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PROGRESS IN CARDIOVASCULAR SURGERY

Cardiovascular Effects of Hydrogen Peroxide: Current Status

HarorLp C. UrscHEL, Jr., M.D., F.C.C.P.*
Dallas, Texas

N AN ATTEMPT TO FIND A BETTER METH-
od for oxygenating tissues which would
compare with hyperbaric oxygenation, an
intravascular technique of administering
oxygen in a regional or systemic system,™’
employing dilute solutions of hydrogen
peroxide (H,0,) has been evaluated. Hy-
drogen peroxide is rapidly degraded to oxy-
gen and water by catalase and peroxidases,
enzyme systems present in excess quantities
in the blood. Following H,O, decomposi-
tion in biologic fluids, it was noted that
more oxygen was being recovered from
such fluids than one would expect from
100 per cent saturation with oxygen at 1
atm. Experiments revealed this to be a sim-
ple supersaturation of a liquid with a gas.*
Hydrogen peroxide releases dissolved oxy-
gen equivalent to that found in solutions
under oxygen at 3-8 atmosphere pressure.
H,0O, administration does not require lung
transport. It can be given continuously over
long periods of time, it can be administered
by a single physician without expensive
equipment and large teams, and it avoids
compression-decompression hazards, as well
as central nervous system and pulmonary
toxicity. Hydrogen peroxide has been dem-
onstrated to be an adjunctive source of
oxygen for the anoxic or ischemic heart
and can improve resuscitation in refractile
arrhythmias or cardiac arrest."** Intra-ar-
terial infusion of H,O, has been noted to
reverse the atherosclerotic process,” po-
tentiate the effect of irradiation on malig-
nant tumors,” increase the localization of
radioactive isotopes in malignant tumors,"*
*Director, Cardio-pulmonary Section, Sammons
Research Laboratory, Baylor University Medical
Center; Assistant Clinical Professor of Thoracic

Surgery, University of Texas Southwestern Med-
ical School.

protect against Clostridium welchii infec-
tions,” promote wound healing™ and serve
as an excellent source of regional oxygena-
tion without significant systemic toxicity.

Carbiac Errects oF HYDROGEN
PEROXIDE
Direct Tissue pO, Measurements
(Myocardium)

Direct pO, measurements taken in rab-
bit myocardium during (1) the intra-ar-
terial infusion of dilute H,O, into the
coronary arteries, and (2) the direct ap-
plication of dilute H,O, to the epicardium
demonstrate the relative increase in myo-
cardial pO, during the intra-arterial infu-
sion of H,O, to the coronary arteries (Fig.
1) and by the direct diffusion (Fig. 2)
respectively.'

Oxygenation of the Ischemic or Anoxic
Myocardium of Small Animals: Tracheal
Occlusion

The myocardium of rabbits was rendered
anoxic by tracheal cross-clamp.’ These ani-
mals were divided into three groups of ten
animals each: in Group 1, H,O, was in-
fused into the coronary arteries; in Group
2, it was perfused intrapericardially; in
Group 3 (controls), the carrier solutions
were administered by each of the two
routes, but without H,O,. In Groups 1
and 2, animals treated with 0.12-0.72 per
cent H,0,, the arterial blood pressure fell
to 0 between 12-15 minutes in contrast to
six minutes for the controls, and the ar-
terial pH fell to 7.0 from 10 to 15 minutes
in Groups 1 and 2 in contrast to six minutes
for Group 3. Cardiac activity in Groups
1 and 2 remained relatively normal and
neither nodal rhythm nor cardiac arrest
occurred within 120 minutes of observa-
tion in contrast to Group 3 where arrhyth-
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mias and nodal rhythm appeared in an
average of five minutes and cardiac arrest
from 10-16 minutes in all animals. All ani-
mals in Group 3 developed cardiac arrest,
and, following failure of standard resuscita-
tive methods, most could be revived by
adding H,O, to the heart by whichever
route of administration of carrier solution
was being employed.

Coronary Artery Ligation

In another group of rabbits, the myo-
cardium was rendered anoxic and ischemic
by ligation of coronary artery branches
singly or in combination." Because of the
nature of rabbit myocardium, it was im-
possible in 20 animals to produce a stand-
ard ischemic lesion which was reproducible
from animal to animal with regard to ECG
or blood pressure changes. This made it
necessary to evaluate the reversal of is-
chemic myocardial changes by regional ap-
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plications of H,O, within a given animal
rather than by comparison of the effect on
a standard lesion in a large number of ani-
mals. Following ligation of a variety of
coronary arteries including the circumflex,
the anterior descending, and the right
coronary (or a combination of these), di-
lute H,O, (range 0.06-0.72 per cent) was
infused antegrade into the coronary arteries
by a slow drip or perfused inside the peri-
cardium at the time of ligation. Specific
ECG abnormalities associated with myo-
cardial ischemia, such as ST segment eleva-
tion, elevation or depression of the T wave,
nodal block, and ventricular tachycardia or
fibrillation, could be readily and often re-
peatedly reversed in the animals by applica-
tion of the H,0,. A blood pressure drop
associated with cardiac arrhythmias could
also be reversed, but less consistently (Fig.
3-4).

