski, Margarete Noriko Kochi, Tabata Maruyama
dos Santos, Renato Fraga Righetti.

Data curation: Erick Alvaro Grencheski, Margarete Noriko Kochi, Flavia Vanessa Aurea
Politi.

Formal analysis: Erick Alvaro Grencheski, Wellington Pereira Yamaguti, Renato Fraga
Righetti.

Investigation: Erick Alvaro Grencheski, Margarete Noriko Kochi.
Methodology: Christina May Moran de Brito, Renato Fraga Righetti.
Project administration: Renato Fraga Righetti.

Supervision: Renato Fraga Righetti.

Writing - original draft: Erick Alvaro Grencheski, Tabata Maruyama dos Santos, Wellington
Pereira Yamaguti, Renato Fraga Righetti.

Writing - review & editing: Flavia Vanessa Aurea Politi, Christina May Moran de Brito, Wel-
lington Pereira Yamaguti.

References

1. Brazil. National Cancer Institute: Prevention and Surveillance Coordination. Estimate 2018: Incidence
of Cancer in Brazil. Rio de Janeiro: INCA; 2017.

2. Proenca SFFS Machado CM, Coelho RCFP Sarquis LMM, Guimardes PRB Kalinke LP. Quality of life
of patients with graft-versus-host disease (GvHD) post-hematopoietic stem cell transplantation. Rev.
Esc. Enferm. USP. 2016; 50 (6): 953-960. https://doi.org/10.1590/S0080-623420160000700011
PMID: 28198960

3. BrayF, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLO-
BOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2018; 68 (6): 394—424. https://doi.org/10.3322/caac.21492 PMID: 30207593

4. Gonzales MJ, Gross DM, Cooke E. Psychosocial aspects of hematologic disorders. In: Hoffman R et al.
Hematology: basic principles and practice. 7 edn. (Elsevier, Philadelphia, 2018) pp 1462-1472.

5. Mohammed J, Al Ghamdi A, Hashmi SK. Full-body physical therapy evaluation for pre- and post-
hematopoietic cell transplant patients and the need for a modified rehabilitation musculoskeletal specific
grading system for chronic graft-versus-host disease. Bone Marrow Transplantation. 2018; 53 (5):
625—627. https://doi.org/10.1038/s41409-017-0075-3 PMID: 29348574

6. Bom EA, Souza CV, Thiesen RAS, Miranda ECM, Souza CA. Evaluation of respiratory conditions in
early phase of hematopoietic stem cell transplantation. Rev. Bras. Hematol. Hemoter. 2012; 34 (3):
188-192. https://doi.org/10.5581/1516-8484.20120047 PMID: 23049417

7. Liebman HA. Thrombocytopenia in cancer patients. Thromb. Res. 2014; 133 (5): 63—69. hitps://doi.
org/10.1016/S0049-3848(14)50011-4 PMID: 24862148

PLOS ONE | https://doi.org/10.1371/journal.pone.0255413  July 30, 2021 9/11


https://doi.org/10.1590/S0080-623420160000700011
http://www.ncbi.nlm.nih.gov/pubmed/28198960
https://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
https://doi.org/10.1038/s41409-017-0075-3
http://www.ncbi.nlm.nih.gov/pubmed/29348574
https://doi.org/10.5581/1516-8484.20120047
http://www.ncbi.nlm.nih.gov/pubmed/23049417
https://doi.org/10.1016/S0049-3848(14)50011-4
https://doi.org/10.1016/S0049-3848(14)50011-4
http://www.ncbi.nlm.nih.gov/pubmed/24862148
https://doi.org/10.1371/journal.pone.0255413

PLOS ONE

Bleeding frequency during physiotherapy in thrombocytopenic patients

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Stanworth SJ. Risk of bleeding and use of platelet transfusions in patients with hematologic malignan-
cies: recurrent event analysis. Haematologica. 2015; 100 (6): 740—-747. https://doi.org/10.3324/
haematol.2014.118075 PMID: 25795717

