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Abstract 
Treatment by mirror therapy (MT) restores motion in injured limbs without 
invasive procedures. This process is widely accepted for rehabilitating pa-
tients with phantom limb pain, stroke victims, or patients who need therapy 
after nerve damage. The procedure is specifically useful in restoring motion 
to the hand after surgical repairs to the extensor muscle and tendons. Mirror 
therapy rewires the brain by making the restored limb remember hand mo-
tions by observing the motions of a normal hand. The concept of a mirror 
image is that the movement of the uninjured arm forms the illusion of the 
same movement in the affected arm. Efforts to repeat hand movements elicit 
the same reaction in the affected hand in what is referred to as Hebbian 
learning. This case study evaluated MT’s effectiveness in motion restoration 
after a glass injury. This case study showed restoration of normal hand mo-
tions in a patient following surgery to repair a glass cut to the arm. Surgery 
repaired the lacerated extensor tendon and radial nerve. The muscle belly was 
repaired, and a graft fixed the nerve gap. Once the arm healed, the patient 
underwent rehabilitation in mirror therapy to restore normal function in his 
hand. After conducting mirror therapy, the pain was eliminated, and the pa-
tient restored normal function of moving the hand and finger extension. In 
addition, the therapy could be conducted at home without needing a profes-
sional. The effectiveness of mirror therapy was seen in the functional restora-
tion of hand and finger movement. The process is also less complicated as it 
can be performed at home. 
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1. Introduction 

The extensor mechanisms of the human arm and wrist are anatomically com-
plex. Extensor and flexor tendons are important in straightening the wrist, di-
gits, and thumb. These tendons are attached to arm muscles. Injury to extensor 
muscles and tendons can make it difficult to straighten joints. The most com-
mon cause of loss of extensor muscle functioning is radial nerve disruptions. 
Because the patient with this circumstance cannot open the hand to grip objects, 
the transmission of properly functioning muscle-tendon components is frequently 
used to compensate for the deficit. The wrist extensors, as well as finger exten-
sors, along with the thumb, are supplied by the radial nerve. Damage to the ex-
tensor tendon can be repaired in the emergency department while a surgeon in 
an operating room repairs other. After the surgical restoration of the extensor 
tendons, establishing a particular rehabilitation regimen takes into account the 
extent of the injury, the effectiveness of the repair, the difficulty of the treatment 
protocol, and the client’s expected conformance with therapy. Each patient presents 
unique complexities; thus, choosing the therapy that best restores normal hand 
extensions, such as mirror therapy, is important. Besides other rehabilitation pro-
cedures such as electrical muscle stimulation and electromechanical training, 
mirror therapy has many potential benefits [1]. 

Mirror Therapy is essential in the eventual management of motor response 
after surgery. The procedure is based on “visual stimulation” where a mirror is 
placed in the midsagittal plane to reflect the non-affected side as if it was the af-
fected hand [1]. The mirror’s function is to reflect actions of the less affected 
arm as if it was the injured one. As a result, their affected hand is tricked into 
regaining its motor skills. Each session lasts for around thirty minutes and the 
therapy can take from 8 weeks to six months [2]. Mirror therapy is a common 
rehabilitative procedure used in extensor tendon injury patients to recover mo-
tor function as well as the ability to participate in daily activities. Mirror therapy, 
therefore, helps the patient reorient their brain sensation in case of a missing 
arm so that they no longer feel pain in the affected limb. The procedure is simple 
but requires a qualified therapist to establish a routine. Mirror therapy uses a 
mirror box. A mirror box is just a box that does not have a lid. A 2-sided mirror 
is located in the center of the container. The box’s side contains two punched 
holes to let the client insert the injured arm and the undamaged one. The patient 
then looks over the edge of the box from an angle and moves the good arm, 
while imagining that the “motion was produced by the paretic extremity” [3]. 
This way the patient can move their paretic arm in similar fashion. Within the 
mirror, the uninjured arm is mirrored and seen. Through this setup, the motions 
of the injured arm cause an illusion of the normal arm [1]. When the normal 
arm moves, the brain sends signals for the arm to remember motions. Indeed, 
studies show that observing motions and performing the same tasks share 
common cortical motor parts [1]. Throughout therapy, the mirror arm is consi-
dered to be operating by deceiving the brain into surpassing uncomfortable sen-
sations in the patient. This action was predicated on the notion that whenever 

https://doi.org/10.4236/crcm.2022.118040


M. Farhina 
 

 

DOI: 10.4236/crcm.2022.118040 275 Case Reports in Clinical Medicine 
 

the patient sought to adjust the posture of the affected limb, the arm could not 
move due to proprioception and eyesight. Efforts to produce similar movements 
repeatedly elicited the same reaction, a process known as Hebbian learning.  

Due to nerve damage, hand muscles cannot grasp objects. Mirror therapy re-
habilitates the extensor muscles and tendons for the hand to function normally. 
Research has determined through ongoing monitoring that mirror treatment 
modifies the cortical architecture in the central nervous system when used [4]. 
This reorganization is responsible for the relief of pain and restoring hand mo-
tion. This treatment is frequently therapist-guided to track progress and reduce 
mishaps. Progress in therapy is due to the precise exercises required while un-
dergoing the therapy. Nonetheless, therapists gave the treatment the go-ahead to 
be performed at home, because it only requires a mirror and perseverance to at-
tain the desired results. Contrary to other therapies which need somatosensory 
input to perform, MT is basically visual; thus, it can be self-performed at home 
[1]. Thus, the procedure is easily manageable and convenient for the patient.  

Causes of limb pain are also essential to investigate to understand why mirror 
therapy is recommended as an effective treatment. MT strategies’ purpose is to 
restore the performance of practical tasks [1]. Theme et al. argue that even 
though vision is essential in directing movement among people with visual per-
ception, more is at stake in this case. Proprioception, or the sensation of the mo-
tion and location of body parts, sends signals to the cerebral cortex as the arms 
move. Neural pathways that control limb mobility are interfered with following 
nerve damage. The neural signals that carry sight and proprioception are like-
wise unaffected.  

Adults who suffer extensor muscle and tendon following a glass cut accident 
can benefit from mirror therapy to better their motor function. The procedure 
puts the mirror in the injured person’s midsagittal plane. The method’s success 
improves motor dysfunction and motor control after an injury compared to 
placebo, mock therapy, or other therapies. The overarching focus is whether 
Mirror Therapy improves mobility, lack of focus on pain, everyday activity ef-
fectiveness, and awareness of the impaired range of view after a glass cut injury. 
Mirror treatment has recently gained popularity, with claims of a rising number 
of PLP patients showing “significant benefit” [5] p. 2. The approach, also referred 
to as mirrored visual feedback (MVF), has proven beneficial in various condi-
tions, including brain stroke and complicated localized pain syndrome [6]. Be-
cause mirror therapy depends on visual inputs, it is attainable, and some forms 
of stimuli, such as aural feedback, could help with motor skills in the wrist and 
hands. We present a case of a severed extensor muscle and radial nerve damage 
patient, attended with mirror treatment and voiced feedback after being in-
volved in a glass cut accident. In the following case, mirror therapy was used to 
rehabilitate the injured arm and see if the hand was properly functioning. 

2. Presentation of a Case 

This case report is based on a patient whose arm suffered severe muscular and 
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nerve damage after the partially severed glass. A male patient with a deep trau-
matic laceration of the hand on the orthodosal side caused by a glass cut pre-
sented to the emergency unit after clinical examination, a complete transverse 
transection of his arm’s extensor muscle ECRB, ECRL, and EDC of all fingers 
was identified. The laceration on the muscles was fully repaired through surgery 
using klesser technique. The patient had severe muscle on the forearm in a glass 
cutter. The cut had also severed the nerve and muscle in the arm. The surgical 
team repaired the muscle belly using several suture techniques. The nerves also 
were completely lacerated, leaving a gap, so they needed repairing too. The sur-
gical team put a nerve graft in the arm to compensate for the gap. After the sur-
gery, the muscle belly was transfected.  

The patient endured therapy in surgery, whereby surgical treatment included 
nerve and tendon repair, before being moved to the acute recuperation center. 
The arm, following the reset, performed well, and the patient could extend his 
fingers and experience less pain. The patients used several drugs to promote 
healing and manage pain. In the weeks following healing, it was proposed that 
mirror therapy could assist in determining normal hand and finger motion. 
With him sitting on a chair, a vertically mounted mirror in a frame was made for 
simple placing along his centerline chest. Leaning slightly over, he could see the 
reflection of his left arm when he performed simple range of motion of hand. 
The sessions were held six days a week and initially lasted for thirty minutes 
which included ten minutes of M.T 5reps with one-minute resting. The rest of 
the session involved Transcutaneous Electric Nerve stimulation and hot therapy, 
and later on basis of improvement the exercises was advanced to dumbbell curls, 
grip opening and shutting, pronating and supinating the extended “limbs”, all 
while striving to focus on completing these motions simultaneously. He was 
placed into more aggressive therapy lasting up to these moves for 20 minutes at a 
time, twice every day. 

The therapy affirmed that the patient maintained normal motor function of 
his fingers and hand extension. Apart from gabapentin, all pain medicines were 
progressively tapered off over the seven days of MT. A dosage of Gabapentin was 
reduced to 200 mg once times daily. After three days of mirror therapy, his pain 
dropped, and his hand function improved. He took lisinopril 10 mg every day at 
the end of twenty-one days. At the start of the therapy, the patient needed a pro-
fessional to assist with the therapy. 

In the beginning, this procedure might be performed under the supervision of 
a qualified therapist. As soon as the therapist is convinced that the client can 
continue with the therapy on their own, they can let them go. The therapy pro-
vided professional monitoring in the initial stages of the process. Because the 
technique is classified as easy, the patient required little professional monitoring. 
Because the treatment does not need any extra special tools to be successful, it 
can be performed on the lower extremities and upper arms [5]. I focused on ther-
apy on the restored arm and alleviating the patient’s pain. I modified all the fol-
lowing procedures to meet the patient’s amputated location. As a result, it was 
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clear that this therapy was providing pain relief to my patient. Nevertheless, with 
enough practice, the patient could carry on the procedure independently or with 
assistance from his mother, who was his at-home caregiver.  

Indeed, even during the treatment period, another attendant took part by 
clapping their hands in time with the motion of his arms to the mirror, creating 
the impression of both seeing and listening to the hand clapping. This type of 
aural input was promoted and extended during his acute recovery. Whereas 
MVF was initially invented to restore the patient’s nerve function, auditory sti-
mulation was conducted concurrently with mirror therapy. His other recovery 
milestones were completed quicker than anticipated, and he was approved for 
discharge to go home with continued outpatient mirror and auditory stimulus 
therapy, along with additional outpatient therapeutic care. He no longer had 
pain within a few months but took one year to recover proper use of his hand 
and digits. After that he was back to work as Occupational Therapy Technician 
and assisted in several surgeries. 

3. Discussion 

In our patient who presented with a severe laceration on their arm affecting the 
extensor muscle and tendon, sutures were used to repair the muscle tissue. How-
ever, the nerve had been severely lacerated and needed a nerve graft. Upon re-
covery, mirror therapy was used to help in hand rehabilitation. After the thera-
py, the patient demonstrated full hand function and could return to work. Hand 
therapy is often performed for patients with arms and upper body extremities 
injuries. After an overall evaluation and diagnosis, therapy is introduced. Ther-
apy is crucial because it enables patients to return to normal bodily functions. 
Many studies have been conducted to understand the pathogenesis better and 
discover therapies for nerve healing and discomfort. Several post-operative thera-
pies exist for cases of nerve damage, including isometric exercises [7] and “elec-
trical stimulations” [8]. For our case, we used mirror therapy which is often 
non-contact. Mirror therapy enables central sensory processing by providing a 
physical image of the recovering limb.  

Mirror therapy involves different procedures with the therapist. It as well in-
cludes tasks one can perform at home. Mirror therapy is one of these procedures 
that doctors currently perform. Nevertheless, the fact that it is still little com-
prehended proves to be a barrier. Signals relayed from the pre-motor and motor 
cortex in the restored limbs are validated by mechanoreceptors, sensory, and 
visual input. Furthermore, mirror treatment may improve sensory feedback by 
creating an illusory (mirror) representation of the signals in the non-functioning 
limb.  

My patient therapy regimen focused on mirror therapy with audial input. The 
majority of the available literature focuses on visual, tactile, and proprioceptors 
input, with little or no discussion of auditory feedback produced by recognizable 
noises like clapping. Multi-sensor activations, modulations, and connections re-
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vealed in the early phases of sensory processing could enable a multisensory 
therapy strategy for limbs with restored nerves, with the prospect of stimuli con-
sistency contributing even more. 

Congruency is the connection among stimuli congruent with the person’s 
previous experience or natural interactions among senses [9]. For example, the 
optical impression of clapping is paired with aural input (the distinctive sounds 
of clapping) generated by a psychotherapist or a third person. Similarly, one ob-
serving similar actions on one arm can stimulate the same actions in the healing 
hand. Though no “recorded” known noises were used, they are likely to be used 
in the future. Another illustration could be the patient’s finger-snapping, which 
produces exceptionally particular sounds. Although a few sensory feedbacks may 
be more significant than others in arm perception, this report assumes that inte-
grated, coherent, multisensory cues are vital in the entire process of hand resto-
ration. There is evidence that mirror therapy can be paired with other sensory 
inputs. For instance, some studies further investigate the pairing of mirror ther-
apy with other procedures, such as electrical stimulation [8]. It is unclear whether 
the restoration in normal motor functioning is attributed to mirror treatment 
alone or the combination of MVF and aural feedback. Additional cases, includ-
ing multisensory input during therapy, are required to validate this concept.  

4. Conclusion 

In the therapy of motor-sensory restoration in patients with lacerated tendons 
and radial nerves, multimodal biofeedback treatment could be preferable to 
treatment only. This case included a patient recovering after surgery on their 
arm. After conducting mirror therapy, the pain was eliminated, and the patient 
restored normal function of moving the hand and finger extension. In addition, 
the therapy could be conducted at home without needing a professional. Further 
research into the impacts of multisensory activation in this patient group is re-
quired. We believe that a systematic study that compared mirror therapy by it-
self to combined MVF with auditory feedback could help respond to the follow-
ing.  
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Abstract 
This case study presents different strategies that were explored by the pa-
tient’s mother (who is a researcher in music and medicine) when her 17-year- 
old daughter was diagnosed with ME (Myalgic Encephalomyelitis), also known 
as Chronic Fatigue Syndrome (CFS). ME is not widely recognized in the Global 
as well as the Swedish population at large, and within healthcare, there are no 
standardized recommended treatments, partly due to the lack of published 
evidence-based studies. This case study aims to provide insights into how the 
Swedish healthcare system works, how different clinics and hospitals within it 
operate and interconnect; and how these contribute to health outcomes after 
15 months of treatment. 
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1. Introduction 

The patient C, currently 18 years old, had been struggling for 2.5 years with in-
fections, throat pain, exhaustion, and PEM (post exertion malaise). She had been 
taken under the care of lung and respiratory specialists who tried penicillin for 
her throat pain, but neither antibiotics, nor pain killers, nor nutrient supple-
ments had helped to resolve her symptoms. During this time, no further investi-
gations had been prescribed for a possible diagnosis of ME. After three years of 
struggling with symptoms, anxiety and associated infections, a private clinic in 
Stockholm, the Bragée Clinic, diagnosed C with ME according to the Canadian 
criteria [1]. Upon further investigation, the same clinic also diagnosed a Postural 
Orthostatic Tachykardia Syndrome (POTS) [2], a Chiari malformation [3] in the 
left cerebellum tonsil and general hypermobility. 

2. What Do We Know about ME/CFS? 

It is estimated that 0.1% - 6% of the populations in the Western hemisphere suf-
fer from ME [4]. Women outnumber men by a ratio of 3:1. The age of onset va-
ries between 20 and 40 (investinme.org). First established in 1994, the diagnostic 
criteria of ME have become more stringent over time [1] [5] [6] [7]. It can be 
challenging to diagnose ME as there are currently no laboratory tests available 
for an unequivocal diagnosis [8]. However, the Canadian criteria for diagnosing 
ME are widely used as they provide a clear framework [6]. An expert consensus 
on the diagnosis, service provision, and care of people with ME/CFS in Europe 
was also recently published (European Network on Myalgic Encephalomyeli-
tis/Chronic Fatigue Syndrome [9]. 

