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Toxic bone marrow
aplasia

Aplasia medular
toxica

Nitrous oxide is a color-
less, odorless, non-flamma-
ble gas with multiple appli-
cations in our environment.
It is an inhalational anes-
thetic agent that has been
used for years in dental
procedures or minor surgi-
cal interventions in pediatric
patients.” It is also a food
additive (E942) used in mul-
tiple propellant systems and
as a stabilizer for packaged
products, and it is em-
ployed in the automotive
industry as a fuel perfor-
mance enhancer in the en-
gine cylinder.?

The first reference to its
recreational use dates back
to 1800, in a scientific pub-
lication that described its
effect as "hilarious and
pleasant” .’

Currently, it is part of the
broad spectrum of drugs of
abuse. In a survey of more
than 900,000 drug users,
22.5% reported having
used it at least once in
their lifetime, and 9.7%
had done so during the
previous year.* Meanwhile,
the EMCDDA (European
Monitoring Centre for
Drugs and Drug Addiction),
in a special report dedicat-
ed to this substance, re-
ported a global increase in
the number of cases noti-
fied to poison control
centers in various coun-
tries: in Denmark, from 16
cases in 2015 to 73 in
2021; in France, from 10
cases in 2017 to 134 in
2020; and in the Nether-
lands, from 10 cases in
2017 to 144 in 20205
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The desired effects of
recreational use include eu-
phoria, laughing fits, halluci-
nations, and distortion of
perception, which appear
approximately 30 seconds
after inhalation and subside
within one minute after
stopping it.

Most users obtain nitrous
oxide in small metal cylin-
ders, known as whippets
(easily available online or in
hospitality supply stores).
The gas is released into
balloons, which are then in-
haled. Less common meth-
ods include bags or masks
connected to large medical
or industrial nitrous oxide
cylinders.

Chronic or high-dose use
has been associated with
myelopathy,” thromboem-
bolic disease,® and skin hy-
perpigmentation.’

We present the case of a
young man who presented
to the emergency depart-
ment of a university hospital
in Barcelona with hemato-
logic and neurological alter-
ations secondary to nitrous
oxide use.

A 22-year-old male,
smoker of 20 cigarettes per
day and five cannabis joints
daily (denied other drug
use), presented to the
emergency department with
a three-week history of diz-
ziness not related to posi-
tion changes, gait instabili-
ty, tinnitus, distal tingling in
all four limbs, fine motor
difficulty (buttoning, tying
shoelaces), loss of appetite,
and marked asthenia. He
also reported gum bleeding
when brushing his teeth,
without other bleeding
sites. On the day of pres-
entation, he experienced a
fainting episode after show-
ering (the fourth similar epi-
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sode since symptom onset).
He denied weight loss, fe-
ver, or night sweats.

On physical examination,
vital signs were normal, but
marked pallor of the skin
and mucosae was noted.
Neurological assessment
showed upper-limb muscle
weakness (4/5) with normal
lower-limb strength (5/5),
distal tactile and pain
hypesthesia in upper limbs
and from the distal third of
the calves downward in the
lower limbs, with a gradient
pattern, positive Romberg
sign, and impaired tandem
gait. No alterations were
observed in proprioception
or vibratory sensation.

Admission blood tests
showed macrocytic anemia,
leukopenia with neutrophil
hypersegmentation, throm-
bocytopenia, and de-
creased reticulocytes, with
increased indirect bilirubin
and LDH (Table 1).

Further anamnesis re-
vealed that the patient had
used nitrous oxide recrea-
tionally one week before
symptom onset (he provid-
ed a photograph of the
product used), inhaling it
for several hours over a
weekend (Figure 1). The ex-
act amount consumed was
not specified.

He was diagnosed with
pancytopenia of probable
toxic origin and admitted
for evaluation and treat-
ment.

During hospitalization,
plasma concentrations of vi-
tamin By, (VitB1,) and homo-
cysteine were determined,
revealing a VitB;, deficiency
(81 pg/mL; normal > 200
pg/mL) and elevated homo-
cysteine (106.5 pmol/L; nor-
mal < 15 pmol/L). As part
of the diagnostic algorithm
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Table 1. Complementary tests performed upom admission