-——

Time Tn Minutes 1

Ficure 1:
hydrogen peroxide.

2 3

Changes in myocardial oxygen tension following coronary artery infusion of 0.36 per cent
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Myocardial Protection during Ischemia in
Large Animals

To evaluate the effect of H,O, in pro-
tecting a thicker ischemic myocardium,
where diffusion is a more important fac-
tor, pigs weighing 40-80 kg underwent liga-
tion of the right coronary artery and 50
per cent of the anterior descending vessel.
Two groups of ten pigs each were studied:
Group 1 to evaluate the effect of intra-
pericardial H,O, perfusion during coronary
artery ligation, and Group 2 to serve as
controls.**

In Group 1, two plastic No. 190 poly-
ethylene catheters were sutured into the peri-
cardium—one for inflow and the other for
outflow. The epicardium was perfused with
a Harvard constant-infusion pump, and a
steady flow of Hank’s solution with 0.06
per cent H,O, at 37° was constantly in-
fused into the pericardium at the rate of
approximately 400 ml/hour. In the ten
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control animals, the same experiment was
conducted with carrier solution alone with-
out H,0O,.

In group 2, ventricular fibrillation oc-
curred between two and 32 minutes in all
but one animal (average time 12 min).
(Table 1). Resuscitation by cardiac mas-
sage and defibrillation was successful in
seven animals, but failed in two. After re-
turn of regular sinus rhythm, mean blood
pressure remained less than the original
control value of 100 mm Hg in all but
three animals, the average being 30-70 mm
Hg mean arterial blood pressure. These
animals developed ventricular fibrillation
several times and could be resuscitated, but
they never maintained normal arterial
blood pressure. Survival time ranged from
two minutes to two hours, the average be-
ing 20 minutes. Myocardial tissue pO,
values were much lower than original con-
trol values in all cases. Necropsy examina-

Time 1In Minutes 1

Ficure 2: C
of 0.36 per cent hydrogen peroxide.

Changes in the myocardial tissue oxygen tension following the direct epicardial application
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tion of all pigs revealed a large area of
gross infarction over the lower right and
left ventricles, with distal infarction in the
septum.

In the Group 1 animals treated with 0.06
per cent H,O, in Hank’s solution, five ani-
mals never developed ventricular fibrilla-
tion; in the other five, onset occurred be-
tween five and 30 minutes (average time
20 min). Resuscitation by cardiac massage
and electrical defibrillation was successful
in all cases. Nine animals survived three
hours and were sacrificed. One expired at
two hours (Table 2). All maintained nor-
mal blood pressure (mean value 100 mm
Hg) and normal to slightly elevated tissue
pO, in comparison to the control preliga-
tion values. The infarcted area was in a
similar location to that of control animals,
but it was much less extensive and limited
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Ficure 3: Electrocardiographic changes in rab-
bits with ischemic myocardium during application
of dilute hydrogen peroxide. A—5 minutes post-
ligation of circumflex. Note elevation of S-T seg-
ment; B—2 minutes after infusion of 0.48 per
cent hydrogen peroxide in 5 per cent dextrose in
water; C—8 minutes post-ligation of proximal and
distal descending circumflex branches of L. coro-
nary. Note elevation of S-T segment; D—30 sec-
onds after direct application of 0.24 per cent hy-
drogen peroxide; E—Note fibrillation; arterial
pressure zero to arrow. At this point direct ap-
plxcatxon of 0.24 per cent hydrogen peroxide to
myocardium produced resumption of beat and a
rise of arterial pressure to 50 mm/Hg.
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primarily to the subendocardial area and
the distal septum.

In all control animals, after a terminal
episode when no blood pressure or cardiac
activity was obtainable by standard resus-
citative methods, dilute H,O, solutions
were added to the myocardium. In four
animals, resuscitation was successful despite
massive infarctions and systemic acidosis.

Although this method of application is
limited by the diffusion of H,O, through
the thick myocardium, and although the
septum does not appear to be protected by
the epicardial application, the improved
protection of the treated animals, when
compared to controls, appeared significant.
No toxicity was demonstrated during ther-
apy.

