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The purpose of this study was to determine the effect of mild hypothermia therapy on gastric mucosa after
cardiopulmonary resuscitation (CPR) and the underlying mechanism.

Ventricular fibrillation was induced in pigs. After CPR, the surviving pigs were divided into mild hypothermia-
treated and control groups. The changes in vital signs and hemodynamic parameters were monitored before
cardiac arrest and at intervals of 0.5, 1, 2, 4, 6, 12, and 24 h after restoration of spontaneous circulation. Serum
IL-6 was determined at the same time, and gastroscopy was performed. The pathologic changes were noted,
and the expression of IL-6 was determined by hematoxylin and eosin (HE) staining and immunohistochemis-
try under light.

The heart rate, mean arterial blood pressure, and cardiac output in both groups did not differ significantly. The
gastric mucosa ulcer index evaluated by gastroscopy 2 h and 24 h after restoration of spontaneous circula-
tion (ROSC) in the mild hypothermic group was lower than that the control group (P<0.05). The inflammato-
ry pathologic score of gastric mucosa in the mild hypothermic group 6-24 h after ROSC was lower than that in
the control group (P<0.05). Serum and gastric mucosa IL-6 expression 0.5-4 h and 6, 12, and 24 h after ROSC
was lower in the mild hypothermic group than in the control group (P<0.05).

Mild hypothermia treatment protects gastric mucosa after ROSC via inhibiting IL-6 production and relieving the
inflammatory reaction.
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Background

With the development and popularization of cardiopulmonary
resuscitation (CPR), the success rate of recovery has been sig-
nificantly improved; however, the rate of survival to hospital
discharge has only improved 15~20% [1,2]. The main reason
for high mortality can be attributed to the complicated sys-
temic ischemia-reperfusion reaction after restoration of spon-
taneous circulation (ROSC), which includes hypoxic brain in-
jury, myocardial dysfunction, and multiple organ dysfunction
syndrome (MODS) [3]. Moreover, MODS reduces the long-term
survival rate. Clinical studies have investigated different meth-
ods by which to improve the long-term survival rate following
CPR, with a particular focus on the protection of cerebral and
cardiac function. Indeed, it has shown that mild hypothermia
treatment ameliorates cerebral and cardiac injuries [4]. Few
studies, however, have investigated the influence of mild hy-
pothermia treatment on gastrointestinal injury after CPR [5].
Thus, we designed the current study to investigate gastroin-
testinal injury after CPR and determined whether or not hypo-
thermia treatment attenuates injury induced by CPR.

Material and Methods

Animal preparation

Thirty-three male Wuzhishan miniature pigs purchased from
The Animal Husbandry Institute of the Chinese Academy of
Agricultural Sciences were used for the experiments (8-10
weeks old, 28+2 kg). The pigs were isolated from water for 12
h before the experiments.

Experimental protocols

Anesthesia was induced by the intramuscular injection of ket-
amine, which was maintained with continuous marginal infusion
of 3% pentobarbital sodium. A physiologic monitor was used
to document the vital signs. All pigs were intubated and given
respiratory support via mechanical ventilation (VC+SIMV+PSV
mode; tidal volume, 15 mL/kg; respiratory frequency, 12 per
minute with room air) to maintain an end-tidal carbon dioxide
pressure of 35-40 mm Hg. A blood pressure monitor catheter
was inserted into the right femoral artery to monitor blood
pressure. A Swan-Ganz catheter was inserted into the left fem-
oral artery and advanced to the pulmonary artery to monitor
hemodynamics. A temporary pacemaker was inserted into the
right external jugular vein and advanced to the right ventri-
cle to induce ventricular fibrillation. A urethral catheter with
a temperature monitor was inserted into the bladder to mon-
itor the body core temperature and urine volume.
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With stable vital signs, a computer-controlled programma-
ble stimulator connected to the external end of a temporary
pacemaker was used in the S152 mode (300/200 ms) at ratio
of 8: 1 with a =10 ms pace length until ventricular fibrillation
(VF) was established, and respiratory support was paused. VF
was demonstrated by electrocardiograph and arterial blood
pressure depression. After 8 min of VF [6], standard CPR [4]
was initiated immediately for 1 cycle with continuing respi-
ratory support using pure oxygen for 2 min at a frequency of
100 compressions per min. If VF existed after 1 cycle of CPR,
defibrillation with 150 ) of diphase wave was applied and an-
other cycle of CRP followed. Defibrillation and CPR were re-
peated unless ROSC was demonstrated or this procedure was
performed for 15 min and the pig was declared to be dead.
ROSC was defined as a systolic blood pressure >50 mm Hg,
lasting for >5 min.