Research on ME has identified abnormalities in the central as well as peri-
pheral nervous system, the immune system, and in the metabolism in patients 
with ME/CFS [10]. Several research groups are investigating the link between 
different viral infections and the development of ME [11] [12], including the role 
that the Epstein-Barr Virus may have, something that has been discussed for a 
decade [13]. Recently hypotheses have been offered to explain a possible rela-
tionship between hypermobility and cranio-cervical obstructions frequently ob-
served in ME patients [14], as well as potential mechanistic overlaps between 
critical-ill patients and ME [15] [16] [17] [18]. Whilst it clearly affects the brain, 
IQ is not reduced in ME patients—patients seem to be able to leverage a larger 
portion of the brain to perform the same mental performance as patients who do 
not have ME [19]. Also, the absence of depressions is common in ME [9]. 

In US researchers have been investigating the increase of pro-inflammatory 
microglia activity in the CNS of ME patients [20]. In Norway [12], an increase in 
autoinflammatory antibodies to beta-adrenergic and muscarinic receptors in the 
central nervous system has been demonstrated. This was first shown by [21]. 
This has also been validated in two Swedish cohorts [22]. In the UK, impaired 
transport of calcium between cells has been detected. In this research the trans-
port of calcium and magnesium ions are linked to the body’s temperature regu-
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lation and experience of pain According to Finnish studies there may be a link 
between ME and the sympathetic nervous system as well as between connective 
tissue and blood circulation [23]. 

Work by Fluge et al. [12], offered ME/CFS patients some hope. Results from 
their first study initially showed positive results that ME could be an autoim-
mune disease and therefore be treated accordingly. But in the second study, a 
double-blind placebo-controlled Rituximab study, indicated negative results, al-
though a subgroup of patients did respond positively to the treatment [12]. 
Another hypothesis is that ME is related to a “gut-brain axis model” [11] [24]. If 
this is the case dietary interventions could be of importance for ME patients. 
American researchers [24] have found an increase in lipopolysaccharide content 
(LPS) in the gut in a majority of patients with ME. One theory behind this is that 
LPS leaks from the intestinal system to the bloodstream. Another American 
study has discovered that the citric acid cycle in the mitochondria is disturbed in 
ME patients. This disrupts glucose metabolism; glucose is converted to fatty ac-
ids which are then stored. These theories hypothesize that the mitochondria 
have entered a form of “protective” mode that prevents them from producing 
energy, which in turn may suggest an opportunity for treatment in somehow 
“restarting” the mitochondria. Different studies in England, Switzerland and 
Germany are focusing on the function of the microbiome [25]. Patients with ME 
seem to have lowered diversity in their bacterial flora and at the same time ele-
vated levels of bacteriophagic viruses that attack bacteria [25]. This strand of re-
search suggests that if there is a disturbed balance between certain types of mi-
cro-organisms, the immune system may start to fight beneficial body bacteria 
and cells.  

In this patient’s own area, Sweden, there is ongoing ME research as already 
mentioned above. Already in 2011, evidence for neuroinflammatory involvement 
in ME/CFS patients was presented [26]. Furthermore, one study measured plasma 
concentration of several immune parameters in plasma [11]. Another Swedish 
line of ME research is Cranio-cervical obstruction [14]. Dr Jonas Bergquist and 
collaborators are working with the hypothesis that ME may be triggered by sev-
eral different viruses such as EBV or influenza, and that partly the symptoms in 
ME patients could overlap with other post-viral fatigue disorders and critical ill 
patients. An elevated level of antibodies to HSP60 (a mitochondrial protein that 
could be involved in energy uptake) has been observed in ME patients [11]. 
Other research on energy metabolism in ME patients suggests the immune sys-
tem changes behavior and attacks the body’s energy uptake and signaling sys-
tems, observations made by Swedish researchers already in 2013 [27]. This hy-
pothesis has recently been followed up by a home-visit study conducted by the 
team from the ME/CFS Collaborative Research Centre at Uppsala University 
(unpublished data). 

From this short overview, one can conclude that the pathogenesis of ME is 
very complex, much is known but the full picture is not yet fully understood. 
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Unfortunately, there still exist recommendation that ME patients should exer-
cise more in order to boost energy levels. While activity may temporarily im-
prove fatigue, it may also contribute to a post-exertional malaise (PEM) that is 
common among ME patients [11]. PEM means that patients’ symptoms follow-
ing physical activity or mental exertion could increase 12 - 48 hours post exercise 
and last for days or weeks [28]. Experimental treatments are occurring among 
medical specialists. In a clinic in Mölndal, “Hälsosjälen (Health Soul)” an osteo-
path has been working with a technique known as the “Perrin Technique”; a 
craniosacral technique aiming at increased space between the occipital lobe and 
the first cervical vertebra. There are ME patients where the foramen magnum is 
constricted due to pressure from a “Chiari malformation” or due to neck trauma 
[14]. This technique is well-tested in US on many patients with ME [28]. In the 
Swedish health care, there is still little consensus on how to treat ME patients. 
The Bragée Clinique in Stockholm (a clinic specialized in diagnosis and treat-
ment of ME) recommends treatment with low dose Naltrexone [29], pacing [28], 
sodium chloride—intravenous injections or oral treatments [28] and B-12 injec-
tions. Physiotherapy and occupational therapy are also recommended for the 
patients to cope with their energy levels (Pacing). These interventions seek to 
decrease pain and increase patients’ energy levels to some extent.  

Parents of children suffering from symptoms of ME are largely coping on 
their own. Although there are healthcare professionals such as MDs who have 
specialized in ME work with patients, they simply do not have the time or 
knowledge to improve outcomes reliably for their patients. We desperately need 
to seek more knowledge of how the patients diagnosed with ME experience the 
health care system, in order to improve this. The present case report offers first- 
person account of how parents cope with the situation when their child is diag-
nosed with ME, POTS and hypermobility. 

3. The Different Health Care Specialists and Their Advice  
and Treatments 

In the following part, thirteen different specialists’ recommendations to C and 
narratives from the parents will be presented chronologically, from April 2021 to 
June 2022. 

The general practitioner at the hospital:  
April 2021. 
The general practitioner wrote a referral to the ME Clinique, presenting the 

following symptoms/questions: 
“For 1.5 years, C has had the following symptoms 

● recurrent throat infections with severe pain from tonsils, pharynx and ears 
● blisters in the mouth 
● feelings of exhaustion after light physical exertion 
● flu-like symptoms and feelings of dependence come in flares 
● intermittent pain in neck, jaw and knees 
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● headache 
● muscle tension of shoulders/neck 
● hypersensitivity to sound 
● cold hands 
● feeling of fever without fever 
● slight dizziness when getting up from sitting and from lying down 
● a sensation of superficial sleep 
● fatigue and tiredness after cognitive and concentration-demanding 

tasks in school 
Symptoms in the last 3 - 6 months 

● brain fog 
● tachycardia when ascending 
● superficial breathing - costs of energy to breathe deeply 
● concentration difficulties 
● difficult to find words 
● extreme feeling of exhaustion after physical exertion” 

The ME specialist  
May 2021. Diagnosed ME, POTS and general hypermobility 
June 2021. Recommended Low Dose Nalprexone (LDN), extra NaCl solution, 

and to drink as much as 2 liters water per day. 
November 2021: Commenced B-12 injections and peroral Folic acid. Recom-

mended for IVIG (intravenous gamma-globulin injection) treatment, but after 
three different referrals had failed it became obvious that no physician in Swe-
den was willing to take responsibility for this treatment. 

August 2021: Antibodies test in Germany by CellTrend 
April 2022: C started with adrenalin injections recommended from the ME 

specialist to obtain a better perceived sleep pattern. C has received in total five 
adrenalin injections and they seem to have resulted in improved sleep. 

“After several months of C’s symptoms, and several diagnostic assessments 
including a Tilt test and MRI scan, the ME doctor diagnosed C with the condi-
tion. The diagnosis came as a shock both for C and us. We had begun to under-
stand that the symptoms C had been feeling could be related to neck pressure. 
The ME doctor said the pressure of the left cerebellum on the 1st vertebra may 
not be relevant for the ME diagnosis, but that a neurologist would need to verify 
this”. 

The Neurologist 
June 2021.  
A Chiari with 7 mm pressure towards the foramen magnum was found on the 

left cerebellum toncil. Two neurologists at Karolinska Hospital analyzed the MR 
finding and provided their consensus that the Chiari finding had no clinical re-
levance for the ME-symptoms. 

“The neurologists were telling us that they could take part of C’s first vertebra 
away and fixate the cerebellum, but we did not want to run the risk of that oper-
ation. We as parents recognized the importance of trusting the neurologists’ 
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consensus. At the same time, we were also skeptical at what the neurologists 
were telling her, and as parents, we did not want to go through an operation on 
her brain”. 

The occupational therapist 
June 2021. 
Information about PEM and base line 
Pacing instructions 
“We found the tools and techniques from the occupational therapist—like a 

lamp that served to visualize energy depletion as it occurred—very practical and 
helpful, and they have been meaningful in C’s treatment. We have learnt how to 
read her body signals, and if one learns to stop right before she gets over-
whelmed, her life is more bearable. Even seemingly simple activities can deplete 
her energy, so she needs to prioritize energy to perform basic functions. We have 
come to understand this energy exchange is like a “bank account”—you cannot 
use more energy/money in your account than what you have (and you cannot 
take loans on energy)” 

The osteopath 
August 2021. 
Mechanical work with osteopathy and the Perrin technique 
Catherine visited an osteopath—specifically a doctor with 30 years of expe-

rience in psychosomatic medicine as well as ME—in Gothenburg once a week 
for 8 weeks in autumn of 2021. The osteopath described the etiology as” cranial 
dysfunction with slight load on the lymphatic system (specifically in the left side 
of the body), slight head trauma from Catherine having fallen on ice, and static 
braces”. The osteopath also mentioned Catherine’s previous bird flu infection as 
maybe contributing towards ME. 

The findings from the osteopath were suboccipital inhibition of movement, 
inhibition in thoracic spine, findings of inhibited movement in the jaw (in terms 
of muscle movement), and overall hypomobility. 

At these baseline findings in September 2021, Catherine rated her pain about 
6/10; her vitality 4/10; and self-rated health overall was 3/10. Two months later 
in November 2021, her vitality was rated the same, her self-rated health 4/10, 
and she was in greater pain in the throat area. Catherine described herself as not 
feeling free, and somewhat locked.  

The recommended treatments following this appointment included relaxation 
movements and micro tractions in the upper part of the spinal cord; C0 - C1. In 
response to the treatments, increased movement in C1 was achieved, and there 
was more color to Catherine’s face. The doctor also recommended taking Cathe-
rine’s dental braces off, as they were static and counterproductive in relation to 
the asymmetric part of cerebellum. The braces completely locked up the interre-
lated movement of the cranial bones and by that caused a decreased flow in the 
cerebrospinal fluid. Catherine has since then felt at ease without them. 

After the MR, in March 2022, there is a finding that the Chiari malformation 
is not as obvious as before. Probably, we can trace this finding to the osteopath’s 
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efforts with micro tractions in the C0 - C1 during autumn 2021. There is still a 
question if the MR signals part of an EDS, Ehlers Danlos Syndrome (which is a 
common finding in ME patients). After the experts analyses of C’s MR dated 
April 2022, there were no signs of the Chiari and no detectable vascular changes 
related to EDS. 

C’s narrative regarding this section of treatment: 
“I would really like to be in school and continue with my courses. The osteo-

path treatment has made me believe more that I can come back to school. The 
osteopath has given me more self-respect, and I believe that I, within a couple of 
months, can start to enjoy life again. He has given me more patience. I believe 
that I need more of this during a short period of time ahead.” 

The ACT-therapist 
August 2021-May 2022. 
Working with acceptance 
How do you accept something so frustrating to live with? Sure, there are 

therapies that can help you handle and cope with your thoughts and emotions— 
the key here is that you have your thoughts, but you aren’t your thoughts.  

About every second week, the meeting with an acceptance commitment the-
rapist (ACT) has helped C to cope with her ME diagnosis and symptoms. Through 
this, she was encouraged to share her thoughts and feelings with a person out-
side the family. These meetings have been conducted digitally 1-on-1, and they 
have met for about 10 times. 

These sessions have been very meaningful in the sense that C has understood 
that she is not alone in her suffering. It has been a relief for C to hear that other 
patients have been able to work with tools to handle a situation wherein one 
needs to put one’s whole life on hold. With mindfulness and meditation tech-
niques, she is able to accept that she has hard times during the day; C has been 
able to use these techniques between ACT meetings. In the most recent session, 
C told the therapist that she doesn’t need the therapist anymore as she now feels 
able to take care of her own situation.  

This has been a positive thing to observe from the sidelines as a parent. C has 
become much wiser this year, and she now seems to have a very mature perspec-
tive compared to when she started school. This has been a silver lining of every-
thing that has happened. In a way, it is an existential “win”, as C has gained 
deeper wisdom about life because of all the things that have happened. 

The Immunologist 
August 2021, December 2021, April 2022. 
Working with antiviral treatments. 
Long-standing clinical experience links viral infections such as infectious 

mononucleosis to the development of long-term illness. This experience is in-
creasingly supported by scientific evidence linking infection with Epstein-Barr 
virus (EBV; the causal virus behind infectious mononucleosis) with immune 
dysfunction [30] [31] [32], neurological diseases [33] [34], as well as ME/CFS 
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[32].  
As an immunologist at the Karolinska University Hospital, Dr. Axelsson 

works mainly with bone-marrow transplantations and cell therapies. However, 
the relatively recent adoption of autologous hematopoietic stem cell transplanta-
tion as a treatment for multiple sclerosis (MS) has awakened an interest in ME as 
another putatively virus-linked disease that involves the immune system. With 
limited options to see such patients in his role at the hospital, Dr. Axelsson in 
2017 co-founded the Amelie Clinic together with the family of a patient. The 
clinic is a non-profit organization, organizationally and physically separate from 
the Karolinska, dedicated to the treatment of, research on and education about 
para-viral diseases, including ME, long-Covid [35], and chronic Lyme disease 
[36]. 

Based on a thorough assessment of immune parameters a diagnosis of Eps-
tein-Barr linked immune exhaustion was made. Tests included serologic reactiv-
ity to common viral proteins, nucleotide analyses, immune cell populations by 
FACS, and T-cell proliferation assays [37]. Treatment was initiated with valgan-
ciclovir (450 mg, bid), an antiviral treatment, and metformin (500 mg, bid), a 
diabetes medication with immunomodulatory actions [38]. Due to eosinophilia 
and an excessive mast-cell degranulation response, sodium cromoglycate in an 
enteric formulation was also prescribed to be taken as needed. 

The Cardiologist 
October 2021. Recommendation to take Inderal.  
“The primary care physician had understood that C’s POTS warranted a visit 

to a cardiologist, who suggested a beta blocker (Inderal 40 mg). This was in view 
to improving C’s ability to move around the house, from bathroom to room and 
so on. In our eyes, this was a short-term solution, and we were wondering how 
long someone could take this medication without long-term damage. We also 
wondered why the ME doctor and cardiologist had not been able to work to-
gether from the beginning—at this point, C had already spent 5 months with 
hyperactivity in the heart. Although we were happy that the treatment had bene-
ficial effects (reduced tendency to tachycardia), we now wondered what it must 
be like for families who may not be able to bring a cardiologist in to the consid-
erations for treatment. There has been no follow-up physically with the cardiol-
ogist since then, and we do not know why. We wish to contact him”. 

Funmed-Diet 
November 2021. 
“The doctor presented us with 25 pages of analysis. It was a chaotic presenta-

tion of two and a half hours. C herself expressed feeling overwhelmed by the in-
formation and did not want to go through with the proposed treatment of start-
ing antibiotics for the gut, given that the treatment had not been verified by the 
scientific community. We felt devastated after this meeting, and we could not 
believe that medical doctors would try to make money from this treatment plan. 
After a second meeting with the FunMed doctor, we still find it unbelievable that 
some caregivers say that they have experience of treating ME patients but ob-
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viously do not”. 
The Functional Medicine expert: 
November 2021. 
Supplements to strengthen the liver, kidneys, stomach 
Diet 
This expert (not a doctor) suggested going to a store where you could buy 

supplements to strengthen one’s organs. Per this expert’s suggestion, C started 
an anti-inflammatory diet—including not eating meat and limiting dairy—until 
December of 2021. At this point, C felt that continuously having to monitor 
what to eat and not to eat was too frustrating, so we decided to simply give her 
what she wanted to eat; in other words, she ate the same things as the rest of the 
family. She has continued taking the supplements, but not as consistently as be-
fore”. 