Employing the same standard coronary
artery ligation, other experiments were per-
formed to evaluate coronary artery and
right atrial infusion of dilute hydrogen
peroxide. These animals received some pro-
tection and did better than the control
group in which carrier solutions alone were
used; however, the duration of protection
was much less than those treated by intra-
pericardial perfusion of H,O,.
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Ficure 4: Electrocardiographic changes in rab-
bits with ischemic myocardmm during application
of dilute hydrogen pemn e. F—Control ECG
with the chest open and the animal breathing 100
per cent oxygen. BP 140/110; G—ECG taken
2 minutes after ligation of the distal descending
circumflex branch of the left coronary artery. BP
85/70; H—Fibrillation 3.5 minutes after ligation.
BP 0; I—ECG 5 minutes after dn'ect J)phcatmn
of 0.36 per cent hydrogen peroxi

utes after the beginning of ﬁbnllanon BP 90/75.
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Dimethyl sulfoxide (DMSO) was evalu-
ated as an agent which theoretically might
increase diffusion of the H,O, through the
thick myocardium and also counteract the
vasoconstriction effect of oxygen on the
small arterioles. Although the initial results
of combining 10 per cent DMSO with .06
per cent H,O, in rabbit hearts undergoing
ischemia appeared beneficial.* No signifi-
cant advantage could be observed when
employed in larger porcine hearts.""

Effect of H,O, on Totally Ischemic Hearts
During Aortic Cross-Clamping

In an effort to evaluate the effect of
H,0, on the totally ischemic heart of large
animals with thick ventricles, dogs,* calves,
and goats were placed on cardiopulmonary
bypass and the aorta was cross-clamped for
one to two hours.*** Hydrogen peroxide
was applied directly to the epicardium, per-
fused retrograde through the coronary
sinus, infused through the coronary arteries,
or instilled intraventricularly (or combina-
tions of these methods were used). Experi-
ments were carried out at normothermia
to evaluate the effectiveness of H,O, as the
only source of oxygen for the heart. Twen-

#Since dogs do not have adequate quantities of

catalase for H:Oy decomposition, this enzyme
was added in all canine experiments. This is
expensive and involves an additional variable
which makes the dog an undesirable experimen-
tal animal for HyO, investigation. Rabbits, pigs,
goats and humans a?pear to have adequate
amounts of catalase for regional H:O. applica-
aon.

TasLe 1—ErrecTs OF PERICARDIAL PERFUSION
or H:Os AND ConTrROL PiGs AFTER
CoRONARY ARTERY LIGATION

Control Treated
Carrier Sol. Only) H,O,
Incidence of ventricular
fibrillation 9/10 5/10
Average onset time of .
ventricular fib. 12 min. 20 min.
Reversibility of
ventricular fib. 7/9 10
Av. no. shocks to reverse
ventricular fib. 5 1-2
Normal mean arterial blood
pressure 4/10 9/10
Myocardial tissue oxygen
tension Less than control Normal or
greater than
control

ty-five control animals (ten dogs, five goats,
and ten calves) were studied in similar
fashion for comparative analysis. All ani-
mals were anesthetized with endotracheal
halothane and placed on total cardiopul-
monary bypass, and the aortas were cross-
clamped 60-120 minutes. The hemiazygos
vein was ligated at its entry to the coronary
sinus, providing a totally anoxic heart, ex-
cept for the oxygen supplied by H,O,. The
hearts were vented through the left and
right ventricular apexes for decompression.
After removal of the aortic cross-clamp,
the coronary arteries were again perfused
with blood, and sufficient time was allowed
for normal cardiac rhythm to return with-
out artificial resuscitation. H,O, application
(0.06-0.24 per cent) began when the aortic
cross-clamp was placed.

The hearts of all animals fibrillated with-
in 30 minutes, most fibrillating between
five and 15 minutes. None of the control
animals could be resuscitated after one
hour of aortic cross-clamping, and most
could not be resuscitated after 30 minutes.
Average time of successful resuscitation in
dogs was after 20 minutes of aortic cross-
clamping; for calves and goats, it was ap-
proximately 40 minutes. In the treated
animals, after one hour of aortic cross-
clamping, reversal to regular sinus rhythm
was fairly consistent with most methods of
H,O, application. Beyond this, however,
protection was sporadic. Most hearts re-
quired direct-current defibrillation and
some required calcium and epinephrine in-
jections into the aortic route to reverse ven-
tricular fibrillation to regular sinus rhythm
(Table 3). Coronary artery infusion for
over 60 minutes was not protective when
employed alone, and when combined with

TaBLE 2—SurvivaL oF Pics TReaTED BY
PericarDIiAL PerrusioNn or H:O; AFTER
CoroNARY ARrTERY LicaTiON

Hrs. Control H,O,
0* 2 0
1 5 0
2 1 1
3 2 9

*[nitial ventricular fibrillation fatal.
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epicardial application, the results were no
better. Coronary sinus retrograde perfusion
alone also failed to protect the heart. Epi-
cardial application and coronary sinus per-
fusion protected 50 per cent of the animals,
some tolerating 100 minutes of aortic cross-
clamping. The best protection was achieved
with epicardial application, coronary sinus
perfusion, and intraventricular instillation
of H,0,.

