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ARTICLE INFO ABSTRACT

Handling Editor: DR AC Amit Chopra Lymphangioleiomyomatosis (LAM) is a rare lung disease that primarily affects women. A patient
with a medical history of Tuberous Sclerosis-Associated Lymphangioleiomyomatosis (TSC-LAM),
a prior thyroidectomy for thyroid cancer, chronic hypertension, and a previous pulmonary
thromboembolism was admitted to the hospital. Following the stabilization of her clinical condi-
tion, diaphragmatic exercises and incentive spirometers were implemented. This intervention
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TSC-LAM
S-LAM significantly enhanced her respiratory status, prevented the need for invasive mechanical ventila-
Klebsiella pneumonia tion, and expediting pulmonary functional recovery. While further studies are needed, pul-

monary rehabilitation has the potential to influence the clinical course of TSC-LAM patients in
the ICU by improving respiratory capacity and reducing hospitalization time.

1. Introduction

Tuberous Sclerosis-Associated Pulmonary Lymphangioleiomyomatosis (TSC-LAM) is a rare condition characterized by the forma-
tion of benign tumors in multiple organs, especially in the lungs. This condition can occur sporadically (S-LAM) or in association with
tuberous sclerosis complex (TSC-LAM) [1]. Despite the European Respiratory Society acknowledging pulmonary rehabilitation as a
means to manage dyspnea in LAM [2], there is a shortage of literature specifically addressing physiotherapy approaches for LAM pa-
tients. Pulmonary rehabilitation has demonstrated a positive impact on the quality of life for individuals with chronic respiratory dis-
eases. Although it is usually implemented post-hospital discharge [3], the available literature on this topic remains limited [4]. We
present a case in which a patient received pulmonary rehabilitation therapy in the Intensive Care Unit (ICU), leading to a rapid recov-
ery and improvement over time.

2. Case presentation

A woman in her 30s presented at the emergency unit with dyspnea and subcostal retractions. Upon admission, her vital signs were
as follows: blood pressure of 130/70, heart rate of 110, respiratory rate of 30, and oxygen saturation of 74 %. Physical examination
revealed crackles in the pulmonary fields, predominantly at the posterior left base. Additionally, a pericardial friction rub was noted,
with no apparent electrocardiographic changes. Furthermore, findings from the physical examination included angiofibromas on the
face and neck.
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The patient received a TSC-LAM diagnosis six years ago and has been on continuous treatment, managed with prednisone 50mg
(one tablet orally each day) and budesonide/formoterol (2 puffs every 12 hours). In the same year, she underwent a thyroidectomy
due to a history of thyroid cancer and manages this with levothyroxine (one tablet orally each day) for hypothyroidism, along with
secondary post-surgical hypoparathyroidism. Two years after the TSC-LAM diagnosis, she developed and received treatment for
chronic arterial hypertension, managed with irbesartan 300 mg (one tablet orally each day), plus amlodipine 5 mg (one tablet orally
each day). One year before the current presentation, she experienced a pulmonary thromboembolism, which is being treated with ri-
varoxaban (one tablet orally each day) and gabapentin (one tablet orally each day). Her gynecological and obstetric history includes
zero pregnancies and zero vaginal deliveries, with a history of dysmenorrhea and menarche at 13 years old. Additionally, it's note-
worthy that she had been hospitalized just a week earlier due to an ulcer related to deep venous insufficiency.

Laboratory test results revealed a leukogram with neutrophilia greater than 90 %, hyperfibrinogenemia, elevated D-dimer, and el-
evated ProBNP. Consequently, the patient was transferred to the Intensive Care Unit (ICU). A high-flow nasal cannula was placed at a
flow rate of 60 L/minute with an FiO2 of 100 %, resulting in improved oxygen saturation (93 %), and a gradual reduction of sub-
costal retractions and dyspnea. Bronchodilators and steroids were prescribed, and Piperacillin/Tazobactam (4.5 g IV every 6 hours)
was initiated due to suspected pneumonia. A high-resolution computed tomography (HRCT) scan was performed, which showed gen-
eralized thickening of interstitial septa, panlobular emphysema, and a subpleural basal left bulla (Fig. 1a, left). Moreover, the pres-
ence of pericardial effusion was detected (Fig. 1b, right), and it was treated with diuretics.