The Massage therapist:  
November 2021. Working with lymph drainage. 
C visited a massage therapist to help “open up” a lymph node on the left side 

of her body, after we had read about lymph drainage. We visited a few times, 
and after each visit, C would need a lot of rest. While we did not accompany C to 
these massage therapy sessions, we know from the after-effects that these visits 
were too draining for C. We would not recommend this specific plan of treat-
ment to others if one were low on energy, since the treatment involves releasing 
muscle tension, and muscle tension is actually needed to aid healing”. One rec-
ommendation from the massage therapist that really has helped is supportive 
sockings.  

ME researcher  
Spring 2022. 
I have been in correspondence with Dr. Jonas Bergquist, who hypothesizes 

that ME can be at least partly triggered by Epstein-Barr virus and influenza in 
resemblance with other post-viral fatigue syndromes. His research is being con-
ducted at the ME/CFS Collaborative Research Centre at Uppsala University. 
This lab has partial funding for finding biomarkers in cerebrospinal fluid and 
blood from ME patients. He has shared his findings on neuroinflammatory 
markers, on autoantibodies in blood and disturbances in energy metabolism.  

He has suggested intravenous gamma-globulin injection (IVIG) treatment, 
which influences the immune system activation (the mechanism echoes that of a 
vaccine). Although this treatment is expensive in Sweden, there are doctors in 
clinics in Sweden, Denmark and USA who administer this treatment.  

He has additionally discussed plasmaphoresis or immune absorbtion as po-
tential treatment options with one of his German colleagues (Dr Carmen Schei-
benbogen), who have seen improvements in a subgroup of patients with ME; 
however, it was based on risk-benefit evaluation determined that C would need 
to be experiencing more severe symptoms before electing to undertake this sort 
of treatment with their potential side-effects. 
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A perspective from Norway  
We have been in correspondence with a professor in Pediatrics from Norway 

(whose son has ME).  
The first piece of advice this professor recommends is that due to C’s POTS, 

we should try IVIG [39]. One-third of his colleagues in the UK have had good 
results when it comes to IVIG treatment, although the professor notes it can take 
up to 12 months after treatment to see results. The second recommendation of 
this professor has been to try plasmaphoresis. His third piece of advice is for C to 
take an IV saline infusion—1 - 2 times a week in conjunction with B-12 injec-
tions + folic acid. 

4. Results 

Pacing seems to be the method that has given the best results of all the recom-
mendations C has received. In other words, coping and reading pre-signals of 
available energy levels have been key. Additionally, B-12 injection treatments 
have been proven to help ease symptoms, along with ACT treatment and sup-
portive sockings to decrease C’s POTS and hypermobility has also been some-
thing that has helped C lately. 

Figure 1 presents C’s VAS scores made from 19th of May 2021-24th of May 
2022, where 10 is “the worst possible overall health” and 0, “the best possible 
overall health”. The different cyclic stages may be related to energy consumption 
especially different cognitive activities, such as reading, hormone cycles, warm 
temperatures, school visits and traveling. The last peak seen in the trend analyses 
were evaluated when C. had high fever. 

5. Discussion 

With the unfolding of this case, and all the elements at play, what can we say 
about firstly the role of the parent, living with a child who has been diagnosed 
with ME, and secondly the Swedish health care system?  

The parental role 
 

 
Figure 1. Scores measures on a scale from 0 - 10, where 0 is related to the best possible overall health and 10, is related to the 
worst possible overall health. C. has evaluated the scores every morning from 19th of May 2021-24th of May 2022. 
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As a parent, one is playing a key role in the “dramatic play” of what unfolds. 
As C says, “How could an ME patient survive without support from a caring and 
loving family?” Without a well-organized treatment process with continual res-
pectful and compassionate communication, it is likely, from our perspective, 
that this case would have ended up with a patient in deep depression. The role of 
the parents is not only to be a parent, but also to be a therapist, supportive 
friend, pharmacist, researcher, social worker, and nurse, all at the same time 
[40]. We might consider these roles as part of the healthcare system, but they 
end up being the responsibility of the family. Considering this, we need to ask: 
Who is taking care of the parents? Who is supporting the caring family in per-
forming these roles? Currently, it is very rare that there is organized mentorship 
or methodology to take care of the caregivers. There is also a question of equality 
here [41]; which patients have access to parents who can support them in this 
way, and which patients do not? 

Looking at what we have learnt through our investigations of C’s condition, 
one can think of C’s ME as a branch that has fallen into a flowing river. Similar-
ly, with regard to the way the branch forces the water to flow in alternative ways, 
C’s Chiari malformation is maybe occluding the cerebrospinal fluid. As a result, 
her body is having to cope in a different way, which has resulted in a disease 
targeting the immune, hormonal, cardiovascular, and cognitive systems. C’s 
body has been coping with something that is poorly understood. At the age of 
eighteen, many physical, emotional, cognitive, and hormonal systems are devel-
oping, and her body is still very much under construction. Every day, one can be 
working with a varying baseline of energy and emotions. This adds a layer of 
complexity to considering the options for treatment—how can one as a parent 
know if they are doing the right thing, especially in relation to the rapidly 
changing systems of the adolescent body? 

A key question throughout this case study has been whether to perform an 
operation that, although risky, could potentially increase the quality of life for 
patients such as C. As parents, we have spent a great deal of time deliberating 
whether an operation would be worth it. While time can help in weighing the 
options, it is traumatic as a parent to see one’s child spend time suffering in or-
der to gain this wisdom. There is a steep emotional cost of waiting, and we our-
selves have experienced dark and difficult thoughts from the weight of responsi-
bility, trying to work out what the “right thing” is to do. 

In all, we know little about this disease [42]. The existential weight of living 
with such unknowns in relation to evidence-based research needs to be taken 
more into account by our health care system and providers [42]. This combina-
tion of existential confusion and dread surrounding a rare disease can be diffi-
cult for the patient to handle [43], as major life events and day-to-day processes 
alike can be brought to a sudden halt. As a parent, it can also be difficult to pro-
vide the child the confidence and reassurance that things will turn out okay. We 
are left with the need to trust the process of diagnosis and treatment to avoid a 
sense of total hopelessness. The importance of this belief cannot be overstated: 
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from our experience if the members of the support system lack belief, they can 
add negative energy, anxiety, and despair into the process, which will hinder the 
healing process. The feelings of parents that are not able to handle the uncer-
tainty of their child being ill could impact the patient in a detrimental way.  

If a child with ME does not have a support family system, they would have to 
exert even more energy taking them far beyond their coping limits.  

At this point in our journey, we have reached a set of fundamental questions 
about the relationship between patient-parents and the health care system. If a 
patient cannot handle their symptoms, diagnosis or treatment alone, how can a 
support network be created and maintained? As parents and family members of 
patients, how can we support the healthcare system in Sweden? And how can 
that health care system help them? 

The Swedish healthcare system 
We conclude by examining what we can learn from this case study about the 

Swedish health care system as it stands today. 
A key problem faced in this case has been a lack of coordination. Why can the 

medical field not coordinate doctors—specifically doctors with different areas of 
expertise—in one clinic or a Centre of competences? This lack of coordination 
can also be seen in relation to researchers. Why do doctors not coordinate with 
researchers in the field? 

The healthcare in Sweden needs to combine clinics and knowledge exchange 
with researchers and parents. So why does this not happen? Lack of funding and 
lack of organizational/management expertise are important contributing factors 
[44]. There is also a crisis in the Swedish primary care since there are fewer pri-
mary care physicians per citizen in Sweden than in other comparable countries 
[45]. This means that the Swedish primary care system is unable to handle ill-
nesses that are not accepted in mainstream medicine. 

This issue extends to a lack of coordination between doctor and patient, which 
often must be mitigated through external platforms of support. This can include 
real-life support shown, for example, through the school system, or distributed 
online. For instance, there exists a meaningful Facebook database where people 
have shared their narratives with ME. In this Facebook page, patients share data 
and treatment information. The administrator of the research page is very in-
volved with quality control, report validity, and the sharing of results. There ex-
ist various support systems in parallel. This means that patients and parents can 
compare medicine treatments, diets, and rankings of experts [46]. Why can we 
not bridge the gap between patient experiences and what doctors currently 
know? Could this idea of developing platforms of support in between meetings 
be a cost-effective way of handling the anxiety and despair in parents, the school 
system, and healthcare staff? 

Overall, there is a gap in the healthcare system, where 35,000 patients with ME 
in Sweden are not able to get the help they need. To date, there have been no 
other case studies published in Sweden partly since there is no one in the 
healthcare system that can take responsibility for this process. When a parent 
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starts to lose trust in the healthcare system, one might enter a loop of distrust 
between not only patient and doctor, but between patient/parent and society. 
There is a danger in this process, not to mention the high financial and emo-
tional cost to the family, which ultimately ends up taking 100% responsibility.  

ME research has started to become a priority in the wake of post-COVID re-
covery [47]. Post-COVID patients are prioritized because, in the eyes of our so-
ciety, they are suffering more than long-term ME patients [48]. This is unfortu-
nate and intolerable, in particular since the long-term chronic fatigue that de-
velops in some covid-19 patients may actually be ME. Who is ultimately in 
charge of our society’s priorities related to new post-modern disorders? More 
broadly, how can we use this shift as an opportunity to begin addressing the gaps 
in coordination and care in the Swedish healthcare system? 

6. Conclusion 

This case study provides insights from a first-person parent perspective on how 
Swedish healthcare works in a newly discovered ME in a 17-year-old woman. 
Specific recommended medications, treatments, and therapies from 13 different 
specialists are presented but coordination between them does not exist. When 
you as a parent begins to lose confidence in the care, we end up in a loop of mi-
strust between not only the patient and the doctor but between the patient/parent 
and society. More resources are needed to coordinate ME treatments with ME 
research between different health care providers in Sweden. 
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Abstract 
To determine the dynamic physical strain exerted on an individual during 
work, an evaluation of all physical performances is necessary. For surgeons, 
sustaining healthy ergonomics is essential, particularly for cases requiring 
long standing hours. Indeed, the absence of proper ergonomics may lead to 
multiple musculoskeletal issues. Failure to check these problems may lead to 
future degenerative changes and eventually career-ending damages. Pain among 
surgeons is expected since they spend many hours caring for patients that 
they ignore their health, standing for prolonged hours. Lack of attention to 
work ergonomics often leads to work-related muscle pain and increased risk 
of problems. 
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1. Introduction 

Musculoskeletal disorders affecting surgeons are complaints, signs, and pain that 
reveal several conditions such as back, neck, shoulder pain, atypical facial pain, 
pain in limbs, among others [1]. Musculoskeletal disorders are caused by ergo-
nomic, physical, and psychosocial factors [2]. Medical professionals face much 
strain in their work, leading to physical strain, which causes musculoskeletal 
pain. Research has shown that musculoskeletal problems are the second most 
common problems surgeons have to deal with during work, after mental strain. 
Much research on medical care ergonomics exists, but these studies often focus 
on physicians and nurses. However, there has been a growing focus on surgeons 
in recent years. These studies reveal that the prevalence of pain among surgeons 
is between 20% - 80%. These professionals reported neck, lower back, shoulder, 
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and hand pain. Survey shows that good ergonomic practices reduce MSD cases. 
Studies show that the doctor’s posture during operations is a determinant 

factor in pain reduction. Experts agree that surgeons should be in a neutral 
posture when performing their duties, with their muscles in a relaxed position 
[1]. This position ensures less pressure is exerted on the muscles during opera-
tions, thus less pain and complications after the surgery. Despite the advance in 
medical technology, most operating rooms are not ergonomic; thus the operat-
ing and monitor tables heights can limit the movement and flexibility for the 
surgeons [3]. At the same time, some procedures require a surgeon to stand for 
hours. To determine the dynamic physical strain exerted on an individual during 
work, an evaluation of all physical performances is necessary. For surgeons, sus-
taining healthy ergonomics is essential, particularly in cases that require pro-
longed standing hours. Indeed, the absence of proper ergonomics may lead to 
multiple musculoskeletal issues. Failure to check these problems may lead to fu-
ture degenerative changes and eventually career-ending damages. Pain among 
surgeons is expected since they spend many hours caring for patients that they 
ignore their health, standing for prolonged hours. Lack of attention to work ergo-
nomics often leads to work-related muscle pain and increased risk of problems. 

Among surgeons, the most prevalent pain reported in the UK was neck and 
back pain at about 90%. Many surgeons reported having pain during operations. 
Similarly, in the USA to Shuaha Kim that 436 out of 503 gynecology surgeons 
reported back pain. Research on cases of musculoskeletal issues takes both a 
broad and narrow approach, most focusing on a cross-sectional survey in their 
studies.  

2. Methods 
Population of Study 

The study surveyed resident surgeons that matched the research criteria. A 
cross-sectional survey of surgeons in five fields was conducted in different hos-
pitals across Karachi. We made a list of all surgeons across five hospitals through 
random sampling. The questionnaire was distributed to the orthopedic, ENT, 
and gynecological surgeons, and after filling it, they returned it. Surgeons were 
to fill out the questionnaire and return it the same day of their shift. Those who 
could not return it were asked to leave it by the reception so we could pick them 
up the next day. The questionnaire contained three parts: demographic informa-
tion, working hours and pathology, area of pain, positions that aggravate it, and 
knowledge of ergonomics. 

The survey included 246 participants between 24 and 50 years of age. The par-
ticipants were male and female and included surgeons specializing in orthoped-
ics, ENT, general surgery, gynecology, and ophthalmology. We then used a 
non-probability purposive sampling with our analysis. Thereafter we calculated 
through the OpenEpi v. 3.0 with a hypothesized frequency of 80% (regular pain 
during surgery). The sample had limits of confidence of 5%, data effects of 1%, 
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as well as a level of confidence at 95%.  

3. Statistical Analysis 

We stored the data then evaluated using SPSS 23.0, a package for statistical anal-
ysis. count and percentage were reported for qualitative variables at baseline, 
frequency of musculoskeletal pain and its pain factors, bar chart used to locate 
the location of clinical symptoms, mean duration of working hours per day, op-
eration hours per week and body mass index were compared using a chart in 
musculoskeletal pain and without pain (Figure 1). 

4. Results 

Among the 246 samples studied, 61.8% belonged to less than or equal to 30. 
43.9% were male, 93.5% were MBBS/FCPS qualification, 49.6% were married, 
and 20.3% samples were taken from each specialty like orthopedics, general sur-
gery, and gynecology, ENT, respectively. Meanwhile, 18.9 percent of samples 
were taken from ophthalmology. 12.2% of the samples reported hypertension as 
one of the co-morbidities. Among the samples, 22.4 percent smoked, and 11.8% 
had a history of trauma or surgery within the past year. The samples also re-
vealed that 84.6% of them had standing operations. Only 14.6% of the sample 
used protective eyewear, and 80.1% used the right hand as the dominant hand 
(Table 1). The sample also showed that most commonly, orthopedics had occu-
pation-related musculoskeletal pain at 30.6%. Meanwhile, ENT was 21.5%, while 
gynecology was 18.2% of pain prevalence. General surgery was at 15.7%, while 
ophthalmology pain was 14%. 

Currently, the incidences of musculoskeletal pain were 50.8%. Incidentally, 
results also indicated that 85.1% of the surgeons with musculoskeletal pain had 
had a standing position during surgery, which aggravates this pain (Table 2). 
12.4% cited having time off work due to musculoskeletal pain, and 7.4% had had 
to stop operating due to the pain. 42.1% claimed it took 2 - 3 hours before the 
onset of pain, while 30.6% said they had to take breaks during working hours. 
12.4 percent reported experiencing a frequent combination of shoulder, lower 
back, and neck pain; 14% reported neck, shoulder, lower back, and upper back; 
more combinations were reported in upper back (Table 2). Among the sample, 
71.9% reported using oral medication. Only 18.2% reported performing 
 

 
Figure 1. Prevalence of Musculoskeletal 
Pain. 
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Table 1. Baseline Characteristics of Studied Sample. 

Characteristics (n = 264) N % 

AGE GROUP 
30 YEARS 152 61.8 

30 YEARS 94 38.2 

GENDER 
MALE 108 43.3 

FEMALE 138 56.1 

QUALIFICATION 

MBBS/FCPS 230 93.5 

MBBS/FCPS/SUB-SPECIALITY 12 4.9 

MBBS/FCPS/PHD 4 1.6 

MARITAL STATUS 
MARRIED 122 49.6 

SINGLE 124 50.4 

SPECIALITY 

ORTHOPEDICS 50 20.3 

GENERAL SURGERY 50 20.3 

GYNAECOLOGY 50 20.3 

ENT 50 20.3 

OPHTHALMOLOGY 46 18.7 

CORMOBIDITY 

DIABETES 2 0.8 

HTN 30 12.2 

OTHERS 13 5.3 

NIL 201 81.7 

DO YOU SMOKE 
YES 55 22.4 

NO 191 77.6 

 
Table 2. Baseline Characteristics of Studied Sample (Continued). 

