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BACKGROUND

Carbon monoxide (CO) poisoning can result in mild-to-severe
cardiac, neurologic, and other systemic complications. In severe
CO intoxication, hyperbaric oxygen therapy (HBOT) may reduce
neurologic sequelae (1). Traditionally, carboxyhemoglobin
(COHDb) serves as an index of exposure severity and duration, but
post-treatment COHb does not correlate with patient outcomes.
While early CO-induced cardiotoxicity can be identified with
serum natriuretic peptides, neurologic injury cannot be similarly
predicted.

METHODS

In this study, we evaluated biomarkers in 30 consecutive adult
patients admitted with CO poisoning for HBOT at a single facility
(Vaio Hospital; Parma, Italy) from 10/2013 - 12/2013. Intubated
and comatose patients were excluded. HBOT was initiated within
a few hours post-exposure and performed at 2.8 atmospheres
absolute (ATA) O2 for 30 minutes followed by 2.5 ATA O2 for 60
minutes. As part of a standing research protocol approved by our
regional safety committee, 10 mL venous blood samples were
obtained at admission and immediately post-HBOT for standard
venous blood gas data, COHb, interleukin (IL)-6, IL-8, IL-10, C-
reactive protein (CRP), tumor necrosis factor-alpha (TNF-a),
neuron-specific enolase, and S100B protein. Seven healthy adult
volunteers served as controls from whom identical measures were
obtained. Neurologic evaluations were performed at arrival and
daily until discharge. Follow-up telephone interviews were
completed at 10, 20, and 30 days after HBOT.

RESULTS

Neurologic symptoms were observed at HBOT initiation in 5
patients: 4 with confusion and malaise and 1 with headache.
Although 10 patients had transient loss of consciousness, all
patients were conscious at the start of HBOT. All neurologic
symptoms resolved after 1 HBOT without long-term sequelae on
follow-up. After HBOT, COHb levels were significantly decreased
in all patients (3.8% vs 26.8%, p = 0.01). In controls, low COHb
levels without significant changes were found.

Significant decreases were seen in IL-10 and TNF-a levels after
HBOT between groups (Table 1 for TNF-a; IL-10 data are similar
but not shown). When further evaluating the 10 patients with
transient loss of consciousness, TNF-a and IL-10 levels were
significantly higher at admission and reduced after HBOT as
compared to controls. Conversely, these measures were not
significantly different in the 20 patients without loss of
consciousness (Figure 1). No significant differences were seen in
the remaining markers.
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CONCLUSION
Previous toxicology data from CO poisoning patients found
that acute inflammatory modulation may mediate neurologic
toxicity (2). Our data suggests that a rapid decrease in TNF-a
and IL-10 levels after HBOT may predict resolution of
neurologic symptoms. From our findings, we propose further
study of TNF-a monitoring in CO poisoning patients as a
marker of neurologic complications, especially if residual
symptoms persist after HBOT.
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CO intoxication: cardiac and neurological

complications
o

Carbon monoxide (CO) poisoning can result in mild-to-severe cardiac,
neurologic, and other systemic complications. In severe CO intoxication,
hyperbaric oxygen therapy (HBOT) may reduce neurologic sequelae

Traditionally, carboxyhemoglobin (COHb) serves as an index of
exposure severity and duration, but post-treatment COHb does not
correlate with patient outcomes

While early CO-induced cardiotoxicity can be identified with serum
natriuretic peptides, neurologic injury cannot be similarly predicted
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Fig. 1. Pathophyswlogy of myocardial injury in carbon monoxide intoxication.
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Fig. 1. Measurement of Tp-e via the tangent method.
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Stratification of Risk: LOC

“A prospective study involving use of objective
neuropsychological testing is planned as this will be necessary
to assess whether variations in plasma proteins provide an
objective method for stratifying CO poisoning severity

A maijor clinical challenge is to identify at-risk patients among
those who do not suffer overt loss of consciousness. This would
aid clinical decisions on treatment and provide an objective
method to compare patients in clinical research”



METHODS
T

In this study, we evaluated biomarkers in
30 consecutive adult patients admitted with CO

poisoning for HBOT at a single facility
(Vaio Hospital; Parma, ltaly) from 10/2013 - 12/2013

Intubated and comatose patients were excluded. HBOT
was initiated within a few hours post-exposure and
performed at 2.8 atmospheres absolute (ATA) O, for
30 minutes followed by 2.5 ATA O, for 60 minutes



Methods: Blood Samples and

Biomarkers
.