On the third day, Klebsiella pneumoniae ESBL+ was detected in a bronchial secretion culture (MALDI-TOF MS Biotyper), necessitat-
ing a switch to Meropenem (1 g intravenous (for 3 hours) every 8 hours). On that same day, pulmonary rehabilitation was initiated
with diaphragmatic exercises. No inspiratory exercises with CPAP (continuous positive airway pressure) were performed due to the
presence of a posterior giant bulla. On the fourth day, the patient was successfully transitioned to a Venturi mask (50 %). On the tenth
day, a thoraco-abdominal CT scan was conducted, detecting renal cysts with hematic and perirenal fat remnants, resembling a cob-
web-like appearance in both kidneys. An infiltrative-appearing lymphadenopathy at the aorto-caval interface was also identified (Fig.
1c).

Respiratory exercises were initiated in conjunction with the antibiotic treatment. These exercises started on the third day, and this
program was implemented for the patient. Initially, it was administered once daily for a maximum of 20 minutes, adjusted according
to the patient's tolerance and clinical advancement. Subsequently, the frequency of these exercises was gradually increased to twice
daily, with a maximum duration of 45 minutes. Following improvement in the acute phase, the practice was restricted to a maximum
of two sessions per day, each lasting 5 minutes for each type of exercise.

The initial exercise centered on thoracic expansion, guiding the patient to inhale deeply while applying moderate pressure with
their hands to expand the thoracic area. This procedure was supplemented by a brief pause in maximal inspiration, succeeded by a
gradual exhalation. The second exercise, conducted in a supine position, emphasized abdominal breathing. The patient took a deep
breath through the nose, allowing the abdomen to press against the hand, and exhaled through pursed lips. The third exercise, re-
ferred to as pursed-lip breathing, entailed a gradual nasal inhalation with the mouth closed, succeeded by exhalation through par-
tially closed lips, maintaining a duration ratio of twice the inspiration. The fourth exercise, diaphragmatic breathing, was conducted
while seated. The patient inhaled deeply through the nose with a closed mouth, followed by a slow and gentle exhalation through
slightly parted lips, allowing the abdominal muscles to return to their initial position. The fifth exercise, aimed at lung expansion, re-
quired the patient to inhale deeply while applying pressure to the chest with their hands, followed by a controlled exhalation. At the
end of exhalation, a gentle vibration was applied over the area. The sixth exercise, focusing on effective and controlled coughing, in-
volved a deep breath followed by controlled exhalation, incorporating short and forceful coughs. The seventh exercise integrated the
use of an upright incentive spirometer. The patient sealed their lips around the mouthpiece, took a deep breath, raising the marker to
its upper limit, maintaining it there for as long as possible before releasing the mouthpiece and exhaling. Coughing was recommended
after each session of this exercise.

Fig. 1. a) HRCT shows septal thickening, panlobular emphysema and a subpleural basal left bulla. b) Tomographic scan revealing the presence of pericardial effusion.
c) Renal cysts with hematuria remnants are observed in the middle third of both the right and left kidneys. An adenopathy is observed at the aorto-caval region.
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After 21 days in the ICU, the patient moved to intermediate care for one day and then to internal medicine. Upon discharge, she re-
ceived prescriptions for oral and inhaled medications along with diaphragmatic exercises.

3. Discussion

In patients with acute LAM caused by infections, it is essential to detect and treat infections early due to the high risk of developing
acute respiratory failure and requiring mechanical ventilation. Consequently, timely treatment of infections plays a fundamental role
in this population. Chylothorax or pneumothorax complicating LAM requires surgical intervention, whereas lung transplantation be-
comes imperative in cases of advanced-stage LAM [5]. The main treatment for LAM is mTORCI inhibition with medications such as
sirolimus, which stabilizes lung function and reduces the size of lung destruction, lymphangioleiomyomas (LLM), angiomyolipomas
(AML), chylous effusions, and giant cell astrocytomas [6,7].