Pigs that achieved ROSC were randomly divided into two
groups (mild hypothermia-treated and control groups). A heat
exchange catheter was immediately inserted into pigs after
ROSC in the mild hypothermia-treated group; they then re-
ceived endovascular treatment with mild hypothermia. The
cooling technology, involving a heat exchange catheter connect-
ed to a COOL GARD 3000 system, was inserted into the inferi-
or vena cava and regulated the core body temperature using
recyclable brine. The core body temperature was lowered to
33°C as soon as possible and maintained for 12 h, then slow-
ly rewarmed to 36.5°C at a rewarming rate of 0.25°C/h. Both
groups received saline and other treatment to maintain life.
All of the pigs were sacrificed 24 h post-resuscitation with an
overdose of pentobarbital.

Measurements

(1) Hemodynamic parameters, including core body temper-
ature (T), heart rate (HR), mean arterial pressure (MAP), and
cardiac output (CO), were observed and recorded at base-
line (before cardiac arrest) and then 0.5, 1, 2, 4, 6, 12, and
24 h post-ROSC. (2) Changes in serum IL-6 were measured by
ELISA. (3) The degree of gastric mucosa injury was observed
by gastroscopy, and the gastric mucosa damage index was
evaluated using the Guth method [7]. The biopsy specimens
from the gastric antrum were stained with hematoxylin and
eosin (HE), and then the pathologic integrity of the gastric
mucosa was calculated based on neutrophil submersion [8].
(4) The biopsy specimens were also subjected to immuno-
histochemical analysis of IL-6 expression; positive expres-
sion of IL-6 was indicated by brown-yellow particles in the
cytoplasm or cytoblasts. Five non-overlapping views were
randomly selected to analyze the mean optical density us-
ing Image-Pro Plus V6.0 software (Media Cybernetics, Inc,).
The mean optical density of the same-size views represent-
ed the expression of IL-6 [9].
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Table 1. Serum IL-6 level in the mild hypothermia-treated and control groups (3+SD).

Group Mild hypothermia (pg/ml)
Baseline 9.064+0.724
~ osh 105891093
””””””” th  13008:2401
~ 2h 1654541875
”””””” ah 2377101405
~ eh  1gears30e0
””””””” 12h  12466:0995
~ h 00141117

Control (pg/ml) P value

9.995+1.263 0.090
103138 ool
C isasox2ss3 oomr
203001089  o0000%
2600261229 0002
2101244106  oles
© 12609¢1015 0763
~ to1ses0671 o076

Compared with the control group, * P<0.05; ** P<0.01.

Figure 1. Gastric mucosa damage observed by gastroscopy. (A) Normal gastric mucosa before VF. (B) Petechial hemorrhages. (C) Long
strips of ulcer hemorrhages. (D) Patchy hemorrhage.

Statistical analysis

Statistical analysis was performed with SPSS 19.0 software (SPSS,
Inc., Chicago, Illinois, USA). Measurement data are shown as the
mean + standard deviation (SD). Data between groups were an-
alyzed using Student’s t-test, and data within groups were an-
alyzed using repeated-measure analysis of variance (ANOVA).
Values of P<0.05 were considered statistically significant.

Results

Of the 33 pigs, 30 were resuscitated successfully and randomly
divided into two groups (mild hypothermia-treated and control
groups). Eleven pigs died within 24 h after ROSC in the 2 groups;
19 pigs survived (11 pigs in the mild hypothermia-treated group
and 8 pigs in the control group). There was no significant differ-
ence in the weights of the pigs between the two groups (P>0.05);
therefore, the data between the two groups were comparable.

