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ABSTRACT

Background: Lymphangioleiomyomatosis (LAM) is associated with progressive dyspnoea and
exercise intolerance, but despite the central role of physiotherapy on pulmonary rehabilitation,
there is a huge lack of physiotherapy approaches used specifically for LAM patients.

Objective: to identify the physiotherapeutic strategies used in the treatment of patients with LAM.
Materials and methods: This is a systematic review of literature. Searches were performed (in
PubMed, Lilacs, Embase and PEDro databases) with the keywords “Lymphangioleiomyomatosis”
and “Physiotherapy,” and its variations. Articles describing physiotherapy interventions were
included in the study. Data extracted from the studies were authors, year, country of publica-
tion, sample size, physiotherapy intervention, time/frequency/duration of intervention protocols,
instruments used to measure results and main findings. Methodological quality of studies was
evaluated by PEDro Scale (clinical trials), Newcastle-Ottawa Scale (NOS; observational studies)
and CARE checklist (case reports), respectively.

Results: A total of 82 articles identified, three duplicates were removed, 71 studies were excluded
after title and abstract reading and four after full-text reading, all due to absence of association
with the study topic. Four studies were included in the present review. Cardiorespiratory physio-
therapy with endurance and resistance training were identified as physiotherapeutic strategies to
improve lung function, functional capacity, depression symptoms and quality of life in LAM.
Conclusions: Endurance and resistance training is the keystone for physiotherapy in patients
with LAM, but despite the reported benefits, there is a huge lack of studies related to the
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modalities, safety and dosage of physiotherapy prescription for patients with LAM.

KEY MESSAGES

e Lymphangioleiomyomatosis (LAM), a rare disease, leads to progressive dyspnoea and exercise

intolerance;

e Physiotherapy can improve dyspnoea and exercise intolerance in LAM through endurance

and resistance exercises.

Introduction

Lymphangioleiomyomatosis (LAM) - a rare low-grade
neoplasia that almost exclusively affects women at
childbearing age - is characterized by cystic formation,
predominantly in lungs, lymphatics and kidneys, with
typical clinical manifestations of progressive dyspnoea,
recurrent pneumothorax, pleural effusion and exercise
intolerance [1-4]. LAM may occurs in patients with
tuberous sclerosis complex (TSC), an autosomal-domin-
ant disorder caused by mutations in the TSC1 or TSC2
genes, characterized by mental retardation, autism,

seizures and hamartomatous lesions in the brain, heart,
skin, kidney, eyes, lungs and liver. Also, noninherited
form of LAM (sporadic LAM) is caused by somatic muta-
tions of the TSC2 gene. The estimated LAM prevalence
is approximately 3.3-7.7 per 1,000,000 women [3].
Clinical manifestation of LAM may remain stable for
prolonged periods or evolve with rapid and progressive
symptoms and impairment of pulmonary function [4].
Thus, as soon as individuals progress with severely
impaired lung function (New York Heart Association
[NYHA] functional class Ill or IV), extremely compromised
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exercise capacity and need for oxygen therapy, the
Brazilian Society of Pulmonology and Tisiology recom-
mend lung transplantation, since therapeutic options are
limited [5].

In this context, it is important to monitor the decline
in lung function through imaging and pulmonary func-
tional tests (PFTs), monitoring the reduction of forced
expiratory volume in one second (FEV1) and carbon mon-
oxide diffusing capacity (DLCO), in addition to decline in
functional capacity, assessed by the physical therapist
through functional tests, such as the 6-minute walk test
(6MWT) [3, 5]. In addition, functional performance should
be monitored during exercise, either by maximal oxygen
consumption (VO,may) Obtained during a cardiopulmonary
exercise test (CPET) or by the 6MWT [3].

Non-pharmacological clinical strategies, such as cardio-
respiratory physiotherapy, already widely indicated for
patients with chronic lung diseases, can contribute reduc-
ing dyspnoea, increasing exercise tolerance, improving
lung function and quality of life in patients with LAM [6,
7]. However, although the European Respiratory Society
[7]1 mentions the pulmonary rehabilitation for the man-
agement of dyspnoea in LAM, the literature is scarce
regarding to the physiotherapy approaches used specific-
ally for LAM patients. Therefore, the objective of this
study was to identify physiotherapeutic strategies used in
the treatment of patients with LAM.

Materials and methods

This systematic review followed the recommendations of
the Preferred Reports Reviews for Systematic Reviews and
Meta-Analyses [8], as well as the Tutorial for Writing
Systematic Reviews [9]. The review protocol was published
in the PROSPERO registry database: CRD42021273260.

