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Abstract
Background: In patients with positive hormone receptors, 
aromatase inhibitors are effective in reducing the risk of 
breast cancer recurrences. On the other hand, painful side 
effects like dysfunction and musculo-skeletal pain can 
reduce the treatment compliance. 

With not many treatment options controlling these 
symptoms, non-pharmaceutical interventions such as 
oxygen-ozone therapy may play a key role for managing the 
rheumatologic symptomatology. We have reported on the 
effectiveness of oxygen-ozone in the treatment of fatigue 
in oncological patients, Chronic Fatigue Syndrome and 
fibromyalgia patients.

Methods: in this study we are reporting the effectiveness of 
oxygen ozone therapy in three patients with breast cancer 
accusing rheumatic symptoms such as muscular-skeletal 
pain and fatigue, while undergoing aromatase-inhibitors 
therapy. 

We are describing our successful experience with oxygen-
ozone therapy in treating severe rheumatologic symptoms, 
mainly muscular-skeletal pain and fatigue, in three women 
with breast cancer undegoing Anastrazole.

Conclusions: Oxygen-ozone therapy, in the management 
of rheumatic symptoms in patients with breast cancer 
undergoing aromatase inhibitors, showed to be efficient 
with no side effected associated with its use.
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Introduction
Aromatase inhibitors have demonstrated efficiency in 

reducing the threat of breast cancer recurrences in patients 
with positive hormone receptors. However, the drug 
compliance can be limited because its painful side effects 
such as musculo-skeletal pain and dysfunction. Five to 61% 
of patients undergoing aromatase inhibitors complain of 
muscolo-skeletal symptoms [1], and one study has shown 
that 20% of patients have stopped the medication due to 
these side effects [2].

Multi-joint arthralgias are the most frequent symptoms, 
although specific joints such as small joints of the hands and 
feet, shoulders, hips and lower back are also involved. In 
addition, focal inflammation with edema may be the cause 
of carpal tunnel syndrome, trigger finger or De Quervain’s 
tenosynovitis of the wrist.

The etiology of these symptoms is still unknown, even 
if there are many conjectures. Maybe estrogen deficiency 
leads to degradation of joint cartilage and joint inflammation 
[3], as demonstrated by radiographic studies showing 
an increase in joint and tenosynovial fluid in patients on 
these medications [4]. Or estrogen may have antinoceptive 
properties and the estrogen deficiency caused by aromatase 
inhibitors are causing patients to be hypersensitized to pain.

Patients with breast cancer have often many symptoms 
quite difficult to be managed by the physicians. They 
often complain of rheumatic symptoms when undergoing 
chemotherapy or Anastrazole. These painful symptoms may 
hold back patients from daily activities, negatively impacting 
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Abstract
Apert Syndrome is a rare genetic disorder that often manifests 
as distinct anatomic variations of the skull, hands and feet.  
Mutations in the Fibroblast growth factor 2 gene (FGFR2) are 
known to contribute to the disease progression and anatomic 
variations seen in those with Apert Syndrome.  Of these anatomic 
variations, the most commonly seen and well documented 
variations are those of the skull bones, hands and feet, specifically 
fusion of the fingers and toes.  Less is known about the anatomic 
variations of the heart and chest wall in patients with Apert 
Syndrome and this is the first known study to investigate this 
region [1]. This article discusses the anatomic variations of the 
heart and chest wall discovered during anatomical dissection 
of one donor patient (cadaver) with Apert Syndrome. Specific 
attention is paid to the anatomic variations of an elongated 
ligamentum arteriosum, atypical venous drainage of the heart, 
double internal thoracic artery bilaterally, and abnormal muscle 
fibers of the pectoralis minor muscle.
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Introduction
Apert Syndrome is a rare genetic disorder which was first 
described clinically in 1906.  Mutations in the Fibroblast 
growth factor 2 gene (FGFR2) are known to contribute to the 
disease progression and anatomic variations seen in those with 
Apert Syndrome, which is one of the most severe forms of the 
craniosynostosis syndromes [2]. 