Hemodynamic parameters

At baseline before VF was induced, the HR, MAP, CO, and T
did not differ significantly between the two groups (P>0.05).

Pigs in the mild hypothermia-treated group had a lower body
temperature from use of an intravascular cryogenic technique
and were kept at 33°C. Pigs receiving mild hypothermia treat-
ment had no significant differences in HR (P=0.124), MAP
(P=0.079), and CO (P=0.390) compared to the control group
after ROSC (P>0.05).

Serum IL-6

Before VF was induced, the serum IL-6 level was not different
between the two groups. After ROSC, the serum IL-6 level in
both groups increased and reached a peak at 4 h, then gradu-
ally decreased to the baseline level. Between 0.5 and 4 h, the
serum IL-6 level in the mild hypothermia-treated group was sig-
nificantly lower than that in the control group (P<0.05; Table 1).

Gastroscopy and HE staining

At baseline before VF, the degree of gastric mucosa injury ob-
served by gastroscopy was similar in the two groups (P>0.05).
Various degrees of gastric mucosa damage after ROSC oc-
curred. After ROSC, the gastric mucosa gradually appeared as
a large pale ischemic region with strip hyperemia, local ero-
sions, necrosis with superficial ulceration, and white patches.
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Table 2. Gastric mucosa damage in the mild hypothermia-treated and control groups (x+SD).

Damage index of gastric mucosa

Pathologic integrals of gastric mucosa

24 h 28.5+5.1 35.0+5.3

13.0+1.2 14.3+0.9

Compared with the control group, * P<0.05; ** P<0.01.

Figure 2. Pathologic changes of the gastric mucosa observed by light microscopy. (A) Original magnification x100. (B) Original
magnification x400. Gastric mucosal glands with edema, hemorrhage, necrosis, and numerous infiltrating inflammatory cells

were present.

The degree of gastric mucosa injury was quantified using the
Guth method. The damage index of the gastric mucosa in-
creased in both groups, but was lower in the mild hypother-
mia-treated group within 24 h after ROSC (P<0.05; Figure 1).

Histopathology

Slices of gastric tissue samples were observed under light mi-
croscopy. There was no significant difference in the patho-
logic integrals of the gastric mucosa prior to induction of VF.
After ROSC, gastric mucosal injury was noted, including drop-
sical glands, capillary hyperemia, inflammatory exudate, mu-
cosal hemorrhage, necrosis, and a significant inflammatory
cellular infiltration, which was mainly composed of neutro-
phils. The pathologic integrals of the gastric mucosa in both
groups increased continuously within 24 h after ROSC, but in-
creased more slowly in the mild hypothermia-treated group
between 6 and 24 h (all P<0.05). Therefore, mild hypother-
mia treatment alleviated the gastric mucosa inflammation
(Table 2, Figure 2).

Gastric mucosal IL-6

Before VF was induced, the gastric mucosal IL-6 level did not
differ between the two groups, but increased after ROSC and
peaked at 12 h in both groups. Between 6 and 24 h, the gastric
mucosal IL-6 level in the mild hypothermia-treated group was
significantly lower than that in the control group (all P<0.05;
Table 3, Figure 3).

Discussion

Many animal experiments and clinical trials have shown that
the high mortality rate after ROSC is associated with an isch-
emia-reperfusion reaction [3].There are a number of methods
for the detection of cardiac and brain function in animals; how-
ever, there is a lack of methods for determining gastrointestinal
function. Many physiologic characteristics of pigs are similar
to humans with respect to the circulatory system, gastroin-
testinal system, and metabolism [10]. Thus, pigs were chosen
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Table 3. Gastric mucosal IL-6 in the mild hypothermia-treated and control groups (x+SD).

Group Mild hypothermia
Baseline 0.0715+0.0093
oo 01079:00120
”””””” eh  o1a900173
T 02204100218
om0 01853100155

Control P value

0.0780+0.0088 0.142
""""""" 01175:00005 oo
""""""" oleo7:00138 oo
""""""" 02652600178  o0000%
""""""" 02005100146  oode

Compared with the control group, * P<0.05; ** P<0.01.

