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Letter to the editor

Is “delayed” hyperbaric therapy effective for “delayed” encephalopathy after carbon monoxide

intoxication?

Dear Editor,

Carbon monoxide (CO) is a leading cause of accidental poisoning
worldwide [1]. CO binds haemoglobin with higher affinity than
oxygen, inducing hypoxemic hypoxia. The standard treatment is high-
flow oxygen therapy, mainly hyperbaric therapy (HBOT), which ac-
celerates the elimination of CO. Over half of the patients who survive
CO intoxication can develop, after a lucid period of 3 days to 4 weeks,
delayed neurological sequelae (DNS) [2]. This is a potentially perma-
nent encephalopathy, characterized by subtle abnormalities up to se-
vere cognitive and motor impairment. However, the risk of this de-
layed, adverse outcome of CO poisoning is not currently predictable on
the basis of the clinical history or laboratory testing. According to a few
studies, HBOT following CO poisoning might reduce the incidence and
severity of DNS, although this effect was partial and not sustained [2].

Moreover, the pathophysiology of DNS is not yet completely un-
derstood and the beneficial role of HBOT in this clinical setting remains
controversial. Some studies on animal models suggest that DNS may be
the result of an adaptive immunological response to chemically mod-
ified myelin basic protein (MBP), with concomitant inflammatory re-
action [3]. Specifically, CO poisoning causes adduct formation between
MBP and malonyl aldehyde, a reactive product of lipid peroxidation,
resulting in an immunological cascade [3]. Indeed, a complex interplay
between systemic immune cells and resident cells has been observed in
the brain of CO-poisoned rats, including an increased expression of
MHC II and CD-40 markers on microglia, along with histochemical
evidence for CD-4 T cell infiltration [3]. Activated microglia could
mediate cognitive dysfunction, by impairing neurogenesis and by
causing neuronal necrosis or apoptosis [4].

Since the therapeutic use of oxygen at supra-physiological pressures
may increase systemic oxidative stress and/or cause overproduction of
reactive oxygen species (ROS) [5], some authors have suggested the
concurrent use of HBOT plus antioxidants and anti-inflammatory drugs
for DNS treatment.

Herein we report a case of 63 year-old woman, with a transient
confusional state after CO poisoning, who had apparent full recovery
after HBOT therapy. However, 12 days later, she began developing a
motor and cognitive decline, which progressed to a catatonic state.
After being hospitalised in a Psychiatry Unit, the patient did not re-
spond to antipsychotics or antidepressants. One month after poisoning,
brain MRI showed increased signals in long-TR and DWI sequences in
the periventricular white matter, basal ganglia and internal capsule,
with a substantially symmetrical appearance. The same appearance was
observed in the splenium of the corpus callosum, with a diffuse in-
homogeneous enhancement after gadolinium (Fig. 1), leading to a de-
layed CO-encephalopathy diagnosis. Treatment with high-dose of N-
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Acetylcysteine (10 g die) and prednisone (37.5 mg die) was promptly
started, whilst 10 HBOT sessions were carried out subsequently, at
three months from the DNS onset, along with intensive physical re-
habilitation. Steroid therapy was gradually tapered down over an
8 month period. She started a progressive clinical recovery: one year
later, the Mini Mental State Examination score improved from 6/30 to
27/30, limb spasticity decreased and she was able to walked with as-
sistance. Her MRI (Fig. 1) showed the disappearance of white matter
alterations but a severe and diffuse cortical-subcortical atrophy become
evident.

Our case suggests that early diagnosis and multi-target therapy
(HBOT plus ROS-scavengers and steroids) may improve the clinical-
neuroradiological outcome of DNS, most likely by reducing the in-
flammatory response. A combination of antioxidant and anti-in-
flammatory drugs may have a synergic effect and counterbalance the
putative HBOT-induced oxidative stress. However, we can neither ex-
clude a spontaneous recovery, nor evaluate the distinct role of each
single component of this combined treatment.

Current literature on DNS treated with delayed HBOT plus ROS-
scavenger drugs is scanty. One such report was by Spina et al., who
reported the clinical-radiological follow-up of a DNS case treated with
HBOT, N-Acetylcysteine and glucocorticoids, who had a progressive
and sustained clinical and radiological improvement [6]. This case is
strikingly similar to ours, as were the treatment modalities, including
late HBOT. In both cases, the good clinical outcome was associated with
a neuroradiological time course, where the white matter alterations
turned into diffuse cortical-subcortical atrophy (Fig. 1). Indeed, the MRI
provides clinicopathological information on brain damage after CO-
poisoning [7]. Whilst the hypoxic-hypotension damage seems to be the
underlying factor mainly for the basal ganglia alterations in DNS, the
inflammatory process is most likely to be the pathological correlate of
white matter alterations with progressive demyelination and cytoxic
edema on MRI [7]. Choi et al. [8] reported on a large case series and
stated that demyelination may be reversible within 1-2 years in about
70% of cases in the chronic phase, whereas the necrosis is associated
with cortical-subcortical atrophy.

