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INTRODUCTION

Etiologies of pulmonary hypertension (PH) include several condi-
tions, such as left-sided and congenital heart disease, lung disease
and hypoxia, diseases that affect directly the pulmonary vascular sys-
tem, and thromboembolism.' We describe the case of a patient who
presented with dyspnea, tachycardia, and hypoxia. Transthoracic
echocardiogram (TTE) revealed severe dilation of the right ventricle
associated with elevated pulmonary pressures. The etiology of PH
was unclear, and we administered different medical treatments
considering the most common causes of PH. Despite these treat-
ments and an initial alleviation of symptoms with normalization of
pulmonary pressure, unexpected worsening of the clinical picture
associated with waxing and waning of PH characterized the
6-month follow-up. The appearance of other systemic signs (derma-
tologic and ocular) led us to investigate rare causes of PH. A careful
nutritional history revealed dietary deficiency in vitamin C,
confirmed by an undetectable level of ascorbic acid, and a diagnosis
of scurvy was supposed. Complete resolution of symptoms associ-
ated with pulmonary pressure normalization was obtained with daily
vitamin C supplementation.

CASE PRESENTATION

A 66-year-old man was admitted to our hospital for increasing dyspnea,
tachycardia, and hypotension. He had celiac disease and lactose intol-
erance and had no smoking history. He was well until 4 months previ-
ously, when dyspnea and asthenia occurred. On admission, blood
pressure was 115/70 mm Hg. Electrocardiography showed sinus
rhythm and mild ST-segment depression with inverted Twaves in leads
V| to V4. Blood gas analysis showed pH of 7.49, pO, of 57 mm Hg,
pCO; of 21 mm Hg, lactate of 2.4 mmol/L, HCO;~ of 16 mmol/L,
and O, saturation of 91%. Results of chest radiography were normal.
Blood test results were normal except for mild kidney failure (serum
creatinine 1.80 mg/dL), mild increases in brain natriuretic peptide
(298 pg/mL) and D-dimer (878 ng/ml), and normal values of
C-Reactive Protein, total protein, serum protein electrophoresis, angio-
tensin-converting enzyme, and rheumatoid factor. Antinuclear anti-
body was 1:80 (speckled), with negative results on extractible
nuclear antibody panel, including antibodies to Ribonucleoprotein,
Anti Sjogren’s syndrome related antigen-A, Anti Sjogren’s syndrome
related antigen-B, anti Smith, scleroderma antibody against topoisom-
erase 1, double-stranded deoxyribonucleic acid, mitochondrial, smooth

From the Centro Cardiologico Monzino, IRCCS, Milan, ltaly.
Keywords: Pulmonary hypertension, Scurvy, Echocardiography

Conflicts of interest: The authors reported no actual or potential conflicts of interest
relative to this document.

Copyright 2018 by the American Society of Echocardiography. Published by
Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

2468-6441

https://doi.org/10.1016/j.case.2018.07.010

muscle, antineutrophil cytoplasmic antibody, antineutrophil perinu-
clear antibody, and anticentromere antibody. Results of hypercoagula-
ble workup were normal (prothrombin and thromboplastin time,
fibrinogen, protein C and S, antilupus antibody, homocysteine, anticar-
diolipin antibody, and anti-B, glycoprotein).

TTE showed right ventricular (RV) dilation (RV end-diastolic basal
diameter 49 mm) and dysfunction (tricuspid annular plane systolic
excursion 16 mm, fractional area change 25%) with moderate
tricuspid regurgitation and severe pulmonary systolic hypertension
(pulmonary artery systolic pressure [PASP] 97 mm Hg; Figure 1A,
Video 1). Given suspicion for pulmonary thromboembolism, chest
computed tomography and ventilation/perfusion lung scans
(Figure 2) were performed, with normal results. Results of spirometry
were normal except for a moderate depression of diffusing capacity
for carbon monoxide. For further investigation, cardiac magnetic reso-
nance was performed, confirming RV hypertrophy and dilatation and
hypokinesis of the RV free wall (see Video 2). Results of lower extrem-
ity Doppler ultrasound were negative for deep vein thrombosis.

In the presence of an undetermined etiology of PH, treatment with
diuretics and oral anticoagulation was started.' The patient experi-
enced temporary clinical improvement associated with near normali-
zation of RV overload (PASP 30 mm Hg).