Souza CV, Miranda ECM, Junior Garcia C, Aranha FJP, Souza CA, Vigorito AC. Functional evaluation
indicates physical losses after hematopoietic stem cell transplantation. Rev. Bras. Hematol. Hemoter.
2012; 34 (5): 345-351. https://doi.org/10.5581/1516-8484.20120090 PMID: 23125542

Kim SD, Kim HS. A series of bed exercises to improve lymphocyte count in allogeneic bone marrow
transplantation patients. European Journal of Cancer Care. 2006; 15 (5): 453—457. https://doi.org/10.
1111/j.1365-2354.2006.00668.x PMID: 17177902

Mohammed J, Al Ghamdi A, Hashmi SK. Full-body physical therapy evaluation for pre- and post-
hematopoietic cell transplant patients and the need for a modified rehabilitation musculoskeletal specific
grading system for chronic graft-versus-host disease. Bone Marrow Transplantation. 2018; 53 (5):
625-627. https://doi.org/10.1038/s41409-017-0075-3 PMID: 29348574

Bom EA, Souza CV, Thiesen RAS, Miranda ECM, Souza CA. Evaluation of respiratory conditions in
early phase of hematopoietic stem cell transplantation. Rev. Bras. Hematol. Hemoter. 2012; 34 (3):
188—192. https://doi.org/10.5581/1516-8484.20120047 PMID: 23049417

Dimeo F, Fetscher S, Lange W, Mertelsmann R, Keul J. Effects of Aerobic Exercise on the Physical
Performance and Incidence of Treatment-Related Complications After High-Dose Chemotherapy.
Blood. 1997; 90 (9): 3390-3394. PMID: 9345021

Jarden M, Hovgaard D, Boesen E, Quist M, Adamsen L. Pilot study of a multimodal intervention: mixed-
type exercise and psychoeducation in patients undergoing allogeneic stem cell transplantation. Bone
Marrow Transplant. 2007; 40 (8): 793-800. https://doi.org/10.1038/sj.bmt.1705807 PMID: 17704795

Elter T, Stipanov M, Heuser E, Von Bergwelt-Baildon M, Bloch W, Hallek M, et al. Is physical exercise
possible in patients with critical cytopenia undergoing intensive chemotherapy for acute leukaemia or
aggressive lymphoma? International Journal of Hematology. 2009; 90 (2): 199-204. https://doi.org/10.
1007/s12185-009-0376-4 PMID: 19629631

Fu JB, Tennison JM, Rutzen-Lopez IM, Silver JK, Morishita S, Dibaj SS, et al. Bleeding frequency and
characteristics among hematologic malignancy inpatient rehabilitation patients with severe thrombocy-
topenia. Supportive Care in Cancer. 2018; 26: 3135-3141. hitps://doi.org/10.1007/s00520-018-4160-y
PMID: 29594490

Tosetto A, Castaman G, Rodeghiero F. Bleeders, bleeding rates, and bleeding score. Journal Thromb.
Haemost. 2013; 11 (1): 142—-150.

LiJ, Smith A, Crouch S, Oliver S, Roman E. Estimating the prevalence of hematological malignancies
and precursor conditions using data from Haematological Malignancy Research Network (HMRN). Can-
cer Causes Control. 2016; 27: 1019—1027. https://doi.org/10.1007/s10552-016-0780-z PMID:
27351920

Gratwohl A, Baldomero H, Gratwohl M, Aljurf M, Bouzas LF, Hoeowitz M, et al. Worldwide Network for
Blood and Marrow Transplantation (WBMT). One million haemopoietic stem-cell transplants: a retro-
spective observational study. Lancet Haematol. 2015; 2 (3): 91-100.

Neal J, Shahpar S, Spill G, Semik P, Marciniak C. Bleeding events in thrombocytopenic patients with
cancer undergoing acute rehabilitation. Rehabilitation Process and Outcome. 2018; 7: 01-06.

