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ABSTRACT

Background: Cardiac Arrest (CA) is one of the leading causes of mortality worldwide. The present study aimed to establish
a simple and stable rat model of CA induced by transesophageal cardiac pacing for the investigation of cerebral resuscitation.

Materials and Methods: A total of 26 healthy adult male Sprague-Dawley rats were randomly allocated into two groups: Sham-
operated (n = 6) and experimental (n = 20) groups. High-frequency cardiac pacing (50 Hz, 2 ms and 30 V) was maintained for
3 min to induce CA. Providing CA was not achieved, an additional 2 min of pacing was performed 30 min later. After 4 min
following the onset of CA, Cardiopulmonary Resuscitation (CPR) was initiated.

Results: CA was successfully induced in all 20 rats by this setting of high-frequency cardiac pacing. Among them, CA was
induced in six rats after 2 min of pacing; the remaining 14 rats underwent CA after 3 min of pacing. When electrical stimulation
was terminated the rate of Pulseless Electrical Activity (PEA) was 85% (17/20), the rate of Ventricular Fibrillation (VF) was
15% (3/20) and no asystole occurred. Of the 17 PEA rats, 16 were successfully resuscitated and the average duration of CPR was
106.75 + 30.81 s. A total of three rats succumbed within 24 h, and one rat succumbed between 24 and 48 h following successful
resuscitation; 12 rats survived to >72 h. In addition, three rats with VF were successfully resuscitated and the average duration
of CPR was 264.33 + 130.40 s; one rat succumbed between 24 and 48 h following successful resuscitation, and two rats survived
to >72 h. The 72 h-survival rate was 74%. No notable injury the esophagus was observed in the rats. Compared with the Sham
group, the neurological function of the CA group was significantly impaired (p < 0.05); cells in the hippocampal CA1 region of
the CA group were significantly damaged (p < 0.05).

Conclusion: The model of CA induced by transesophageal cardiac pacing in the present study is easy and replicable. Therefore,

1. BACKGROUND

It was reported that >356,000 individuals in the United States [1]
and 544,000 individuals in China [2] suffer from Out-of-Hospital
Cardiac Arrest (OHCA) annually. In the United States only about
11% patients survive to discharge; however, poor neurological
outcome is often observed. Additionally, only 1-3% patients who
suffer from OHCA in China could survive to discharge. At pres-
ent, there is no effective treatment for cerebral resuscitation after
Cardiac Arrest (CA) other than Target Temperature Management
(TTM) which has been reported to have therapeutic effects on
cerebral injury following CA in clinical trials [3]. TTM during cere-
bral resuscitation post-CA has been investigated [3-6]; however,
opposing findings have been reported [7-9].

In the past few decades, various models of CA have been employed,
including lethal arrhythmia-induced CA types, such as the
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Ventricular Fibrillation-induced CA (VFCA) model (54%), and
the asphyxial CA (25%), potassium chloride-induced CA (8%) and
exsanguination CA models [10]. As various models of CA are used,
there is a high degree of heterogeneity; thus, opposing results may
be obtained. It is important to establish a stable and reproducible
animal model for investigations into organ injury and protection
post-CA. Arrhythmia, particularly VE is the most common cause
of sudden patient mortality in clinical situations [11,12]. Therefore,
the lethal arrhythmia-induced CA model may be more appropriate
for investigations of CA and post-CA syndrome than other models
in translational medicine.

It is well reported that rat models of CA are advantageous as they
are low cost and easy to apply for screening analysis that requires
large quantities of animals. Rat models have been widely used in
behavioral studies to assess neurological outcome. Thus, rat models
of CA induced by electrical stimulation may be more suitable for
studying cerebral resuscitation post-CA. Models of induced-CA
have been generated via different approaches, including stimula-
tion of the right ventricular endocardium, or esophagus and chest,
and transcutaneous electrical stimulation of the epicardium; how-
ever, the experimental procedures are difficult to perform [13-16].
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Therefore, to investigate brain injury and cerebral resuscitation
based on previous reports [17,18], the present study aimed to
modify a rat model of CA via transesophageal cardiac pacing.

