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Abstract

Body overgrowth may be generalized or may affect certain areas. We present a seven-year-old African male
with progressive, asymmetric, postnatal overgrowth of the left side of his face and left upper limb. The
impression of proteus syndrome (PS) was made based on established clinical diagnostic criteria presented in
the literature. Our objective is to highlight the diagnosis based on clinical features, investigations, and a
multidisciplinary approach to the management of proteus syndrome.
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Introduction

Overgrowth is described as the symmetrical or asymmetrical increase in body size which may be due to over-
nutrition, endocrine conditions, or genetic variations [1,2]. A syndrome may be defined as a discernable
complex of traits that occur together and indicate a condition with a definitive cause [3]. Neylon et al.
proposed a classification of overgrowth syndromes as those identified in the neonatal period, such as
Klippel-Trenaunay-Weber syndrome, CLOVES (congenital lipomatous overgrowth, progressive, complex and
mixed truncal vascular malformations, and epidermal nevi), Beckwith-Wiedemann syndrome, and those
identified in childhood, such as Proteus syndrome (PS), neurofibromatosis type I [4-8].

PS is an exceedingly rare, sporadic, and complex overgrowth syndrome characterized by postnatal,
asymmetric, disproportionate tissue hypertrophy, occurring in about 1:1,000,000 live births [9,10]. There are
fewer than 200 cases reported in the medical literature [11]. Post-zygotic somatic mutations in the gene
AKT1 have been linked to this mosaic disorder [12]. The clinical manifestations are highly variable and it
affects males more than females, a ratio of 1.9:1 [9,10]. Knowledge of multiple clinical presentations is
required for proper clinical diagnosis and management, especially for clinicians in resource-limited
countries where genetic testing kits may be unavailable or unaffordable. Biesecker et al. proposed diagnostic
criteria for individuals with features compatible with the syndrome [10,13]. The disproportionate overgrowth
associated with PS may be so severe to the point that the individual is unrecognizable. Progressive bony
overgrowth reduces joint mobility and further accentuates skeletal defects. Additional cardinal
presentations include cerebriform connective tissue nevus, facial phenotypes, dysregulated increases in
adipose tissue, and vascular malformations [10,13].

Our objective is to present the first documented rare case of an asymmetric overgrowth syndrome in the
region and to highlight the complexity of the diagnosis and management of such cases.

Case Presentation

A seven-year-old African male was referred to the University of Nairobi Dental Hospital with a four-year
history of progressive swelling of the left side of the face, left forearm, and toothache in the lower right and
left quadrants for several months. He was brought to our facility by his mother, who was the informant. The
painless swellings first appeared when he was three years old and progressively increased in size. The dental
pain was nocturnal, aggravated by mastication, and easily localized to the offending teeth.

He is the younger of two children, both from non-consanguineous unions. The prenatal and perinatal
periods were uneventful. He was born at term via spontaneous vertex delivery with a birth weight of 3.4 kg.
There were no obvious dysmorphic features at birth. At the age of three years, the mother noticed
progressive physical changes in her son's appearance and function. There was no familial history of similar
physical features. There was no reported history of allergies to food or medication, hospital admission, or
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surgery. This was his index visit to the dental clinic. The systemic review demonstrated a history of slow
progressive loss of power in the upper limbs (left > right), a long-standing pruritic rash, and multiple patchy
areas of darkened skin. The family's social history revealed that he was from a single-parent, low-income
household and had never been enrolled in school.

The patient walked in unaided and appeared stunted for age, withdrawn, and unkempt. He was able to
follow simple instructions and respond mostly non-verbally by nodding his head or with single words. Left
side facial hypertrophy and asymmetric overgrowth of the left upper limb were clearly observed. No obvious
lower limb length discrepancy was apparent. His standing height was 98 cm and his weight was 17 kg. The
skin was hyperkeratotic lichenified on the upper extremities, upper back, neck, and face. He had a
generalized rash with multiple hyperpigmented cutaneous lesions, crusty flaking lesions on the scalp, a
patch of alopecia on the left temporal region, and left palmar cerebriform soft tissue hypertrophy.

