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“The flower that blooms in adversity is 
the most rare and beautiful of all”

(The Emperor, Mulan) 
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FOREWORD

I had the pleasure of meeting Zoë in my Tuberous Sclerosis clinic many moons ago. I recall her positivity and determination not to be defined or limited by the condition which affected so many aspects of her life.

My name is Dr Sam Amin, I am a consultant paediatric neurologist with a special interest in Tuberous Sclerosis Complex (TSC). I have been treating adults and children with TSC for many years. TSC is fascinating and unique in that it is one of the few genetic conditions that we have learnt a lot about within the early years of this new genetic era. We have identified an exact molecular defect, which has helped us to develop targeted therapies.

There is a significant, supportive TSC community made up of sufferers and their families, whom, alongside health professionals working in the field, have worked tirelessly to improve the lives and opportunities for TSC sufferers. 

The natural history of TSC is already changing. Sadly, in the past, many people lost their lives from TSC related complications. If the complications were not fatal, they often still resulted in significant morbidity, including the loss of function of body organs, or severe long-term learning disabilities. I am confident and hopeful that in the next decade it will be rare to see these complications in individuals with TSC. TSC is becoming a disease which is easier to modify. It is exciting to be part of this positive change. 

Zoë had a very difficult journey with her TSC related complications. I cannot stress enough how important Zoë’s coping mechanisms have been in surmounting all the hurdles she has been faced with. Her book highlights these challenges and how she managed to overcome them. The book is a good description of many of the most amazing people I have encountered through my career who live with TSC. And while they may have different difficulties in life, they all share a similar path. This book captures the reality of a life touched by TSC and will be an encouragement to those who read it. Zoë has achieved so much, in spite of all that was stacked against her.

Despite all her battles, Zoë agreed to take part in an experimental drug trial. Zoë was aware that there was a 50% chance that she may be given a placebo, but she was prepared to go through with extra tests and assessments because she understood that her contribution had the potential to further change the lives of many individuals with TSC.

I have read and written several scientific papers and book chapters on TSC in my professional capacity, however, Zoë’s book has given me a deeper insight into TSC, from a different angle. I feel very privileged to be part of her journey.

Dr Sam Amin

		

INTRODUCTION 

Anomaly

I’m an anomaly. Look up in the dictionary what an anomaly is, and that pretty much describes me. 

“Something that deviates from what is standard, normal or expected” 

From the word go, when I was being created, somewhere I must have decided that I wanted to do things differently. Why just be normal, when I could have a rare condition called Tuberous Sclerosis Complex (TSC), that no one else in my family has ever had, and whilst I’m at it, I could challenge all the common misconceptions about people who have some form of disability along the way. 

I can only imagine it was like a pick ‘n’ mix kind of event with the irony that I couldn’t consciously choose what I wanted. I went to a TSC charity event one year in my early twenties and a group of us took part in a workshop that involved picking up an object that represented our personal journeys. I reached out to pick a pink swirly shell, but another person grabbed it. Having to accept the matter, I chose another shell, but I wouldn’t have picked it up otherwise. 

If I consciously had the decision to have TSC, I probably wouldn’t have taken it. I would have chosen that seemingly perfect shell over the other normal looking one with its slight imperfections. But seeing that the shell now sits on my bookcase, I’m grateful that I do have some unique experiences that I will be sharing throughout this book. 

When I think back to those common misconceptions I was talking about, I’m guilty to admit that I have misjudged other people with health conditions too. There have been times that I thought everyone with TSC had a learning disability apart from me, and that if I didn’t know what it was like to experience epilepsy, then I would assume any epileptic person would be rolling around on the floor uncontrollably, but actually that is not always the case – they might feel a bit nauseous and lightheaded for a few moments, before continuing life as normal. 

People with any kind of health condition have feelings, emotions and desires that any other person in the world has. We all deserve that. So, if I mention some of my judgments throughout this book, then I can only apologise if feelings are hurt, but that is not intentional or personal towards anyone. My words are simply recollections of times that have challenged me coming to terms with having two connected health conditions myself. 