2. MATERIALS AND METHODS

2.1. Animal Preparation

The present study was approved by the Institutional Animal Care
and Use Committee of Wuhan University (Wuhan, China). All
animal experiments were performed according to the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals. A total of 26 healthy adult male Sprague-Dawley rats
(body weight, 300-350 g) were divided into sham-operated (n = 6)
and experimental groups (n = 20); rats were obtained from the
Laboratory Animal Unit of Wuhan University. All rats were pro-
vided standard chow and housed in a specific pathogen-free room
at a constant temperature (20-22°C) under a 12-h light/dark cycle.
Prior to the experiments, rats were fasted overnight with free access
to water.

2.2. Establishment of the CA Model
2.2.1. Anesthesia

The rats were anesthetized via an intraperitoneal injection of
45 mg/kg pentobarbital sodium (Figure 1).

2.2.2. Tracheal intubation

Tracheal intubation was performed with direct vision using a
laryngoscope (Welch-Allyn Pocketscope™ Otoscope-Model 22821,
Welch Allyn, Inc., NY, USA). Each rat was fixed on a surgical board
in supine position with the head bent backwards and the neck
extended. Subsequently, the mouth was opened and the tongue was
carefully moved with tweezers. The laryngoscope was inserted and
adjusted to the correct position. When the glottis was fully visible,
a 14-gauge endotracheal tube was inserted into the trachea and the

correct position was obtained. Finally, the tube was fixed with a
ligature, which was anchored to the surgical board.

2.2.3. Cannulation via femoral arterial
puncture and venipuncture

The fur of left groin of rats was shaved and the area was prepared
for surgery using iodophor at least three times. An incision was
made and the femoral artery was dissociated. A catheter (poly-
ethylene catheter, PE50) filled with 0.9% saline solution contain-
ing 5 IU/ml of heparin was inserted into left femoral artery and
connected with a stopcock, which were respectively connected
to an injector with heparinized 0.9% saline solution and a high-
sensitivity pressure transducer. A 24-gauge close-vein indwelling
needle containing 0.9% saline solution was inserted into the left
femoral vein for drug administration. After cannulating the left
femoral artery and vein, at least one Arterial Blood Gas (ABG)
analysis for pH, pO,, pCO,, HCO,", Base Excess (BE) and lactate
(epoc Blood Analysis, Siemens, Ottawa, Canada) was performed in
order to achieve steady-state conditions.

2.2.4. Insertion of the transesophageal
stimulating electrode

A 5-F coronary sinus electrode catheter [Johnson & Johnson med-
ical (Shanghai) Ltd., Shanghai, China] and two 2-mm ring elec-
trodes, with an inter-electrode distance of 5 mm, was orally inserted
into the esophagus of the rats. The tip of the catheter was placed to
a depth about 7 cm from the incisors and positioned to ensure con-
stant ventricular capture; the position of the catheter was adjusted
according to rat size. Conventional lead II Electrocardiograms
(ECG) were recorded via subcutaneous needle electrodes. The core
temperature was monitored continuously using a rectal probe and
maintained at 37°C with a heat lamp.

The ECG and femoral artery pressure were consistently moni-
tored and recorded with LabChart7.0 [PowerLab 16/30ML880, AD
Instruments international trade (Shanghai) Co., Ltd., Shanghai,
China].

A Ventilation
Electric (Fi0,=100%)
stimulation
Compression —_—
Ventilation >)
(Fi0,=21%)
N
Baseline interval Duration CA CPR ROSC Continuous monitoring Recovery
(20 min) (3 min) (4 min) (< 10 min) (>10min) (2h) (£70h)
2min
Epinephrine Saline 0.1m1

Epinephrine?

(every 10 min)

Figure 1 Experimental timeline. Arrows indicate the time points of experimental interventions. FiO,, fraction of inspired oxygen.
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2.2.5. Induction of CA

Rats were mechanically ventilated at a rate of 70 breaths per
minute via a volume-controlled mode using a small animal ven-
tilator (VentStarR415, RWD Life Science Co., Ltd., Shenzhen,
China). The tidal volume was 7 ml/kg. Mechanical Ventilation
(MV) continued for =20 min to ensure the stable conditions of
rats were maintained, but was discontinued prior to CA induc-
tion. CA was induced by transesophageal cardiac pacing with
high-frequency stimulation (50 Hz; pulse duration, 2 ms and
intensity, 30 V) using a stimulator (S88; Grass Instruments,
Quincy, MA, USA) for about 3 min (Figure 2A). When cardiac
pacing was conducted, the electrode was adjusted to ensure the tip
of the electrode was close to the heart. CA was defined as follows
[19]: (1) The arterial pulse wave was not observed and the Mean
Arterial Pressure (MAP) was <25 mmHg; and (2) the ECG wave
changed from normal to that of Pulseless Electrical Activity (PEA)
(Figure 2B), VF (Figure 2C) or asystole following the termi-
nation of electrical stimulation. Generally, CA can be induced
after 3 min of electrical stimulation in rats. Providing CA was
not achieved, an additional 2 min of pacing was performed
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Figure 2 ECG and BP changes in CA. (A) High-frequency pacing
induced a decrease in BP and loss of pulse; (B) The ECG wave changed
to that of pulseless electrical activity and the mean arterial pressure
was <25 mmHg following the termination of electrical stimulation.