Musculoskeletal deformities were characterized by a short neck, pectus excavatum, cervicothoracic
kyphoscoliosis, macrodactyly, and camptodactyly of the left fourth digit. These observations are illustrated
in Figure 1.

FIGURE 1: Clinical photographs.

(a) Left hemihypertrophy of the face and left upper limb, and chest deformity; (b) and (c) cervicothoracic
kyphoscoliosis (genitalia blurred out).

He had reduced power in the upper limbs with a score of Medical Research Council (MRC) grade 4 on the
right upper limb and MRC grade 3 on the left upper limb. Power in the lower limbs was normal.

The patient had a dolichocephalic head, a droopy facial appearance, a concave facial profile with mandibular
prognathism, competent lips, and a flattened nasal bridge. Left facial hypertrophy of soft tissues and ptosis
of the left eyelid with downward slanting of the palpebral fissure resulted in facial asymmetry. There was a
wound on the left parietal scalp, and the right tympanic membrane was markedly inflamed. Additionally,
there were increased soft tissues of the left outer ear, leading to severe stenosis of the left external auditory
canal as illustrated in Figure 2.
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FIGURE 2: Extra-oral photographs.

(a) Concave facial profile and (b) increased soft tissues of left ear.

Intra-orally, he was in early mixed dentition and had generalized gross plaque accumulation. Asymmetric
macroglossia was characterized by left-side hypertrophy, which resulted in an anterior and left-side
posterior open bite. There were multiple grossly carious teeth, as illustrated in Figure 5.

FIGURE 3: Intra-oral photographs.

(a) Intra-oral presentation prior to oral rehabilitation; (b) intra-oral presentation after oral rehabilitation.

Notably, he had attrition of the upper right teeth. The right first permanent molars were in Angle’s Class III
molar relationship. However, the left first permanent molars were unerupted.

Relevant medical and dental specialist consultations were conducted to discuss the approach to the
management of the patient. The diagnostic techniques used in the patient evaluation are presented in Table
1.
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Investigation Evaluation
Plain X-ray .

. Upper limbs
radiograph
Computed

Head, neck, chest, abdomen
tomography scans

Magnetic ) . .
. . Brain and thoracic spine
resonance imaging

Orthopantomogram Dental and maxillofacial region

Complete blood count, erythrocyte sedimentation rate, C-reactive protein, quantitative pro-calcitonin, renal function
Laboratory tests . . . ) . .
tests, liver function tests, 25 OH vitamin D3, D dimer assay genetic sequencing

TABLE 1: Diagnostic tests applied in the case.

The plain X-ray of his upper limbs showed dysplastic long bones with the increased prominence of the soft
tissues on the left side. Dental radiographic findings included a delayed dental age estimated to be six to
seven years, left side mandibular hypoplasia with coronoid and condylar elongation, irregular occlusal plane,
grossly carious teeth, delayed root formation based on his chronological age, and taurodontism of the first
permanent molars as illustrated in Figure 4.

FIGURE 4: Plain radiographs.

(a) X-ray of upper limbs showing dysplastic long bones and left macrodactyly; (b) there is agenesis of 38 and the
morphology of the 34 is suggestive of germination.

CT scans (contrast-enhanced) of the head, neck, chest, and abdomen found asymmetry of the cerebral
hemispheres with a prominence of the left cerebral hemisphere and left lateral ventricle with diastasis of the
left lambdoid suture while the right lambdoid suture was fused. There were extensive lesions suggestive of
lymphangiomas of the left face, bilateral neck, and upper left limb, causing asymmetric hemihypertrophy.
The spleen was slightly enlarged with a span of 14 cm. Significant S-shaped cervicothoracic kyphoscoliosis
in the neck with concavity to the left in the cervical region and concave to the right in the upper thoracic
region, as illustrated in Figure 5.
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FIGURE 5: CT scan of the patient.

(a) Cervicothoracic kyphoscoliosis; (b) diastasis of left lambdoid suture.

The larger Cobb angle is 40° and is in the thoracic region. The left hemithorax was slightly larger than the
right.

MRI findings include prominence of the left temporal lobe; enlargement of the left lateral ventricle with
dilatation of the CSF spaces of the ipsilateral middle cranial fossa and the lateral ventricle; and bilateral
multiple neural foramina/paravertebral masses as illustrated in Figure 6.