Laboratory studies

Imaging and other studies

Day 0 Het 15% BONE MARROW ASPIRATE
MCV 107.8 fL (80-100) - Hypercellular bone marrow aspirate with absence of fat.
Plt 33,000 (130,000-400,000) - Presence of all three hematopoietic lineages.
Leukocytes 1,820 (4,000-11,000) - Abundant megakaryocytes with overall preserved morphology.
LDH 4,878 U/L (< 234) - Inverted myeloid-to-erythroid ratio; lack of maturation in terminal stages.
- Severe signs of megaloblastosis, mainly in the red lineage.
Conclusion: Findings compatible with megaloblastic anemia.
Day 1 Hb 5.5 g/L (13-17) BRAIN MRI
Het 16% - Cerebellum, brainstem, and cerebellopontine angles of normal appearance.
MCV 108.4 fL (80-100) - Ventricular system of normal size, position, and morphology.
Plt 34,000 (130,000-400,000) - No signal alterations or parenchymal space-occupying lesions.
Leukocytes 2,180 (4,000-11,000) - No acute ischemic lesions, extra-axial collections, or hemorrhagic lesions.
LDH 4,939 U/L (< 234) - Basal cisterns are clear. Sella turcica appears normal.
Vitamin B, 81 pg/mL (199-300)
Homocysteine 106 pmol/L (< 15)
Folic acid 8.32 ng/mL (3-5)
Day 2 Hb 5 g/L (13-17) SPINAL MRI
Het 15% - Spinal cord with preserved signal and size, without lesions related to vitamin B,, deficiency.
MCV 109.4 fL (80-100) - Vertebral bodies with preserved signal and height.
Plt 30,000 (130,000-400,000) - Focal central hernia at T7-T8 without spinal canal compromise.
Leukocytes 3,140 (4,000-11,000) - No pathological enhancement detected.
LDH 4,679 U/L (< 234)
Hb 5 g/L (13-17)
Day 3 Hb 6.6 g/L (13-17) ELECTROMYOGRAPHY / EVOKED POTENTIALS
Hct 19% - Both studies within normal limits.
MCV 104.4 fL (80-100)
Plt 47,000 (130,000-400,000)
Leukocytes 5,250 (4,000-11,000)
Day 5 Hb 7.7 g/L (13-17)
Hct 24%
MCV 108.2 fL (80-100)
Plt 40,000 (130,000-400,000)
Leukocytes 3,710 (4,000-11,000)
LDH 2,369 U/L (< 234)
Day 7 Hb 8.8 g/L (13-17)
Hct 28%
MCV 105.7 fL (80-100)
Plt 172,000 (130,000-400,000)
Leukocytes 3,390 (4,000-11,000)
LDH 1,729 U/L (< 234)
Day19  Hb11.6g/L(13-17)

Hct 39%
MCV 97.8 1L (80-100)
PIt 440,000 (130,000-400,000)

Hb: hemoglobin; Hct. hematocrit; LDH: lactate dehydrogenase; MCV: mean corpuscular volume; Plt: platelets.

for pancytopenia and polyneuropathy,
bone marrow aspiration, brain and
spinal MRI, electromyography, and
evoked potentials were performed—
all within normal ranges (Table 1).

Treatment consisted of intramuscu-
lar VitB+, replacement and oral folic
acid, resulting in clinical improvement
and increased cell counts by day
three; the patient was discharged af-
ter 7 days, requiring only 1 packed
red blood cell transfusion.

At discharge, intramuscular VitBi,
supplementation was prescribed for
an additional 4 weeks.

At the outpatient follow-up visit, 19
days after admission, hemoglobin was
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11.6 g/L, hematocrit 39%, MCV 97.3
fL, and platelet count 440,000/uL. No
follow-up tests for VitBs, or homocyst-
eine were performed.

VitB12 is a metabolite required for
red blood cell and myelin sheath syn-
thesis. It is also a cofactor in several
reactions, including the conversion of
homocysteine to methionine, 5-meth-
yltetrahydrofolate to tetrahydrofolate,
and methylmalonyl-CoA to succi-
nyl-CoA. Nitrous oxide inactivates
methylcobalamin by oxidizing the co-
balt ion in VitBy,, leading to homo-
cysteine accumulation and disrupted
myelin lipid synthesis.”"" As a result,
anemia, polyneuropathy, and hyperco-
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agulable states due to homocysteine
accumulation may occur.

Typical clinical signs include pares-
thesia and numbness of the extremi-
ties, followed by gait instability and
fine motor impairment.’

Nitrous oxide is a liposoluble gas
that easily crosses the blood-brain
barrier, exerting effects on p-, §-, and
k-opioid receptors and acting as an
NMDA receptor antagonist.’ It has a
rapid onset (seconds) and cannot be
detected by most routine emergency
department drug screening kits.

The progressive rise in its use
among drug users' in our setting un-
derscores that in young patients pre-
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(photo courtesy of the patient).

senting to emergency departments
with paresthesia and macrocytic ane-
mia or elevated MCV, nitrous oxide
use must be specifically investigated
in the anamnesis. Suspicion of this eti-
ology may also reduce unnecessary
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complementary testing and hospital
stay.

Note of the editors: This is a BOWMAN-gener-
ated English translation of the officially indexed
Spanish-language article, which should be cited
as Rev Esp Urg Emerg. 2024;3:122-124. In this
translated version, the editors have supervised the
process; however, it cannot be ruled out that some
errors resulting from the artificial intelligence trans-
lation process may have gone unnoticed.
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