(C) The ECG wave changed to that of ventricular fibrillation and the
mean arterial pressure was <25 mm Hg following the termination of
electrical stimulation.

30 min later. The initiation of CA was determined from when
the MAP <25 mmHg and the arterial pulse was undetected. The
rats were observed without intervention for 4 min. The induc-
tion of CA was considered to fail providing the autonomous
cardiac rhythm returned and the MAP >25 mmHg during the
observation period.

2.3. Cardiopulmonary Resuscitation and
Treatments following the Return of
Spontaneous Circulation

Cardiopulmonary Resuscitation (CPR) was initiated 4 min
post-CA. Ventilation was conducted using a ventilator with the
following parameters: The respiratory frequency was 70 times/
min, the tidal volume was 7 ml/kg and the fraction of inspired
oxygen was 100%. External chest compressions were synchronized
with ventilation and always performed by the same investigator
using a metronome; a rate of 200 compressions per minute with
an equal duration of compression-relaxation was applied. The
compression depth was one-third of the anteroposterior chest
diameter. A dose of adrenalin (200 pg/kg) was administered to the
rats at the beginning of CPR and repeated 2 min later as required.
Return of Spontaneous Circulation (ROSC) can be defined as the
restoration of the supraventricular cardiac rhythm with a MAP of
>60 mmHg for a minimum of 10 min. Providing ROSC was not
achieved after 10 min with the aforementioned strategy, CPR was
regarded as unsuccessful and the efforts of resuscitation were ter-
minated. The ABG analysis for pH, pO,, pCO,, HCO,", BE and
lactate were tested and recorded again at 10 min after ROSC. Rats
that were successfully resuscitated continued to be monitored for
2 h with an ECG; the femoral artery pressure was also recorded.
MV was continued as the autonomous respiration of the rats was
weak. Saline solution (0.1 ml, 0.9%) was infused every 10 min and
administration during this period was limited to 2 ml. After 2 h
of observation, MV was withdrawn, all tubes were removed and
wounds were sutured. Each rat was fed in a separate cage with free
access to food and water. The duration of survival following ROSC
was recorded up to 72 h. Rats that had survived following analysis
were sacrificed and examined for potential damage resulting from
the operations.

The rats were randomized into two groups: Sham (n = 6) and CA
(n = 20) groups. Rats of the Sham group underwent all the same
operations as aforementioned without the induction of CA.

2.4. Neurological Functional Examination

Neurological Deficit Scores (NDS) were assessed at 24 and 72 h
following CPR. The NDS were measured by two investigators as
previously described [20]; the investigators were blinded to the
experimental groups. Briefly, the total NDS comprised the follow-
ing components: General behavioral function (consciousness and
respiration, 40 points), motor function (10 points), cranial nerve
function (20 points), coordination (20 points), and sensory func-
tion (10 points). The scoring system ranged from 0 (normal brain
function) to 100 (brain death). In this study, dead rats were not
included in the NDS assessment.
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2.5. HE Staining

The rats were anesthetized and intracardially perfused with
normal saline, followed by 4% paraformaldehyde. After decap-
itation, the brains were removed and the tissues at the coronal
plane from 1 to 4 mm posterior to the optic chiasma were har-
vested. For Hematoxylin-Eosin (HE) staining, coronal sections
with 4 mm thickness were cut by microtome (Leica CM3050S,
Solms, Germany), then stained with hematoxylin-eosin. The
sections of stratum pyramidale of hippocampal CAl were
observed using a light microscope (Olympus, Tokyo, Japan). Ten
fields of vision (magnification of 40x) in the hippocampal CAl
area were randomly sampled from each brain tissue sample, and
the HE stained neuronal cells were counted under an optical
microscope.