FIGURE 6: MRI of the patient.

(a) Left eye proptosis and prominence of the left temporal lobe; (b) paravertebral masses are seen arising from
the neural foramina and paravertebral regions.

The biochemistry, endocrinology, and D-dimer assay results were within normal ranges. Haematological
findings were normal; however, the haemoglobin, mean corpuscular haematocrit, and mean corpuscular
haematocrit concentration were borderline as presented in Table 2.
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Test component Findings Normal range
Haemoglobin 11.4 g/dL 11.5-14.5 g/dL
Mean corpuscular haematocrit 23.9pg 24-30 pg
Mean corpuscular haematocrit concentration 31.8 g/dL 32-36 g/dL

TABLE 2: Summary of the laboratory tests and results.

The paediatrician in attendance started him on iron 10 ml twice a day for four months, albendazole 20 ml
stat dose, 4% chlorhexidine gluconate (hibiscrub) bath twice a day for ten days, mupirocin cream for the
scalp wounds, and cefixime 200 mg once a day for ten days for the ear infection.

The patient underwent a custom-made Invitae® overgrowth syndrome, skeletal disorders, primary
immunodeficiency, and a cancer predisposition gene panel. A total of 861 genes were sequenced and
analyzed for deletions and duplications. However, a variation in the AKTI gene was not elicited in the
sequencing.

Management of intra-oral findings involved comprehensive full mouth rehabilitation at the paediatric
dental department, which involved oral prophylaxis and fluoride therapy, dental restorations on the carious
teeth, and extractions of grossly carious teeth with space maintenance. The impact of his dental treatment
was improved oral health with the elimination of dental pain and oral infections; improved masticatory
function; and improved aesthetics. The patient is on follow-up by a paediatric haematologist, paediatric
dentist, oral and maxillofacial surgeon, paediatric geneticist, and paediatric orthopaedic surgeon.

Discussion

It is imperative to diagnose individuals with overgrowth syndromes for purposes of accurate genetic
counselling, cancer surveillance, and overall prognosis [1].

The patient presented with general and several specific features of PS [4,12]. These features included
cerebriform connective tissue nevus and asymmetric disproportionate overgrowth of the left upper limb, left
external auditory meatus, and spleen. Additionally, he had lymphangiomas, cystic lesions, lipomas,
dolichocephaly, down-slanting palpebral fissures with ptosis, and a flattened nasal bridge. The patient’s
clinical presentation fits the clinical criteria for diagnosis of PS, as an asymmetric overgrowth syndrome that
is progressive and typically noted in childhood, as presented in Figure 7 [4,10,12,14,15].

General features Specific features
Must have all of the following: May have
1. Mosaic distribution of lesions * features of Category A;
2. Sporadic occurrence * or two features from Category B;
3. Progressive course *  or three features from Category
Category A: Category B: Category C:
Cerebriform connective tissue 1. Asymmetric disproportionate 1. Vascular malformations
nevus overgrowth One or more features:
One or more features: a.  Venous malformation
a. Limbs b. Lymphatic malformation
= Arms/legs c.  Capillary malformation
=  Hands/feet/digits
=  Extremities 2. Dysregulated adipose tissue
b. Hyperostoses of the skull Either one feature:
c. External auditory meatus a. Lipoma
d. Viscera: Spleen / Thymus b. Regional absence of fat
e. Megaspondylodysplasia
3. Lung cysts
2. Linear epidermal nevus
4. Facial features:
3. One of the following specific tumors a. Dolichocephaly
before the 2" decade: b. Long face
a.  Ovarian cystadenoma ¢. Low nasal bridge
b. Parotid monomorphic adenoma d. Down slanting palpebral
fissures or mild ptosis
e. Wide or anteverted nares
f.  Open mouth at rest

FIGURE 7: Diagnostic criteria of Proteus syndrome.
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Phenotypic presentations are induced by individual genes or different genes can produce one phenotype [16].
The genesis of PS is AKT1 gene variation (c.49G>A, p. Glul7Lys) [6]. The patient had a peripheral blood
sequence analysis and deletion/duplication panel testing which did not elicit this variation. However, from
the literature, diagnosis of PS from peripheral blood DNA analysis is achieved in only 5% of confirmed cases.
A punch biopsy of the affected area, which was not approved by the parents, would offer a more definitive
diagnosis [6].