Characteristics n % 

DID YOU HAVE ANY TRAUMA OR 
SURGERY IN THE PAST ONE YEAR? 

YES 29 11.5 

NO 217 88.2 

WHAT IS YOUR MOST COMMON 
OPERATING POSITION? 

STANDING 208 84.6 

SITTING 31 12.6 

BOTH 7 2.8 

DO YOU USE ANY SPECIALIZED 
EYEWEAR? 

YES 36 14.6 

NO 210 85.4 

WHICH IS YOUR DOMINANT HAND? 
RIGHT 197 80.1 

LEFT 49 19.9 

DO YOU HAVE ANY SYSTEMATIC 
PATHOLOGY FOR WHICH YOU TAKE 

MEDICINE FOR LAST 12 MONTHS? 

YES 28 11.4 

NO 218 88.6 
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physical exercises, and 38.8 were aware of workplace ergonomics (Table 3). Av-
erage body mass index, daily working hours, and weekly working hours were 
found to be the same among both the sample with and without pain. 

This study reveals that surgeons face pain around their neck, shoulder, and 
the lower back. Similarly, residents experience pain in their neck, shoulder, and 
upper back [3]. Due to their fewer prolonged operation hours, gynecologists 
were less affected by musculoskeletal pain. Comparatively, shorter working 

 
Table 3. Reported factors of musculoskeletal pain. 

Have musculoskeletal Pain (n = 121) n % 

THE POSITION THET 
AGGREVATES YOUR 

MUSCULOSKELETAL PAIN 

STANDING 103 85.1 

SITTING 8 6.6 

OTHERS 5 4.1 

STANDING AND SITTING 5 4.1 

HAVE YOU EVER LOST TIME 
FROM WORK DUE TO WORK 

RELATED PAIN? 

YES 15 12.4 

NO 106 87.6 

HAVE YOU EVER HAD TO STOP 
OPERATING DUE TO YOUR 

WORK-RELATED PAIN? 

YES 9 7.4 

NO 112 92.6 

SPECIFY THE PAIN ONCET 
DURING WORKING HOURS 

IMMEDIATELY 4 3.3 

30 MIN - 1HR 12 9.9 

1 - 2 HOURS 42 37.4 

2 - 3 HOURS 51 42.1 

ANY OTHER 12 9.9 

DO YOU TAKE BREAKS DURING 
WORKING HOURS? 

YES 37 30.6 

NO 84 69.4 

DID YOU RECEIVE ANY 
TREATMENT RELATED TO 

YOUR SYMPTOMS? 

ORAL MEDICINE 87 71.9 

INJECTION 1 8 

PYSIOTHERAPY 1 8 

SURGERY 0 0 

COMBINATION 6 5 

NONE 23 19.0 

ORAL MEDICINE, 
PHYSIOTHERAPY 

2 1.7 

ORAL MEDICINE, 
INJECTION 

1 0.8 

DO YOU PERFORM  
EXERCISES? 

YES 22 18.2 

NO 99 81.8 

ARE YOU AWARE OF WORK 
ERGONOMICS? 

NO 74 61.2 

YES 47 38.8 
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hours lead to fewer pain cases, as evidenced by ophthalmologists’ and general 
surgeons’ reports. Meanwhile, the result indicated that a staggering 81% of the 
surgeons do not engage in any form of exercise (Figure 2). In addition, this 
study shows that 64% of surgeons are unaware of workplace ergonomics which 
could be among the causative factor for musculoskeletal disorders; also, indica-
tive that the mental demand of the job might be greater than the body can han-
dle. 

5. Discussion 

This research aimed to evaluate the frequency of labor-related musculoskeletal 
pain with residents and surgeons in Karachi. The survey results showed that at 
30%, orthopedic surgeons represented the highest frequency, followed by ENT 
surgeons at 21%, while general and ophthalmic surgeons had the minor fre-
quency at 15% and 14%, respectively. These findings confirm that most ortho-
pedic surgeons are more at risk of musculoskeletal pain than general surgeons 
[4]. Other studies indicated that at-risk surgeons are more susceptible to mus-
culoskeletal disorders than surgeons in other specialties [5]. There is also a cor-
relation between the surgeon’s age and the prevalence of MSK pain [6]. The 
prevalence of such disorders among younger orthopedic surgeons is because  

 

 
Figure 2. For reported location of clinical symptoms. 
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residents often work more hours. This also indicates that younger surgeons 
might not be keen in maintaining ergonomic environments hence the high pain 
rates. Since these doctors are young and vibrant, they often exert themselves more 
than the older surgeons. 

Orthopedics and ENT surgeons have attributed their pain to loner working 
hours since Pakistan, a developing country, experiences more RTA (road traffic 
accidents) than developed countries. High emergency cases make the surgeons 
spend long hours on their feet at operating tables, which translates to neck and 
lower back pain. In addition, the surgeons’ use of tools and constant movement 
causes severe upper back and neck pain and exerts mechanical strain on the 
body. Orthopedic surgeons constantly face lower back, upper limb, and neck 
pain [3] [7]. Conducting this research in Saudi Arabia, they concluded that the 
awkward postures and movements surgeons assume during orthopedic opera-
tions contribute to MSK pain. The researchers examined previously overlooked 
areas of MSK research that other factors such as height, weight, age, and work-
ing hours are all related to the pain surgeons feel [8]. Indeed, other surveys done 
elsewhere argue that MSK among surgeons is comparable to that of high-risk 
laborers [9]. From all these studies, work-related disorders and musculoskeletal 
pain in surgeons can be avoided if correct guidelines are implemented. One as-
pect that was common among all the practices was poor workplace ergonomics 
[8]. 

Compared to normal populations, orthopedic spine surgeons are more prone 
to musculoskeletal pain. Frequently self-reported complaints among spinal surge-
ons are cervical spasms and discomfort among 31%; disc herniation was 28%, 
while limb edema [10] was 20% reported. Of the reports, rotator muscle pain 
accounted for 24% of the surveys, while elbow or forearm pain was 18%. These 
findings clearly show that pain is caused by work-related movement among 
surgeons. Despite this evidence, most surgeons who report pain and strain rarely 
seek medical attention [11]. This further highlights that MSK affects more 
surgeons than is reported.  

6. Strength of the Current Study 

This study has several points to do a cross-sectional survey across several institu-
tions, increasing the beneficial sample survey. The survey also received a 100% 
response rate. 

7. Limitations 

One of the limitations of our study was that our sample size was small (246), and 
it was taken from selected hospitals. Thus, the sample might not be representa-
tive of the entirety of Karachi. In addition, there is a disparity in the environ-
ment, instrumental tools, working hours, and resources between government 
and private hospital setups. Thirdly, the survey relied on self-reporting by par-
ticipants, and subject documentation cannot be the only diagnostic criteria for 
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musculoskeletal pathology. Fourth, one cannot diagnose pain frequency based 
on the subjective assessment as many may have or may not have exaggerated 
their symptoms. Fifth, due to the hectic schedule of surgeons, some may not 
have had sufficient time to fill out the survey effectively. As no other study has 
been conducted in Karachi, comparing and accurately knowing the results is 
challenging. 

Our study was a primary survey of musculoskeletal pain among the five cate-
gories of specialty surgeons, as the disorders harm the medical field. For in-
stance, musculoskeletal pain can lead to early retirement, so there is a need for 
more awareness of the impediment to prevent the severity of the condition, 
which improves the quality of life and work of surgeons. Such an improvement 
in surgical ergonomics, in turn, benefits both doctors and patients. 

8. Conclusion 

There are numerous studies conducted on musculoskeletal disorders and pain in 
the field of medicine. Most of these surveys, however, focus on nursing staff and 
general doctors. Few in-depth studies focused on surgical musculoskeletal pain, 
especially around Karachi. Based on studies around the world, especially in the 
UK and US, this survey has surveyed surgical staff in government and private 
hospitals in Karachi. The study aimed to investigate risk factors of musculoske-
letal pain and awareness of these risks to doctors’ health. The findings indicate a 
high prevalence of pain among orthopedic surgeons and a lack of ergonomic in-
formation. This study suggests that the presence of information to the surgeons 
on ergonomics, exercise, and risk factors can be a step in alleviating muscu-
loskeletal disorders. For instance, equipment in hospitals should make it easier 
for surgeons to work without straining, to avoid MSK disorders. Finally, work-
ing environments should be flexible and in the best interest of surgical staff. 
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Abstract 
Background: Axillary scar contracture is frequently observed after severe burn 
insult and is usually accompanied by scarred adjacent area. These scars result 
in adduction deformity, which may be severe and diffuse. The lack of ade-
quate treatment in the acute phase leads to complex scars that require differ-
ent surgical techniques depending on the clinical examination of surgeon. 
Aim: Expose the possible surgical techniques, their advantages and disadvan-
tages in the case of burning of the entire axillary hollow. The surgical man-
agement of linear scares contractures will not be discussed in this article. Case 
presentation: This is a rare clinical case of a 12-year-old girl who was burned 
at the age of 5 with disabling functional sequelae of the axillary area (limita-
tion of the abduction to 30 degrees). The patient is treated at ALGHASSANI 
Hospital in Fes city/Morocco. Parental consent was taken for scientific publi-
cation. Results: We did two surgical interventions: the first starting with exci-
sion of the scar tissue leaving a loss of skin covered by a laterothoracic IC fas-
ciocutaneous flap. The second one was a semi-thick skin graft to cover the 
supero and infero external quadrants of the left breast. We obtain the abduc-
tion at 110 degrees. Conclusion: Early surgical management of deep lesions 
within 21 days of the burn associated with prolonged rehabilitation and the 
wearing of compression garments and splints are essential elements in the 
prevention of these axillary contractures. 
 

Keywords 
Contracture, Axillary, Fasiocuteous Flap 

 

1. Introduction 

Burn sequelae are defined as any functional or aesthetic complication occurring 
after healing of a generally deep burn. Their severity varies according to their 
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location; the shoulder joint has the greatest amplitude of all the joints and re-
mains a frequent seat of these sequelae, particularly for children. 

The goal of the surgical correction of axillary scar contractures is to provide 
maximum release with minimum or no local anatomic distortion and the least 
incidence of recurrence. There are many surgical techniques to treat complex 
axillary scar contracture, including Z-pasty, local flaps, regional flaps, transposi-
tion flaps, rotating flaps, axial flaps, perforator flaps and free flaps [1] [2]. 

The decision regarding which technique to use can only be made after con-
sideration to the individual case, as each technique has its own advantages and 
disadvantages which will be detailed in this article. 

2. Clinical Case 

This is a 12-year-old patient of low socioeconomic level who had an accidental 
thermal burn by scalding at the age of 5 years. The burn was deep located in the 
axillary region and the left arm, the patient did not have a follow-up in the acute 
phase of the burn in a specialized burn center given the geographical difficulty of 
accessibility by the parents living in a rural area, they were content to apply 
herbs to the wound. 

This spontaneous healing has evolved into a significant limitation of shoulder 
movement. The parents brought her to consult in our plastic surgery department 
at the age of 12. 

The clinical examination on admission to the plastic surgery department at 
ALGHASSANI hospital in Fes city (Morocco) objectified this diagnosis: 

The upper left arm and the lateral aspect of the trunk are completely included 
in one mass of hypertrophic scar tissue. The abduction was limited to 30 degrees 
(Figure 1). The internal face of the arm and the supero and infero external qua-
drants of the left breast were included in the contracture wich was type III ac-
cording to Achauer’s classification [3]. Laterothoracic skin was non-scarred. 

The management of treatment was essentially surgical in two stages; the first 
surgery consisted of a complete debridement with meticulous excision of the 
scar tissue leaving a loss of skin from the axillary hollow extending to the lateral 
part of the left breast and the internal face of the arm. A laterothoracic IC rota-
tion flap was harvested to cover the axillary hollow (Figure 2); the flap donor 
area as well as supero and infero external quadrants of the left breast was in con-
trolled healing (until the second surgery). The flap was 100% viable without any 
complications. 

The second surgery was after two weeks; the loss of substance was budding; a 
skin graft was harvested from the inner side of the thigh using an electric der-
matome to cover it fixed with a stapler (Figure 3). A proinflammatory dressing 
was made by sterile Vaseline tulle, changed after 5 days, having noted no lysis or 
infection. 

The recovery of the shoulder abduction was considered very satisfactory, it is  
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(a)                                   (b) 

Figure 1. Axillary bride contracture type III. 

 

  
(a)                                   (b) 

Figure 2. Post-operative result. 

 

 
Figure 3. Second surgery; skin graft. 

 
at 110 degrees (Figure 4). 

The follow-up is done by prescription of healing creams and silicone plate (for 
anti-inflammatory purposes) in order to avoid hypertrophic scars. 

Checks will be done every 3 months until the end of puberty (breast growth) 
and a program to improve the scars will be contemplated. 

3. Discussion 

Severe burns are more commonly seen in the developing world, a result of both 
the widespread use of open fires and the inadequacy of primary health care.  
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Figure 4. One month after the second surgery. 

 
When deep burns are healed spontaneously, patients develop hypertrophic scar-
ring and contractures of the burned areas. It was the case for our patient. 

These contractures are both a devastating functional and cosmetic deformity 
for patients [4]. Inappropriate treatment of axillary burns frequently results in 
adduction contractures. They create a virtual loss of skin, highlighted during 
surgical debridement. A classification of burn sequelae in the axillary region is 
useful for standardizing therapeutic proposals. 

There are several classifications of axillary burn sequelae [5], Achauer’s classi-
fication [3], taken up by Mojallal. [6] is the most detailed. 
 Type I: anterior or posterior axillary fold is involved. Slightly restricted shoul-

der mobility. 
 Type II: Both the anterior and the posterior axillary folds are involved, leav-

ing the normal skin in the hair-bearing area. A web is formed during abduc-
tion. 

 Type III: The upper arm and the lateral aspect of the trunk are completely in-
cluded in one mass of hypertrophic scar tissue. 

 Type IV: Extrinsic impairment, scars in surrounding areas causing reduced 
joint mobility. 

Thus, Hudson and Renshaw recommend the use of autoplasties when the li-
mitation of articular amplitude is less than 50% of the normal amplitude. Beyond 
that, they recommend complete debridement, paying attention to the noble axil-
lary elements, followed using: 
• Total skin grafts: Total skin grafts provide the best cosmetic and functional 

result. The thickness of the total skin reduces the amount of retraction. How-
ever, the taking of total skin grafts is more difficult to obtain, particularly at 
the mobile articular zones. Postoperative immobilization of total skin grafts is 
therefore essential and complicates postoperative management. The surface 
area of total skin donor sites is limited. Prior cutaneous expansion of these 
sites makes it possible to obtain larger grafts and closure of the donor sites by 
direct suture. Semi-thick skin grafts are an alternative to full skin grafts. 
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Their retraction is slightly greater and increases the scar ransom. Thin skin 
grafts are not suitable for reconstructing burn sequelae because they cause 
recurrence of skin retraction. 

• Artificial dermis: Artificial dermis are intended to reproduce the properties 
of the dermal extracellular matrix which is a skin structure responsible for 
the elasticity of normal skin. In deep burns, this structure is damaged and re-
placed by granulation tissue, causing skin retraction and pathological scars. 
The major advantage of artificial dermis lies in the availability of the matrix 
itself, as well as the thin skin grafts necessary for its covering. This procedure 
showed 75% improvement in joint mobility without recurrence of the con-
tracture 11 months after surgery [7]. 

• Or flaps [8]: The use of a flap provides thicker and more elastic tissue than a 
skin graft. Free flaps have been used, but are technically more difficult, re-
quire longer anesthesia time, and require a trained microvascular surgeon 
[9]. IC fasciocutaneous flaps derived from Z plastic is a reliable technique in 
the treatment of these sequelae of axillary, inguinal and popliteal burns. How-
ever, there are limits. First, the absolute necessity that the flap be raised in 
healthy skin. It is necessary to study the adjacent scarred skin well. It is also 
necessary, despite their relative success, to be wary of giant flaps [10]. Using 
IC fasciocutaneous flaps was indicated for our clinical case; the latérothoacic 
skin was not scarred, it provided a thick and elastic tissue. Among the alter-
native local flap donor sites, the scapular area seems to be the best owing to 
its localization being relatively far from the regions generally involved in 
burn victims with axillary contractures. Additionally, in comparison to the 
other techniques, the scapular flap offers satisfactory functional and aesthetic 
improvement with its remarkable dimensions and acceptable thickness for 
the axillary region. Depending on the three cutaneous branches of the cir-
cumflex scapular artery, flaps can be designed horizontally (classical scapular 
flap), obliquely (parascapular flap) and superiorly (ascending scapular flap) 
[11] [12]. 