There are eight disorders comprising the FGFR-related 
craniosynostosis spectrum: Pfeiffer syndrome, Apert syndrome, 
Crouzon syndrome, Beare-Stevenson syndrome, FGFR2-related 
isolated coronal synostosis, Jackson-Weiss syndrome, Crouzon 

syndrome with acanthosis nigricans, and Muenke syndrome 
[3].  Diagnosis of Apert Syndrome is based on clinical findings.  
Molecular genetic testing of FGFR1, FGFR2, and FGFR3 
can establish the specific diagnosis [4].  The FGFR-related 
craniosynostosis syndromes are inherited in an autosomal 
dominant manner, with a paternal age effect, and individuals 
have a 50% chance of passing the pathogenic variant to each child 
[5]. However, reproductive fitness is low, and more than 98% of 
cases are thought to be due to new mutation [6].  Individuals with 
Apert Syndrome typically require life-long medical management 
by a multi-disciplinary team [7].

Of the possible anatomic variations, the most common and 
well documented variations are those of the skull bones, hands 
and feet, specifically syndactyly.  Much less is known about the 
anatomic variations of the heart and chest wall in patients with 
Apert Syndrome and this is the first known study to investigate 
this region. This article discusses the anatomic variations of the 
heart and chest wall discovered during anatomical dissection 
of one donor patient (cadaver) with Apert Syndrome. Specific 
attention is paid to the anatomic variations of an elongated 
ligamentum arteriosum, atypical venous drainage of the heart, 
double internal thoracic artery bilaterally, and abnormal muscle 
fibers of the pectoralis minor muscle[Figure 1].

Materials and Methods  
This study consists of a detailed dissection of one donor 
patient (cadaver) with Apert Syndrome. This research was 
deemed Not Human Subject Research by the IRB of Western 
University of Health Sciences, IRB reference # X18/IRB/092.  
The donor patient was accepted by the Willed Body Program at 
Western University of Health Sciences, College of Osteopathic 
Medicine of the Pacific Northwest, upon donation by his family.  
Radiologic imaging was captured prior to gross dissection by 
a licensed x-ray technician at Samaritan Lebanon Community 
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invasive mammary carcinoma, for which she has been 
treated with a modified radical mastectomy. She has gone on 
to receive adjuvant chemotherapy consisting of four cycles 
of Adriamycin/Cyclophosphamide followed by four cycles 
of Paclitaxel. This chemotherapy has been well tolerated 
in general apart from for episodic myalgia and weakness, 
which resolved after a dose-reduction for Paclitaxel. After 
completing chemotherapy, patient has been started on 
adjuvant Anastrazole, 20 mg/day as a single daily oral dose. 
Shortly after starting Anastrazole therapy, the patient has 
started to experience excruciating muscle spasms, weakness, 
insomnia and fatigue. She has rated her musculo-skeletal 
discomfort as 10 on 10-point scale (0: none to 10: severe 
discomfort). These symptoms have been quite severe, and 
the patient’s daily activities have been adversely affected to 
a great extent. This appeared to be clearly related to the use 
of Anastrazole as the temporary withdrawal of Anastrazole 
has resulted in improvement of all of her symptoms. 
Analgesics and physical therapy have not been successful in 
providing even modest relief of symptoms with continued 
use of Anastrazole. In light of both progression-free and 
overall survival advantage of continuing adjuvant hormonal 
therapy, the patient has been referred to our Tumor Center 
and Oxygen Ozone Therapy Unit, Tirelli Medical Clinic, 
Pordenone, Italy for oxygen-ozone therapy for symptom 
management.

Patient informed consent was provided. Ozone has been 
given according to the SIOOT (Scientific Society of Oxygen 
Ozone Therapy) protocols, twice a week for one month at 
a concentration of 50 mg in 200 cc of blood in 3-4 50 ml 
syringes (each 50 cc of blood equals to one 50 ml syringe 
with 50 µg of Oxygen-Ozone) and then twice a month as 
maintenance therapy. Shortly after the start of the therapy 
the patient has obtained a significant reduction of her 
musculo-skeletal discomfort and it has been reduced to 2-3 
on a 10-point scale. In addition, energy and sleep have been 
improved. Her symptomatic improvement has continued at 
this level for over 6 months after the introduction of ozone 
therapy and it’s lasting while receiving Anastrazole therapy 
without any significant side effect. 