The management of patients with overgrowth syndromes such as PS is challenging and requires a
multidisciplinary team owing to the varied clinical presentation and risk factors [11]. Current treatment does
not modify the disease progression and is, therefore, symptom-oriented [17]. Keppler-Noreuil et al.
confirmed that individuals with PS have an increased risk of fatal thromboembolic events, though the
underlying mechanism remains unknown [18,19]. This may occur due to vascular malformations resulting in
stasis and an abnormal hypercoagulable panel characterized by deficiencies in anti-thrombin III and Protein
C or S [18]. This necessitates the D-dimer test as a recommended screening tool in individuals with features
compatible with PS [18]. Doppler ultrasound and a chest CT scan may identify deep venous thrombosis
(DVT), pulmonary embolism (PE), and recurrent superficial venous thrombi. In patients with confirmed DVT
or PE, acute anticoagulation therapy should be initiated.

Diagnostic imaging such as X-rays, MRIs, and CT scans is recommended for clinical care and management of
individuals with overgrowth syndromes such as PS [19]. Scoliosis is a common skeletal manifestation of PS,
as was evident in our case [20]. Scoliosis accompanied by severe distortion of the vertebrae, low bone
density, reduced joint mobility, and neurological effects further complicates surgical planning [21]. The
quality of life does not impose a surgical approach in all cases, as surgery in itself predisposes to
thromboembolic events due to an added risk of prolonged immobilization [18]. However, surgical
reconstruction may improve the physical appearance and emotional state of children with PS [21]. Mental
retardation and seizures may be part of this syndrome, but the average intelligence usually remains normal
[22,23]. Nevertheless, the patient did not manifest any history of seizures or mental retardation. In our case,
full-mouth dental rehabilitation was possible using non-pharmacological behaviour modification techniques
with moisture control performed using a rubber dam.

Conclusions

Individuals with overgrowth syndromes, such as PS, suffer from a myriad of systemic manifestations and
should be routinely monitored by a multidisciplinary team including a paediatric haematologist, paediatric
dentist, oral and maxillofacial surgeon, and a paediatric orthopaedic surgeon. They should be treated for
vascular problems and monitored for evidence of tumour development. Patients and parents should receive
psychosocial support to encourage the societal integration of children with overgrowth syndromes. We
recommend the inclusion of a child psychologist and a nutritionist in the care.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. University of Nairobi
Dental Teaching Hospital issued approval N/A. The manuscript was published with full verbal and written
consent from the patient's mother. It does not include any identifying images or statements that would be a
cause for concern. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

Acknowledgements

We would like to express our sincere gratitude to the well-wishers who provided financial resources to the
family of the patient and made it possible for the patient to access quality healthcare in order to improve his
quality of life. Additionally, we thank Dr. Nyambati, Paediatric Orthopaedic Surgeon, of AIC Kijabe Mission
Hospital, for his input in the case. Diana Okello performed all the dental clinical procedures and drafted the
original manuscript while being supervised by all the co-authors who approved the final version. Joseph
Mutio reviewed the manuscript and assisted in acquiring patient data. Mary Masiga, Symon Guthua,
Nyambura Kariuki, and Catherine Mutinda reviewed, supervised, and approved the final version of the
manuscript. Ruth Wanjohi edited the manuscript and interpreted the diagnostic images with Krishan Sarna,
who revised the manuscript.

References

1. Kamien B, Ronan A, Poke G, et al.: A clinical review of generalized overgrowth syndromes in the era of
massively parallel sequencing. Mol Syndromol. 2018, 9:70-82. 10.1159/000484532

2022 Okello et al. Cureus 14(9): e29761. DOI 10.7759/cureus.29761 70f8


https://dx.doi.org/10.1159/000484532
https://dx.doi.org/10.1159/000484532

Cureus

10.

11.

16.

17.

18.

19.

20.

21.

22.

23.