Despite reversion to regular sinus rhythm,
most of the animals could not maintain
circulation off cardiopulmonary bypass, in-
dicating only partial protection by the
H,0, and failure to support the whole
heart during this length of ischemia at nor-
mothermia. Five calves maintained normal
blood pressure when aortic cross-clamping
lasted only 60 minutes, and these were
long-term survivors of two weeks or more.
Two dogs maintained normal blood pres-
sure off cardiopulmonary bypass when
aortic cross-clamping lasted less than 45
minutes, a significantly longer time than in
control dogs. The long-term survivors
showed no evidence of H,0O, toxicity.

SUPERSATURAT/ION

CARDIOVASCULAR EFFECTS OF HYDROGEN PEROXIDE
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Myocardial tissue pO, levels in the
H,O,-treated animals were equal to or
greater than control levels during the is-
chemic phase. In the control groups, these
values fell much below the original control
values, in some animals reaching zero.

The epicardium appeared white after
H,O, oxygenation, but color returned on
perfusion of the coronary arteries with
blood. The opened hearts of the survivors
had normal ventricular and atrial walls
with occasional brownish areas in the sep-
tum. The hearts with prolonged ischemia,
which failed to resume normal rhythm,
showed moderate superficial edema, gross-
ly normal atria, and normal ventricular
walls two-thirds through their thickness
from the epicardial surface. From there to
the endocardial surface, the muscle ap-
peared blue and ischemic except in the ani-
mals treated by intraventricular instillation
of H,O,. In these hearts, the myocardium
appeared normal. In the animals not
treated by coronary artery or coronary sinus
perfusion, the septum appeared bluish-black
in areas, suggesting ischemia. The micro-
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Fioure 5:

The increase in left atrial oxygen content following nebulization of hydrogen peroxide and

concentrations from 1 to 6 per cent. Each line represents a different rabbit treated with a different con-

centration from 1 to 6 per cent.
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scopic findings were consistent with the
gross pathologic appearance.

Hydrogen peroxide appears to prolong
the safe period of myocardial ischemia, but
not consistently beyond 60 minutes. Sur-
vivors showed no evidence of H,O, toxi-
city. The diffusion factors in the thick myo-
cardium suggest that epicardial applica-
tion or coronary artery infusion alone can-
not protect the myocardium for long pe-
riods of time. Coronary artery infusion
alone may carry the hazard of vasospasm
despite administration of vasodilator agents
such as papaverine. As the myocardium be-
comes thicker, problems of oxygen diffusion
become more difficult. The conduction me-
chanism is not well protected by epicardial
application alone, but H,O, seems to have
some value when given intraarterially or
retrograde by coronary sinus perfusion. The
intraventricular H,O, seems to aid diffu-
sion through the thick-walled myocardium
as well as through the septum. The absence
of blood flow through the heart to remove
any waste products may be a problem in
H,O, application. Certainly other factors,
such as carbon dioxide transport and aci-
dosis, contribute to prolonged inadequate
protection by H,O, alone. This suggests
that H,O, may be an important adjunct
in the treatment of myocardial ischemia
and anoxia, but its application may be lim-
ited in total support of the bloodless heart.
Clinical Trial

Because of the apparent advantages in
myocardial support during anoxia, H,0,
was used to treat a 60-year-old white fe-
male for vascular collapse of unknown eti-
ology, unresponsive to the conventional
methods of resuscitation.® A cardiac cathe-
ter was passed through the right brachial
artery to the root of the aorta. ECG and
blood pressure were monitored. Within one
minute after the infusion of 0.12 per cent
H,0,, the ECG reverted from a nodal to
a regular sinus rhythm, and the mean ar-
terial pressure increased from 35 to 70 mm
Hg within three minutes. Within ten min-
utes after the infusion was stopped, the
ECG again reverted to nodal rhythm and

Diseases of
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the blood pressure dropped. This sequence
was repeated five times during a 12-hour
period, reversal of ECG abnormalities and
hypotension being achieved with each in-
fusion of H,O,. The patient eventually ex-
pired when H,O, therapy was stopped.
AssiSTED SySTEMIC OXYGENATION
witH HYDROGEN PEROXIDE

Dilute H,O, was administered to rab-
bits by three different techniques, to sup-
ply oxygen systematically: (1) by peri-
toneal perfusion,’ (2) by rectal perfusion,’
and (3) by ventilation with an H,0, aero-
sol.”