Musculocutaneous flaps such as latissimus dorsi or pectoralis major can be 
used, but because of their bulkiness in the axillary hollow they will inevitably re-
sult in a poor cosmetic appearance and limit the adduction of the arm. 

Tan described a technique based on the dorsal scapular artery that incorpo-
rates an extension of the flap that runs obliquely from the tip of the scapula to-
ward the midaxillary line. He named this flap the extended lower trapezius isl-
and myocutaneous flap. In moderate to severe postburn contractures of the axil-
lary area, this flap offers some advantages, including the following [13]; the pe-
dicle of this flap is away from the region of the scarred and distorted axilla with 
constant anatomical landmarks [14]; the skin island is usually spared in burns 
around the axilla [15]; the resulting donor site is well hidden, is easily closed 
with safe undermining on non-burned skin, and is not continuous with the axil-
lary release incision [16]. 
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The feasibility of a particular procedure depends on a set of local anatomical 
conditions, as the shape or extent of the scar is not unique in all patients. The 
decision regarding which technique to use can only be made after careful con-
sideration given to each individual case. 

4. Conclusion 

Treating burn scar contracture remains a challenging problem for reconstructive 
surgeons. At present, no consensus exists on when to use what kind of technique 
[17]. Surgical treatment cannot be efficient without rehabilitation and immobi-
lization [18]. The ultimate goal of the treatment of burn sequelae is the so-
cio-professional reintegration of the burnt victim. 
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Abstract 
Background: Internal carotid artery (ICA) dissections generally occur when a 
tear occurs in the intima-media layer, either of traumatic or spontaneous ori-
gin. In this scenario, multifocal cerebral thrombosis may be a clear conse-
quence of untreated ICA dissection. The incidence of internal carotid artery 
dissection in the US is estimated to be 1.72 per 100,000 population per year. 
Objective: To make a brief review of the literature and to explain, through a 
clinical case, the scenario of multiple ischemic cerebrovascular events is asso-
ciated with the dissection of the internal carotid artery, in a young patient 
with no relevant history. Presentation of the Case: A 46-year-old female pa-
tient, with no significant history, who came to the emergency service pre-
senting loss of strength in the right pelvic limb, disordered language, and dif-
ficulty walking for 3 hours, in the neurological examination evidence of de-
creased tendon reflexes and loss of strength of the right side of the body. Im-
aging studies show compromise of the M2 and M3 segments of the left mid-
dle cerebral artery, as well as multiple areas of associated ischemia in this he-
misphere. Additional studies identify concomitant left ICA dissection. Based 
on the findings, it was decided to perform a thrombectomy of the affected 
area, as well as subsequent placement of a stent in the area of dissection. In 
the control angioTC study, revascularization of the M2 and M3 segments was 
observed, and in the follow-up of the patient, complete recovery of the symp-
toms was observed, with muscle strength, tendon reflexes, and preserved 
language functions. Conclusions: The ischemic cerebrovascular event is a 
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frequent pathological entity in the emergency service; in the scenario of a 
young patient as mentioned above, it is important to take into consideration 
the different causes of this pathology. We are obliged to familiarize ourselves 
with the different imaging modalities for an adequate diagnostic approach, as 
well as the treatment methods according to the time of evolution. 
 

Keywords 
Ischemic Stroke, Dissection, Internal Carotid Artery 

 

1. Introduction 

A tear occurs in the intimal layer of the carotid artery secondary to trauma or of 
spontaneous origin. The tear causes a continuous flow towards the false lumen, 
generating an increase in the thickness of the wall and subsequent stenosis [1]. 
Neurologic abnormalities, a history of recent trauma, and head, neck, or face 
pain, are the initial clues for diagnostic suspicion [2]. The incidence of internal 
carotid artery dissection in the USA is estimated to be 1.72 per 100,000 popula-
tion per year [3]. 

Magnetic resonance imaging can help determine the timing of an ischemic 
cerebrovascular event (CVE). Signal intensity on FLAIR images varies after stroke. 
However, the FLAIR imaging findings are positive 6 - 12 hours after the onset of 
symptoms, showing arterial hyperintensity at the beginning of the stroke, within 
0 - 2 hours after the onset of symptoms [4]. ADC maps can represent hypoin-
tense foci within minutes of stroke onset and are more sensitive than diffu-
sion-weighted sequences, which demonstrate hyperintensity. Darkening on ADC 
maps distinguishes the trace from the “T2 glow”, a later finding that occurs after 
infarction and appears bright on both diffusion-weighted images and ADC maps 
[3]. The duplex examination may show an absent flow signal in the internal ca-
rotid artery, bulbous biphasic flow, high-resistance flow pattern from the ipsila-
teral common carotid artery, signs of collateral flow through the circle of Willis, 
and low flow in the cerebral artery average in transcranial insonation [5]. 

The ultimate goals of carotid dissection treatment include stabilizing the dis-
section, improving complications, and healing the false lumen [6]. Endovascular 
treatment consists of the placement of the endoprosthesis in the ICA beginning 
with balloon angioplasty of the dissected segment, which allows the lesion to be 
recognized, especially at the point of entry to the dissection. Next, the stent is 
released from distal to proximal until the entire length of the dissection is cov-
ered and, more importantly, the entry point. With this technique, successful di-
lation of the ICA of up to 83.3% has been achieved [7]. 

2. Objective 

Presentation of the clinical case and a brief review of the literature, in the setting 
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of an ischemic cerebrovascular event of multiple foci, conditioned by the dissec-
tion of the internal carotid artery of spontaneous origin. 

3. Case Report 

A 46-year-old female patient, who came to the emergency department reporting 
loss of strength in the lower extremities, predominantly in the right pelvic limb, 
a language disorder, and difficulty walking for 3 hours of evolution. On neuro-
logical examination, the patient was alert, with conduction aphasia, reduced 
tendon reflexes, and muscle strength. A magnetic resonance imaging of the brain 
was performed in Flair sequence, without apparent alterations (Figure 1). The 
DWI and ADC sequences (Figure 2) show at least 4 lesions located in the corti-
co-subcortical, insular, operculoparietal, periatrial, and ipsilateral corona radia-
ta, findings consistent with areas of ischemia-infarction in the acute phase. 

Cerebral magnetic resonance angiography, where decreased vascularization is 
visualized in the branches of the left middle cerebral artery (MCA), segments M2 
and M3 (Figure 3). 
 

 

Figure 1. Axial Brain MRI in FLAIR sequence. Panels (a) and 
(b) show no significant findings on the FLAIR sequence. 

 

 

Figure 2. Axial Brain MRI in DWI sequence. Panels (a) and 
(b) show diffusion restriction at the cortico-subcortical, insu-
lar, operculoparietal, periatrial, and ipsilateral corona radiata 
levels, findings compatible with areas of ischemia/infarction in 
the acute phase. 
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Doppler of the carotid arteries was requested, where an image of heterogene-
ous morphology, ovoid and anterior intramural location, with extension from 
the bulb to the proximal third of the internal carotid artery (ICA) is visualized, 
conditions a reduction in the lumen of the 70%. In power Doppler, there is sa-
turation in this region, and in spectral Doppler, there are no data of hemody-
namic repercussion, findings compatible with left ICA dissection and intramural 
thrombus/hematoma (Figure 4). 

Angiography is requested and the diagnosis will be corroborated, an absence 
of opacification is identified at the level of the M2 and M3 segment, as well as an 
intimal flap at the level of the left ICA. Navigation was performed with a hydro-
philic microguide to segment M2 and M3 of the left middle cerebral artery and 
thrombectomy was performed with the Solumbra technique, which involves the 
use of a retractable stent and concomitant aspiration. Subsequently, balloon plasty 
was performed at the level of the ICA dissection, with the placement of a Zilver 
self-expanding stent (Figure 5). 

Control angiotomography is requested, showing satisfactory opacification of 
the M2 and M3 segments of the left middle cerebral artery (Figure 6). 

The patient was followed up, observing satisfactory recovery of muscle strength, 
tendon reflexes and language functions. The prognosis of the patient was good, 
and periodic neurological evaluation was indicated, as well as controls with Dopp-
ler ultrasound of the carotid arteries. 

 

 

Figure 3. Brain MRI Angiography. Panels (a), (b), (c), and (d) show decreased vasculari-
zation in the branches of the left MCA, segments M2 and M3 (white arrow). 

 

 

Figure 4. Doppler of the left carotid arteries. Panel (a) shows in (b) mode, an image of 
heterogeneous morphology, ovoid, and anterior intramural location (white arrow), with 
extension from the bulb to the proximal third of the ICA, conditions a 70% reduction in 
light. Panel (b) shows at power mode, saturation in this region. Panel (c) shows the spec-
tral Doppler, absence of hemodynamic repercussion. Findings were consistent with left 
ICA dissection and intramural thrombus/hematoma. 
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Figure 5. Digital subtraction angiography. Panels (a), (b), and (c) show the intimal flap at 
the level of the left ICA (white arrow). After identifying the affected site and its extension, 
thrombectomy, angioplasty, and stent placement are performed. 

 

 

Figure 6. Brain angiotomography. Hyperdense vascular 
pathways of the anterior and posterior circulation are 
observed, as well as the permeability of M2 and M3 seg-
ments of the left MCA (white arrow). 

4. Discussion 

Studies conducted in the United States have reported an incidence of spontane-
ous internal carotid artery dissection of 1.72 per 100,000 population per year [3]. 
2% of all cases of cerebral ischemic events are attributable to dissection, origi-
nating from the internal carotid artery. Generally, the patient presents with 
headache, neck or face pain, as well as partial Horner's syndrome and cerebral 
ischemic event. The classic triad is found in less than 30% of patients; If at least 
two are present, the diagnosis should be suspected [8]. Intimal tearing and con-
tinued blood penetration into the artery wall lead to false lumen formation with 
intramural hematoma, which can lead to stenosis, vascular occlusion, and throm-
bus formation [9]. 

The causes of ICA dissection can be: traumatic or spontaneous, the latter be-
ing attributed to collagen pathologies. In a publication of 2 case reports by L A 
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Kalashnikova et al., It is proposed that vascular connective tissue damage in pa-
tients with Turner syndrome is associated with a deficiency of extracellular ma-
trix protein biglycan, which interacts with collagen and elastin to strengthen the 
arterial wall. The gene for this protein is linked to the X chromosome that is to-
tally or partially missing in Turner syndrome, resulting in a biglycan deficiency. 
However, the association between sex hormone deficiency and arterial wall weak-
ness is uncertain and more studies are needed to date [10]. In another case re-
port publication by Hajime Ikenouchi et al., dissection of the internal carotid ar-
tery associated with multiple ischemic infarcts is mentioned in a 30-year-old pa-
tient with a history of Ehlers-Danlos syndrome [11]. In the classic Ehlers-Danlos 
presentation, the kyphoscoliotic subtype shows molecular defects in the PLOD12 
and FKBP1416 genes, which are associated with vascular rupture [12]. This last 
case presents clinical similarity to the case presented in this article, however, we 
do not know if there was similar pathogenesis generated by some type of colla-
gen disease. 

Ultrasound with the application of color, power, and spectral Doppler is a 
non-invasive and low-cost method that allows us to characterize: the mural he-
matoma, the percentage of stenosis, the blood flow towards the false lumen, the 
changes in the systolic velocity, and the spectral modifications. 

Computed tomography has high sensitivity in identifying false lumen and wall 
hematoma, showing increased wall thickness without changes in vessel diameter. 
Magnetic resonance imaging offers us the magnetic susceptibility sequence (SWI), 
which will allow us to characterize the presence of wall hematoma. However, 
digital subtraction angiography (DSA) remains the study of choice to define this 
pathology, showing the location and degree of involvement [13]. 

Currently, angiography is the method of choice to characterize defects in vas-
cular brain permeability and internal carotid artery dissections. The technique 
used to solve this pathology begins by placing an introducer in the common fe-
moral artery, with subsequent advancement of guides and catheters to the site of 
interest under fluoroscopy, identifying the sites of obstruction by angiography. 
After this, a mechanical thrombectomy is performed, which can be performed 
using a retractable stent, aspiration, or the Solumbra technique [13]. The wi-
dening of the wall and the stenosis generated by the thrombosis of the internal 
carotid artery dissection can be treated with balloon plasty and placement of a 
self-expanding metallic stent, showing good results [14]. In a scenario of cerebral 
thromboembolism of the middle cerebral artery and concomitant internal caro-
tid artery dissection, endovascular treatment should be considered as the first 
therapeutic option [15]. 

5. Conclusion 

The ischemic cerebrovascular event is a frequent pathological entity in the emer-
gency service. In the scenario of a young patient as was previously mentioned, it 
is important to take into consideration the different causes of this pathology. We 
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are obliged to familiarize ourselves with the different imaging modalities for an 
adequate diagnostic approach; magnetic resonance will allow us to define the af-
fected sites as well as the time in which the event occurred, diffusion being one 
of the main sequences to establish a cerebral hyperacute ischemic event. Howev-
er, given that in the case presented, the ischemic event is secondary to a dissec-
tion of the intima of the internal carotid artery; Doppler ultrasound is a method 
that, unlike magnetic resonance imaging, will show important findings such as 
the percentage of stenosis, hemodynamic repercussion data, and location of the 
affected site. Diagnostic angiography remains the definitive method, showing the 
exact site of the condition and allowing adequate treatment planning. As we ob-
served in the present case and according to the literature reviewed, thrombect-
omy with stent placement was the method of choice to release vascular occlusion 
and stabilize the dissection, thus reducing future complications. 
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Abstract 
Pseudoaneurisms are arterial wounds that affect all layers of an artery; al-
though very rare they are mostly lethal and most of them are iatrogenic. 
Herein, we present two different cases of hepatic artery pseudoaneurysms de-
rived from previous surgeries which were assessed by computed tomography 
angiographies and consequent conservative endovascular approaches with 
arteriographies, posterior cannulations and the placement of Amplatzer Vas-
cular Plug 4 (AVP 4) systems in order to treat the pseudoaneurysm. Com-
puted control tomographies were conducted showing no later complications. 
The purpose of this article is to demonstrate the importance and current 
clinical applications of AVP in the field of interventional radiology. 
 

Keywords 
Endovascular, Hepatic Pseudoaneurysm, Interventional Radiology,  
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1. Introduction 

A pseudoaneurysm is an arterial wound characterized by a disruption through 
all the layers of an artery with the particularity of a continuous flow outside the 
vessel into a space contained by the surrounding tissue [1]. They may be classi-
fied as iatrogenic, infected, anastomotic, or (the most common) iatrogenic [1] 
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[2]. Hepatic artery pseudoaneurysm is a very rare and lethal entity and is consi-
dered an acute emergency which requires an immediate intervention, with an 
associated mortality of up to 50% [3] [4] [5] [6]. 

Its pathogenesis is not well established; however, it is common to have a direct 
wound due to instrumentation (which is continuously rising due to more com-
mon use of percutaneous and endoscopic hepatic interventions) or an indirect 
wound due to its association with acute cholecystitis or bile fugue [7]. 

Clinically, more than half of patients refer right upper quadrant abdominal 
pain which radiates to the back and almost a third present a classic triad of bi-
liary colic, obstructive jaundice and haemobilia [8]. 

Past medical history as well as clinical suspicion of vascular wounds are an 
important part of the diagnosis, despite that, computed tomography angiogra-
phy remains to be the gold standard in order to locate a vascular wound and as-
sess its size and possible anatomical variants [9] [10]. 

The aim of this case report is to demonstrate that endovascular treatment with 
Amplatzer Vascular Plug 4 (AVP 4) systems in pseudoaneurysms, although not 
being the best treatment option, can be utilized as an alternative option in situa-
tions where there is no access to coils, nor microcoils for pseudoaneurysm ex-
clusion. 