Search strategy

For the formulation of the clinical question of this sys-
tematic review we used the Population, Intervention,
Outcome (PIO framework — a variation of PICO frame-
work without control stage), considering as population:
LAM; as intervention: physiotherapy; and as outcomes:
physical therapy modalities that are being used (pri-
mary outcome) and rehabilitation effectiveness/exercise
tolerance/physical conditioning/functional independ-
ence/quality of life/mortality (secondary outcomes).
Bibliographic searches were performed in PubMed,
Lilacs, Embase and PEDro databases, without year and
language restrictions. The searches were realized in
October 2021 using the descriptors and synonyms as
follows: “Lymphangiomyomatosis” (OR “Lymphophan
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gioleiomyomatosis” OR “Lymphophangiomyomatosis”
OR ‘“lymphangiophangiomyomatosis” OR “Lymphan
giomyomatosis”) and “Physiotherapy” (OR
“Physiotherapy” OR “Rehabilitation” OR “Exercise” OR
“Pulmonary Rehabilitation”). The complete search strat-
egy can be found in (https://osf.io/k6qzw/). These terms
were based on a search in the Medical Subject
Headings (MeSH) list of PUBMED and Health Sciences
Descriptors (DeCS) of the Virtual Health Library. Initially,
the main researcher performed the search in all data-
bases using the Covidence systematic review software
(Veritas Health Innovation, Melbourne, Australia, avail-
able at www.covidence.org), identified and eliminated
duplicate articles. Then, two different researchers read
the titles and abstracts of all remaining articles, exclud-
ing those not related to the topic of the review.
Subsequently, two other researchers completed the
reading of the full text of the selected articles, realized
data extraction and evaluated methodological quality.

Eligibility criteria

Articles published in any language and year, describ-
ing physical therapy interventions in LAM patients
were selected for the review and were included in the
study. Abstract of congress or proceedings of events
were excluded from the study.

Data extraction

Two reviewers extracted data independently, being
blinded to the other research  decisions.
Disagreements were solved by the main researcher.
The data extracted from the studies were authors,
year of publication, country of origin, sample size,
physical therapy intervention, time/frequency/duration
of intervention protocols, instruments used to measure
results and main findings (outcomes).

Analysis of the methodological quality of
the studies

The methodological quality of the studies was
assessed according to the type of study. Clinical Trials
were evaluated using the PEDro Scale, which is a valid
and reliable instrument composed of 11 items that
analyse the methodological design and evaluate the
description of inclusion and exclusion criteria, blinding
of evaluators, therapists and patients, the allocation of
subjects, similarity of prognostic indicators between
groups, assessment of key outcomes in at least 85% of
subjects randomized between groups, analysis of key
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Identification of studies via databases and registers

Records identified from:
PubMed: (n= 36)
Embase: (n= 15)

Identification

Lilacs: (n=31)
PEDro (n=0)

Records removed before
screening:

A 4

Records screened

(n=79)

A\ 4

Reports sought for retrieval

(n=0)

\4

Duplicate records removed (n=3)

Records excluded

Absence of association with the
study topic. (n=71)

Reports not retrieved

v

Screening

Reports assessed for eligibility

(n=8)

v

(n=0)

Reports excluded:

v

Studies included in review

(n=4)

Included ]

Figure 1. Study flowchart.

outcomes by “intent to treat” when it was not possible
to receive the treatment or the condition control by
allocation, and the statistical description of intergroup
differences or measures of variability for at least one
key outcome [10].

Observational studies were evaluated using the
Newcastle-Ottawa Scale (NOS), which is a specific
instrument for case control and cohort studies, con-
sisting of three categories and eight items: selection (4
items), comparability (1 item) and outcome (3 items).
A study can be awarded a maximum of one star (*)
for each numbered item within the categories. A max-
imum of two stars can be given to each item in the
comparability category. Each star represents 1 point,
with the maximum scale score being 9 points [11].

The case reports were evaluated using CARE check-
list that have been developed by an international
group of experts to support an increase in the accur-
acy, transparency and usefulness of case reports [12].

v

Congress Abstracts (n=4)

Results

A total of 82 articles were selected, from those three
duplicates were removed and 71 were excluded after
title and abstract reading due to the absence of associ-
ation with the study topic. The remaining eight were
read in full text for screening for eligibility, four of
them were excluded for the absence of association
with the study topic. So, four studies were included in
this review (Figure 1), one case report (fulfilling 11 of
the 13 items on CARE checklist, which demonstrates an
adequate design for a case report), two non-random-
ized clinical trials (score ranging between 4 and 5
scores on the PEDro scale, which demonstrates a low
methodological quality) and one observational study
(score of 7 according to the NOS, which demonstrates
good methodological quality), and analysed based on
the score on the Physiotherapy Evidence Database
scale (Table 1), NOS and CARE checklist (Figure 2).
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ASSESSMENT INSTRUMENT

