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Abstract

Purpose: To study the efficacy of glucocorticoid combined with hyperbaric oxygen therapy for the
treatment of delayed encephalopathy after carbon monoxide poisoning (DEACMP), and its effect on the
expression of immune-associated cytokines.

Methods: A total of 102 DEACMP patients in PLA General Hospital, Haidian, China were divided into
two groups of 51 patients each, namely, observation group (glucocorticoid + hyperbaric oxygen
therapy), and control group (hyperbaric oxygen only). The clinical data for each group was
retrospectively analyzed. Clinical efficacy, improvement time, hospitalization time, cognitive function,
activities associated with daily living, changes in immunity-associated cytokines, and incidence of
adverse reactions were compared for the two groups.

Results: Following treatment, the time taken for improvement, duration of hospitalization, cognitive
function, daily living activity and total effectiveness in the observation group were significantly higher
than those for the control group (p < 0.05). In addition, the levels of transforming growth factor beta 1
(TGF- B1), interleukin 4 (IL-4) and interferon-gamma (IFN-y) in the observation group were significantly
greater than for the corresponding control group levels (p <0.05). There was no significant difference in
incidence of adverse reactions between the two groups (p > 0.05).

Conclusion: These results suggest that a combination therapy of glucocorticoid and hyperbaric oxygen
therapy for the treatment of DEACMP is more eutherapeutic in the improvement of cognitive function
and activities of daily living in DEACMP patients than hyperbaric oxygen therapy. The mechanism of
this combination therapy may be related to the improvement in immunity-related cytokine levels.
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INTRODUCTION resulting in the loss of oxygen carrying capacity
and asphyxia of body tissues [1,2].

In acute carbon monoxide poisoning (ACMP), the

binding of carbon monoxide to hemoglobin  Although the toxicity symptoms in some patients

produces toxins in histiocytes of the whole body, may be gradually reduced after rescue, this
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poisoning can seriously damage the cerebral
cortex, and delayed encephalopathy after carbon
monoxide poisoning (DEACMP) may be induced
again after several weeks of latent phase [3,4].
At present, hyperbaric oxygen therapy is
provided in clinical practice because of unknown
pathogenesis of DEACMP, long treatment circle,
poor curative effects and high disabling rate.
However, the clinical effectiveness of hyperbaric
oxygen therapy is variable due to different
oxygen uptake criteria [5].

It has been reported that glucocorticoid
combined with hyperbaric oxygen therapy is
clinically eutherapeutic, and that the good brain-
protective effect of glucocorticoid can effectively
reduce the incidence of DEACMP [6,7].
However, there is still lack of specific bases and
clinical evidence to back up these findings.

In the present study, the clinical data of 102
DEACMP patients in PLA General Hospital,
Haidian were retrospectively analyzed, and the
efficacy of combined glucocorticoid and
hyperbaric oxygen therapy, as well as its effects
on immune-associated cytokines were
investigated. This was with a view to providing a

theoretical bases for clinical treatment of
DEACMP.
METHODS

General information

From January 2016 to June 2017, the clinical
data for 102 DEACMP patients on admission at
PLA  General Hospital, Haidian  were
retrospectively analyzed, and the patients were
divided into two groups of 51 members each,
according to therapy: observation group and
control group. This study was approved by the
Ethics Committee of PLA General Hospital,
Haidian (approval no. PHG20150526) and
followed the guidelines of Declaration of Helsinki
[8]. All patients and/or their families signed the
informed consent document.

The inclusion criteria were as follows: patients
who conformed to DEACMP diagnostic criteria
[9]; patients with a previous history of hyperbaric
oxygen therapy, and patients with complete
clinical data. The exclusion criteria were as
follows: patients with diseases that affect final
evaluation of treatment efficacy, such as
complicated cranio-cerebral trauma, epilepsy,
cerebrovascular diseases or other mental
disorders; patients unsuited for glucocorticoid
use due to active peptic ulcer, diabetes or active
tuberculosis; patients who received
glucocorticoids within one month before carbon

monoxide poisoning; and women in gestation or
lactation period. There was no significant
difference in baseline data such as sex and age
between the two groups (p > 0.05), and all data
were comparable.