Six months later, the patient became increasingly dyspneic, and
physical examination showed large, spontaneous ecchymosis along
the left thigh and diffuse purpura over the upper and lower extrem-
ities. > Bilateral xerophthalmia was also observed.* A new pulmonary
computed tomographic scan was performed, with normal findings.
Blood tests showed mild anemia (hemoglobin 10.4 g/dL), while the
results of hypercoagulable and autoimmunity tests were negative.
Soft tissue echography and computed tomography of the lower left
leg showed a large hematoma with an adipose tissue effusion.’
New TTE showed RV overload and moderate PH (PASP 46 mm
Hg). Anticoagulation was interrupted with mild clinical improvement
and partial reabsorption of leg ecchymosis. The patient was dis-
charged and 3 months later reported dyspnea and spontaneous onset
of ecchymosis in the abdomen. He was readmitted and underwent a
ventilation/perfusion lung scan that was negative for embolism sour-
ces, while TTE showed severe RV pressure overload (PASP 80 mm
Hg). The hypothesis of primitive PH was raised, and bosentan was
started,® without any improvement. In the meantime an accurate di-
etary history revealed that for the past 8 months the patient had eaten
mostly rice and chicken, with no fresh fruits or vegetables. Assays for
vitamins revealed an undetectable level of vitamin C. A diagnosis of
scurvy” > was supposed, and oral vitamin C (1 g/d) supplementation
was started.

The patient experienced relief of dyspnea and normalization of ox-
ygen saturation within 1 week. After 2 weeks, TTE showed only mild
RV dilation and normalization of PASP (31 mm Hg). To confirm that
the hypothesis of scurvy was correct, we discontinued bosentan,
maintaining only vitamin C implementation. The patient felt progres-
sively better throughout 1-year follow-up, with normal exercise capac-
ity and normalization of vitamin C level. TTE confirmed PASP
normalization (28 mm Hg; Figure 1B, Video 3).
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Vmax= 4.7 m/s
PASP =97 mmHg,

Vinax= 2:4 m/s
PASP =28 mmHg

"7 Simenis

Figure 1 (A) Severe dilation and pressure overload of the right ventricle on TTE in short-axis view (1) and four-chamber view (2)
associated with high PASP derived by the maximum tricuspid regurgitation velocity (Vmax, red arrow) with continuous-wave Doppler
(3). (B) Normalization of RV dimension in both short-axis view (1) and four-chamber view (2) with normal PASP (red arrow shows the

tricuspid Vmax) (3) after vitamin C supplementation.

Figure 2 Computed tomographic scan of the lungs showing
normal filling of pulmonary arteries and of the entire pulmonary
tree.

DISCUSSION

Scurvy is rarely seen nowadays in developed countries. However,
poor diets devoid of fresh fruits and vegetables and low food variety
can still cause this forgotten disease. Classical signs of vitamin C defi-
ciency include weakness, anemia, tooth loss, gum bleeding, bruises,
petechiae, and dyspnea. In our patient the clinical presentation was
very unusual, beginning with pure respiratory symptoms (i.e., dys-
pnea) thus orienting toward more common etiologies, such as pul-

monary thromboembolism and rheumatologic or congenital or
chronic heart disease. Subsequently the onset of dermatologic le-
sions and the absence of response to oral anticoagulation and to bo-
sentan led us to consider other causes of PH. Unexpected worsening
and alleviation of symptoms associated with waxing and waning
of RV pressure overload would have also been signs that a
common “organic” (i.e.,, thromboembolism or primary PH) etiology
of PH was incoherent. In scurvy, PH refers to pulmonary vasocon-
striction induced by the lack of endothelial nitric oxide (NO), which
modulates vasodilatory capacity’® and to changes in the collagen
matrix.’

NO is a mediator of vascular smooth muscle relaxation and is
generated by the action of the enzyme NO synthetase, which pro-
motes the conversion of L-arginine to L-citrulline. Ascorbic acid has
been shown to increase the production of NO by endothelial cells
by the degradation of the NO synthetase inhibitor asymmetric
dimethyl L-arginine, stabilizing and increasing NO synthetase cofac-
tors and inhibiting the arginase pathway that competes for arginine.
Thus, deficiency of vitamin C decreases NO production, leading to
an increased vascular tone and resulting in PH. Vitamin C is also an
essential cofactor of prolyl-hydroxylase, which regulates the activity
of the hypoxia-inducible family of transcription factors, responsible
for the body’s response to hypoxia. An inappropriate response to hyp-
oxia due to vitamin C lack is the other trigger mechanism involved in
pulmonary vasoconstriction.'°

CONCLUSION

Because scurvy presents with clinical features similar to many other
common conditions, it must be considered as part of an expanded
differential diagnosis of PH. Simple vitamin C supplementation ther-
apy is indicated, leading to complete normalization of the clinical
picture.
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SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https://doi.
org/10.1016/j.case.2018.07.010.
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