Throughout this book are both chapters on science and personal experience. They can be read as individual sections or a chronological story of my development. As the official title of the primary disease is called Tuberous Sclerosis Complex, I have mentioned it as TSC in the factual sections of the book. However, as I have grown up calling it Tuberous Sclerosis, I have referred to it as TS in my personal reflections. 

But what is it?

What is Tuberous Sclerosis Complex

One million people worldwide are born with a rare genetic condition called Tuberous Sclerosis Complex (TSC). That is on average every 1 in 6,000 births.

The sclerosis part of the condition may sound familiar, such as in Multiple Sclerosis (MS). As an overall term, sclerosis refers to the overgrowth of fibrous tissue, which can harden. In MS the hardened tissue, known as plaques, can form scars on the brain or spinal cord that damage the function of nerves in the central nervous system. However, in Tuberous Sclerosis Complex the nature of the condition leans more towards the overgrowth of the non-cancerous fibrous tissue on various organs: the brain, skin, heart, eyes, kidneys and lungs. It’s important to note though, that Multiple Sclerosis and Tuberous Sclerosis Complex are not connected diseases. 

How a person can be affected by TSC is connected to which organs may have these growths, generally known as tubers. Some people may have tubers in all the organs listed above whereas other people may have one or two organs that are affected. The size of the tubers can also influence the severity of how a person is affected by TSC. One person might have severe epilepsy and learning disabilities, whereas another may have an overgrowth of skin cells on their face and an average IQ. The condition varies from person to person. 

Genes

As a genetic disorder, Tuberous Sclerosis Complex occurs at conception rather than as a contagious disease that could be passed between people. The UK’s leading charity in TSC is the Tuberous Sclerosis Association (TSA) who describe our genes as being part of our DNA – an instruction manual for how our bodies work, with details we may or may not have inherited from our parents. 

However, with genetic disorders, unexpected changes can happen when the instruction manual is being created and can cause diseases like TSC. The genes involved with Tuberous Sclerosis Complex include TSC1 and TSC2 that contain proteins called hamartin (TSC1) and tuberin (TSC2). Both of these proteins influence the development of cells, including the size of the cells and how fast they grow. For people who are not affected by Tuberous Sclerosis Complex, the hamartin and tuberin work in harmony, collaboratively monitoring the development of cells so they grow at a gradual and controlled rate. If there is an error in either the TSC1 or TSC2 genes, then this can cause cells to divide or grow uncontrollably, which causes the benign tumours and Tuberous Sclerosis Complex to develop. 

Inherited or Sporadic?

Despite Tuberous Sclerosis Complex being a genetic condition, only a third of people affected have inherited it from either or both parents. In these cases, it is often the TSC1 gene that has been altered, whereas unexpected changes in the TSC2 can cause a randomised version of TSC known as sporadic Tuberous Sclerosis Complex. This spontaneous version means that neither parent or previous relative has carried faulty TSC genes and the child will be the first in their bloodline to have the disease. 

In very rare cases, 3 percent of parents unaffected by the condition, can carry the faulty genes in their sperm or eggs, but nowhere else in the body. This can mean one child could be born without developing TSC, whereas the following child may have had the faulty genes passed onto them. This is known as germline mosaicism. 

Connections to LAM

Faults in the TSC1 and TSC2 genes can also play a part in development of a sister disease known as Lymphangioleimyomatosis (LAM) which affects 30% of people with Tuberous Sclerosis Complex. The large majority of cases are believed to be women, with medical research suggesting that the hormone oestrogen can influence the development of the disease. 

As with TSC, women with LAM have problematic cell growth which is localised to the respiratory system, kidneys and lymphatic system. This means that cysts develop in the lungs, potentially causing breathing issues, lung collapses, or bleeding in the kidneys.

Other similarities that this lung disease shares with Tuberous Sclerosis Complex, is that LAM can also occur sporadically, as a stand-alone condition. Depending on the DNA recipe of each person, one woman might have a mixture of healthy and faulty TSC1 and TSC2 genes, which means she could just develop sporadic LAM, or just have Tuberous Sclerosis Complex. In other cases, some women develop both conditions known as TSC-related LAM.