Case Report – 2
A 62 years old female in post-menopausal state has 

been diagnosed with high-grade, estrogen-receptor positive 
invasive mammary carcinoma for which she has been treated 
with a quadrantectomy and local radiotherapy. Sentinel 
lymph node biopsy has been performed resulting negative. 
She has been started on adjuvant Anastrazole 20 mg/die 
at a single day oral dose, but after three month of therapy, 
due to muscolo-skeletal symptoms, she has been referred 
to our Tumor Center and Oxygen Ozone Therapy Unit, 
Tirelli Medical Clinic, Pordenone, Italy for oxygen-ozone 
therapy for possible oxygen-ozone therapy for symptoms 
management. Patient informed consent was provided. 
She has been started on intravenous ozone to the SIOOT 
protocols, twice a week for one month at a concentration of 
50 mg in 200 cc of blood in 3-4 50 ml syringes (each 50 cc 

on their quality of life. There are not many pharmacologic 
options for controlling these symptoms, therefore non-
pharmaceutical interventions such as oxygen-ozone 
therapy are playing an important role in the management 
of rheumatologic symptoms [5]. Oxygen-ozone therapy has 
been previously reported by our group to be effective in 
fatigue of patients with tumors, Chronic Fatigue Syndrome 
and in patients with fibromyalgia [6,7].

Ozone is a gas discovered in the mid-nineteenth century, 
it is a molecule of three atoms of oxygen in a dynamically 
unstable structure because the mesomeric states present. 
Ozone has no color and a strong odor; it is explosive in 
solid or liquid form. Its half-life is 40 min at 20°C and is 
about 140 min at 0°C. In the atmosphere, its purpose is to 
protect us from the damaging effects of UV radiation. Ozone 
occurs at less than 20 µg/m3 from the Earth’s surface at 
concentrations that are absolutely compatible with life. 
Researchers believe ozone has many therapeutic properties, 
regardless of its dangerous effects [8]. The establishment of 
accurate medical ozone generators has only recently made 
permissible the evaluation of the mechanisms, action and 
possible toxicity of ozone in clinical trials [9]. Ozone can 
tarnish organic compounds [10], and, when present in smog, 
has well-known toxic effects on the respiratory tract [11,12]. 
The ozone employed in medicine derives from medical grade 
oxygen and is administered in accurate therapeutic doses, 
but it is never inhaled [13,14]. Ozone has health benefits in 
dental caries, decreases blood cholesterol and stimulates 
anti-oxidative responses, it modifies oxygenation in inactive 
muscles and is used in complementary treatment of hypoxic 
and ischemic syndromes [15,16].

All treatments for cancer can cause fatigue, perhaps 
because of the tissue damage, or the accumulation of 
products derived from dead cells. Cancer treatments are 
also the cause of pro-inflammatory cytokines development, 
important in patients complaining fatigue after the 
treatment [17]. Fatigue increases during radiation therapy, 
reaching its peak at about half cycle and improving about 
two months after the end of therapies. Biotherapies expose 
patients to endogenous and exogenous cytokines causing 
a flu-like syndrome with symptoms such as fever, chills, 
general malaise, fatigue, myalgias, and headaches, as well 
as cognitive deficits and mental fatigue. Chemotherapy also 
relates to fatigue and when pain, anxiety and depression 
are also present, it worsens it. The patient’s characteristics 
associated with aggravation or decrease of fatigue are 
unknown. Overall, fatigue and pain are often related with 
cancer treatments [18].

The objective of the present study is to report the efficacy 
of oxygen ozone therapy in three patients with breast cancer 
experiencing rheumatic symptoms such as muscular-skeletal 
pain and fatigue, while on aromatase inhibitors therapy. 

Case Report - 1
A 54-year-old female in post-menopausal state has been 

diagnosed with a high-grade, estrogen-receptor positive 
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Hospital.  The views captured in this region were AP and lateral 
thorax.  After documenting abnormalities of the external chest 
wall, a thorough, detailed dissection of the donor patient was 
completed by all authors. The specific dissection described in 
this article was done with an emphasis on the anterior chest 
wall, heart, and mediastinum. Abnormalities of nerves, muscles, 
arteries, veins, and several other structures were elucidated and 
documented with photography during dissection. 

Results:
1.  General observation: Significant left ventricular hypertrophy 
is appreciated. Bilateral rib fractures and evidence of substernal 
hemorrhage is noted.  

2.  Ligamentum Arteriosum: The ligamentum arteriosum is an 
anatomical remnant of the ductus arteriosus, a fetal structure 
that maintains proper oxygenation of the blood in a developing 
fetus. In most patients, the ligamentum arteriosum spans a 
length of 15-16mm [7]. In this donor patient, the ligamentum 
arteriosum measured 41mm.