Treatments

After admission, all the patients received
conventional intravenous infusion of
cerebroprotein  hydrolysate  injection, and

medications such as Sangipanaxnotoginseng
and ganglioside. The patients in the control
group received hyperbaric oxygen therapy with a
hyperbaric chamber pressure of 0.2~0.25 MPa
(the hyperbaric oxygen chamber used here was
produced by Yantai Haiyue Oxygen Industry
Technology Co., Ltd). In the hyperbaric chamber,
patients were successfully subjected to a 20-min
decompression, 80-min pressure stabilization,
70-min pure oxygen treatment, and 10-minrest
for breathing chamber air, after which they went
out of the chamber. The therapy was given once
a day for 10 successive days which constituted a
treatment course, and then stopped for three
days before the start of a new treatment course.
All patients underwent four treatment courses in
total. The patients in the observation group
received glucocorticoid treatment in combination
with the hyperbaric oxygen therapy of the control
group. The above steps for the hyperbaric
oxygen therapy were repeated in the observation
group. The therapy of hydrocortisone was as
follows: 300 mg hydrocortisone (National Medical
No. H31021400, product of Shanghai General
Pharmaceutical CO. Ltd.) was added to 250 mL
of 5% glucose, and dripped 3 — 4h, gradually
decreased and stopped after 2 weeks.

Main outcome measures

Comparison of improvement time, hospitalization
time and clinical efficacy after four treatment
courses between the two groups was made.
Therapeutic criteria [10]

Recovery

This was based on the following features:
clinically asymptomatic, completely self-caring,

and completely normal on
electroencephalograph (EEG).

Effectiveness

The features were: clinically  partially

symptomatic, partially self-caring, and partially
normal on EEG.
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Ineffectiveness

This was marked by absence of any
improvement and is expressed as in Eq 1.
T=(R+E)/N ......eceennnn. QD

where T is total effectiveness rate; R is number
of recovered cases; E is number of effective
cases; and N is total number of cases in this
study.

Cognitive function and activity of daily living
before treatment and after 4 treatment courses in
the two groups were compared. Cognitive
function was assessed by the Mini-Mental State
Examination scale (MMSE) [11], which covers six
parameters i.e. orientation, memory, attention,
computing capacity, linguistic capacity and recall
capacity. The total score of the scale was 30
points, and the higher the score, the better the
cognitive function.

Activity of daily living was assessed by the
Activity of Daily Living scale (ADL) [12], which
covers ten parameters i.e. defecation, urination,
self-feeding, toilet hygiene, activities, dressing,
grooming, transferring, bathing and showering,
and stair activity. The total score of the scale was
100 points, and the higher the score, the better
the activity of daily living.

Assessment of immune-associated cytokines

Fasting venous blood (5mL)was collected in the
morning from each patient and centrifuged at
4000 rpm for 10 min to obtain serum which was
kept in a refrigerator (-20°C) prior to use. The
levels of transforming growth factor-B1 (TGF-p1),

interferon-gamma (IFN-y), interleukin 4 (IL-4) and
interleukin 10 (IL-10) were determined in the
serum samples using enzyme-linked
immunosorbent assay (ELISA) kits (Beijing
Zhongshan Jingiao Biology Co. Ltd.) according
instructions in the kit manual. Incidents of
adverse reactions were recorded in the two
groups.

Statistical analysis

Statistical analysis was performed using SPSS
19.0 statistical software. Numerical data were
expressed as percentage (%), and the )(ztests
and Yates' correction were used for group
comparison (n240, 1<T<5). Measurement data
were expressed as mean * standard deviation
(meanzSD), and Student's t-test was used for
group comparison. P<0.05 was considered
statistically significant.

RESULTS
Demographic and general information

Table 1 shows that there was no significant
difference in general data such as sex and age
between the two groups (p >0.05).

Improvement time, hospitalization time and
clinical efficacy

After treatment, the time taken before
improvement, and hospitalization time in the
observation group were shorter than those in the
control group, and the total effectiveness was
significantly higher in the observation group than
in the control group (p <0.05; Table 2).