We conducted a search on PubMed (Medline) for the past 20 years (until March 16, 2024), focusing on reviews and original re-
search papers related to lymphangioleiomyomatosis, published in English. We employed the terms "lymphangioleiomyomatosis,"
"LAM," and "lymphangiomyomatosis" in combination with "tuberous sclerosis complex," "TSC-LAM,” "pulmonary rehabilitation," " ex-
ercise,” and "physiotherapy." A total of 18 papers meeting the criteria were identified. Most of these studies focus on exercise in the
context of assessing functional capacity (13 papers). An example is the study conducted by Medeiros et al. [8], which addresses the
evaluation of sleep desaturation in patients with LAM and its correlation with various functional parameters. Furthermore, Zafar et al.
[9] conducted low-intensity and progressive exercise echocardiograms on patients using an incremental protocol with a supine er-
gometer. This form of exercise echocardiography was employed to assess exercise-induced pulmonary hypertension, intracardiac
shunts, and pulmonary vascular shunts in dyspneic patients. The document emphasizes the unexpected occurrence of intrapulmonary
arteriovenous shunts (IPAVS) in this patient group and underscores the need for further studies to comprehend the implications of
these findings on desaturation, dyspnea, and exercise limitation. Additionally, Taveira-DaSilva et al. [10] noted that the risk of pneu-
mothorax associated with pulmonary function tests (PFT) or cardiopulmonary exercise tests (CPET) in patients with lymphangi-
oleiomyomatosis (LAM) is low. The study involved 691 patients. The research concludes that, although the risk is low, efforts associ-
ated with these tests may lead to pneumothorax, especially in patients with cystic lung diseases like LAM.

Other papers focus on cardiopulmonary rehabilitation programs in stable patients. Initially, five studies met the criteria, and two
were selected to avoid duplicative information (Table 1). Aerobic and strength training exercises are commonly used as physiother-
apy modalities in the rehabilitation of individuals with pulmonary disease [11]. No documented cases have been found where indi-
vidualized pulmonary rehabilitation was implemented in the ICU for patients with TSC-LAM.

Although there is no specific cardiopulmonary rehabilitation guideline for LAM, the European Respiratory Society asserts that the
benefits of rehabilitation in COPD can be extrapolated to LAM [16]. There is a scarcity of literature specifically addressing physiother-
apy approaches for LAM patients. The trend is towards using remote technology, as well as the Internet of Things (IoT), to develop su-
pervised home exercise programs for patients with pulmonary diseases [17].

The main difference in this case, compared to interstitial lung disease (ILD) and COPD, was the early initiation of exercises, which
were implemented during the first days of antibiotic treatment. The antibiotic regimen was not completed before starting; only hemo-
dynamic stability and the absence of accessory muscle use during exercises were considered. Additionally, unlike ILD and COPD, no
inspiratory exercises were performed with CPAP or an incentive spirometer [18,19]. This decision was based on the individualization
of the case, considering the weakened alveolar walls due to LAM and the patient's history of spontaneous pneumothorax. The pro-
gram was adjusted according to the disease's pathophysiology.

The analysis of the reviewed studies indicates that a cardiopulmonary rehabilitation program for individuals with LAM, incorpo-
rating aerobic exercises and strength training, leads to improved pulmonary function, enhanced exercise tolerance, decreased dysp-
nea, and contributes to an overall improvement in quality of life.

»

Table 1
Reports on the rehabilitation of Pulmonary Lymphangioleiomyomatosis.

Author, Country Number of Type of exercise Main outcomes

(year). patients

Child et al.  United States 15 Aerobic and strength  The program improved submaximal exercise capacity, muscular endurance, fatigue, and
[4] of America training health-related quality of life in patients with LAM.
2023 The program achieved high adherence, acceptability, and patient satisfaction, and no

adverse events related to the study or changes in systemic inflammation or cardiac wall
stress biomarkers were observed.

Medeiros et Brazil [12] 40 Aerobic and muscle  The analyzed studies suggest that a cardiopulmonary rehabilitation program, encompassing
al. [5] strength training both aerobic and strength training, stands out as the primary physiotherapeutic approach
2022 sessions capable of improving lung function and exercise tolerance in individuals with LAM.

United States 1 Supervised aerobic

of America exercise training

[13]

China [14] 26 24-week program of
yoga class training

Germany [15] 58 Endurance and

strength training
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4. Conclusion

In summary, for patients with TSC-LAM, starting pulmonary rehabilitation early in the ICU, once the clinical condition stabilizes,
should lead to a quicker improvement in respiratory function compared to delayed implementation. However, further research on
this topic is needed. Respiratory muscle exercises and strengthening of the thoracic cavity contribute to improving ventilatory func-
tion. Additionally, the early application of rehabilitation has been observed to correlate with a reduction in hospitalization days and
the need for supplemental oxygen.
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