Verge CF, Mowat D: Overgrowth. Arch Dis Child. 2010, 95:458-63. 10.1136/adc.2009.157693

Calvo F, Karras BT, Phillips R, Kimball AM, Wolf F: Diagnoses, syndromes, and diseases: a knowledge
representation problem. AMIA Annu Symp Proc. 2003, 802.

Neylon OM, Werther GA, Sabin MA: Overgrowth syndromes. Curr Opin Pediatr. 2012, 24:505-11.
10.1097/MOP.0b013e3283558995

Cohen MM Jr: Causes of premature death in Proteus syndrome . Am ] Med Genet. 2001, 101:1-3.
10.1002/ajmg.1311

Cohen MM Jr: Proteus syndrome review: molecular, clinical, and pathologic features . Clin Genet. 2014,
85:111-9.10.1111/cge.12266

Rare disease database: Beckwith-Wiedemann syndrome . (2020). Accessed: September 28, 2022:
https://rarediseases.org/rare-diseases/beckwith-wiedemann-syndrome;.

El-Sobky TA, Elsayed SM, El Mikkawy DM: Orthopaedic manifestations of Proteus syndrome in a child with
literature update. Bone Rep. 2015, 3:104-8. 10.1016/j.bonr.2015.09.004

Cohen MM Jr, Hayden PW: A newly recognized hamartomatous syndrome . Birth Defects Orig Artic Ser.
1979, 15:291-6.

Biesecker L: The challenges of Proteus syndrome: diagnosis and management . Eur ] Hum Genet. 2006,
14:1151-7. 10.1038/sj.ejhg.5201638

Lindhurst MJ, Sapp JC, Teer JK, et al.: A mosaic activating mutation in AKT1 associated with the Proteus
syndrome. N Engl ] Med. 2011, 365:611-9. 10.1056/NE]Moal104017

Biesecker LG, Happle R, Mulliken JB, Weksberg R, Graham JM Jr, Viljoen DL, Cohen MM Jr: Proteus
syndrome: diagnostic criteria, differential diagnosis, and patient evaluation. Am ] Med Genet. 1999, 84:389-
95.10.1002/(sici)1096-8628(19990611)84:5<389::aid-ajmg1>3.0.co0;2-0

Turner JT, Cohen MM Jr, Biesecker LG: Reassessment of the Proteus syndrome literature: application of
diagnostic criteria to published cases. Am ] Med Genet A. 2004, 130A:111-22. 10.1002/ajmg.a.30327
Paternostro-Sluga T, Grim-Stieger M, Posch M, et al.: Reliability and validity of the Medical Research
Council (MRC) scale and a modified scale for testing muscle strength in patients with radial palsy. ] Rehabil
Med. 2008, 40:665-71. 10.2340/16501977-0235

Hoeger PH: Genes and phenotypes in vascular malformations. Clin Exp Dermatol. 2021, 46:495-502.
10.1111/ced.14513

Lacerda Lda S, Alves UD, Zanier JF, Machado DC, Camilo GB, Lopes AJ: Differential diagnoses of overgrowth
syndromes: the most important clinical and radiological disease manifestations. Radiol Res Pract. 2014,
2014:947451. 10.1155/2014/947451

Weibel L, Theiler M, Gnannt R, Neuhaus K, Han JS, Huber H, Nordmann TM: Reduction of disease burden
with early sirolimus treatment in a child with proteus syndrome. JAMA Dermatol. 2021, 157:1514-6.
10.1001/jamadermatol.2021.4305

Biesecker LG: Proteus syndrome. Management of Genetic Syndromes. Cassidy SB, Allanson | (ed): John
Wiley and Sons, Inc., Hoboken; 2005. 1:449-456. 10.1002/9781119432692.ch47

Keppler-Noreuil KM, Lozier |N, Sapp JC, Biesecker LG: Characterization of thrombosis in patients with
Proteus syndrome. Am ] Med Genet A. 2017, 173:2359-65. 10.1002/ajmg.a.38511

Tosi LL, Sapp JC, Allen ES, O'Keefe R], Biesecker LG: Assessment and management of the orthopedic and
other complications of Proteus syndrome. J Child Orthop. 2011, 5:319-27. 10.1007/s11832-011-0350-6
Vaughn RY, Selinger AD, Howell CG, Parrish RA, Edgerton MT: Proteus syndrome: diagnosis and surgical
management. | Pediatr Surg. 1993, 28:5-10. 10.1016/s0022-3468(05)80344-6

Costa T, Fitch N, Azouz EM: Proteus syndrome: report of two cases with pelvic lipomatosis . Pediatrics.
1985, 76:984-9.