3. “Levator Costarum Pectoralis”: Branching off of bilateral 
pectoralis minor muscles and inserting on the internal surface of 
the 4th rib was a separate group of muscle fibers, which we have 
termed the Levator Costarum Pectoralis [Figure 3].

4.  Venous Drainage of the Heart: Venous drainage of the heart 
is normally accomplished primarily by the coronary sinus, a 
venous structure located in the posterior atrioventricular groove 

Figure  1. Ligamentum arteriosum Figure 2. Levator Costarum Pectoralis

Figure 3. Coronary sinus, diminished Figure 4. Duplicated internal thoracic arteries, descending 
roughly 4 inches lateral to internal thoracic artery
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invasive mammary carcinoma, for which she has been 
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of Adriamycin/Cyclophosphamide followed by four cycles 
of Paclitaxel. This chemotherapy has been well tolerated 
in general apart from for episodic myalgia and weakness, 
which resolved after a dose-reduction for Paclitaxel. After 
completing chemotherapy, patient has been started on 
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insomnia and fatigue. She has rated her musculo-skeletal 
discomfort as 10 on 10-point scale (0: none to 10: severe 
discomfort). These symptoms have been quite severe, and 
the patient’s daily activities have been adversely affected to 
a great extent. This appeared to be clearly related to the use 
of Anastrazole as the temporary withdrawal of Anastrazole 
has resulted in improvement of all of her symptoms. 
Analgesics and physical therapy have not been successful in 
providing even modest relief of symptoms with continued 
use of Anastrazole. In light of both progression-free and 
overall survival advantage of continuing adjuvant hormonal 
therapy, the patient has been referred to our Tumor Center 
and Oxygen Ozone Therapy Unit, Tirelli Medical Clinic, 
Pordenone, Italy for oxygen-ozone therapy for symptom 
management.

Patient informed consent was provided. Ozone has been 
given according to the SIOOT (Scientific Society of Oxygen 
Ozone Therapy) protocols, twice a week for one month at 
a concentration of 50 mg in 200 cc of blood in 3-4 50 ml 
syringes (each 50 cc of blood equals to one 50 ml syringe 
with 50 µg of Oxygen-Ozone) and then twice a month as 
maintenance therapy. Shortly after the start of the therapy 
the patient has obtained a significant reduction of her 
musculo-skeletal discomfort and it has been reduced to 2-3 
on a 10-point scale. In addition, energy and sleep have been 
improved. Her symptomatic improvement has continued at 
this level for over 6 months after the introduction of ozone 
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and drains into the right atrium. In this donor patient, venous 
drainage of the heart was dominated by a left antero-lateral 
venous structure that split the base of the great vessels and the 
left atrium, draining directly into the superior vena cava [Figure 
3].

5.  Internal Thoracic Arteries: Typically found descending along 
the internal surface of the anterior thoracic wall bilaterally, 
adjacent to the sternum, internal thoracic arteries in this donor 
patient were accompanied by duplicate descending arteries 
approximately 4 inches lateral to the internal thoracic arteries 
[Figure 4]. 

Discussion:  While the cause of death in this patient is unknown, 
evidence of chest compressions and life-saving efforts are 
apparent due multiple fractured ribs and evidence of internal 
bleeding in substernal areas adjacent to the heart. Significant 
left ventricular hypertrophy may indicate increased work of the 
heart brought on by an increase in afterload. In the presence of 
ischemic damage to the heart, the internal thoracic arteries are 
commonly harvested when placing a coronary artery bypass 
graft. A better understanding of both the venous drainage of the 
heart and the presence of a set of descending arteries lateral to 
the internal thoracic arteries may have presented an opportunity 
to prevent further ischemic damage to the heart through surgical 
intervention.  

Orthopedically, the presence of bilateral levator costarum 
pectoralis may have influenced upper limb biomechanics, in 
particular the available range of motion of shoulder elevation 
and scapular retraction, which would be limited with a shortened 
pectoralis minor.   It is worth noting that this donor patient had 
significant shoulder abnormalities outside of just these muscle 
fibers.  

While the anatomy in patients with Apert Syndrome can be 
highly variable, variations discovered in this study may offer 
clinical insight into cardiguac function and preventative 
measures available for patients with Apert Syndrome.  These 

findings are also of interest to anatomists for their contribution 
to anatomical knowledge for further analysis of Apert Syndrome.
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