2.6. Statistical Analysis

All data were expressed as the mean + standard deviation and the
statistical analyses were performed with SPSS version 20.0 (IBM
Corp., Armonk, NY, USA). An unpaired ¢-test was used to com-
pare the same parameters between two groups. Mann-Whitney
U-test was employed to compare the neurological deficit scores
between groups. The survival rates between two groups were
obtained using Kaplan-Meier survival analysis and compared with
a log-rank test. p < 0.05 was considered to indicate a statistically
significant difference.

3. RESULTS

3.1. Baseline Characteristics of Animals

In the pre-cardiac arrest period (baseline) following animal prepa-
ration, no significant differences were observed between the
groups regarding body weight, hemodynamics and ABG variables
(Table 1).

3.2. Outcomes of Induction of CA and CPR

In the present study, CA was successfully induced in all 20 rats by
high-frequency cardiac pacing. Among them, CA was induced in
six rats following pacing for 2 min; the other 14 rats exhibited CA

Table 1 Baseline characteristics

Variables Sham CA p

N 6 20 -

Body weight (g) 336.17 £5.31 33840+9.45  0.588
Heart rate (beat/min) 440.33 £27.61 446.60 £19.32  0.621
MAP (mmHg) 125.33 £ 11.36 127.95+11.38  0.626
pH 7.40 £ 0.38 7.40 £ 0.26 0.931
pO, (mmHg) 126.00 + 3.90 125.35+£5.23 0.782
pCO, (mmHg) 35.83 +2.31 34.45+7.58 0.667
HCO,” (mmol/L) 23.75+0.92 24.18 £1.22 0.439
BE (mmol/L) 0.38 +1.09 -0.21 £1.53 0.387
Lactate (mmol/L) 1.03 £0.35 1.10 £ 0.25 0.609

Values are mean + SD. MAP, mean arterial pressure; pOZ, partial pressure of oxygen;

pCO,, partial pressure of carbon dioxide; HCO,, bicarbonate radical; BE, base excess.

after 3 min of pacing. When electrical stimulation was terminated,
the rate of PEA was 85% (17/20), the rate of VF was 15% (3/20)
and no asystole occurred. No automatic cardioversion phenome-
non were observed during the non-intervention period. Of the 17
PEA rats, 16 were successfully resuscitated and the average dura-
tion of CPR was 106.75 + 30.81 s. A total of three rats succumbed
within 24 h, and one rat succumbed between 24 and 48 h follow-
ing successful resuscitation; the other 12 rats survived to >72 h. In
addition, three rats with VF were successfully resuscitated and the
average duration of CPR was 264.33 + 130.40 s; one rat succumbed
between 24 and 48 h following successful resuscitation, and two
rats survived to >72 h. The frequency of intravenous injection of
adrenaline was 1.53 + 0.84 times. The 72 h-survival rate of the
CA group was 74% (14/19) and that of the Sham group was 100%
(6/6). The 72 h-survival rate of the CA group was not significantly
lower compared with the Sham group (p = 0.183) (Figure 3 and
Table 2). No notable damage to the heart or lungs was observed
during autopsy; no thermal injury of esophagus was detected in
any of the rats.

3.3. Hemodynamic and ABG Studies

The heart rate, MAP, pH, HCO,  and BE were significantly
decreased whereas pO,, pCO, and lactate were significantly
increased following the resuscitation of rats in the CA group com-
pared with the Sham group (Figure 4 and Table 3).

3.4. Neurological Deficit Scores

The NDS of the Sham group was 0. The NDS of the CA group at
24 and 72 h post-CA were significantly increased compared with
the Sham group (p < 0.05; Figure 5).