Peritoneal Perfusion of Hydrogen Peroxide

For studies on peritoneal perfusion of
H,0,, rabbits were anesthetized with so-
dium pentobarbital, intubated, and placed
on IPPB (intermittent positive pressure
breathing) apparatus with 100 per cent
oxygen in order to maintain a constant
ventilation rate and 100 per cent arterial
oxygen saturation. A midline incision was
then made to expose the portal vein, and
a flanged PE-90 catheter was secured in
the vein with a purse-string suture and
withdrawn to the flange so as not to ob-
struct venous flow. A dialysis kit (Baxter
K-128) was secured in the peritoneum and
the wound closed. The peritoneum was
perfused with warm dilute H,O, solutions
(0.12-0.48 per cent), and blood samples
were collected periodically from the portal
vein.

The oxygen content of the portal vein
blood during dialysis approximated that in
the arterial blood. The carbon dioxide con-
tent of the venous blood could be adjusted
by varying the pH of the buffer system of
the H,O,. In the pilot studies, the carbon
dioxide could not be adjusted to a degree
necessary for systemic maintenance; how-
ever, this may be possible after further in-
vestigation.

Rectal Perfusion of Hydrogen Peroxide

Studies on rectal perfusion of H,O, were
conducted in dogs, and, as in the rabbits,
a catheter was placed in the portal vein for
blood sampling. The large bowel was per-
fused via the rectum with dilute H,O,, and
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blood samples were collected from the por-
tal vein during perfusion. As in peritoneal
perfusion, the oxygen content of the por-
tal vein blood approximated that of 100
per cent saturated arterial blood. No at-
tempt has been made to adjust carbon
dioxide by this procedure.

Ventilation with an Hydrogen Peroxide
Aerosol

Rabbits anesthetized with sodium pento-
barbital were intubated and placed on 100
per cent oxygen on a Bird respirator. The
chest was opened between the fourth and
fifth intercostal spaces, the pericardium slit,
and a flanged PE-90 catheter secured into
the left atrium by a purse-string suture.
The chest was closed and the animal al-
lowed to breathe 100 per cent oxygen for
30 minutes before aerosol H,O, was given.
Concentrations of H,O, from 1 per cent
to 6 per cent in normal saline were neb-
ulized as an aerosol.

After nebulization therapy, the left atrial
blood of these animals was found to be
“supersaturated” with oxygen containing
quantities equivalent to that expected with
oxygen administration at 3 atm. When this
value was exceeded, small bubbles began
to appear in the samples. Figure 5 shows
the effects of different H,O, concentra-
tions. An abrupt drop in atrial pO, oc-
curred in the animal given H,O, by aero-
sol, but it was felt that this animal devel-
oped bronchospasm. The 1 per cent aero-
sol, which was least irritating, provided as
good arterial oxygen concentration as the
higher concentrations.’

VascuLar Efrects oF HYDROGEN
PErOXIDE

Effect of Intra-arterial Hydrogen Peroxide
in Arteriosclerosis

Kann, Mengel, Hochstein and others
have shown that the formation of lipid
peroxides is one sequela of exposure to oxy-
gen at high pressure. We have noted a con-
sistent reduction in the severity of athero-
sclerotic disease in the infused area of pa-
tients receiving intra-arterial hydrogen per-
oxide. Pilot experiments have been per-

CARDIOVASCULAR EFFECTS OF HYDROGEN PEROXIDE 187

formed in our laboratory to investigate this
observation.”

(1) Greoss, histologic and chemical evalu-
ation of aortas taken at post mortem from
patients treated for extended periods with
intra-arterial hydrogen peroxide.

Several patients who have been infused
intra-arterially with hydrogen peroxide as
an adjunct to irradiation therapy in the
management of their malignant disease
have undergone post mortem examination.
During the necropsy the catheter was left
in place, the aorta was split longitudinally
and the tip of the catheter marked. Sec-
tions were prepared from the aorta im-
mediately above and below the catheter tip
for comparative histologic evaluation by Oil
Red O and H and E stains. Weighed sec-
tions of the vessel were then prepared for
total lipid analysis. The components (chol-
esterol, cholesterol esters, phospholipids,
triglycerides and free fatty acids) were sep-
arated by thin-layer chromatography. The
material was taken from the thin-layer
chromatogram and quantitated by gas
chromatography.