A detailed chapter on Lymphangioleimyomatosis (LAM) is featured later in the book. 

		

CHAPTER 1

THE BRAIN: TSC & EPILEPSY 

Approximately 80% of people with TSC are affected by epilepsy. It is one of the first symptoms that shows often in infancy but can be diagnosed in childhood and adult life as well. 

What is epilepsy?

Epilepsy Action describes it as being “one of the most common neurological conditions in the world” with the World Health Organisation (WHO) suggesting 50 million people of the general population are affected worldwide. About 600,000 of those people live in the UK. 

Epilepsy shows itself in the form of seizures of which there are over forty different types. 

“Electrical activity is happening in our brain all the time, as the cells in the brain send messages to each other. A seizure happens when there is a sudden burst of intense electrical activity in the brain. This causes a temporary disruption to the way the brain normally works, so the brain’s messages become mixed up. The result is an epileptic seizure.” 

(Epilepsy Action) 

The type of seizure depends on where in the brain the electrical disruption takes place. Activity can be localised to one area of the brain, which is called Focal-Aware Seizure. This type is the most common occurrence of epilepsy in TSC and involves a person remaining conscious of their surroundings but may feel a wave sensation come over them accompanied with light-headedness and a strange sense of smell or taste. Focal-Aware seizures last a few seconds to several minutes. These seizures on their own are sometimes referred to as Auras. Other times an Aura can spread to more generalised parts of the brain. This may include Focal Impaired Awareness seizures, where consciousness is affected. Tonic-clonic, Absences and Myclonic Seizures may also affect consciousness or cause the body to move involuntarily or go tense. 

Causes of epilepsy and connections to TSC

Many people with seizures don’t know what causes their epilepsy, but often there are links to genetics, brain damage or brain tumours. Epilepsy is common in Tuberous Sclerosis Complex because disorganised areas of the brain called Cortical Tubers can interrupt those electrical messages causing seizures. 

Other abnormalities in a TSC-affected brain may include Subependymal nodules (SENs) that are fluid-filled cells around the brain that may need removal with surgery if they grow too big. Similarly, Subependymal Giant Cell Astrocytoma (SEGA) are non-cancerous brain tumours that may not cause any issues for people with TSC, but could influence brain development, causing learning disabilities, such as Autism. Depending on the individual, a person could have neither of these abnormalities but still have TSC. It could also be said that someone may have SENs but not a SEGA and vice-versa. Everyone with TSC is affected differently.

How is the brain monitored?

Cortical Tubers, SENs and SEGAs are monitored via an MRI (Magnetic Resonance Imaging) scan. The patient lies on a board that slides into the MRI machine, which involves radio waves and a magnetic field that the patient would not be able to feel. These forces create a visual image on a computer screen of the area being scanned. Depending on the organ or situation, the duration of the scan can take between fifteen minutes to over an hour. 

My Experience

Diagnosis

1994

“Zoë’s acting a bit strange,” my nine-year-old sister, Sarah, observed to my parents who were in the front seats of the car. We were on holiday in Somerset and Geoffrey, my eleven-year-old brother, had also noticed that every so often my one-year-old body would tense up in my car seat between him and Sarah, and I would stare blankly into space. 

Similar situations happened on the way home from my childminder. Mum took me to see our GP, Dr Keast, who informed her that I may have a rare condition called Tuberous Sclerosis Complex, and symptoms of epilepsy and white patches on my skin were key elements of the disease. 

Although I don’t remember being diagnosed, I do remember the paediatric appointments at the local hospital; a bright light shining in my eye, a small hammer bashing my knees and elbows testing out my reflexes, and my weight and height being monitored. I was also referred to the Royal United Hospital in Bath for specialist TSC treatment. 

I hated missing a day off school to go to Bath and I always felt grumpy. The same medical observations taking place including blood pressure checks and MRI scans to monitor the size of the benign tumour in my brain. I was unaware though, why I was having to attend these appointments. I remember preparing for my first MRI scan with a colouring book about how the process works; No way was I going to colour that in! 