Morishita S, Kaida K, Setogawa K, Kajihara K, Ishii S, Ikegame K, et al. Safety and feasibility of physical
therapy in cytopenic patients during allogeneic haematopoietic stem cell transplantation. European
Journal of Cancer Care. 2013; 22: 289-299. https://doi.org/10.1111/ecc.12027 PMID: 23252444

Ho-Tin-Noé B, Jadoui S. Spontaneous bleeding in thrombocytopenia: Is it really spontaneous? Transfu-
sion Clinique et Biologique. 2018; 25 (3): 210-216. https://doi.org/10.1016/j.tracli.2018.06.005 PMID:
30017659

Gorczynska E, Turkiewicz D, Rybka K, et al. Incidence, clinical outcome, and management of virus-
induced hemorrhagic cystitis in children and adolescents after allogeneic hematopoietic cell transplan-
tation. Biol Blood Marrow Transplant. 2005; 11(10):797-804. https://doi.org/10.1016/j.bbmt.2005.06.
007 PMID: 16182180

Shepherd JD, Pringle LE, Barnett MJ, et al. Mesna versus hyperhydration for the prevention of cyclo-
phosphamide-induced hemorrhagic cystitis in bone marrow transplantation. J Clin Oncol. 1991; 9
(11):2016-20. https://doi.org/10.1200/JC0O.1991.9.11.2016 PMID: 1941060

Tomonari A, Takahashi S, Ooi J, et al. Hemorrhagic cystitis in adults after unrelated cord blood trans-
plantation: a single-institution experience in Japan. Int J Hematol. 2006; 84(3):268—71. https://doi.org/
10.1532/1JH97.05169 PMID: 17050203

Mousavi M, Sanavi S, Afshar R. Effects of continuous and intermittent trainings on exercise-induced
hematuria and proteinuria in untrained adult females. NDT Plus. 2011; 4(3):217-8. https://doi.org/10.
1093/ndtplus/sfr011 PMID: 25984163

PLOS ONE | https://doi.org/10.1371/journal.pone.0255413  July 30, 2021 10/11


https://doi.org/10.3324/haematol.2014.118075
https://doi.org/10.3324/haematol.2014.118075
http://www.ncbi.nlm.nih.gov/pubmed/25795717
https://doi.org/10.5581/1516-8484.20120090
http://www.ncbi.nlm.nih.gov/pubmed/23125542
https://doi.org/10.1111/j.1365-2354.2006.00668.x
https://doi.org/10.1111/j.1365-2354.2006.00668.x
http://www.ncbi.nlm.nih.gov/pubmed/17177902
https://doi.org/10.1038/s41409-017-0075-3
http://www.ncbi.nlm.nih.gov/pubmed/29348574
https://doi.org/10.5581/1516-8484.20120047
http://www.ncbi.nlm.nih.gov/pubmed/23049417
http://www.ncbi.nlm.nih.gov/pubmed/9345021
https://doi.org/10.1038/sj.bmt.1705807
http://www.ncbi.nlm.nih.gov/pubmed/17704795
https://doi.org/10.1007/s12185-009-0376-4
https://doi.org/10.1007/s12185-009-0376-4
http://www.ncbi.nlm.nih.gov/pubmed/19629631
https://doi.org/10.1007/s00520-018-4160-y
http://www.ncbi.nlm.nih.gov/pubmed/29594490
https://doi.org/10.1007/s10552-016-0780-z
http://www.ncbi.nlm.nih.gov/pubmed/27351920
https://doi.org/10.1111/ecc.12027
http://www.ncbi.nlm.nih.gov/pubmed/23252444
https://doi.org/10.1016/j.tracli.2018.06.005
http://www.ncbi.nlm.nih.gov/pubmed/30017659
https://doi.org/10.1016/j.bbmt.2005.06.007
https://doi.org/10.1016/j.bbmt.2005.06.007
http://www.ncbi.nlm.nih.gov/pubmed/16182180
https://doi.org/10.1200/JCO.1991.9.11.2016
http://www.ncbi.nlm.nih.gov/pubmed/1941060
https://doi.org/10.1532/IJH97.05169
https://doi.org/10.1532/IJH97.05169
http://www.ncbi.nlm.nih.gov/pubmed/17050203
https://doi.org/10.1093/ndtplus/sfr011
https://doi.org/10.1093/ndtplus/sfr011
http://www.ncbi.nlm.nih.gov/pubmed/25984163
https://doi.org/10.1371/journal.pone.0255413