3.5. Histological Examination of the
Hippocampus by HE Staining

In the hippocampal CA1 region of the Sham group, cell morphol-

ogy was notably visible and cell structure was compact with abun-
dant cytoplasm. In the CA group, cells were sparsely arranged and

100 = s Sham

80 - I_I
s CA

60 -

40+

Percent survival

log-Rank P-value 0.183

20

0 T T T T T 1

0 12 24 36 48 60 72

Time(hours)

Figure 3 Survival rate during 72 h of recovery following the return
of spontaneous circulation. Dashed line, Sham group, n = 6; Solid line,
cardiac arrest group, n = 19.
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Table 2 The data for the model of cardiac arrest in rats

SN ICAT (min) CREES CRBCPR DOCPR (s) AF ST (h) Complication
1 3 PEA PEA 126 1 1.5 None
2 3 PEA AS 190 2 22 None
3 3 PEA PEA 85 1 >72 None
4 2 PEA PEA 95 1 >72 None
5 3 PEA PEA 100 1 >72 None
6 3 PEA AS 104 2 >72 None
7 2 PEA PEA 109 1 >72 None
8 3 PEA AS 84 1 36 None
9 2 PEA PEA 85 1 >72 None

10 3 PEA AS 111 2 >72 None

11 2 PEA PEA 75 1 >72 None

12 3 PEA AS 148 2 >72 None

13 3 PEA AS 99 1 >72 None

14 3 PEA PEA 76 1 20 None

15 2 VFE PEA 282 3 >72 None

16 3 VF VF 385 4 32 None

17 3 VF PEA 126 1 >72 None

18 3 PEA PEA 138 2 >72 None

19 2 PEA PEA 83 1 >72 None

20 3 PEA PEA >600 5 0 None

ICAT, induced CA time; CREES, cardiac rhythm at end of electric stimulation; CRBCPR, cardiac rhythm at the beginning of CPR;
DOCPR, duration of CPR; AF, administration frequency; ST, survival time.
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Figure 4 Alterations in heart rate and MAP. (A) Heart rate; (B) MAP.
*p < 0.05 vs. Sham group. Data are presented as the mean + standard

deviation. —30 indicates 30 min prior to the induction of CA.

Table 3 Physiological variables at 10 min after ROSC

41

Variables Sham CA P

N 6 19 -

pH 7.41 £0.03 7.22 £0.05 0.000
pO, (mmHg) 126.67 £ 2.58 234.89 +46.05 0.000
pCO, (mmHg) 36.50 +2.26 4237 +1.54 0.001
HCO,” (mmol/L) 24.28 +1.19 16.93 + 1.65 0.000
BE (mmol/L) 042+1.5 -13.97+£1.40  0.000
Lactate (mmol/L) 1.27 +0.21 8.50 £ 0.90 0.000

Values are mean + SD. pO,, partial pressure of oxygen; pCO,, partial pressure of

carbon dioxide; HCO,, bicarbonate radical; BE, base excess.

Neurologic deficit scores

100+

80 -

60—

40 =

20+

Sham 24 h

CA24h

Sham 72 h

CA72h

Figure 5 Neurological function significantly decreases following cardiac

arrest in rats. Neurological deficits scores were measured at 24 and 72 h

following the return of spontaneous circulation. The NDS ranged from 0
(normal brain function) to 100 (brain death). *p < 0.05 vs. Sham group,
#p <0.05vs. CA24h.
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cell morphology was unclear (Figure 6A). Compared with the
Sham group, there were more cells exhibiting eumorphism and
the number of vital neurons was significantly reduced (p < 0.05;
Figure 6B).

4. DISCUSSION

Previous studies have suggested that OHCA is mainly caused by
malignant arrhythmia; VF and pulseless ventricular tachycardia
were reported to be the most common cause of primary sudden
OHCA [12,21].

Thus, various electrical stimulation approaches have been
employed to induce CA. As early as 1988, von Planta et al. [13]
developed a rat model of VFCA, which was induced by an alternat-
ing current delivered to the right ventricular endocardium; how-
ever, only eight of 14 rats were successfully resuscitated after 4 min
of CA and the operative technique is complex. In 1997, Bottiger
et al. [14] developed an animal model induced via an esophageal
electrode and an external electrode placed on the chest of the rats.
This model was the first to induce VFCA by esophageal pacing. The
experimental approach is less complex with slight surgical trauma;
50% rats exhibited ROSC during CA. As the precise location for
placing the esophageal electrode and the duration for cardiac
pacing remain unclear, further investigation is required to improve
the reproducibility of this model. In 2007, Chen et al. [17,18] suc-
cessfully established a model of VFCA in rats induced by transe-
sophageal cardiac pacing; however, this procedure was associated
with significant surgical trauma. In addition, the resuscitated
rats were monitored for 30 min following ROSC and there was a
lack of a Sham group in these studies. Whether this model can be
used for investigations into brain injury and cerebral resuscitation
post-CA remains unknown. To perform long-term research into
brain injury and protection post-CA, a model of CA with reduced
procedure-associated trauma should be used. For this purpose,
the present study aimed to develop a stable, easy and reproducible
animal model of CA.

