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Summary

A 53-year-old female presented to a tertiary ophthalmology referral centre complaining of unilateral painless loss of 
vision. Subsequent assessment revealed malignant hypertension causing right-sided cystoid macular oedema. During the 
course of secondary hypertension workup, she was diagnosed with a 7.8 cm phaeochromocytoma which was resected. 
Testing for a panel of all predisposing phaeochromocytoma-causing variants using next-generation sequencing resulted in 
the diagnosis of a novel SDHD variant.
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Learning points

•• Screening for secondary causes of hypertension is indicated when there is evidence of hypertension-mediated 
end-organ damage (1).

•• Testing for a predisposing variant should be considered in all patients with phaeochromocytoma or paraganglioma 
due to the high heritability rate and prevalence of somatic variants (2, 3, 4).

•• Novel variants are commonly uncovered in the Succinate Dehydrogenase (SDH) subunit; proving pathogenicity is a 
complex, time-consuming process and one challenge of next-generation sequencing (3).

•• SDHB immunohistochemistry as a tool for demonstrating pathogenicity is associated with reduced sensitivity 
when assessing SDHD variants (5, 6).

Background

Phaeochromocytoma (PC) and paraganglionoma (PGL) are 
rare neuroendocrine tumours arising in chromaffin cells 
of the adrenal medulla or extra-adrenal chromaffin cells, 
respectively (2). The majority of phaeochromocytoma and 
paraganglioma (PPGL) are diagnosed due to incidental 
uncovering of an adrenal lesion in the course of imaging 
for alternate indications or during surveillance in patients 
with a known genetic predisposition (7). Symptomatic 
presentation typically comprises paroxysmal palpitations, 
anxiety, sweating and headaches, though the prevalence 
of PPGL is low in those tested for signs and symptoms 
only (7). Patients rarely present with a life-threatening 
catecholamine crisis (2).

PPGL demonstrates the highest heritability rate 
of all tumours. Over the last decade, more than 15 
predisposing variants have been discovered (3). If both 
sporadic and germline variants are considered, 50% of 
PPGL possess an underlying predisposing variant (2, 
3, 4). However in most centres genetic testing remains 
restricted to patients with the following risk factors as per 
the NHS National Genomic Test Directory – diagnosis of 
PPGL at age < 60 years, extra-adrenal disease, PPGL with 
loss of staining for Succinate dehydrogenase B (SDHB) 
on immunohistochemistry (IHC), bilateral PC, PC and 
renal cell carcinoma (RCC), PPGL and > 1 relative with 
PPGL/RCC (3).
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Case presentation

A 53-year-old Nigerian female was referred for investigation 
and management of bilateral hypertensive retinopathy 
by ophthalmology. She described 2 weeks of painless 
right-sided ‘foggy’ reduction in her visual acuity. On 
examination, she could finger count only on the right and 
had normal visual acuity at 6/6 on the left. Examination 
by ophthalmology revealed bilateral hypertensive 
retinopathy, with cystoid macular oedema in the right eye 
only (Fig. 1). Her initial blood pressure was 218/111 mmHg 
in the Emergency Department, antihypertensive therapy 
was initiated immediately. Her medical history was 
significant for hepatitis B and she did not take any regular 
medications. There was no relevant family history. A 
detailed review of symptoms reveals intermittent episodes 
of sweating attributed to a perimenopausal status. Given 
her presentation and severe hypertension, secondary 
hypertension workup was initiated.

Investigation

An overnight dexamethasone suppression test and 
aldosterone renin ratio prior to the introduction of 
antihypertensive medications ruled out cortisol and 
aldosterone excess (Table 1). Magnetic resonance 
angiogram of the renal arteries performed with the 
intention of ruling out renal artery stenosis reported left-
sided adrenal mass. Further clarification with a CT thorax 
abdomen and pelvis confirmed a 5.4 × 6.2 × 7.8 cm left 
adrenal mass with a central necrotic/cystic like appearance 
and a mildly enhancing wall, features consistent with a 

pheochromocytoma with no evidence of extra-adrenal 
metastasis (Fig. 2). Plasma metanephrines showed 
grossly elevated metanephrine and normetanephrine 
concentrations consistent with the suspected diagnosis of 
PC (Table 2). A pre-operative echocardiogram demonstrated 
moderate concentric left ventricular hypertrophy (LVH) 
and mild diastolic dysfunction.

Treatment

She proceeded to left adrenalectomy 11 days post-
admission following alpha-blockade and salt loading. She 
was monitored in the intensive care unit for 48 h post-
operatively. Repeat plasma metanephrines 6 weeks post-
resection confirmed complete resolution of catecholamine 
excess (Table 3).

Outcome and follow-up

Histopathological examination of the resected tumour 
confirmed the presence of pheochromocytoma (Fig. 3) 
with positive staining for S100 and chromogranin (Fig. 4). 
The Pheochromocytoma of the Adrenal gland Scaled Score 

Figure 1
Colour fundus photo of both eyes demonstrating grade 4 hypertensive retinopathy (Keith Wagener Barker Classification).