Mum and Dad encouraged me to practice lying still on a rug in our lounge for half an hour with my favourite toy dog, Lisa. I did it, but it took a lot of effort for an eight-year-old not to wriggle. The scanner was noisy, like a mixture of cymbals bashing together and bursts of air being pumped through a tube in my ears. Not to mention it was claustrophobic. At least I could listen to my Avril Lavigne CD through a set of headphones, but even my music couldn’t override the noise pollution. 

2003

It was beautifully warm April evening in Florida. My parents and I were sitting one end of Mainstreet U.S.A at Tony’s Lady and the Tramp Restaurant, staring at the sunset toned Cinderella castle in the distance. It was a wonderful time to be enjoying delicious spaghetti, and wine for my parents. I was enjoying the last week of being nine. 

While I ate my meal and appreciated the view, a subtle warm fuzzy feeling came over me and I felt light-headed, the blood rushing to my legs. Was I fainting or dying? What was this? 

I didn’t share how I felt with my parents, I suppose I didn’t want to scare them, but over the next two years, I began to have more and more of these funny feelings, without really knowing what they were and what was causing them. It filled me with panic. 

I would sit in school, listening to my teacher and that familiar fuzzy feeling would come over me and I would lower my head, pretending to reach something from my school bag, while I encouraged the blood to flow back to my brain. This scary sensation would last about 30 seconds, before dissolving away and I would resume the rest of my day. 

Most of the time, I remembered these sensations and felt a bit sick in my stomach and my heart rate would go up as part of the adrenaline rush; other times I wouldn’t remember a thing. I would read out loud to Mum before bed and if I had a seizure, Mum would tell me that I stopped reading and gone quiet. I felt embarrassed and self-conscious. 

2004

Some days I would have seizures, sometimes I wouldn’t, but once I had an absence seizure in front of my childhood friend, Izzy. I was now eleven and we’d stopped playing with toys and turned to chatting as our main form of entertainment. One Friday evening when Izzy was around, I remember sitting on the stairs blurting out a question about what we were having for dinner. Mum and Dad were in front of me trying to calm me down. 

After Izzy had gone home, my parents explained to me that I wasn’t fully conscious for about half an hour. My brow furrowed in confusion, tears burning the backs of my eyes. 

“You weren’t able to talk, Zoë,” says Mum concerned. “You were just looking at us, like a frightened animal unable to say anything, but your eyes looked so scared.”

My parents contacted the hospital in Bath for some advice and arranged an appointment. I was learning that the strange sensations were seizures. I had epilepsy. 

I was prescribed Carbamazepine, a common anti-epileptic drug, but I was still having seizures. In October we went to Boston for a family half-term holiday. The North American landscape in autumn was beautiful; the sparkling water in Walden Pond and the rich copper leaves on the grand trees were picturesque, but those holiday memories had been tainted with regular seizure activity. 

After the holiday we went back to Bath and discovered with Professor Osborne that I was consuming a tropical juice drink at breakfast. Pineapple and grapefruit breakdown the enzymes in the medicine, influencing the positive impact of reducing my seizures. I also learnt that alcohol has milder but similar effect, so I reduced the amount of wine in my glass on a Sunday. 

2008

By putting these new habits into practice, my epilepsy activity decreased dramatically, and I went for four years without having a seizure. In the August Izzy came on holiday to France with us and over that fortnight I was gradually reducing my Carbamazepine intake. Izzy had witnessed the worse seizure of my life and was now seeing me come off my medication. We celebrated with our favourite blackcurrant liqueur; Cassis mixed with lemonade. 

2010

It was a relief to be seizure free for a few years and when I was seventeen, I was able to learn how to drive. I had been warned all those years ago that if I have seizure once I pass my test, then I may have to temporarily surrender my driving licence until I’m seizure free for one whole year. 

I enjoyed learning to drive. Mum taught me in her Citroën car at home and I loved the feeling of changing gear and pressing my feet down on the pedals. It was great to have my hands on the wheel and control of the car. 