The present study attempted to reduce unnecessary operative
trauma and simplify the operative techniques. An electrode
was inserted into the esophagus rather than the right ventricu-
lar endocardium or epicardium, as conducted in other studies
[13,16]. Additionally, intratracheal intubation under direct vision

Sham

is superior to traditional tracheotomy, as risks of bleeding, infec-
tion and injuries to the respiratory tract are lower. Furthermore,
it is easier to insert a catheter into the femoral artery or femo-
ral vein than into the carotid artery or external jugular vein.
Importantly, insert a catheter into femoral artery or femoral vein
does not injure the vasculature in the neck and has no effect on
the blood flow supplying the brain. The NDS and histological
analysis of the hippocampus indicated that, compared with the
Sham group, the neurological function of the CA group was sig-
nificantly impaired. Therefore, the model employed in the present
study may be more suitable for studying brain injury and cerebral
resuscitation post-CA. Thus, compared with the existing animal
models of CA, our method has the advantages of reduced surgical
trauma, simplicity, replicability and fewer complications. As the
resting heart rate is very high, the refractory period is correspond-
ingly short [22-24] and it is difficult to maintain continuous VE.
Accordingly, 3 min of continuous electrical stimulation was used
to prevent the phenomenon of spontaneous defibrillation. After
3 min of high-frequency burst pacing, CA was induced success-
fully in all 20 rats. Interestingly, the rate of PEA was 17/20 in the
present study, which differed to that reported by Chen et al. [18];
however, regardless of PEA or VF, the main effect is a failure of the
heart to maintain various types of forward blood flow, including
coronary, systemic, and pulmonary blood flow. In addition, with
effective intervention, the average duration of CPR in PEA rats was
shorter than rats with VF; electrical defibrillation was not required
in PEA rats during resuscitation. Of the 20 rats, 19 were success-
fully resuscitated and the average duration of CPR was 131.63 +
78.52 s, which was shorter than reported by Chen et al. [18].

In the present study, compared with the Sham group, the heart rate
and mean arterial pressure decreased significantly following ROSC
in the CA group, but increased spontaneously with progression of
the disease. After 2 h following treatment, near normal levels were
recorded. These findings indicated that the rats exhibited cardio-
vascular dysfunction post-CA, which was similar to previous stud-
ies [25-27]. Cardiovascular function decreased following CA, but
gradually recovered by active CPR and treatments post-CA. The
recovery process of CPR promotes blood perfusion of the vital
organs, which supports the effectiveness of rescues and treatments
administered post-CA in the present study. The changes of ABG
variables at 10 min after ROSC of rats in the CA group are con-
sistent with clinical phenomenon and indicated the success of our
CA model.

(number/field)
N o
brd T

Mean CA1 neurons
N
o
T

o
I

Figure 6 Hippocampal CA1 neurons at 72 h following the return of spontaneous circulation. (A) Representative images of HE staining of the

hippocampal CA1 neurons (x400). Neural cells arrange orderly with complete cell structure in Sham group. Cells were sparsely arranged and cell

morphology was unclear in CA group. (B) Quantification of the hippocampal CA1 neurons by HE staining, date are shown as mean + SD, p < 0.05 vs.

Sham group.



Y. Lian et al. / Intensive Care Research 1(3-4) 37-44 43

There are some limitations of the present study. First, it was a small
animal study performed on healthy rats, whereas most patients
with CA have concurrent underlying disease [9,28]. Therefore, it
cannot be extrapolated to large animal or human and other etiol-
ogy of CA. Second, we only evaluated the survival situation at 72 h,
so our model may not be applicable to long-term survival study.

5. CONCLUSION

In summary, the present study was conducted in a preliminary
manner; however, there are certain limitations. The rat model of
CA induced by transesophageal cardiac pacing is advantageous as
of slight surgical trauma, and is a simple procedure that is easy to
duplicate with few complications and long-term survival. In partic-
ular, vasculature in the neck of animal models are intact through-
out the procedure and blood flow to the brain is not affected by
surgery. Therefore, this modified rat model of CA may be suitable
for long-term investigations into brain injury and cerebral resusci-
tation post-CA, and may be used in the translational medicine for
the treatment of CA.
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