Table 1 Secondary hypertension workup.

Secondary hypertension workup

Cortisol (post-1 mg 
dexamethasone)

45 nmol/L <50 nmol/L

Aldosterone 316 pmol/L Supine 102–859 
pmol/L

Direct renin 21 mIU/L Supine 4.2–59.7 
mIU/L
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(PASS) was 4. SDHB expression was retained with positive 
granular and cytoplasmic staining. Genetic analysis was 
carried out via next-generation sequencing (NGS) for a panel 
of 11 predisposing variants (FH, MAX, MEN1, RET, SDHA, 
SDHB, SDHC, SDHD, SDHAF2, TEMEM127 and VHL). This 
confirmed mosaicism for a novel variant. Deletion of exon 1 
of the SDHD gene located at chromosome 11 was predicted 
to result in loss of 57% of the SDHD protein (Fig. 5). The 
level of mosaicism for the SDHD exon 1 deletion within her 
leukocyte DNA was estimated at least 30% consistent with 
a post-zygotic variant. Her children were referred to clinical 
genetics for counselling, and for her male descendants 
testing for the specific variant identified. Lifelong 
surveillance will include annual clinical assessment and 
plasma metanephrines. An MRI of neck, thorax, abdomen 
and pelvis is pending 1 year post-resection of PC and if 
normal will be performed on an ongoing 2-yearly basis. She 
now requires ramipril only for essential hypertension and 
her visual acuity has normalised.

Discussion

This case highlights the importance of assessing for 
secondary causes of hypertension and the application 
of genetics. Current guidelines suggest consideration of 
workup in the following instances: patients <40 years, acute 

worsening of previously stable hypertension, drug-resistant 
hypertension, hypertension-mediated end-organ damage, 
clinical/biochemical features suggestive of an endocrine 
cause, hypertensive emergency and if suggestive clinical 
features are present investigation of obstructive sleep apnoea 
(1). The prevalence of PC is significantly higher in patients 
who present with hypertension than the general population, 
however, it remains a rare neoplasm (8). Screening for PPGL 
using plasma or urinary metanephrines is advised in all 
instances of secondary hypertension workup (1, 2).

In this case, end-organ damage of long-standing 
hypertension (hypertensive retinopathy and LVH) were the 
only indicators of PC and the classic triad of paroxysmal 
headaches, sweating and palpitations were confirmed by 
the patient following retrospective review of history. It is 
now recognised that PCs are most commonly diagnosed 
following uncovering of an adrenal incidentaloma or 
detection of asymptomatic cases in patients screened due 
to first-degree relatives with predisposing PPGL-causing 
variants. The retrospective recognition of symptoms, in this 
case, is commonplace (7). PC presenting as visual loss has 
been described previously and highlights the importance 
of multi-disciplinary engagement in management of these 
rare tumours (9).

The majority of PPGL-causing variants occur in the 
SDHx gene (2). The SDHx enzyme catalyses the oxidation 

Figure 2
CT of thorax abdomen and pelvis.

Table 2 Pre-operative plasma metanephrines.

Plasma metanephrines Reference range

Metanephrine >7000 pmol/L (61–377)
Normetanephrine >10 000 pmol/L (182–867)
3-Methoxytyramine 539 pmol/L (<185)

Table 3 Post-operative plasma metanephrines.

Plasma metanephrines Reference range

Metanephrine 140 pmol/L (61–377)
Normetanephrine 678 pmol/L (182–867)
3-Methoxytyramine <65 pmol/L (<185)
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of succinate to fumarate in the citric acid cycle and the 
transfer of electrons to the ubiquinone pool in the electron 
transport chain. A variant affecting the function of any 
SDH subunit (A–D) culminates in loss of SDH enzymatic 
activity and accumulation of succinate which is the main 
driver of SDHx tumourigenesis (3). In this case, a novel 
SDH subunit variant was uncovered.

Assigning pathogenicity to a novel variant is a complex 
process that must be rigorously applied as it will impact on 
surveillance duration, choice of imaging modalities and 
in the future probably targeted gene therapies for both the 
patient and their family (3, 4).

The process of determining the role of a novel variant 
in pathogenesis of a disease requires multiple lines of 
supporting evidence outlined by the American College of 
Medical Genetics and Genomics (ACMG) as demonstrated 
in Fig. 6 (10). This process has garnered attention among 
endocrinologists over the last number of years as NGS is 
now best practice when screening for variants causing 

PPGL. NGS is more efficient from a time and cost perspective 
than the now outdated Sanger sequencing but results in a 
larger data output and a greater workload detangling the 
pathogenicity of novel variants and variants of unknown 
significance (2, 3, 4).

First, population databases can be referenced to 
determine the frequency of a suspected pathogenic 
variant in control populations. The SDHD variant isolated 
in this case has never been previously identified in the 
gnomAS or DGV databases which contain variants from 
healthy population cohorts. Population data is considered 
moderate evidence of pathogenicity if a variant is absent in 
general population (4, 10).