2012

In June I passed my driving test on my second attempt. It was a wonderful feeling to have a licence, even if I didn’t have my own car yet. Six months later, just before Christmas I had an appointment in Bath because my seizures had started again, and we discussed going back on medication. 

2013

Within the first week of January, I got a letter from the DVLA to say that they had received my surrendered licence. I was too upset about it to write in my journal. Although I didn’t write about it; I was filled with disappointment. I hated that my epilepsy had returned and had to acknowledge that it wouldn’t be safe for me to drive. I couldn’t risk that. 

For the next few years I began a seizure journal to track any patterns. I tended to have some kind of a seizure every two weeks or in stressful times, and in holiday periods when I would allow my mind to relax. 

2017

At the start of the year I began an additional prescription of medication, Rapamycin, also known as Sirolimus. The medicine helps to slow down the deterioration of the lungs but has benefits in reducing other tumours associated with TS, including in my brain. However, Rapamycin and Carbamazepine were beginning to fight against each other and give me some funny side effects. 

2018

4th April 2018

It’s 2am on our cruise and I just had a strange seizure. I had gone to the toilet, and as I opened the door the familiar sensation came over me, but when I came out of the seizure, I was half-way down the main corridor, confused that I had left the room. 

It makes sense though because I did something similar a few weeks ago in March. Again, I was going to the toilet, but then when I came around, I had walked downstairs and was sitting at the kitchen table with the light on, eating my breakfast. The clock read 1.45 am. I was just about to make my sandwiches…Have I been sleepwalking? How did I not fall down the stairs?

Within the next six months I continued to have similar sleep-walking experiences and was referred to a local Neurologist, Dr Lennox. He considered that I had perhaps had an initial seizure but that afterwards, as a result of my medication interacting, my body resumed in a semi-conscious state in that part of my brain was awake and part of it was still asleep. In October I began to take an alternative anti-epileptic medicine called Levetiracetam, that was known to have minimal side effects with other medications. 

Initially, I felt drowsy, adjusting to my new medicine but between November 2018 to July 2019, I was seizure free and it was fantastic. I was four months away from being able to drive again after seven years. 

22nd July 2019

When I woke up, I read a book in bed before crunching away at my cereal. After breakfast I turned on my laptop and began checking my emails. Around 8 am, I could feel an overstimulating sensation of negative energy which smoothly transitioned into a focal seizure. The feeling washed over me, my heart rate increased, and I felt a bit nauseous. I am very disappointed that I’ve let myself down. I cried. Mum hugged me. 

16th August 2019

I’m cross I had another partial seizure this morning. It was only a small one, but it definitely was one. I began increasing my Levetiracetam up to 1000mg on Tuesday, but I suppose I have done quite well not having a seizure for almost a week. 

Still, it’s disappointing though and I feel I have let myself down again. I guess it is feeling out of control as I can’t predict when seizures will happen; I could have one at any time. Worrying about having one seems to make more occur. 

12th September 2019

I had two partial seizures today and sent a letter to my neurologist to see if he could see me again; it was back in March when he discharged me. I’m trying to accept my epilepsy. It’s hard to not try and push it away, but acceptance is so powerful. Perhaps the main thing is to become less afraid of my epilepsy and then I won’t be so anxious about seizures happening and that may reduce them? It’s hard not to be afraid though.

5th December 2019

I know that medically my epilepsy is caused by TS and the SEGA in my brain. Epilepsy has affected me in different ways growing up but has been most active in times of stress. Sometimes I have seizures out of the blue but most often it has been when my cortisol levels have dropped in my pre-frontal cortex of my brain during holiday periods. 

As far as I know, I have had seizures during times of change – external events such as transitioning from primary to secondary school, or internal changes such as hormones fluctuating in adolescence to adulthood. 

It was a relief to discover that my SEGA had decreased in size since I had been on both Rapamycin and Levetiracetam. The results gave me reassurance that I’m in a stable condition which therefore decreased my seizures activity. Then when my next seizure came, I was filled with disappointment, realising I would have to wait yet another year before I could drive again. 
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