2. Presentation of the First Case 
2.1. Presentation and Investigations 

54 years old patient with history of hypertension and morbid obesityis operated 
with a laparoscopic “Roux-en-Y” gastric bypass (LRYGB). Three days after 
original procedure starts complaining with dizziness, fatigue and light to mod-
erate pain in right hypochondrium, showing anaemia with a 6 mg/dl haemoglo-
bin concentration, haemobilia through T.-probe as well as clinical signs sugges-
tive of hypovolemic shock such as tachycardia, tachypnea and weak arterial ex-
tremity pulses. 

Due to prior surgical procedure, the clinical suspicion is oriented towards 
post-surgical complication, therefore, computed tomography angiography is 
conducted in order to examine the patient, demonstrating the presence of a 
hyperdense sacular image suggestive of hepatic pseudoaneurysm in the medial 
segment of the right hepatic artery (Figure 1). 

2.2. Management 

Coil embolization was considered, however due to not having available coils, 
conservative endovascular approach is decided: selective hepatic arteriography is 
conducted showing an opacification of the sacular pseudoaneurism (Figure 
2(a)), cannulation of the hepatic artery and placement of vascular plug system 
was performed using an Amplatzer Vascular Plug 4 (Figure 2(b)), following the 
usual steps: 
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(a)                                   (b) 

Figure 1. (a). Computed Tomography Angiography in transverse plane, an hyperdense 
image with sacular morphology in right hepatic artery. (b). Volume reconstruction where 
a sacular dilation can be seen on the right hepatic artery on the same patient. 

 

 
(a)                                     (b) 

Figure 2. (a). Common hepatic artery angiography where an opacification of the sacular 
aneurism can be observed. (b). Selective cannulation of the hepatic artery and vascular 
plug placement in the same patient. 

 
The AVP4 model used was 9-AVP038-008 which has a vascular plug diameter 

of 8 mm and an unconstrained length of 13.5 mm. First, the loader was purged 
with sterile saline, the loader and delivery were removed from hoop dispenser, 
the delivery catheter was the the 0.038" Guidewire-Compatible Diagnostic Ca-
theter 5F Dx Catheter. 

The catheter was advanced until the distal tip of the catheter was near the oc-
clusion site (corroborated with arteriography) in the aneurysm nutrient artery. 
The guidewire was removed, followed by the insertion of the tapered tip, the ro-
tating luer was grasped and pressed to the hub and then rotated clockwise. The 
delivery wire was advanced and placed and then, the delivery catheter was re-
tracted to deploy the device at the occlusion site. Position of the device was veri-
fied using the marker bands. Delivery catheter and wire were removed. 
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Outcome of procedure was positive and the patient progressively stabilized. 
Patient was discharged five days later with a 11 mg/dl haemoglobin concentra-
tion and no symptoms nor clinical signs. Patient was followed up with subse-
quent tomography controls at three and eight months after procedure (Figure 
3(a), Figure 3(b)). 

3. Presentation of the Second Case 
3.1. Presentation and Investigations 

50 years old cholecystectomy post-operated patient with history of diabetes, 
grade I obesity and hypertension who presents important haemobilia, as well as 
jaundice, clinical data suggestive of hypovolemic shock such as shortness of 
breath and tachypnea. 

Due to clinical data and the antecedent of cholecystectomy clinical suspicion 
is oriented towards operation-derived complication, we decide to perform an 
emergency angiotomography and the presence of pseudoaneurysm with haema-
toma is assessed (Figure 4(a), Figure 4(b)). 

3.2. Management 

Coil embolization was considered, however due to not having available coils, 
conservative endovascular approach is decided, and an angiography is con-
ducted followed by the placement of Amplatzer Vascular Plug 4 system, there-
fore decreasing flow in the right hepatic artery (Figure 5). 

The AVP4 model used was 9-AVP038-007 which has a vascular plug diameter 
of 7 mm and an unconstrained length of 13.5 mm. First, the loader was purged 
with sterile saline; the loader and delivery were removed from hoop dispenser; 

 

  

(a)                                  (b) 

Figure 3. (a). Control angiotomography in transverse plane in which there is no sign of 
opacification due to contrast on the right hepatic artery. (b). Volume reconstruction of 
the same case. 
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(a)                                  (b) 

Figure 4. (a). Angiotomography shows a sagittal projection, with an image of pseudoa-
neurysm in right hepatic artery with a periwound haematoma. (b). Volume reconstruc-
tion of the same case. 
 

 

Figure 5. Vascular plug placement on the right hepatic 
artery, a control injection is effected and an important 
decrease in flow is observed in the right hepatic artery. 

 
the delivery catheter was the 0.038" Guidewire-Compatible Diagnostic Catheter 
5F Dx Catheter. 

The catheter was advanced until the distal tip of the catheter was near the oc-
clusion site (corroborated with arteriography) in the right hepatic artery. The 
guidewire was removed, followed by the insertion of the tapered tip, the rotating 
luer was grasped and pressed to the hub and then rotated clockwise. The delivery 
wire was advanced and placed and then, the delivery catheter was retracted to 
deploy the device at the occlusion site. Position of the device was verified using 
the marker bands. Delivery catheter and wire were removed. 

Outcome of procedure was positive and the patient progressively stabilized. 
Patient was discharged four days later with normal bilirubin concentration and 
no symptoms nor clinical signs. Patient was followed up with subsequent tomo-
graphy controls at three and eight months after procedure (Figure 6(a), Figure 
6(b)). 
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(a)                                  (b) 

Figure 6. (a). 8 months post-treatment with endovascular therapy angiotomography. (b). 
Volume reconstruction where an artifact produced by the material is observed. 

4. Discussion 

Although pseudoaneurysms are a relatively rare entity, having a very high risk of 
rupture and being potentially lethal, makes them a really important possibility, 
they are a latent and probable early complication of abdominal trauma andse-
veral surgical procedures such as cholecystectomy, liver procedures, pancreatic 
surgeries or gastric bypasses [11] [12] [13]. Endovascular treatment however 
conservative is a widely performed procedure that has evolved to be the gold 
standard in the treatment of vascular occlusions and has demonstrated to be 
even safer than surgical treatments (such as ligation or revascularization) and 
hepatic pseudoaneurysms are not the exception [13] [14] [15] [16] [17]. 

Endovascular treatment has demonstrated to be a safe option for several oc-
clusive conditions, even reducing in certain cases the risk of ischemia and ob-
viously, death. However, AVP4 is commonly not the first option of treatment, 
but coil embolization [13] [14]. Due to urgency (having clinical data of hypovo-
lemic shock) and having no coils that could appropriately exclude the pseudoa-
neurysm, the decision of occlusion of the pseudoaneurysm nutrient artery was 
made [14] [17] [18] [19]. 

The Amplatzer Vascular plug 4 (AVP 4) is a three-dimensional mesh occlu-
sive device which is attached to a screw delivering system and is a highly effec-
tive system that has demonstrated to be beneficial in several vascular pathologies 
mainly compared versus medical care alone having high success rates and very 
low complications [17]-[22]. 

It is not traditional to use of AVP 4 systems for treatment of pseudoaneu-
rysms and hepatic artery pseudoaneurysms and neither we support the idea of 
replacing the use of coil embolization with AVP4. However, in regard to treat-
ment options, we encourage physicians to consider and use AVP4 systems in 
cases where they do not have access or availability of coils for embolization, 
mainly if the case itself is an emergency. 
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5. Conclusion 

Although the sacrifice of nutrient artery with AVP4 might not be the most ap-
propriate treatment for pseudoaneurysms, due to urgency, Amplatzer Vascular 
Plug 4 may be a safe option, showing an adequate thrombosis after placement 
and having no recanalizations, hepatic lesions nor vascular wounds in posterior 
tomographic controls. 

Patients Consent 

Informed consent for use, analysis and publication of data for educational, di-
vulgation and scientific aim was obtained assuring confidenciality of pertinent 
information and identification of both patients. First case patient and next to kin 
signed informed consent form. Second case patient’s widow and next of kin 
signed informed consent form due to occupational fatality (oil industry). 
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Abstract 
SARS-CoV-2, a novel coronavirus that causes the human disease COVID-19, 
was determined to be the cause of a cluster of pneumonia cases in Wuhan, 
China which began in December 2019 [1]. The first case in the United States 
reportedly occurred on 20 January 2020 in Washington state in a patient with 
a history of travel to Wuhan [2]. We report an earlier case of COVID-19 in 
Queens, New York in November 2019. While it is not perfectly clear from the 
initial November 2019 emergency department case presentation, if the patient 
had influenza alone, COVID-19 alone, or combined influenza and COVID-19 
infection, presenting lung lesions and constitutional symptoms, later fol-
low-up antibody and immune cell analyses, and the possibility of false-positive 
RIDT, do strongly suggest initial COVID-19 infection (with or without initial 
influenza infection). This clinical paper becomes important, because it may 
describe the earliest now-reported COVID-19 case in the United States, and 
because emergency department and post-emergency department treatments 
contributed to a successful patient outcome. 
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1. Case Report 

On 6 November 2019, a 60-year-old Caucasian male with a five-day history of 
wet cough, headache, subjective fever, and dyspnea presented to the emergency 
department of the Mount Sinai Hospital in New York City after visiting an ur-
gent care clinic where his oxygen saturation levels were found to be low (90% - 
93%). The patient, a long-time resident of Queens, New York, reported becom-
ing acutely ill on the evening of 2 November 2019 while attending a conference 
of approximately one hundred people in upstate New York (Otsego County). 
Assuming influenza, he self-isolated at the home of a friend in Ulster County, 
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New York, from 3 - 5 November. His host did not subsequently become ill, and 
it is not known if any of the conference attendees reported similar symptoms. 
His partner, a 51-year-old Haitian American female and licensed practical nurse, 
became ill with similar signs and symptoms shortly after picking him up from 
Ulster County. She did not seek treatment, and her illness fully resolved within a 
month. Both the patient and his partner subsequently tested positive for serum 
IgG antibodies to SARS-CoV-2. 

2. Emergency Department Findings and Diagnostic  
Evaluation 

The patient’s medical history includes coronary artery disease (CAD) and a sus-
tained myocardial infarction in 2007. He was treated with angioplasty and staged 
stent placement, the most recent of 11 total stents was placed in 2017. Manage-
ment of his CAD and associated hypertension and hyperlipidemia included: as-
pirin 81 mg, losartan 25 mg, isosorbide 60 mg, atorvastatin 80 mg, metoprolol 50 
mg and niacin 500 mg. Since 1989 symptoms of depression and anxiety have 
been controlled by fluoxetine 20 mg. A reducible umbilical hernia was noted. 
Past surgical history included lithotripsy and cystoscopy for renal calculi. 

3. Physical Examination, Laboratory Findings and  
Admission to Hospital 

The patient is a 60-year-old white male with a Body Mass Index (BMI) > 30, 
afebrile, and not in acute distress. Symptoms include a five-day history of sub-
jective fever, headache, wet cough, chills, myalgia, sore throat, and dyspnea. Pa-
tient denied nausea, vomiting, abdominal pain, or urinary symptoms. On arrival 
to the emergency department blood pressure was 136/71, pulse 74, respiration 
20, and temperature was 97.1℉.Oxygen saturation level was 96% but subse-
quently fell to 92% - 93%. Auscultation of chest was positive for scattered rhon-
chi. Placement on 2L NC effected improvement to 97%. Patient was started on 
IV ceftriaxone and azithromycin to cover possible bacterial etiology. At this 
time, the patient was admitted to hospital. Serology over three days was mostly 
unremarkable but several abnormal values indicating infection and low oxygen 
levels were noted (Table 1). Computed Tomography Angiography (CTA) of the 
lungs was ordered to rule out pulmonary embolism and pneumonia but showed 
multiple, scattered, indeterminate ground-glass nodular opacities and diffuse 
bronchial wall thickening (Figure 1). A nasal swab returned a positive PCR re-
sult for Influenza A on Rapid Influenza Diagnostic Test (RIDT). 

4. Diagnosis and Treatment 

Based on clinical signs and symptoms, a positive Influenza A PCR nasal swab 
test, and non-specific inflammatory findings on lung images, a diagnosis of 
acute hypoxic respiratory failure secondary to flu was made. IV antibiotics were 
discontinued, and the patient was prescribed the antiviral Tamiflu (Oseltamivir)  
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Table 1. Patient’s serology results over three days indicating normal and flagged values. 

Serology 11/06/2019 Value 
Serology 

11/07/2019 
Value Serology 11/08/2019 Value 

ANION GAP (mEq/L) 9.7 
TROPONIN-1 

(NG/ML) 
0.02 ANION GAP (mEq/L) 9.8 

BASE EX.VEN (POCT) (%) 4.0 (H) 
PROCALCITON

IN (ng/mL) 
0.06 BASOPHIL # (x10E3/uL) 0 

BASOPHIL # (x10E3/uL) 0 
  

BASOPHIL (%) 0.5 

BASOPHIL (%) 0.6 
  

CALCIUM (mg/dL) 8.2 (L) 

CALCIUM (mg/dL) 8.6 
  

CHLORIDE-BLD (MEQ/L) 109 (H) 

CHLORIDE-BLD (MEQ/L) 108 
  

CO2 TOTAL (MEQ/L) 23.2 

CO2 TOTAL (MEQ/L) 22.3 
  

CREATININE (mg/dL) 1.03 

CREATININE (mg/dL) 1.19 
  

EOSINOPHIL # (x10E3/uL) 0 

EOSINOPHIL # (x10E3/uL) 0 
  

EOSINOPHIL (%) 0.6 

EOSINOPHIL (%) 0.7 
  

GLUCOSE (mg/dL) 105 (H) 

GLUCOSE (mg/dL) 110 (H) 
  

HEMATOCRIT (%) 45.9 

HCO3.VEN (POCT) (MEQ/L) 29 (H) 
  

HEMOGLOBIN (G/DL) 15.4 

HEMATOCRIT (%) 47.3 
  

LYMPHOCYTE # (x10E3/uL) 1.1 

HEMATOCRIT-VEN (POCT) (%) 47 
  

LYMPHOCYTE (%) 27.3 

HEMOGLOBIN (%) 15.9 
  

MEAN CORP.HGB (PG) 31.2 

LYMPHOCYTE # (x10E3/uL) 1.3 
  

MEAN CORP.HGB CONC. (G/DL) 33.6 

LYMPHOCYTE (%) 26.3 
  

MEAN CORP.VOLUME (FL) 93 

MEAN CORP.HGB (PG) 30.9 
  

MEAN PLT VOLUME (FL) 8.5 

MEAN CORP.HGB CONC. (G/DL) 33.6 
  

MONOCYTE # (x10E3/uL) 0.8 

MEAN CORP.VOLUME (FL) 92.2 
  

MONOCYTE (%) 19.7 (H) 

MEAN PLT VOLUME (FL) 8.4 
  

NEUTROPHIL # (x10E3/uL) 2.1 

MONOCYTE # (x10E3/uL) 0.8 
  

NEUTROPHIL (%) 51.9 

MONOCYTE (%) 15.5 (H) 
  

PLATELET (x10E3/uL) 102 (L) 

NEUTROPHIL # (x10E3/uL) 2.8 
  

POTASSIUM (MEQ/L) 3.7 

NEUTROPHIL (%) 56.9 
  

RBC BLOOD CELL (x10E3/uL) 4.94 

O2 SAT.VEN (POCT) (%) 67 
  

RBC MORPHOLOGY-1 Normal 

PCO2.VEN (POCT) (MM HG) 45 
  

RED DISTRIB.WIDTH (%) 13.9 

PH.VEN (POCT) 7.42 
  

SODIUM-BLD (MEQ/L) 142 

PLATELET (x10E3/uL) 109 (L) 
  

UREA NITROGEN (mg/dL) 13 

PO2.VEN (POCT) (MM HG) 34 
  

WHITE BLOOD CELL (x10E3/uL) 4.1 (L) 

POTASSIUM (MEQ/L) 4.2 
    

RBC BLOOD CELL (x10E6/uL) 5.13 
    

RBC MORPHOLOGY-1 
Slight  

Ovalocytes     
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Continued 

RBC MORPHOLOGY-1 
Slight Burr 

Cells     

RED DISTRIB WIDTH (%) 13.9     

SODIUM-BLD (MEQ/L) 140 
    

TOT CO2. VEN (POCT) (MEQ/L) 31 
    

UREA NITROGEN (mg/dL) 20 
    

WB CA++. VEN (POCT) (MMOL/L) 1.05 (L) 
    

WB GLUCOSE-VEN (POCT) (mg/dL) 119 
    

WB K VEN (POCT) (MEQ/L) 52 (H) 
    

WB LACTATE-VEN (POCT) 
(MMOL/L) 

1.6 
    

WB NA VEN (POCT) (MEQ/L) 136 
    

WHITE BLOOD CELL (x10E3/uL) 4.9 
    

 

 
Figure 1. Computed Tomography Angiography (CTA) of the 
lungs (with contrast) of our patient showing multiple, scat-
tered, indeterminate ground-glass nodular opacities and dif-
fuse bronchial wall thickening. 