Samlaska CP, Levin SW, James WD, Benson PM, Walker JC, Perlik PC: Proteus syndrome. Arch Dermatol.
1989, 125:1109-1114. 10.1001/archderm.1989.01670200085015

2022 Okello et al. Cureus 14(9): e29761. DOI 10.7759/cureus.29761

8of8


https://dx.doi.org/10.1136/adc.2009.157693
https://dx.doi.org/10.1136/adc.2009.157693
https://pubmed.ncbi.nlm.nih.gov/14728307/
https://dx.doi.org/10.1097/MOP.0b013e3283558995
https://dx.doi.org/10.1097/MOP.0b013e3283558995
https://dx.doi.org/10.1002/ajmg.1311
https://dx.doi.org/10.1002/ajmg.1311
https://dx.doi.org/10.1111/cge.12266
https://dx.doi.org/10.1111/cge.12266
https://rarediseases.org/rare-diseases/beckwith-wiedemann-syndrome/
https://rarediseases.org/rare-diseases/beckwith-wiedemann-syndrome/
https://dx.doi.org/10.1016/j.bonr.2015.09.004
https://dx.doi.org/10.1016/j.bonr.2015.09.004
https://pubmed.ncbi.nlm.nih.gov/118782/
https://dx.doi.org/10.1038/sj.ejhg.5201638
https://dx.doi.org/10.1038/sj.ejhg.5201638
https://dx.doi.org/10.1056/NEJMoa1104017
https://dx.doi.org/10.1056/NEJMoa1104017
https://dx.doi.org/10.1002/(sici)1096-8628(19990611)84:5<389::aid-ajmg1>3.0.co;2-o
https://dx.doi.org/10.1002/(sici)1096-8628(19990611)84:5<389::aid-ajmg1>3.0.co;2-o
https://dx.doi.org/10.1002/ajmg.a.30327
https://dx.doi.org/10.1002/ajmg.a.30327
https://dx.doi.org/10.2340/16501977-0235
https://dx.doi.org/10.2340/16501977-0235
https://dx.doi.org/10.1111/ced.14513
https://dx.doi.org/10.1111/ced.14513
https://dx.doi.org/10.1155/2014/947451
https://dx.doi.org/10.1155/2014/947451
https://dx.doi.org/10.1001/jamadermatol.2021.4305
https://dx.doi.org/10.1001/jamadermatol.2021.4305
https://dx.doi.org/10.1002/9781119432692.ch47
https://dx.doi.org/10.1002/9781119432692.ch47
https://dx.doi.org/10.1002/ajmg.a.38311
https://dx.doi.org/10.1002/ajmg.a.38311
https://dx.doi.org/10.1007/s11832-011-0350-6
https://dx.doi.org/10.1007/s11832-011-0350-6
https://dx.doi.org/10.1016/s0022-3468(05)80344-6
https://dx.doi.org/10.1016/s0022-3468(05)80344-6
https://pubmed.ncbi.nlm.nih.gov/4069870/
https://dx.doi.org/10.1001/archderm.1989.01670200085015
https://dx.doi.org/10.1001/archderm.1989.01670200085015

	A Rare Case of an Asymmetric Overgrowth Syndrome in a Kenyan African Child: A Case Report and Review of Literature
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Clinical photographs.
	FIGURE 2: Extra-oral photographs.
	FIGURE 3: Intra-oral photographs.
	TABLE 1: Diagnostic tests applied in the case.
	FIGURE 4: Plain radiographs.
	FIGURE 5: CT scan of the patient.
	FIGURE 6: MRI of the patient.
	TABLE 2: Summary of the laboratory tests and results.

	Discussion
	FIGURE 7: Diagnostic criteria of Proteus syndrome.

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