SCORING

PHYSIOTHERAPY EVIDENCE DATABASE (PEDRO) SCALE

1 2 3 4 6 7 8 9 10 11 Score
Araujo MS, Baldi BG,
Y N N Y N N Y Y Y Y 5/10
Freitas CSG et al. 2016.
Li X, Xu W, Zhang L et al.,
N N Y N N Y N N W 4/10
2020.
NEWCASTLE OTTAWA SCALE (NOS)
Design Selection Comparability Outcome Total
Gloeckl R, Nell C, Retrospective
2 2 719
Schneeberger T et al., 2020. cohort
CHECK LIST CARE (CARE)
1 2 3 4 5 6 7 8 9 10 11 12 13
Lowder, TW, 2020. Y Y Y N Y Y N7 Y Y Y Y N Y

Figure 2. Methodological quality assessment of the studies included in the review.

with LAM, the programme demonstrated being effect-
ive in improving exercise performance (assessed by
6MWT) and quality of life (assessed by SF-36) [13].

Discussion

In the studies included in this review, aerobic [6,13,14]
and the strength training [6,14] were the most used
physiotherapy techniques in LAM patients. Both,
according to the literature [6,16], are commonly used
as physiotherapy modalities in the rehabilitation of
individuals with pulmonary disease and are considered
low cost and easy to implement. Although there is no
cardiopulmonary rehabilitation guideline in LAM, the
European Respiratory Society [7] states that the bene-
fits of rehabilitation in COPD can be extrapolated
to LAM.

In the study by Li et al. [15], the practice of yoga
was used as a rehabilitation strategy, through postures
(asanas) and controlled breathing (pranayamas).
Although yoga is uncommon as a cardiopulmonary
rehabilitation tool, studies with COPD individuals
[17,18] report improvement in exercise tolerance, pul-
monary function parameters and quality of life, cor-
roborating the findings of Li et al. [15] who mention
an increase in FEV1 and in the distance from the

6MWT in the intervention group. The hypothesis is
that pranayamas resemble two techniques that are
commonly taught during pulmonary rehabilitation:
diaphragmatic breathing and lip flexing.

The most used assessment methods were the PFT
and the 6MWT, in addition to scales to assess depres-
sion, anxiety and quality of life, with the main ones
being the Saint SGRQ and the HADS. Regarding the
6MWT, the American Thoracic Society (ATS) [19] recom-
mends its use in patients with moderate to severe heart
or lung disease, with the aim of providing a global
assessment of exercise response and functional capacity.

In this review, three studies used the 6MWT to
assess exercise tolerance, while the respiratory func-
tion was evaluated through the PFT by the variables
vital capacity (VQ), total lung capacity (TLC), FVC, FEV1
and the FEV1/FVC ratio. In addition, some of the stud-
ies also used the CPET and the CWRT.

CPET is an important method of evaluating aerobic
performance, which subjects the individual to an exer-
cise of increasing intensity until exhaustion or the
appearance of symptoms, in order to measure ventila-
tion (VE), oxygen consumption (VO,) and carbon diox-
ide (VCO,) production [20]. Similar to CPET, CWRT is
highly responsive to therapeutic interventions and has
become a way of studying exercise tolerance in
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individuals with COPD [21]. However, it is more sensi-
tive and investigates a work rate domain most likely
to be encountered in everyday life [21].

The evaluated studies identified that a cardiopul-
monary rehabilitation programme for individuals with
LAM, composed mainly of aerobic associated with
strength training, 2-3 times a week, 60 min per session
and lasting more than 4 weeks, is able to improve the
lung function, exercise tolerance, reduce symptoms of
dyspnoea [6,10-12], and improve depression and qual-
ity of life [10-12]. A recent systematic review with
meta-analysis of pulmonary rehabilitation in individuals
with COPD showed that a programme with interven-
tion lasting from 4 to 12 weeks, including aerobic train-
ing and lower limb strengthening as standard training,
is able to improve exercise tolerance, dyspnoea and
quality of life [22], corroborating this review findings,
despite the lacking description of strength training
strategy in the manuscripts included in our review.

Limitations of this review included the small num-
ber of studies and their heterogeneity, which is attrib-
uted to the fact that LAM is a rare disease, making
difficult the conduction of randomized clinical trials.

Conclusions

The analysed studies showed that a cardiopulmonary
rehabilitation programme including aerobic and
strength training presented as the most important
physiotherapeutic strategy capable of improving lung
function and exercise tolerance in individuals with
LAM. Despite the benefits of physiotherapy reported
in the studies, there is a huge lack of studies related
to other modalities, safety and effectiveness of physio-
therapy prescription for patients with LAM.
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