 
75 mg b.i.d. to be continued for 4 days after discharge from hospital. An inhaled 
steroid and supplemental oxygen improved the patient’s symptoms while hospi-
talized and Flovent was prescribed to manage lingering respiratory symptoms 
after discharge on 8 November 2019. A follow-up appointment with his primary 
care physician was scheduled for 14 November 2019.  

5. Follow-Up 

The patient was seen by his primary care physician 6 days later. No issues of 
concern were noted. He was afebrile, without cough and lung sounds were nor-
mal. On 8 May 2020, well into the COVID-19 pandemic, the patient, recognizing 
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his illness in November 2019 might have been COVID-19, returned to the ur-
gent care clinic and requested a SARS CoV-2 serum antibody test. The test was 
positive (7.1) for IgG antibodies to SARS CoV-2 (+ = >1.4).On 19 August 2020, 
prior to a previously scheduled biopsy for a laryngeal granuloma, protocol re-
quired him to undergo the nasal swab PCR test for SARS CoV-2 antigens. The 
result was negative. Finding the clinical picture and positive IgG antibody to 
novel coronavirus interesting, the patient’s primary medical provider ordered 
another serum antibody assay on 14 October 2020. This returned a moderate 
positive titer of 320. A positive result on the SARS-CoV-2 Antibody Spike, 
Semi-quantitative test (78.20 U/mL) taken on 1 August 2021 indicated long-lasting 
immunity. On 17 February 2022, the patient was evaluated for memory T-cell 
adaptive immunity to SARS CoV-2 which returned a positive result suggesting 
long-lasting protection from reinfection [3]. Considering these findings, in part, 
the patient applied for, and was granted, a medical exemption from COVID-19 
vaccination required by his employers. His accommodation requires weekly 
testing (by nasal swab) for SARS CoV-2 antigen. As of this writing he has been 
tested>25 times all with negative results and has been asymptomatic since his 
hospital admission in early November 2019. 

6. Discussion 

The presentation, clinical findings and course of disease suggest an early case of 
COVID-19 in New York that predates the first reported case from Washington 
state by over two months. In addition to constitutional symptoms now known to 
be common in the disease, the patient had lung manifestations that, while not 
pathognomonic for COVID-19 sensu stricto, are currently well known in the li-
terature on COVID-19 [4] [5] [6] [7] [8]. That the patient subsequently tested 
positive for serum antibodies and an adaptive T-cell immune response to SARS 
Co-V-2 confirm infection with SARS Co-V-2. Demographic and temporal fac-
tors should be considered in this case as well. The patient lives in the New York 
borough of Queens, parts of which have high populations of Chinese immi-
grants, some of whom may have attended the Olympic games in Wuhan in Oc-
tober of 2019 [9] became infected and returned home with the first cases on the 
east coast earlier than November 2019. 

The most confounding factor in this case is the positive RIDT taken in the 
emergency department which elucidated a diagnosis and change in treatment 
course. Explanations include a false positive RIDT [10] and the phenomenon of 
co-infection with coronavirus disease and influenza [11] [12]. Another possibil-
ity is that the original disease was influenza, and the patient later sustained an 
asymptomatic case of COVID-19 which produced the immune response. The 
robust IgG response suggest otherwise as do the patients subjective sense that 
past bouts with influenza felt different than this disease which lacked high fever, 
intestinal or gastric distress and other common features of influenza virus infec-
tion. This clinical report establishes an influenza etiology (assuming RIDT valid-
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ity) and suggests COVID-19 as also present in the patient at the time of initial 
symptomatology and hospital admission. There is compelling evidence of COVID-19 
infection through antibody and immune cellular analyses later (May and Octo-
ber 2020, August 2021, and February 2022), and initially from patient sympto-
matology and lung X-ray analysis. That definitive identification of COVID-19 
was not made in November 2019 must be considered in this report. However, 
COVID-19 was not being widely considered in the differential diagnosis of res-
piratory presentations at this time in the United States and there were no COVID-19 
testing protocols in place. Genetic data on the “novel SARS-CoV-2” was not 
available until January 2020 [13] and vaccines would not be available in the U.S. 
until December 2020 [14]. 

7. Overview 

582,752,785 cases of COVID-19 have been reported as of 1 August 2022 [15]. In 
a pandemic era, this exemplar’s presentation, constellation of symptoms and la-
boratory findings, would urge a viral etiologic agent. Epidemiologic factors would 
command correlation to be causation. Despite the paucity of constitutional 
symptoms at the outset, laboratory and positive imaging findings would confirm 
the presence of a viral illness i.e., coronavirus. 

The longitudinal study of this case does not provide for the earlier history of 
immunological integrity to determine a de novo viral entity, compromised im-
mune state, or normal integrity of the patient during a pandemic. This case has 
evolved over the past year with weekly follow up testing, per mandate, for the 
presence of coronavirus or COVID-19 which never tested positive. 

It is suggested that immune test baseline parameters be established before 
administration of preventive measures, antiviral treatment, or vaccination be 
undertaken. 
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Abstract 
The lysosomal storage disorders are a group of diseases that are typified by an 
accumulation of waste products in the lysosomes. Mucopolysaccharidoses are 
lysosomal storage disorders due to diverse lysosomal enzyme deficiencies. Ms 
HT was 2 years and 5 months old when she presented to our metabolic bone 
clinic with clinical features that were suggestive of a genetic syndrome that 
was associated with a metabolic bone disease. The urine GAG spot test was 
positive. The MPS screen identified a reduction in arylsulfatase B activity and 
sequencing of the ARSB gene detected a pathogenic variant, in keeping with 
Maroteaux-Lamy syndrome. The diagnosis of MPS is confirmed by urine GAG, 
enzyme activity analysis and genetic testing. The available treatments include 
hematopoietic stem cell transplantation, enzyme replacement therapy and 
surgery. MPSs are heterogeneous, progressive, multisystem diseases for which 
diagnosis is often delayed. Greater awareness of MPS will enable early diag-
nosis and treatment. Treatment is however costly and is frequently unavaila-
ble to patients in the public sector. 
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1. Introduction 

Lysosomes are formed by budding off from the membrane of the trans-Golgi 
network. Macromolecules are absorbed into the cell in vesicles formed by endo-
cytosis. The vesicles fuse with lysosomes, which then break down the macromo-
lecules using hydrolytic enzymes. The lysosomal storage disorders (LSD) are a 
group of approximately 70 diseases that are distinguished by an accumulation of 
waste products in the lysosomes resulting in the formation of large intracellular 
vacuoles [1] [2]. 
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Mucopolysaccharidoses (MPSs) are a group of lysosomal storage disorders 
that are due to multiple lysosomal enzyme deficiencies, causing progressive sto-
rage of glycosaminoglycans (GAGs) in tissues and organs, and these GAGs cause 
multi-organ dysfunction [2]. 

There are seven types of MPSs that are known and are due to 11 different enzyme 
deficiencies. The inheritance pattern of MPSs is autosomal recessive, with MPS II 
being the only one with X-linked inheritance [3]. The incidence of MPS VI (the 
type of MPS present in our patient) is reported to be 1 per 320000 live births [4]. 

The aim of our case report is to raise awareness of this rare but important and 
potentially fatal disorder, so that its treatment may be made available to our 
South African patients, which would be both life-changing and lifesaving. 

2. Background 
2.1. Pathophysiology 

MPSs are rare genetic bone disorders accounting for less than 1% of all genetic 
disorders. The incidence is low, but the disorder occurs throughout the world in 
various ethnic groups and demographic regions [2]. The pathophysiological causes 
as well as the pertinent clinical findings of the various MPSs have been summa-
rized in Table 1. 

MPS I, known as Hurler syndrome, was first described by Dr Gertrud Hurler 
in 1919. It is due to the mutation of the gene α-L-iduronidase (IDUA) and more 
than 100 different alleles of this gene can cause MPS I. There are three clinical 
subtypes, which are divided based on their clinical severity of MPS I; that is, 
Hurler syndrome (severe), Hurler-Scheie syndrome (intermediate) and Scheie 
syndrome (mild) [5]. 

MPS II, or Hunter syndrome, is caused by the mutation of the gene Idurona-
tesulfatase (IDS). MPS II is X-linked recessive, thus it primarily affects males, 
but females can be affected because of autosomal X-chromosomal translocation 
and non-random X-chromosome inactivation. It is divided into two subtypes 
due to its severity whereby MPS IIA is severe and MPS IIB is of moderate sever-
ity [6] [7]. 

There are four subtypes of MPS III (Sanfilippo syndrome) with subtypes IIIA, 
IIIB, IIIC and IIID; due to the deficiency of heparan-N-sulfatase (SGHS), α-N- 
acetylglucosaminidase (NAGLU), α-glucosaminidase acetyltransferase (HGSNAT) 
and N-acetylglucosamine 6-sulfatase (GNS) respectively. MPS IIIA and IIIB are 
more common than IIIC and IIID in clinical settings [8]. 

MPS IV also known as Morquio syndrome is due to the deficiency in N- 
acetylgalactosamine-6-sulfate sulfatase (GALN in MPS IVA) or β-galactosidase 
(GLB1 in MPS IVB). A deficiency in GALNS impairs the degradation of chon-
droitin-6-sulfate (C6S) and keratansulfate (KS) which contributes to severe clin-
ical symptoms. GLB1 deficiency leads to a moderate phenotype with only accu-
mulation of KS [9]. 
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Table 1. Types of MPS. 

MPS Syndrome(s) 
GAGs  

accumulated 
Enzyme  

deficiency 
Genetic  

mutation 
Mode of 

inheritance 
Main clinical presentation 

I 
Hurler’s 
Scheie 

Hurler-Scheie 

Dermatan, 
heparan  
sulphate 

α-L-iduronidase  
deficiency 

IDUA 
4p16,3 

Autosomal 
recessive 

Progressive mental decline and loss 
of physical skills by 2-4 years of age. 
Hearing loss, enlarged tongue and 

corneal clouding 
Restricted joint movement 

Hurler’s syndrome is the most severe 
form of MPS I. 

Scheie is the mildest form of MPS I. 
Children with Scheie syndrome have 
normal intelligence or may have mild 

learning disabilities 
Hurler-Scheie is less severe than 

Hurler syndrome alone 

II Hunter’s 
Dermatan,  

heparan  
sulphate 

Iduronate sulfatase  
deficiency 

IDS 
Xq28 

X-linked 
recessive 

Two clinical subtypes which are 
neuropathic (with CNS involvement) 
and non-neuropathic (without CNS 

involvement) 
No corneal clouding 
Hepatosplenomegaly 

Hydrocephalus 
Heart valve abnormalities 

III 
Sanfilippo 

(Subtypes A-D 
A = Most severe) 

Heparan  
sulphate 

A: heparan N-sulfatase 
B: alpha-N- 

acetylglucosaminidase 
C: acetyl-CoAlpha- 

glucosaminide  
acetyltransferase 

D: N-acetylglucosamine 
6-sulfatase 

A: SGSH 
17q25,3 

B: NAGLU 
17q21.2 

C: HGSNAT 
8p11.21-p11.1 

D: GNS 
12q14,3 

Autosomal 
recessive 

Progressive dementia, aggressive 
behaviour, hyperactivity, seizures, 

some deafness and loss of vision, and 
an inability to sleep more than a few 

hours at a time 
Delayed mental, motor and language 

skill development 

IV 
Morquio 

(Subtypes A  
and B) 

Keratan and  
chondroitin  

sulphate, 

A: 
N-acetylgalactosamine- 

6-sulfatase 
B: beta-galactosidase 

A: GALNS 
16q24,3 
B: GLB1 
3p22,3 

Autosomal 
recessive 

Onset is between ages 1- and 3-years 
Neurological complications include 

spinal nerve and nerve root  
compression; progressive skeletal 

changes, particularly in the ribs and 
chest; conductive and/or  

neurosensory hearing loss and 
clouded corneas. Intelligence is  
normal unless hydrocephalus  

develops and is not treated 

VI 
Maroteaux  

Lamy 

Dermatan,  
chondroitin  

sulphate 

N-acetylgalactosamine 
4-sulfatase 

ARSB 
5q13-14 

Autosomal 
recessive 

Skeletal abnormalities;  
macrocephaly; coarse facial features; 
macroglossia; contractures; Carpal 
tunnel syndrome; spinal stenosis; 
hepatosplenomegaly; umbilical  
hernia, clouded corneas; growth 

stops at age 8 years 
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Continued 

VII Sly 

Dermatan/ 
heparan/ 

chondroitin  
sulphate 

beta-glucuronidase 
GUSB 

7q11,21 
Autosomal 
recessive 

Hydrops fetalis (severe form); mild to 
moderate intellectual disability; 
communicating hydrocephalus, 

nerve entrapment, corneal clouding; 
short stature; joint stiffness and  

restricted movement, and umbilical 
and/or inguinal hernias. 

IX Natowicz Hyaluronan 
Hyaluronidase 

deficiency 
HYAL1 
3p21,3 

Autosomal 
recessive 

Periodically painful soft tissue masses 
around the joints, acquired short 

stature and erosion of the hip joint, 
although joint movement and  

intelligence are normal 

 
MPS VI (Maroteaux Lamy) that has been diagnosed in our patient is characte-

rized by a deficiency of N-acetylgalactosamine-4-sulfatase that results in the sto-
rage of Dermatan chondroitin sulphate (DS) and chondroitin-4-sulfate (C4S). It 
presents as a multi-system disorder due to accumulation of GAGs in numerous 
organs and progressive clinical deterioration with age [10]. 

MPS VII (Sly syndrome) is a rare type of MPS that is due to the lack of the 
β-D-glucuronidase enzyme that causes an accumulation of DS, HS (heparan 
sulphate), C4S, and C6S in tissues. There are multiple phenotypes and multisys-
temic involvement [11]. 

MPS IX (Natowicz syndrome) is a very rare type of MPS that is caused by the 
mutation in the gene HYAL1 that results in the lack of the enzyme hyaluroni-
dase with accumulation of hyaluronan. Hyaluronan is required for cartilage 
formation and joint lubrication [12]. 

2.2. Clinical Findings 

MPS I 
Patients with MPS I presents with skeletal abnormalities termed dysostosis 

multiplex which result in joint immobility, restricted growth and immobility. 
Other symptoms and signs include umbilical and inguinal hernias, coarse facial 
features, chest deformity, gibbus deformity, recurrent upper respiratory tract in-
fections, hearing and vision loss, organomegaly and cardiac disease. Develop-
mental and cognitive impairment occur later in the disease process. Patients 
with severe disease die in the first year of life whilst those with milder disease 
survive till adulthood [13] [14]. 

MPS II 
The presentation of MPS II is like MPS I with short stature, umbilical and in-

guinal hernias, coarse facial features, cardiac disease, hepatosplenomegaly and 
chronic upper respiratory tract infections. Early skeletal deformities include ky-
phosis, stiffness of joints and spinal cord compression. Affected patients may 
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develop chronic diarrhoea and communicating hydrocephalus. Neurological and 
cognitive impairment varies amongst patients. Developmental and speech delay 
is frequently diagnosed around 2 - 5 years of age. Patients with severe forms of 
disease die early in life similar to MPS I [15]. 

MPS III 
All forms of MPS III present with cognitive and neurological impairment with 

little or no somatic involvement. This disorder may be recognized in childhood 
by developmental delays, behavioural difficulties, sleep disturbances and demen-
tia. The mental retardation can be profound in patients with severe disease, with 
a lack of development of social or communicative skills in early childhood. 
There are 3 phases of the disease: Phase I is pre-symptomatic with normal de-
velopment. In phase 2, there is progressive cognitive impairment, sleep distur-
bance and behavioural problems. The third phase begins in adolescence with the 
decline in motor function and loss of mobility [16]. 

MPS IV 
MPS IV is characterized by a skeletal dysplasia which is distinct from the dy-

sostosis multiplex; seen in MPS I, II and VI. Patients also present with joint 
hypermobility rather than stiffness, cervical spine instability and communicating 
hydrocephalus. Patients with mild forms of the disease can live past the third 
decade of life. Other common features are corneal clouding, hearing loss, respi-
ratory obstruction and sleep apnoea [17]. 