In all cases studied to date, the patients
received hydrogen peroxide infusion alone
as an adjunct to other modes of therapy
for a variety of conditions over extended
periods of time ranging from 4-16 weeks.
During this time, the individuals received
daily infusions of 250 ml of hydrogen
peroxide in “Jonosol-T” with a peroxide
concentration ranging from 0.36 per cent
to 0.48 per cent. Upon gross examination,
the segment of the aorta being infused was
found to be different from the area not be-
ing infused. This difference was marked by
a decrease in the number and severity of
atheromatous plaques and an increase in
flexibility and elasticity of the vessel. The
thoracic aorta contained numerous athero-
matous plaques, some of which are erod-
ing into the lumen. Ordinarily one ex-
pects to find an increase in number and
severity of the atheromatous lesions from
the thoracic to the abdominal aorta. In
these patients, where the catheter was in
the abdominal aorta below the renal ar-
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teries, there was a lack of raised lesions
from the point of the catheter to the bi-
furcation, and the iliacs were relatively free
of gross disease except for some intimal and
subintimal fibrosis. Histologic evaluation by
Oil Red O stained sections showed a de-
crease in total subintimal lipid deposits.
When weighed samples of the vessels were
extracted and total lipids determined, it
was found that approximately a 50 per
cent reduction in total lipids (10-40 per
cent decrease in cholesterol and 20-50 per
cent decrease in cholesterol esters) had oc-
curred in the area being infused with hy-
drogen peroxide.

(2) In vitro studies of human aortas
incubated with dilute hydrogen peroxide in
saline or incubated in saline under oxygen
at increased pressure.

Aortas were procured at post-mortem
from a number of adults who had expired
for a variety of reasons, but who had re-
ceived no hydrogen peroxide during their
hospital course. The tissue from several
aortas was cut into 5 mm squares, pooled,
washed 15 times in cold saline and divided
into a number of 15 gm samples. These
samples were divided into three parts; one
sample was incubated in 100 ml of a 0.36
per cent hydrogen peroxide in saline, the
second sample was incubated in 100 ml of
saline under oxygen at 2,4 and 6 atmos-
pheres absolute pressure, and the third
sample was incubated in 100 ml of saline

Ficure 6A

Ficure 6:
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in room air normal pressure, the latter
serving as a control. After two hours of in-
cubation, the tissue was removed by two
filtrations, the lipid extracted from the re-
sulting fluid and analyzed as described
carlier.

The relative quantities of lipid in the
fluid following incubation of human aortas
in 0.36 per cent hydrogen peroxide or in
saline under oxygen at 6 atmospheres ab-
solute pressure were significantly higher
than the controls. A slightly higher total
lipid value was achieved with hydrogen
peroxide when compared to oxygen at 6
atmospheres absolute. Only a trace of lipid
was detected in samples incubated in saline
at normal pressures.

(3) In vivo studies of changes in total
serum in humans following the intra-ar-
terial infusion of hydrogen peroxide.

Venous blood samples were collected
from the cubital vein immediately before
and after the infusions of .24-.48 per cent
H,0, into the abdominal aorta with a to-
tal time lapse between the two samples of
20-30 minutes. Serum lipid determinations
were carried out as described earlier. It was
noted that the total amount of increase in
lipids following the infusion seems to be
related to both severity of disease and con-
centration of hydrogen peroxide infused.
Clinical Trial

A 59-year-old woman with severe basilar
artery insufficiency secondary to inoperable

Fioure 6B

Right vertebral arteriogram performed by retrograde innominate artery injection before (A)

and after (B) intra-arterial H;O, therapy demonstrates apparent diminution in the arteriosclerotic steno-

sis of the mid-vertebral artery.
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arteriosclerotic stenosis of her mid right
vertebral artery, whose symptoms were
progressive on heparin therapy, was treated
by intra-arterial H,O, in October 1966.
Her left vertebral artery was congenitally
small and both carotid arteries were patent.
An indwelling catheter was placed retro-
grade into the innominate artery through
a branch of the thyrocervical trunk. Over
29 days, she was given 100 treatments, each
consisting of .12 per cent H,O, in 5 per
cent D and W and 12 mg of tolazoline
(Priscoline) at a rate of 18 ml/min.

Her symptoms, which were progressive,
appeared to stabilize and possibly improve
on early evaluation. The arteriogram fol-
lowing H,O, therapy, in contrast to that
obtained before treatment, revealed an ap-
parent decrease in the arteriosclerotic steno-
sis (Fig. 6a, b) and less delay in the ver-
tebral artery filling time when compared to
the carotid artery. A long-term follow-up
will be necessary to evaluate the neurologic
and arteriographic result."

