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Abstract

We report a case of a six-year-old boy who presented after a cardiac arrest, likely due to a pulmonary hypertensive crisis in the

setting of vitamin C deficiency. After initially presenting with subacute multifocal bone lesions of unknown etiology, he experienced

a pulseless electrical activity cardiac arrest while undergoing a diagnostic procedure under sedation. During his post-arrest

convalescence, he developed persistent tachycardia and peripheral edema. An echocardiogram revealed findings consistent with

significant pulmonary arterial hypertension, which was found to be responsive to inhaled nitric oxide. Laboratory investigation

revealed undetectable levels of vitamin C, resulting in disclosure of a history of severe restrictive eating behavior. With ascorbate

supplementation, the patient’s pulmonary vasodilators were weaned and discontinued. Given his complete recovery, we suspect

that the cardiac arrest and pulmonary hypertension were the consequence of a rare, but reversible, complication of scurvy.
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Case report

The patient was a six-year-old boy undergoing evaluation
for a three-month history of bilateral lower extremity pain
and refusal to bear weight. His extensive multidisciplinary
work-up was significant only for multifocal areas of bone
marrow edema throughout his extremities, pelvis, and
vertebrae on magnetic resonance imaging (MRI). Given
his continued symptoms, he was scheduled to undergo a
bone marrow aspiration and bone biopsy. He was sedated
with midazolam and propofol, his airway was secured via
laryngeal mask, and he appeared to tolerate the bone
marrow aspiration from his posterior iliac crest with-
out any difficulty. However, before proceeding with the
bone biopsy, he became acutely tachycardic, hypotensive,
and pulseless. He was turned supine, endotracheally
intubated, and received �30 s of chest compressions,
�30mL/kg crystalloid bolus, and phenylephrine and epi-
nephrine boluses. He had return of spontaneous circulation
and was started on a dopamine infusion, with stable blood
pressures.

His immediate laboratory evaluation in the PICU was
unremarkable with the exception of an elevated B-type
natriuretic peptide (BNP; 850 pg/mL; see Fig. 1). The initial
post-arrest echocardiogram, performed while the patient
was on a dopamine infusion and shortly following epineph-
rine and phenylephrine boluses, demonstrated tachycardia
(138 bpm) with hyperdynamic left ventricular (LV) systolic
function (shortening fraction¼ 61%). Imaging of the right
ventricle (RV) was not optimized on this initial study. While
mild RV dilation was suspected based on the two-dimen-
sional (2D) imaging, the M-mode quantification of the RV
dimension was within normal range (RV/LV diameter ratio
is not part of the institution’s standard pediatric echo proto-
col). There was insufficient tricuspid regurgitation (TR) for
estimation of RV pressures, but mild septal flattening was
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suggested. No assessment of RV function was reported at
the time of the initial study. A later, retrospective review of
this echocardiogram demonstrated an abnormal RV/LV
diameter ratio of 1.7, above the ratio of 1 that has been
associated with increased adverse events in pediatric pul-
monary hypertension (PH).1 A LV eccentricity index
(LVEI) was also abnormal at 1.7; LVEI> 1 in adult PH
suggests impaired RV function.2 The pulmonary artery
acceleration time (PAAT) in the post-arrest echo showed
an abnormal value of 90ms (normal� 100ms).

The patient was weaned off inotropic infusions and extu-
bated later on hospital day 1 (HD1). He remained tachycar-
dic, received additional crystalloid boluses, and was noted to
have a further increase in BNP on HD3 (2716 pg/mL). He
developed poor urine output and peripheral edema and con-
tinued to exhibit an elevated BNP (2172 pg/mL) prompting
a repeat echocardiogram on HD5.

The patient’s HD 5 echocardiogram revealed evidence of
significant RV dysfunction with both right atrial and ven-
tricular dilation and prominent septal bowing (see Fig. 2).
There was now increased tricuspid regurgitation with a peak
TR jet of 68mmHg (excluding right atrial [RA] pressure)
suggesting three-fourths systemic RV pressures (systemic
blood pressure of 108/68mmHg). Concern for PH prompted
a retrospective review of the original post-arrest echocardio-
gram and a more detailed assessment of the RV function.
The RV/LV diameter ratio had increased to 2.8, while the
LVEI had also increased to 2.85. The PAAT was inad-
equately assessed on the HD5 study, in part because the
Doppler flow pattern in the pulmonary artery was quite
low at< 50 cm/s (consistent with low RV output).
Tricuspid annular plane systolic excursion (TAPSE) was
not evaluated on either study.

He was started on a milrinone infusion at 0.5mcg/kg/min
and inhaled nitric oxide (iNO) at 20 parts per million. Over
the next 48–72 h, his symptoms and echocardiographic
findings improved, most notably with improvement in the
RV/LV diameter ratio to 1.5 and LVEI to 1.56 as well as
near resolution of tricuspid regurgitation. Computed

tomography (CT) arteriogram of the chest, abdomen, and
pelvis did not find evidence of pulmonary embolus or vas-
culitis. Cardiac catheterization on HD9 confirmed mild pul-
monary arterial hypertension (Table 1) on milrinone and
iNO, consistent with his improving BNP and echocardio-
graphic findings.