MPS VI 
Patients with MPS VI have normal neurology and development but CNS pa-

thology such as communicating hydrocephalus, cerebral atrophy and low IQ have 
been documented. They present with signs and symptoms that are like MPS I, II 
and VII. Patients with severe disease present early between 2 and 3 years of age 
and those with milder disease present in the teenage years or early adulthood. 
Typical symptoms include coarse facial features and enlarged tongues, hepatos-
plenomegaly, cardiac valve problems, short stature, joint stiffness and hearing 
loss [17] [18]. 

MPS VII 
Patients with MPS VII can present with hydrops fetalis and they may be still-

born, or they may die shortly after birth. The time of onset ranges from infancy 
to childhood but few patients survive into adulthood. Patients have the same 
clinical features as MPS I and II with coarse facial features, corneal clouding, 
skeletal deformities and hydrocephalus. The patients with MPS VI have a short 
life expectancy and they die due to heart diseases and airway obstruction [11]. 

MPS IX 
MPS IX was first described in 1996 with periarticular soft-tissue masses and 

nodular hyperplasia, short stature and acetabular erosions. Other symptoms may 
include cysts, frequent ear infections and a cleft palate. MPS IX should be consi-
dered in patients who are diagnosed with polyarticular juvenile idiopathic arth-
ritis who fail to respond to conventional treatment [11] [19]. 
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2.3. Diagnosis 

The medical history and examination of patients and their family members is 
important for the diagnosis as MPSs are inherited diseases. The age of onset, the 
rate of clinical progression and the sequence with which the symptoms occur, 
can help to elucidate the type of MPS. X-rays, computed tomography (CT) and 
magnetic resonance imaging (MRI) are frequently used diagnostic methods for 
skeletal, cardiac, and intracranial involvement [12]. 

A valuable screening test for MPSs is the urine GAG spot test, but false nega-
tive results can occur due to assays that lack adequate sensitivity, dilute samples 
and GAG accumulates in tissues over time and thus will not be eliminated in the 
urine. Enzyme activity assays based on cultured fibroblasts, leucocytes, plasma, 
or serum, cultured from chorionic villus or amniocytes are definitive for a spe-
cific MPS disorder and are considered the gold standard for diagnosis. Gene se-
quencing can identify the type of gene mutation causing the enzyme deficiency 
and help for genetic counselling of the patient and their families and to facilitate 
family planning [3] [20]. 

2.4. Treatment Options 

Enzyme replacement therapy (ERT) is given intravenously and indicated for pa-
tients with MPS I, II, IVA, VI, and VII. ERT does improve soft tissue complica-
tions and improve the patient’s quality of life. ERT does not cross the blood 
brain barrier and thus will not improve central nervous system effects and it also 
has no effects on avascular bone lesions and cartilage. ERT is expensive and re-
quires weekly injections. Hematopoietic stem cell transplantation (HSCT) and 
ERT can slow the progression of disease. HSCT is more cost effective compared 
to ERT. HSCT requires matched donors and there is a risk of graft versus host 
disease [21]. 

SRT (substrate reduction therapy) aims to reduce an excess of a substrate thus 
slowing GAG synthesis. These small molecules that inhibit substrate synthesis 
are administered orally. These facilitate SRT and penetrate the blood-brain bar-
rier. Genistein, a soy-derived isoflavone, was first identified as a potential drug 
for SRT; it acts as a tyrosine kinase inhibitor and alleviates neurological manife-
stations. However, a subsequent clinical trial of SRT failed to find any significant 
neurological benefit because of a decline in urinary GAGs [22]. 

Gene therapy can be in vivo which is when a gene product is delivered directly 
into the body systemically or is administered in-situ. Gene therapy can also be ex 
vivo whereby the patients’ stem cells are modified externally and infused back 
into the patient’s system. An immune reaction can occur to a vector or gene 
product. Gene therapy is still in development, its long-term effects are still un-
known and clinical trials are still in progress [23]. 

3. Case Presentation 

Ms HT presented to our metabolic bone clinic at 2 years 5 months of age with 
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short stature. She was under-weight for age and had relative macrocephaly. She 
had clinical features which were suggestive of a genetic syndrome with underly-
ing metabolic bone disease. 

Her mother reported that she had a normal pregnancy, with no history of ex-
posure to any known teratogens. There were no antenatal scans performed on 
the baby. Ms HT was born via normal vaginal delivery, with normal Apgar 
scores and her anthropometrical measurements were normal at birth. She re-
quired nasal prongs oxygen for transient tachypnoea of the neonate. She had no 
other admissions. In terms of her development, her mother noticed an unusual 
curvature of her spine at 14 months of age, but all her milestones were attained 
at the appropriate age. The parents were non-consanguineous. They had a son 
who demised at 1 year from acute gastroenteritis and he too had a same spinal 
deformity. 

On clinical examination, her growth measurements plotted on the weight for 
age Z-score of -2, a height for age Z score of -2 and head circumference plotted 
on the +1.5 Z score. She is under-weight and stunted for age and has relative 
macrocephaly. She had the following facial dysmorphic features: a prominent 
forehead, bitemporal narrowing, flattened facial profile, epicanthic folds, de-
pressed nasal bridge with mild midface hypoplasia, prominent lips and fleshy ear 
helices (Figure 1). 

Her chest examination revealed a pectus carinatum deformity. The lower ribs 
were flared with the left being more prominent than the right. She had limited 
extension at the elbow joints with a wide carrying angle and her fingers were 
slightly tapered, with prominent proximal interphalangeal joints. She had bila-
teral clinodactyly and the small joints of the hands were exhibiting decreased 
range of movement. There was limited supination at the forearms (Figure 2). 

She had pes planus and genu valgum of left knee with limited extension at the 
knee joint. On examination of her back a thoracolumbar kyphosis was noted. 
She had patchy hyperpigmentation over the skin of the shoulders, upper and 
lower back. She had a large congenital melanocytic nevus (>15 cm in diameter) 
over the lower back, sacrum, and buttocks (Figure 3). She had normal neurode-
velopmental, ophthalmologic, audiology, abdominal and cardiac examinations. 

 

 
Figure 1. Facial features of Ms HT. 
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Figure 2. Ms HT chest and musculoskeletal examination findings. 
 

 
Figure 3. Ms HT examination findings of her back and skin. 
 

On further investigations, her biochemistry, which included, renal function, 
calcium, phosphate, parathyroid hormone, and alkaline phosphatase were within 
normal ranges. Her echocardiogram showed a tri-leaflet aortic valve and mild 
aortic regurgitation (Figure 4). The skull radiograph showed caput quadratum, a 
rounded prominence of the frontal and parietal bones often seen in children 
with rickets (Figure 5). The chest radiograph was normal. The MRI of her spine 
showed an L3/L4 spondylolisthesis and dural ectasia of unknown cause (Figure 
6). In view the above clinical features and initial investigations, a urine glycosa-
minoglycans screening test for MPS was sent, which was confirmed to be posi-
tive. Finger prick blood spot samples to assess enzyme activity were sent to 
North-West University to the Centre for Human Metabolomics. This would aid 
in identifying specific deficiencies, thus assist with classifying the type of LSD 
and guide further management. This expanded MPS screen identified a signifi-
cant reduction in arylsulfatase B activity. This is in keeping with MPS VI (Maro-
teaux-Lamysyndrome) and sequencing of the ARSB (Arylsulfatase B) gene de-
tected a homozygotic variant (c.905G>A; p. Gly302Glu) that was classified as 
likely pathogenic according to the American College of Medical Genetics and 
Genomics [24]. 

Ms HT has continued to follow up at our metabolic bone clinic. She is receiv-
ing physiotherapy and occupational therapy for joint stiffness and her mobility 
limitations. She has had a repeat echocardiogram that has shown worsening of 
the cardiac disease, with mild to moderate mitral and tricuspid valve regurgita-
tion and trivial aortic valve regurgitation (Figure 7). She is on enalapril to reduce 
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Figure 4. Echocardiogram showing a tri-leaflet aortic valve. 

 

 

Figure 5. The skull radiograph showing caput quadratum. 
 

 

Figure 6. Ms HT’s MRI spine: L3/L4 spondolisthesis and dural ectasia of unknown cause. 
 

the mitral regurgitation. She has recurrent upper respiratory and ear infections, 
which we have had to treat with antibiotics and antipyretics. She is following up 
with the ear, nose, and throat specialists; ophthalmologists; speech therapists and 
the audiologist. 

In terms of Ms HTs current outcome, her hearing is worsening and awaits 
hearing aids. She has corneal clouding that is compromising her vision. The 
thoracolumbar kyphosis has worsened but the spondylolisthesis that was dis-
covered on the initial MRI of the spine has not worsened with no spinal com-
pression. Her cardiac function has deteriorated thus she is less active. 
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Figure 7. Echocardiogram showing mild 
to moderate mitral valve regurgitation. 

 
Ms HT a 6-year-old female patient, whose current condition is that: she can 

mobilize unassisted; she complains of painful joints at the knees, elbows, and 
wrists. She has developed corneal clouding and the spinal deformity is worsen-
ing. Her audiology tests show progressive hearing loss. She is on treatment for 
aortic regurgitation, but we have not been able to obtain ERT for the treatment 
for confirmed MPS VI. 

4. Discussion 

The lysosomal storage disorders (LSD) are a group of approximately 70 diseases 
that are characterized by an accumulation of waste products in the lysosomes, 
resulting in the formation of large intracellular vacuoles. MPS are a group of ly-
sosomal storage disorders typified by diverse lysosomal enzyme deficiencies, 
causing progressive storage of glycosaminoglycans (GAGs) in tissues and organs 
that culminates in multi-organ failure. GAG accumulation is progressive; thus, 
signs and symptoms of the disease worsen with age. Seven types of MPS are 
known and are due to 11 different enzyme deficiencies [1] [2] [3] (Table 1). 

MPS VI is rare autosomal recessive disorder that is a result of mutations in 
the ARSB gene which leads to a deficient activity of the lysosomal enzyme N- 
acetylgalactosamine 4-sulfatase (ASB) [25]. Children with MPS VI, Maroteaux- 
Lamy syndrome, usually have normal intellectual development but share many 
of the physical symptoms found in Hurler syndrome (which is the most severe 
form of MPS, MPS type 1) [26]. 

Our patient had normal intellectual development, with normal growth initial-
ly. However, with ongoing follow-up it is noted that she is now underweight and 
stunted for her age, but still had preserved intelligence. 

Maroteaux-Lamy syndrome is characterized by a spectrum of severe symp-
toms. The neurological complications include clouded corneas, deafness, thick-
ening of the dura around the brain and spinal cord and pain caused by com-
pressed or traumatized nerves and nerve roots [27]. Ms HT had normal vision 
and hearing initially, but she has developed corneal clouding and progressive 
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hearing loss. The MRI of her spine did show dural ectasia. The most common 
complication of MPS VI is spinal cord compression due to thickening of the du-
ra around the brain and spinal cord [28]. 

Growth is normal in the beginning but stops suddenly at about 8 years of age. 
By age 10 children have developed a shortened trunk, hunched posture and re-
stricted joint movement. In more severe cases, children also develop a protrud-
ing abdomen and forward curving of the spine. Skeletal changes (particularly in 
the pelvic region) are progressive and limit movement [29]. Our patient is still 
able to ambulate without assistive devises, although she is developing progres-
sive ankylosis of her large joints. Many children also have umbilical or inguinal 
hernias which Ms HT did not have. Nearly all children have some form of heart 
disease, as seen in our patient. She had mild Aortic valve regurgitation for which 
she is following up with the paediatric cardiologists and receiving treatment. The 
accumulation of dermatansulfate and chondroitin sulfate (GAGs) leads to cor-
neal clouding, deafness, restricted joint movement, bone dysplasia, thickening of 
the dura, organomegaly and heart disease [29] [30].  

MPS VI is diagnosed by a combination of clinical symptoms, raised urine 
GAG, a deficiency of ASB enzyme activity and genetic sequencing that reveals 
ARSB gene mutation variants [31]. The GAGs are unbranched polysaccharide 
chains containing repeated disaccharides with uronic acid, galactose or hexosa-
mine. ASB enzyme activity can be performed on dry blood spots, on leukocytes 
or fibroblasts. Leukocytes and fibroblast are considered as the gold standard for 
demonstrating ASB enzyme activity [32]. The ARSB gene was discovered in 1990 
and is mapped on chromosome 5q 13-14. This gene has a wide genetic heteroge-
nicity and numerous mutations and polymorphisms have been described. There 
are more than 200 pathogenic variants of the ARSB gene reported on ClinVar, 
EmvClass, ClinVitae databases [25]. Table 2 is an illustration of some of these 
pathological variants, including the variant that was described on our patient 
(c.905G>A; p. Gly302Glu) highlighted in yellow. 

The presently available treatments for MPS VI are enzyme replacement ther-
apy (ERT), with palliative surgeries for joint and skeletal deformities and spinal 
cord decompression ( spinal cord compression is a major complication of MPS 
VI), ear-nose- and throat (ENT), neurosurgical, ophthalmic, and cardiac treat-
ments [25] [33]. These treatments have been effective in ameliorating the lives of 
affected individuals but are far from assuring a complete return to normality. 
Hematopoietic stem cell transplantation (HSCT) or Bone marrow transplant for 
MPS VI has shown limited efficacy. HSCT is thought to deliver the cells required 
to produce the lacking enzyme to the tissues that are deficient of the enzymes 
and thus eliminating the symptoms. HSCT has been shown to be effective in 
MPS VI with the limitations of finding a suitable donor and transplant rejection 
[2] [34]. ERT is available for patients with MPS VI in many countries and is a 
safer option than HSCT [27]. ERT replaces the missing enzyme in the tissues 
and thus ameliorates the symptoms by decreasing the number of GAGs which  
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Table 2. ARSB gene pathological variants associated with MPS VI. 

ARSB variant Location Clinical significance 

c.*905G>A (p.Gly302Glu) Likely pathogenic 

c.*3181T>A Uncertain significance 

c.*3181T>G Benign 

c.*3174T>G Uncertain significance 

c.1577del (p.Thr526fs) Pathogenic 

c.1601A>C (p.Ter534Ser) Likely pathogenic 

c.1558del (p.Arg520fs) Pathogenic 

c.1493T>C (p.Leu498Pro) Likely pathogenic 

c.1325C>T (p.Thr442Met) Conflicting interpretations of pathogenicity 

c.1261G>T (p.Glu421Ter) Pathogenic 

c.899-1337_1142+1055del Pathogenic 

c.284G>A (p.Arg95Gln) Pathogenic/Likely pathogenic 

c.238del (p.Val80fs) Pathogenic ( severe type of MPS VI) 

c.215T>A (p.Leu72Gln) 
Conflicting interpretations of pathogenicity 

( severe type of MPS VI) 

c.200T>A (p.Ile67Asn) Likely pathogenic 

This table illustrates just a few of the ARSB variants for a complete representation see: 
https://www.ncbi.nlm.nih.gov/clinvar. 

 
cause the disease [35] Galsulfase (Naglazyme), a purified human enzyme (rhASB), 
has been shown to improve walking capacity, stair-climbing capacity, pulmonary 
function, hepatosplenomegaly, cardiac function and survival in individuals with 
MPS VI [35] [36]. The importance of early ERT cannot be over-emphasized, as 
early ERT is effective in preventing the permanent effects of MPS that occur with 
disease progression. Thus, early diagnosis and treatment is crucial [36]. The re-
ported side effects of ERT are hypersensitivity reactions and ERTs are unable to 
cross the brain blood barrier, thus central nervous system symptoms are not 
ameliorated [37] [38]. Future therapy in the form of gene therapy has also been 
tested in animal models of MPS VI and different types of viral vectors have 
shown promising results in delivering a correct version of the ARSB gene and 
achieving high levels of enzyme activity [39]. 

We have attempted to obtain ERT treatment for our patients at Chris Hani 
Baragwanath Academic Hospital with MPS VI, but it has proven unsuccessful 
due to the cost of treatment and lack of availability of ERTs in our country. 

5. Conclusion 

MPSs are heterogeneous, progressive, multisystem diseases. MPS may have a 
delayed diagnosis because of manifestations that mimic other disorders. The 
greater awareness of MPS will enable early diagnosis. The treatment for MPS VI 
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is currently unavailable to our patients at Chris Hani Baragwanath Academic 
Hospital South Africa. The reason for writing this case report is to raise aware-
ness and initiate discussions or collaborations to provide a solution to our di-
lemma of non-availability of ERT, with the hope of improved patient outcomes.  
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