Table 1: Demographic and general information {n(%), mean+SD}

Grou Sex Age Latent phase Severity of disease
P (Male/female) (Years) (d) Mild Moderate  Severe
8255613‘@“0“ 35/16 41.35+5.26 12.67#2.11  20(39.22) 15(29.41) 16(31.37)
Control (n=51) 32/19 42.03+7.59 13.02+4.43 22(43.14) 16(31.37) 13(25.49)
tx° 0.391 0.526 0.509 0.578
p 0.532 0.615 0.626 0.563
Table 2: Improvement time, hospitalization time and clinical effectiveness (mean+SD)
Group Improvement  Hospitalization Clinical efficacy Total
time (days) time (days) Recovered Effective Ineffective effectiveness
8255613"“'0“ 7.2543.25 37.62+9.58 27(52.94)  18(35.29)  6(11.76) 45(88.24)
Control (n=51) 10.29+2.97 42.17+11.25 20(39.22)  17(33.33)  14(27.45) 37(72.55)
tx* 4.931 2.199 3.980
P 0.000 0.030 0.046
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Cognitive function and activities of daily
living

After treatment, the scores of MMSE and ADL
were higher than those before treatment in the
two groups, and the scores in the observation
group were significantly higher than those in the
control group (p <0.05; Table 3).

Immunity-related cytokines

In the two groups, the levels of TGF-B1 and IL-4
after treatment were higher than those before
treatment, and the level of IFN-y was significantly
lower than before treatment (p < 0.05). However,
after treatment, the levels of TGF-B1 and IL-4 in
the observation group were significantly higher
than those in the control group and the level of
IFN-y was significantly lower than in control
group (p<0.05). There was no significant
difference in level of IL-10 between the two
groups before and after treatment (p <0.05).
These results are shown in Table 4.

Adverse reactions

No adverse reactions were found in the control
group after treatment. There were five cases of
adverse reactions in the observation group,
including three stress ulcers, one hyperglycemia
and one hypertension. However, all adverse
reactions returned to normal within one week
after drug discontinuance, and the courses of
treatment were not affected. After treatment,
there was no significant difference in incidence of

adverse reactions between the two groups ()(2
test with Yates' correction: 3.365, p=0.067).

DISCUSSION

DEACMP is a specific manifestation of brain
injury caused by carbon monoxide poisoning, the
specific pathogenesis of which is still unclear. At
present, hyperbaric oxygen therapy is clinically
used in most cases to correct the oxygen
deficiency of brain tissues and alleviate the
paralysis of capillary vessels [13]. However, long-
term clinical observations and studies have found
that the efficacy of hyperbaric oxygen therapy is
not usually obvious [14]. In recent years, some
studies have shown that the incidence of
DEACMP can be significantly reduced by
combined use of glucocorticoid and hyperbaric
oxygen treatment, which resulted in significantly
improved recovery rate [15].

The present study showed that the total
effectiveness in the observation group was
higher than that in the control group, suggesting
that the efficacy of glucocorticoid combined with
hyperbaric oxygen therapy for DEACMP was
better than that of simple hyperbaric oxygen
therapy. This is consistent with earlier
observations [15]. In addition, the use of
glucocorticoid for the treatment of DEACMP
showed better brain-protective effects, preferable
clinical efficacy, and shorter times of
improvement and hospitalization.

Table 3: Cognitive function and activities of daily living (mean + SD)

MMSE score (points)

ADL score (points)

Group Before treatment  After treatment Before treatment  After treatment
Observation(n=51) 13.15+2.96 24.15+3.05" 46.35+£3.15 90.1615.28"
Control (n=51) 13.60+3.05 20.17+2.97" 47.19+3.46 86.34+5.01"
T 0.756 6.676 1.236 3.748
P 0.451 0.000 0.219 0.000
Note: "p < 0.05, compared with values before treatment
Table 4: Immune-related cytokines between (mean+SD)
TGF-B1 (ng/mL) IFN-y (pg/mL) IL-4 (pg/mL) IL-10 (pg/mL)
Before Before Before Before After
Group treatmen After treatmen After treatmen After treatmen treatmen
¢ treatment ¢ treatment ¢ treatment ¢ ¢
Observati 29.58+5. 39.56+4.2 28.95+6. 14.15+3.9 25.72+4., 39.52+10.2 23.15#5. 24.6416.
on (n=51) 30 o* 31 7" 36 o* 26 02
Control 28.94+4. 33.17+3.9 28.49+5. 20.52+3.1 26.10+5. 32.17+46.95 23.36#5. 24,1345,
(n=51) 92 8" 72 8" 28 # 58 89
t 0.632 7.887 0.386 8.943 0.396 4,253 0.196 0.432
P 0.529 0.000 0.701 0.000 0.693 0.000 0.841 0.666