Post-catheterization extubation was delayed until HD10
due to significant gingival bleeding at the right maxillary
alveolus. Coincidentally, it was at this time that the patient’s
vitamin C and vitamin A testing returned at undetectable
levels. A subsequent detailed review of his diet history
revealed an underappreciated restrictive eating behavior.
His daily caloric and protein intake was adequate for age,
but his diet lacked fruits, vegetables, vitamins, or fortified
foods, resulting in multiple vitamin deficiencies (Table 2).
He was started on vitamin C (100mg, IV, three times
daily) and vitamin A supplementation (10,000U daily). He
was also started on sildenafil and subsequently weaned off
iNO and milrinone.

By HD12, the patient’s BNP had normalized and his echo
parameters had nearly normalized as well (LV/RV diameter
ratio of 0.9, LVEI 1.11–1.18, PAAT 140ms, TR jet
19mmHg, mild septal flattening but qualitatively normal
RV function). He was later transferred to an inpatient
rehabilitation program before being discharged home on
sildenafil with follow-up by a pediatric cardiologist and
PH specialist. His echocardiogram at six months

Fig. 1. BNP trend throughout the course of hospitalization. Diagnosis

PH occurred at HD5, after which iNO and milrinone were initiated.

Vitamin C supplementation was initiated on HD10.

Fig. 2. Echocardiogram on HD5. Frame from parasternal short-axis

view on HD5, significant for severely dilated RV and bowing of the

intraventricular septum into the LV. Clips can be found in Supplemental

Materials.

Table 1. Data from cardiac catheterization (on iNO 20, FiO2 21%,

milrinone 0.5 mcg/kg/min).

Right ventricle (mmHg) 21/4

Left PA (mmHg) 21/7 (mean 12)

Right PA (mmHg) 24/6 (mean 13)

RPA wedge (mean, mmHg) 4

Rp (Wood units�m2) 3.5

Qp (L/min/m2) 3.5
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demonstrated no evidence of PH, and he was weaned off
sildenafil. At one year, he remains asymptomatic with a
reassuring echocardiogram.

Discussion

Pediatric PH is most commonly associated with cardiac and
pulmonary diseases. Among the less common causes, includ-
ing various hematologic, hepatic, metabolic, oncologic, gen-
etic, and rheumatologic disorders,3 the presentation of PH
in the setting of vitamin deficiencies is exceedingly rare, with
reports of associations with deficiencies in vitamin D,4,5

thiamine,6 and vitamin C.7–9

To our knowledge, an association between PH and vita-
min C deficiency has been described previously in three case
reports. In the first two cases, adult patients presented with
PH in the setting of vitamin C deficiency and additional
deficiencies in thiamine and iron.7,8 In the most recent
report, a nine-year-old with severely restricted eating behav-
ior presented similarly to our patient and was found to have
deficiencies in vitamin C, thiamine, vitamin B6, and vitamin
D.9 Although the link between vitamin C and PH was
obscured in these previous reports by coexisting vitamin
deficiencies that are also associated with PH,4–6 we posit
that the overlap of deficiencies from all four cases now
more specifically implicates a relationship between vitamin
C metabolism and PH.

Vitamin C (ascorbate) is most commonly found in citrus
fruits, vegetables, and breastmilk/formula. It is completely
absorbed by the GI tract, with no ability for storage in the
body.10 In pediatrics, deficiencies can occur as quickly as
over 8–12 weeks,11 primarily in the setting of dietary defi-
ciency (e.g. disordered eating behavior, ketogenic diet,
boiled milk for infants) or states of iron overload (e.g. mul-
tiple RBC transfusions). There are many potential mechan-
isms by which ascorbate deficiency could affect pulmonary
vasculature. The classic scurvy presentation with bony
abnormalities and mucosal breakdown is due to ascorbate’s
role in collagen hydroxylation and cross-linking in

connective tissues,7 but the contribution of this dysfunc-
tional collagen to pulmonary vascular resistance is not yet
defined. Ascorbate is also a co-factor for enzymes that are
oxygen sensors for HIF activation,13 has anti-oxidant prop-
erties,7 and may play a role in endothelial cell NO produc-
tion.14,15 We do provide here the first reported trial of
inhaled NO for scurvy-associated PH; in only one of the
aforementioned cases did the treatment team provide ther-
apy targeted at PH (i.e. sildenafil) which was also noted to
have clinical benefit.8

The presentation of PH with other unexplained systemic
symptoms should raise flags for a possible nutritional defi-
ciency. While malnutrition-induced PH is likely a rare
finding, vitamin repletion may reverse the condition, under-
scoring the importance of a prompt diagnosis. It is unknown
whether unrecognized mild deficiencies in vitamin C may
further exacerbate elevated pulmonary vascular resistance
in either primary PH or other PH-associated diseases (e.g.
chronic thromboembolic diseases, sleep-disordered breath-
ing). We are hopeful that future investigations into the link
between vitamin C and PH may provide mechanistic
insights and therapeutic strategies to the condition.
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