Computational tools aid in assessing the predicted 
impact of a variant on protein structure and function. 
In this case, the probability of a non-functional SDHD 
complex was based on the location of the novel variant 
in the context of the protein sequence. Dosage analysis of 
the SDHD gene by Drop Digital PCR confirmed deletion of 

Figure 3
Gross resected tumour tissue (A) left adrenal 
gland 110 g (B) Cross-section of adrenal gland 
reveals a well-defined yellow lesion with a 
haemorrhagic centre. There is minimal normal 
adrenal tissue seen.

Figure 4
Histopathologic findings of the resected tumour 
consistent with phaeochormocytoma. Histology 
shows nests of epithelioid cells with prominent 
nucleoli and eosinophilic, some foamy cytoplasm 
with interspersed small blood vessels at 
increasing magnification (A, B, C) Necrosis is not 
present and there is no lymphovascular invasion. 
There is positive chromogranin staining (D) and 
S100 staining for sustentacular cells (E).
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SDHD exon 1. The next in‐frame initiation codon is located 
in exon 3 and would result in the loss of ~57% of the SDHD 
protein. This in vivo demonstration of an impact on protein 
function as per the ACMG is considered strong evidence of 
pathogenicity (10).

SDHB Immunochemistry (IHC) is a well-validated 
tool for assessing pathogenicity among SDHx subunit 
variants (11). A pathogenic variant affecting any SDHx 
subunit results in destabilisation of the anchor SDHB 
protein and a characteristic absent SDHB mitochondrial 
granular staining pattern or alternatively a weak diffuse 
staining pattern (11). Absent SDHB staining is supportive 
of impaired gene expression and is therefore a ‘strong’ 
criterion supportive of pathogenicity as per the ACMG (10, 
11). In this case, there was preserved SDHB IHC granular 
and cytoplasmic staining of tumour tissue prohibiting 
classification of this variant as pathogenic as opposed to 
likely pathogenic.

Interpretation of SDHB staining via IHC is less sensitive 
in the case of SDHD mutated tumours relative to SDHB due 
to the weak diffuse signal pattern sometimes described (5, 
6, 11). Reporting should be carried out in expert centres by 
pathologists with significant experience reporting SDHB 
IHC.

In conclusion based on ACMG criteria, the novel 
variant identified in this case is likely pathogenic (Fig. 7, 
point (ii)) (10). SDHD gene is located on chromosome 11, 
comprises four exons and the protein anchors the SDH 
complex to the inner mitochondrial membrane. SDHD 
variants present most commonly as head and neck PGL 
(HNPGL) (3, 12). It is hypothesised that the chronic 
stimulation of hypoxic signalling factors associated with 
SDHx variants is responsible for the greater association 
with HNPGL, as populations living at higher altitude 
have a greater prevalence of carotid body tumours (13). 
In this case, a novel variant predicted to cause deletion 
of SDHD exon 1 presented as a PC. Previous studies have 
highlighted the association between variant and clinical 
presentation and particularly relevant to this case is the 
increased incidence of PC relative to HNPGL in patients 

with an SDHD truncating vs missense variant (14). 
Perhaps if this is the case there is a novel mechanism of 
tumourigenesis present in this patient presenting with PC 
and a novel truncating SDHD variant. SDHx mutations 
demonstrate autosomal dominant transmission 
however uniquely SDHD, SDHAF2 and MAX variants 

Figure 5
Variant details.

Figure 6
Standards and guidelines for the interpretation of sequence variants: 
American College of Medical Genetics and Genomics and the Association 
for Molecular Pathology (9).
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possess a parent of origin effect whereby expression of 
disease is dependent on paternal transmission. Tumour 
development in SDHD mutated cases is hypothesized to 
require a three-hit model including either loss or mutation 
of the dominant SDHD allele and loss of the maternally 
active tumour suppressor gene. The only described case 
of tumour presentation in a maternally inherited SDHD 
mutation occurred due to a coexistent loss of the wild-
type paternal SDHD allele and loss of heterozygosity 
affecting the maternal chromosome (15). As a result, at 
present, maternally inherited SDHD alleles are not sought 
out with genetic testing and if detected patients are not 
placed in surveillance programme (3).

Genetic screening in this case enabled focused precise 
genetic counselling for her male descendants only. For 
female offspring advice was given to seek endocrinology 
input for future generations only. Her parents and first-
degree relatives do not require assessment as this is a 
somatic variant (4).

In summary, this is a case of unilateral PC presenting 
as unilateral visual loss due to a novel likely pathogenic 
SDHD variant. The only clinical feature predictive of an 
underlying genetic mutation was age, suggesting that the 
possibility of a predisposing variant should be considered 
in all patients with PPGL. This case also highlights 
the complexity associated with assigning clinical 
significance to the large data output resulting from NGS 
and the importance of ensuring a thorough secondary 
hypertension workup is carried out when indicated to 
avoid missing life-threatening diagnosis.
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