*P< 0.05, compared with the values before treatment
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The results considered that glucocorticoid drugs
with immunosuppressive actions can regulate
neurophysiological functions of the body,
resulting in the reductions in lipid peroxide
contents and toxicity of amino acid in spinal cord
of head, which promotes the rehabilitation of
patients and achievement of expected efficacy
[16]. Therefore, combined treatment with
hyperbaric oxygen therapy and glucocorticoid is
more effective. Studies have shown that
methylprednisolone combined with memantine
hydrochloride produces marked clinical effects in
the treatment of Parkinson disease patients with
neurological dysfunction caused by carbon
monoxide poisoning [17]. The present study also
showed that after treatment, the cognitive
function and daily living activities in the
observation group were better than those in the
control group, indicating that glucocorticoid can
effectively promote the recovery of nerve
function. It is likely that the actions of
glucocorticoids in stabilizing biomembranes and
increasing vascular density resulted in enhanced
immunosuppressive functions. The
immunosuppressive functions of glucocorticoids
promote dilatation of constricted and spastic
blood vessels, improvement of cerebral blood
circulation, increase in neural excitability, and
reduction of carbon monoxide-induced
axoneuron damage [18,19]. Other clinical studies
show that glucocorticoids, apart from having
therapeutic effects on nervous system injuries
caused by carbon monoxide poisoning, also
exert prophylactic effects via reducing the
incidence of DEACMP [20]. However, these are
only preliminary clinical studies. Thus, more in-
depth studies on large sample sizes are needed.

Some scholars have found that DEACMP-linked
damages are not only associated with anaerobic
mechanism, but also closely related to abnormal
immunologic function [21]. The mechanism of
this abnormal immunologic function is associated
with the production of malondialdehyde (a lipid
peroxide) and activation of myelin basic protein
and intrathecal peroxidase, which result in brain
damage due to infiltration of macrophages,
neutrophilic granulocytes and lymphocytes [22].
Indicators such as IFN- gamma, TGF-B1, IL-4
and IL-10 influence immuno-regulation. Indeed,
IFN- gamma participates in immune and
inflammatory responses, and TGF-p1, IL-4 and
IL-10 belong to intrinsic inhibitory cytokines
[23,24].

This study showed that the levels of TGF-$1 and
IL-4 in the observation group were higher than
those in the control group. Previous studies have
reported that the incidence of DEACMP is closely
related to the level of immune-associated

cytokines [25]. IFN-y enhances cellular
immunologic responses, inhibits production of
antibodies and promotes inflammatory responses
[26]. It has been shown that TGF-f1 and IL-4
play feedback-negative regulatory roles in
immune function through maintenance of
balance between intercellular and intracellular
cytokines in the immune system [27,28]. The
results obtained in this study indicate that
glucocorticoid combined with hyperbaric oxygen
therapy can significantly decrease IFN-y level,
increase TGF-B1 and IL-4 levels, and reduce
inflammatory reactions, thereby resulting in
significant amelioration of DEACMP-induced
lesions. The Guidelines for Clinical Treatment of
Carbon Monoxide Poisoning suggests that
glucocorticoid cannot be used as a conventional
clinical therapeutic method due to its self-
limitations, and may be used in clinical practice
as appropriate only when there are serious
complications such as DEACMP without
hormonal contraindications in ACMP patients.

Although glucocorticoid combined with
hyperbaric oxygen therapy caused a few adverse
reactions in this study, there were no statistically-
significant differences when compared with
simple hyperbaric oxygen therapy. Moreover, the
adverse reactions had minimal effects on
therapeutic  efficacy  because they all
disappeared after drug discontinuance. On the
other hand, glucocorticoid combined with
hyperbaric oxygen therapy was relatively safe for
the treatment of DEACMP, because long-term
use of hormone was not needed during
treatment, and all changes in indices of patients
were closely observed for effective prevention of
adverse reactions.

Study limitations

The small sample size of this study made
statistical bias more likely. Moreover, studies on
long-term efficacy of the combination therapy
were not performed. Thus, deeper, multi-center
studies with larger sample sizes are necessary.

CONCLUSION

Combined therapy of glucocorticoid and
hyperbaric oxygen therapy is eutherapeutic for
the treatment of DEACMP, and can significantly
shorten the times of improvement and
hospitalization while enhancing recovery of
cognitive function and daily life activities. The
mechanism involved in these effects s
associated with improvement in the level of
immune-associated cytokines.
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