水素ガス吸入により心筋虚血再灌流障害後の梗塞サイ
ズが縮小することをラットで証明（2%水素が最も有効）

急性心筋梗塞
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Table 3. Continued

After ROSC

Baseline

Lactate, mg/dL
Control

1.4±0.1

H2

1.3±0.1

TH

1.7±0.2

H2+TH

1.4±0.1

Base excess, mmol/L

C

Control (n

= 10)

1.1±0.6

H

1.3±0.7

TH

1.6±0.6

＊: p <2 0.05, control vs H2

Hayashida K. Biochem Biophys
H +THRes Commun. 2008;373(1):30-5
1.6±0.6

Biochem Biophys Res Commun.2008;373:30-5.
2

心停止後症候群

10 Minutes

60 Minutes

120 Minutes

8.9±0.7

2.3±0.3

2.0±0.2

8.5±0.7

2.4±0.2

1.9±0.1

8.9±0.7

3.1±0.6

2.8±0.9

8.4±0.4

3.0±0.2

1.9±0.2

!12.7±1.2

!2.8±0.9

!11.1±0.8

!3.0±0.7

!3.8±1.0

!8.4±2.0

!3.7±0.7
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!3.5±0.9

Background: Hydrogen gas inhalation (HI) reduced infarct size and mitigated adverse left ventricular (LV)TAMURA
remodeling in aTratetmodel
al.

RAPID COMMUNICATION

!3.1±0.8
Circulation
Journal
of acute
myocardial infarction (AMI). We designed a prospective, open-label, rater-blinded clinical pilot study in patients experiencing
Official Journal
of the
!4.1±1.4
ST-elevated
MIJapanese
(STEMI). Circulation Society
http://www.j-circ.or.jp
!2.3±0.7

Methods and Results: The 20 patients with an initial diagnosis of STEMI were assigned to either an HI group (1.3% H2 with 26%

Feasibility and Safety of Hydrogen Gas Inhalation for
from day 7 in the HI group was numerically greater than that in the control group in some of the surrogate outcomes at 6-month
Post-Cardiac Arrest Syndrome
follow-up, including the LV stroke volume index (HI: 9.2±7.1 mL/m ; control: −1.4±7.2 mL/m ; P=0.03) and the LV ejection fraction

Inhalation of H2 Gas Improved NDS in Postarrest
(HI: 11.0%±9.3%; control: 1.7%±8.3%; P=0.11).
State

2

2

– First-in-Human Pilot Study –

J Am Heart Assoc. 2012;1:e003459 doi: 10.1161/JAHA.112.003459.

following ischek (n = 9). By comy reduced infarct
ominent effects
here was no sigrol group and H2
tent with those
of 8-hydroxJ Trauma Acute
a, a biomarker of

— First Pilot Study in Humans —

Values expressed as mean±SEM. Resuscitated animal were analyzed (n=13 for each group). TH indicates therapeutic hypothermia; ROSC, return of spontaneous
circulation.
oxygen)
or a control group (26% oxygen). There were no HI-related severe adverse events. In the full analysis set, the cardiac
*P<0.05; **P<0.01, statistically signiﬁcant differences for treatment by time between 4 groups by mixed-effects model for repeated-measures analyses.
salvage index as evaluated using cardiac magnetic resonance imaging at 7 days after primary percutaneous coronary intervention
#P<0.05; ##P<0.01 vs the control group.
†P<0.05; ††P<0.01 vs the H2 group.
(PCI), showed no significant between-group difference (HI: 50.0±24.3%; control: 60.1±20.1%; P=0.43). However, the improvement

a–reperfusion injury. (A) Changes in heat rate (HR), oxygen saturation by pulse oximetry (SpO2), and LV systolic
ositive and negative dP/dt were monitored during ischemia–reperfusion injury (n = 5 in each group). (B) H2total infarct area/AAR (*P < 0.05, compared to control group). (C) Representative photographs of serial heart
reperfusion injury in the presence or absence of H2 inhalation.
Bar
= 2 mm. (D)
Immunohistochemical
Figure 2.
Kaplan–Meier
analyses
of cumulative survival staining
at 72
hours. Statistically
signiﬁcant
differences: #as
P<0.01
comparedof
with
emia–reperfusion injury. Quantification of 8-OHdG immunoreactive
area
was expressed
percentage
total
the control group; *P<0.05 compared with the control group. TH
tion group compared to control group). endo, endocardium; epi, epicardium.
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!11.7±1.0

D
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up. Notably, LVnificantly lower
ol group (n = 5,

LATE BREAKING CLINICAL TRIAL (JCS 2017)

Circ J 2017; 81: 940 – 947
doi: 10.1253/circj.CJ-17-0105

indicates therapeutic hypothermia.

partial pressure of carbon dioxide (PaCO2), pH, base excess,
hematocrit, or lactate (Table 3).
The survival rate 24 hours after ROSC was 43% (6/13) in
the control group, 92% (12/13) in the H2 group, 77% (10/13)
in the TH group, and 100% (13/13) in the H2+TH group,
whereas 72-hour survival rates were 31% (4/13), 69% (9/13),
69% (9/13), and 77% (10/13), respectively (Figure 2). These
results indicated that inhalation of H2 gas during CPR and
during the ﬁrst 2 hours after ROSC signiﬁcantly improved
survival rate, comparable to those of hypothermia.
DOI: 10.1161/JAHA.112.003459

Care Surg. 2017;83: 469–475.

Conclusions:
The first clinical study has shown that HI during PCI is feasible and safe and may also promote LV reverse remodeling
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