Potentiation of Effect of Irradiation
Therapy on Malignant Tumors by
Intra-arterial Hydrogen Peroxide

One of the basic radiobiologic concepts
dealing with the lethality of ionizing radia-
tion is concerned with the oxygen concen-
tration in a tissue at the time of its expo-
sure to radiation. It has been known that
the slope of the radiosensitivity curve in-
creases steeply as the oxygen concentration
increases above anoxia, and at high oxy-
gen concentration reaches a maximum
sensitivity, which is difficult to exceed by
increasing the amount of oxygen present.
Due to the innate anoxic character of neo-
plastic tissue and the fact that the greatest
increase of radiosensitivity is seen at the
lower oxygen levels, the oxygen effect is
more pronounced in some tumor tissue
than in the corresponding or adjacent nor-
mal tissue. Therefore, the radiotherapeutic
ratio can be favorably influenced by in-
creasing the oxygen in the region of the
tumor. Various groups have used hyper-
baric oxygen to achieve this result in the
treatment of malignant tumors. Our group
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has used intra-arterial hydrogen peroxide
in a regional system to achieve the same
mult,l.'l."l

A catheter is introduced into the artery
supplying the neoplasm under direct sur-
gical exposure and left in place for several
weeks. At the present time, the following
three areas are used: the external carotid
artery is preferably used for treatment of
head and neck malignancies, the brachial
or femoral arteries for extremity tumor
therapy and the abdominal aorta retrograde
through the femoral artery for therapy of
malignant disease in the abdomen and pel-
vis. The infusions and standard protracted
external irradiation to an expected 100 per
cent tolerance dosage is given daily. The
irradiation therapy is carried out during
the latter portion of the infusion and the
infusion is terminated following the radia-
tion.

Care is taken with infusion of solutions
of hydrogen peroxide to avoid severe ves-
sel spasm and bubbling. With careful in-
dividualization and experience, all signifi-
cant complications such as infection, clot-
ting, etc., have virtually been eliminated.

From 1961 through 1965, 131 patients

with malignancies have been treated using
this technique. We have selected patients
who in our opinion had less than a 10 per
cent chance of surviving three years if the
accepted forms of therapy had been em-
ployed. Although the number of patients
are small and the number of variables
great, the 44 per cent three-year survivals
in this group of patients with advanced dis-
ease appears significant. Specifically, we
are encouraged with the results to date in
the head and neck series, advanced cervix
and ovary, recurrent carcinoma of the colon
and carcinoma of the bladder. The results
in the carcinoma of the bladder appear
specifically significant when considered in
the light of our dosage of 4500 rads in four
weeks to the entire pelvis.
Preferential Localization of Radio-isotopes
in Malignant Tissue by Intra-arterial
Hydrogen Peroxide

It has been observed that when certain
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isotopes were given intra-arterially follow-
ing the intra-arterial infusion of hydrogen
peroxide, the isotope localized preferentially
in the area of the malignant tumor in the
infused field.""*** These studies were ex-
tended and conducted in rats, using the
Walker 256 carcinosarcoma; in rabbits,
using the VX-2 carcinoma; and in humans
having a variety of malignancies.

Utilizing HELA cells and KB cells has
allowed us to demonstrate selective uptake
of radioactive iodinated blood albumin
(RISA) under the direct influence of hy-
drogen peroxide. The process is reversible,
such that the application of hydrogen per-
oxide and its withdrawal prior to the addi-
tion of the isotope reveals virtually no up-
take of the large molecule isotope. Similar,
but as yet incomplete studies using the same
modality under hyperbaric conditions of 2
to 6 atmospheres demonstrate the same
phenomena, and this also appears to be re-
versible. The mechanism is unknown as yet,
but the selective reaction of normal cells
to tumor cells appear to be in a ratio of
approximately 1:5. In addition, the effec-
tive half-life of the isotope is prolonged be-
cause of the considerable increase in time
that the isotope remains inside the cell.
Autoradiographic studies using the electron
microscope at 40,000 x show the distribu-
tion to be predominantly at the cell wall,
and within the nucleus.

Subsequent studies utilizing VX-2 sym-
metrical hind leg tumors in rabbits, cath-
eterizing both iliac arteries individually,
flushing the left with 7 ml of carrier solu-
tion, 10 microcuries of RISA, and follow-
ing with 3 ml of carrier solution show lit-
tle or no concentration of RISA at 48, 72,
or 96 hours. The right leg was infused in
the same manner with the exception of .12
per cent hydrogen peroxide concentration
in the carrier solution. In contrast to the
control, the right leg showed considerable
concentration of the isotope within the
tumor at 24, 48, 72, and even 96 hours.
Forty animals were tested this way and all
demonstrated the same phenomenon.

Discases of
the Chest

Retrospective type human scanning
studies were then carried out. Seventy-eight
scans have been done. The procedure used
entailed doing a percutaneous puncture of
cither the femoral or the carotid artery
with a 19-gauge Cournand needle. A cath-
cter is then threaded through the needle
until the tip is at the desired level, 200 ml
of from .12 per cent to .48 per cent hydro-
gen peroxide in Jonosol T with dextrose is
infused, the infusion is then stopped and
250 microcuries of RISA is injected into
the catheter. Following this, 50 ml of the
peroxide solution is infused. The procedure
is then completed and the catheter and
needle removed. Scans are done at 24, 48,
72, and occasionally 96 hours. The proce-
dure is carried out completely on an out-
patient basis.