As part of a standing research protocol approved by
our regional safety committee,

10 mL venous blood samples were obtained

at admission and immediately post-HBOT for
standard venous blood gas data, COHb, interleukin
(IL)-6, IL-8, IL-10, C-reactive protein (CRP), tumor
necrosis factor-alpha (TNF-a), neuron-specific enolase,
and STOOB protein



Patients and Volunteers in Vaio

10 pt lost consciousness (LOC)
20 pt did not lose consciousness

/ normal volunteers: no intoxication

Parameters were compared, before vs. after HBO
treatment, with Wilcoxon two-tailed signed rank

test



Pt Follow-up Telephone Interviews

Neurologic evaluations were performed at arrival
and daily until discharge. Follow-up telephone
interviews were completed at

10, 20, and 30 days after HBOT



RESULTS

Neurologic symptoms were observed at HBOT
initiation in 5 patients: 4 with confusion and
malaise and 1 with headache

10 patients had transient loss of
consciousness, all patients were conscious at
the start of HBOT. All neurologic symptoms
resolved after 1 HBOT without long-term
sequelae on follow-up



COHb

After HBOT, COHb levels were significantly reduced in all
patients

(26.8% vs. 3.4% , p = 0.01)

Pt with LOC had slightly higher COHb presenting values:
but not significantly different from Pt without LOC

In controls, low COHb levels without significant changes were
found



Patient Characteristics, Mean Values
-

M/F Age Pre % Post % Time to

COHb COHb HBO (hr)
Hs/s 41.8 268 38 6.0
um/]o 43.1% 23.1% 5.8% 47*

*Non-significant



Serum Markers:

Significant decreases were seen in IL-10 and TNF-Q
levels after HBOT between groups (Table 1 for
TNF-Q; IL-10 data are similar but not shown).



All Pooled CO Patients

Table 1. TNF-alpha Values in Controls and Carbon Monoxide Poisoning Patients Before
and After Hyperbaric Oxygen Therapy (pg/mL)

| lmefee AR
55.2 (13.1) 54.4 (26)

el 67.5 (30.5)# 63.3 (27.8)*
GEK]))

Data are depicted as mean (1 SD).

# significantly different from Controls Before, p < 0.01 by unpaired t-test;

* significantly different from Before treatment for HBO patients: p < 0.03 by Wilcoxon
two-tailed signed-rank test




TNF-alpha and IL-10

- When further evaluating the 10 patients with
transient loss of consciousness, TNF-O and IL-10
levels were significantly higher at admission and
reduced after HBOT as compared to controls.
Conversely, these measures were not significantly
different in the 20 patients without loss of
consciousness (Figure 1).



TNF-alpha in all subjects
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No other differences:

No significant differences were seen in the
remaining markers, comprising enolase and SB100
protein



Significant Reduction after HBO

Previous toxicology data from CO poisoning
patients found that acute inflammatory
modulation may mediate neurologic toxicity

Our data suggests that a rapid decrease in TNF-Q
and IL-10 levels after HBOT may predict resolution
of neurologic symptoms.



Suggestion

From our findings, we propose further study of TNF-
a monitoring in CO poisoning patients as a marker
of neurologic complications, especially if residual
symptoms persist after HBOT.



LIMITATION

None of these pt died

Moderate intoxication

Suspicion that these mediators might HERALD
Not a Proof



Additional Limiting Factors:

N I ———
- Short delay to tx
- Fast response

- Many small ER and hospitals



SUMMARY:

Inflammatory meditators, IL-10 and TNF-alpha, were
significantly elevated upon admission to HBOT in
patients who suffered from LOC after CO intoxication

Both biological markers where significantly reduced
after HBOT and recovery

We propose to use these markers as indicators of
recovery from neurological symptoms.