PLOS ONE

Bleeding frequency during physiotherapy in thrombocytopenic patients

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bellinghieri G, Savica V, Santoro D. Renal alterations during exercise. J Ren Nutr. 2008; 18(1):158—64.
https://doi.org/10.1053/}.jrn.2007.10.031 PMID: 18089464

Shephard RJ. Exercise proteinuria and hematuria: current knowledge and future directions. J Sports
Med Phys Fitness. 2016; 56(9):1060-76 PMID: 25854772

Jones GR, Newhouse |. Sport-related hematuria: a review. Clin J Sport Med 1997; 7:119. https://doi.
org/10.1097/00042752-199704000-00008 PMID: 9113428

Folz BJ, Kanne M, Werner JA. Current aspects in epistaxis. HNO. 2008; 56(11):1157-1165. https://doi.
org/10.1007/s00106-008-1838-3 PMID: 18936903

Page C, Biet A, Liabeuf S, Strunski V, Fournier A. Serious spontaneous epistaxis and hypertension in
hospitalized patients. Eur Arch Otorhinolaryngol. 2011; 268(12):1749-53. https://doi.org/10.1007/
s00405-011-1659-y PMID: 21656167

Sarhan NA, Algamal AM. Relationship between epistaxis and hypertension: A cause and effect or coin-
cidence? J Saudi Heart Assoc. 2015; 27(2):79-84. https://doi.org/10.1016/j.jsha.2014.09.002 PMID:
25870500

Gilliam LA, St Clair DK. Chemotherapy-induced weakness and fatigue in skeletal muscle: the role of oxi-
dative stress. Antioxid Redox Signal. 2011; 15: 2543-2563. https://doi.org/10.1089/ars.2011.3965
PMID: 21457105

Vermaete N, Wolter P, Verhoef G, et al. Physical activity and physical fithess in lymphoma patients
before, during, and after chemotherapy: a prospective longitudinal study. Ann Hematol. 2014; 93: 411—
424, https://doi.org/10.1007/s00277-013-1881-3 PMID: 23963412

Fioritto AP, Oliveira CC, Albuquerque VS, Almeida LB, Granger CL, Denehy L,et al. Individualized in-
hospital exercise training program for people undergoing hematopoietic stem cell transplantation: a fea-
sibility study. Disabil Rehabil. 2019; 11 (06): 01-07. https://doi.org/10.1080/09638288.2019.1626493
PMID: 31184516

PLOS ONE | https://doi.org/10.1371/journal.pone.0255413  July 30, 2021 11/11


https://doi.org/10.1053/j.jrn.2007.10.031
http://www.ncbi.nlm.nih.gov/pubmed/18089464
http://www.ncbi.nlm.nih.gov/pubmed/25854772
https://doi.org/10.1097/00042752-199704000-00008
https://doi.org/10.1097/00042752-199704000-00008
http://www.ncbi.nlm.nih.gov/pubmed/9113428
https://doi.org/10.1007/s00106-008-1838-3
https://doi.org/10.1007/s00106-008-1838-3
http://www.ncbi.nlm.nih.gov/pubmed/18936903
https://doi.org/10.1007/s00405-011-1659-y
https://doi.org/10.1007/s00405-011-1659-y
http://www.ncbi.nlm.nih.gov/pubmed/21656167
https://doi.org/10.1016/j.jsha.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/25870500
https://doi.org/10.1089/ars.2011.3965
http://www.ncbi.nlm.nih.gov/pubmed/21457105
https://doi.org/10.1007/s00277-013-1881-3
http://www.ncbi.nlm.nih.gov/pubmed/23963412
https://doi.org/10.1080/09638288.2019.1626493
http://www.ncbi.nlm.nih.gov/pubmed/31184516
https://doi.org/10.1371/journal.pone.0255413