Figure 3. The expression of gastric mucosa IL-6 detected by
immunohistochemistry, observed by light microscopy.
Original magnification x400.

as the experimental animal to approximate the physiologic
and pathologic findings in humans after ROSC. VF is the most
common consequence of cardiac arrest and accurately reflects
the time of the cardiac arrest [11]. Eight minutes without in-
tervention after a cardiac arrest is the length of time patients
can endure without CPR [6].

We observed the same experimental animal at different time
points by gastroscopy, and the dynamic changes in the gas-
tric mucosa were assessed by biopsy.

Our results demonstrated that the survival rate was high-
er in the mild hypothermia-treated group than in the control
group. Indeed, mild hypothermia treatment reduces the mor-
tality following cardiac arrest, as reported in animal and clin-
ical studies [12,13]. Thus, mild hypothermia treatment is rec-
ommended by the American Heart Association guidelines [4].

In the current experiments, with the exception of temperature
as an intervention factor, HR, MAP, and CO did not differ sig-
nificantly between the two groups. Thus, lowering the body
temperature has no influence on vital signs and hemodynamic
parameters, as reported by Yang et al. [14] and Zhao et al. [15]
in similar experiments.

After ROSC, the gastric mucosa was damaged in both groups
and the damage index of gastric mucosa increased, but the
damage index in the mild hypothermia-treated group was low-
er than that in the control group. Therefore, mild hypothermia
treatment could alleviate the extent of damage of the gastric
mucosa. Gastric mucosal glands were injured, including hem-
orrhage, necrosis, and an inflammatory cellular infiltration.
The pathologic integrals of the gastric mucosa increased in
both groups, but were lower in the mild hypothermia-treat-
ed group. The inflammatory reaction of the gastric mucosa in
the mild hypothermia-treated group was superior to that in
the control group. Based on the morphologic and histopatho-
logic changes of the gastric mucosa, mild hypothermia treat-
ment protects the gastric mucosa after ROSC.

IL-6 is a multi-functional cytokine secreted by various cells,
including activated T cells, B cells, monocytes, macrophages,
and vascular endothelial cells. IL-6 participates in the inflam-
matory reaction and immune response, and plays a key role
in the process of the inflammatory reaction. When organs un-
dergo ischemia-reperfusion, vascular endothelial cells promote
monocytes and macrophages to synthesize and secrete IL-6,
which plays an important role in inducing the immunologic cas-
cade [16,17]. With the increased concentration of IL-6, injury of
the blood vessel endothelium is aggravated, which increases
vascular permeability and induces thrombosis. Furthermore,
IL-6 accelerates injury by activating injured vascular endothe-
lial and inflammatory cells to release tumor necrosis factor-a,
resulting in a cessation of perfusion in capillary vessels with
an inflammatory cell attachment [18]. Therefore, IL-6 can be
used as an indicator of the degree of the inflammatory reaction.

In this experiment, we detected the change in IL-6 in serum
and gastric mucosa; both levels increased dramatically in a
short time. The peak level of gastric mucosa IL-6 at 6 h was
later than that of the serum IL-6 at 4 h, likely reflecting gas-
tric mucosal persistent ischemia after ROSC.

In stressor shock conditions, the systemic blood circulation
will adjust to be redistributed to ensure the perfusion of vital
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organs, such as the brain and heart; however, perfusion of the
gastrointestinal tract decreases significantly [19]. The result of
a lower level of IL-6 in serum and gastric mucosa in the mild
hypothermia-treated group demonstrates that mild hypother-
mia treatment may decrease the level of IL-6 and diminish the
inflammatory reaction.

Conclusions

Mild hypothermia could improve survival rate due to reducing
the damage to the heart, brain, and other vital organs, as well
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as to gastric mucosa. After ROSC, gastrointestinal tract perfu-
sion decreases significantly and gastric mucosa injury is se-
vere. With mild hypothermia treatment, gastric mucosal inju-
ry becomes better, with fewer gastrointestinal complications.
We believe that an underlying mechanism is inhibiting IL-6
production and relieving the inflammatory reaction. With the
popularization of mild hypothermia in critically ill patients, we
consider that it is also beneficial to gastric mucosa.
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