In our case, the question arises whether the clinical-radiological
evolution might be due to the natural history of DNS or to the asso-
ciation of anti-inflammatory effect of N-Acetylcysteine and prednisone,
even in the absence of HBOT treatment. However, although HBOT
might induce oxidative stress, it does have pleiotropic effects on im-
munity and haemodynamics, including mechanisms of neuroplasticity
and cellular repair, angiogenesis and even neurogenesis, as suggested
by animal studies [9]. Although these data may provide a rationale for
HBOT in the treatment of DNS, we wonder if it is strong enough to
support the use of such an expensive resource, which may be also
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Fig. 1. Acute phase (one month after poisoning) (A-E): contrast-enhanced T1-weighted images: (A) hypointensity with bilateral patchy enhancement in the basal
ganglia. FLAIR images: (B-E) extensive involvement of basal ganglia (B), slight hyperintensity signal in the periventricular zone (C) bilateral white matter at the

corona radiata (D) and centrum semiovale (E).

Twelve months after DNS onset (F-L): disappearance of deep white matter hyperintensity and cortical atrophy.

harmful, like a kind of a “Janus Bifrons”.

Moreover, on considering animal models, we wonder if an accurate
and early investigation of the immunological status in patients with CO-
poisoning would be useful in identifying prognostic markers, predictive
of DNS development and of a positive response to anti-inflammatory
treatment.

Further studies are needed to clarify the role immune response plays
in the pathophysiology of DNS, as well as to investigate the efficacy of
HBOT and antioxidant/anti-inflammatory drugs, together or alone,
with the aim of providing better evidence and clinical guidance for the
treatment of this severe complication involved in CO poisoning.

References

[1] J.A. Raub, M. Mathieu-Nolf, N.B. Hampson, S.R. Thom, Carbon monoxide poisoning-
a public health perspective, Toxicology (1) (2000) 1-14.

[2] L.K. Weaver, R.O. Hopkins, K.J. Chan, S. Churchill, C.G. Elliott, T.P. Clemmer,

J.F. Orme Jr., F.O. Thomas, A.H. Morris, Hyperbaric oxygen for acute carbon mon-
oxide poisoning, N. Engl. J. Med. (14) (2002) 1057-1067.

[3] S.R. Thom, V.M. Bhopale, D. Fisher, J. Zhang, P. Gimotty, Delayed neuropathology
after carbon monoxide poisoning is immune-mediated, Proc. Natl. Acad. Sci. USA
(37) (2004) 13660-13665.

[4] C.T. Ekdahl, J.H. Claasen, S. Bonde, Z. Kokaia, O. Lindvall, Inflammation is detri-
mental for neurogenesis in adult brain, Proc. Natl. Acad. Sci. USA 100 (23) (2003
Nov 11) 13632-13637.

[5] D. Roderique, C.S. Josef, M.J. Feldman, B.D. Spiess, A modern literature review of
carbon monoxide poisoning theories, therapies, and potential targets for therapy

advancement, Toxicology 334 (2015) 45-58.

V. Spina, F. Tomaiuolo, L. Celli, L. Bonfiglio, L. Cecchetti, M.C. Carboncini, A case of

carbon monoxide-induced delayed neurological Sequelae successfully treated with

hyperbaric oxygen therapy, N-acetylcysteine, and glucocorticoids: clinical and neu-

roimaging follow-up, Case Rep. Neurol. Med. 15 (2019) 9360542.

T. Beppu, The role of MR imaging in assessment of brain damage from carbon

monoxide poisoning: a review of the literature, AINR Am J Neuroradiol 35 (4) (2014

Apr) 625-631.

[8] LS. Choi, Delayed neurologic sequelae in carbon monoxide intoxication, Arch.
Neurol. 40 (1983) 433-435.

[9] K. Lin, K. Niu, K.J. Tsai, J.R. Kuo, L.C. Wang, C.C. Chio, C.P. Chang, Attenuating
inflammation but stimulating both angiogenesis and neurogenesis using hyperbaric
oxygen in rats with traumatic brain injury, J. Trauma Acute Care Surg. 72 (2012)
650-659.

[6

[7

Irene Pappalardo™”, Celli Lorenzo®, Luciano Arena®, Lucia Testa?,
Andrea Giovanniellob, Mariangela Cava®, Livia Collad,

Gianfranco Ghiazza®, Nicola Morelli’, Eugenia Rota®

@ Neurology Department, ASL, Alessandria, Italy

® Habilita — I Cedri Hyperbaric Center, Fara Novarese, Italy

€ Radiology Unit, S. Giacomo Hospital, Novi Ligure, ASL, Alessandria, Italy
d Rehabilitation Department, ASL, Alessandria, Italy

€ Internal Medicine Department, ASL, Alessandria, Italy

f Neurology and Radiology Unit, Guglielmo da Saliceto Hospital, Piacenza,
Italy

E-mail address: ipappalardo@aslal.it (I. Pappalardo).

* Corresponding author at: Department of Neurology, ASLAL, Santo Spirito Hospital, Viale G. Giolitti 2, 15033 Casale Monferrato, AL, Italy.


http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0005
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0005
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0010
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0010
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0010
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0015
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0015
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0015
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0020
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0020
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0020
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0025
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0025
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0025
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0030
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0030
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0030
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0030
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0035
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0035
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0035
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0040
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0040
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0045
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0045
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0045
http://refhub.elsevier.com/S2405-6502(19)30043-7/rf0045
mailto:ipappalardo@aslal.it

	Is “delayed” hyperbaric therapy effective for “delayed” encephalopathy after carbon monoxide intoxication?
	References