Malignancies of the brain, extremity,
thorax, abdomen and pelvis have been
studied. No positive localization has oc-
curred in lesions other than malignant tu-
mors. In 78 scans, three false negative and
one false positive scans have resulted. The
false negative scans represented two cases
of pulmonary metastasis and probably dem-
onstrate an inability to infuse adequately
this area as yet. One false negative scan
was a poorly vascularized recurrent carci-
noma of the thyroid. The false positive scan
occurred in a patient with an extremity
rhabdomyosarcoma. Pelvic metastases were
diagnosed by the scan, but at surgery, these
were not found.

Peripheral Blood Changes Following
Infusion of Hydrogen Peroxide Into
the Carotid Artery

Peripheral blood studies on patients re-
ceiving adjunctive H,O, therapy demon-
strated an increase in one or more of the
formed blood elements when the H,O, was
infused in the internal or common carotid
arteries. This phenomenon was not ob-
served with H,O, infusion in other ar-
teries.™

A threefold increase in circulating plate-
lets and reticulocytes has been observed in
rabbits following the infusion of hydrogen
peroxide in “Ionosol-T” into the common
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carotid artery in contrast to the increase
in controls. The maximum increase was 24
hours after infusion. A threefold increase
in one or more of the formed elements in
the peripheral circulation (platelets, reticu-
locytes, or white blood cells) has been
noted in 11 of 13 patients being infused
with a solution of hydrogen peroxide into
cither the internal or common carotid ar-
tery. Studies are in progress to determine
the nature and mechanisms of the observed
stimulation and to delineate any humoral
factors which might be involved. A rela-
tionship between a possible humoral factor
and “erythropoietin” is being investigated.
The Effect of Intra-arterial Hydrogen
Peroxide on Clostridium Perfringens
Infection

The success of hyperbaric oxygen on
aerobic “gas gangrene” infections prompted
the use of regional intra-arterial H,0O, in
the therapy of these infections.” Clostridial
myositis was produced in 48 rabbits by in-
jection of a Clostridium perfringens-epine-
phrine preparation into the left thigh.
Twenty-four of these rabbits were treated
with intermittent infusions of 0.18 per cent
hydrogen peroxide in normal saline with
tolazoline hydrochloride (Priscoline).
Twenty-four control rabbits were treated
with intermittent infusions of a normal
saline with tolazoline hydrochloride (Prisco-
line). The hydrogen peroxide-treated rab-
bits had a mortality of 45.9 per cent com-
pared with a 87.6 per cent mortality in
the control group. These mortality fig-
ures suggest that intra-arterial hydrogen
peroxide may be of benefit in the treat-
ment of clostridial myositis.

Acceleration of Wound Healing by
Intra-arterial Hydrogen Peroxide

During the early studies in the treatment
of patients with intra-arterial hydrogen
peroxide and irradiation therapy, it was
found that the wounds would heal at a
much faster rate and with less scar forma-
tion. As a result of this, wounds that were
refractory to conventional modes of therapy
were treated with intra-arterial hydrogen
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peroxide either alone or in combination
with intra-arterial antibiotics." The tech-
niques used were daily or twice daily in-
fusions of intra-arterial hydrogen peroxide,
with or without intra-arterial antibiotics in
25 patients. All refractile wounds were
healed promptly by this method. Several
amputations were avoided. Further investi-
gation of tensile strength, scar formation
and role of healing in calibrated wounds
in animals should be performed.

SuMMARY

Investigation of dilute solutions of hy-
drogen peroxide as an improved method
of oxygenating tissues over hyperbaric oxy-
genation has been conducted. Hydrogen
peroxide given intra-arterially in the re-
gional system or directly to the exterior of
an organ is decomposed into oxygen and
water and produces oxygen tensions rang-
ing from 3 to 8 atmospheres pressure re-
gionally. This does not require lung trans-
port, can be given continuously over long
periods of time, can be administered by a
single physician without expensive equip-
ment and large teams and avoids decom-
pression and compression hazards, as well
as pulmonary and CNS toxicity of hyper-
baric oxygenation. Hydrogen peroxide has
been demonstrated to be an adjunctive
source of oxygen for the anoxic or ischemic
heart and can improve resuscitation in
refractile arrhythmias or cardiac arrest. In-
tra-arterial infusion has been noted to re-
verse the atherosclerotic process, potentiate
the effect of irradiation on malignant tu-
mors, increase the localization of radio-
isotopes in malignant tumors, protect
against Clostridium welchii infections, pro-
mote wound healing and serve as an excel-
lent source of regional oxygenation with-
out significant systemic toxicity. Further in-
vestigation in all areas is necessary to es-
tablish the quantitative value and limita-
tions of H,0,.
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