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Abstract
A 55-year-old man with aortic aneurysm dissection was candidated for surgery. His blood
pressure was low and he had chest pain. After sternotomy and extraction of clots, cardiac
collapse occurred and deep hypothermic circulatory arrest (DHCA) was started with all of the
methods for brain protection. After the operation, the patient was completely alert and
conscious without any problems. (Iranian Heart Journal 2012; 13(3):46-53) .
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Introduction
he use of deep hypothermic
circulatory arrest (DHCA) is a
method of cerebral protection
during aortic surgery. First described in
1975 (1), DHCA is used based on two
basic concepts: 1) disruption of the
cerebral circulation with the full recovery
of the neurologic function and 2) decrease
in the brain metabolic rate with the
manipulation of temperature(2). This
technique allows the surgeon to work in a
bloodless field uncluttered by proximal
clamps and perfusion cannulae. Its relative
safety may be enhanced by the use of
various adjuncts such as surface cooling of
the head with ice packs, retrograde
cerebral perfusion (RCP), and selective
antegrade cerebral perfusion (SACP)(3),
particularly if DHCA is prolonged.
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dissection. The patient had experienced
chest pain radiating to the back, dyspnea,
and low blood pressure (unstable
hemodynamic). He had a history of
hypertension.
Preoperatively,
chest
radiography revealed widening of the
mediastinum(Figure
1),
and
transesophageal echocardiography (TEE)
revealed an intimal flap from the
sinotubular junction of the ascending aorta
to the end aorta arch. The descending aorta
was intact,and the ejection fraction was
50%.
The patient was transported to the
operating room in lethargic state and
prepared for the induction of anesthesia. In
the operating room, the patient was
monitored via standard ECG (II and V5),
pulse oximeter,and the BIS (Bispectoral
index) (Spacelabs Medical Model No
90491). Thereafter, the veins on both arms
were cannulated by 16-G catheters under
local anesthesia with Lidocaine 1%.
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Case Report
A 55-year-old man was admitted to our
hospital for repair of an aortic aneurismal
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Figure 1.

The catheters were inserted in the left
radial and left femoral arteries to monitor
blood pressure (20-G catheter Arrow REF
SAC 00820). Pre oxygenationby 100%
oxygen about 3 minutes before induction
was done. The patient was induced with
50µg Sufentanil, 16mg Etomidate,and
90mg Succinylcholine. After intubation
and fixation of the endotracheal tube,20
mg Cisatracurium was injected. Anesthesia
was maintained by Propofol infusion 5075
mg/kg/min,Sufentanil2µg/kg/h,
Cisatracurium
2µg/kg/min,
and
Dexamethasone
16mg.
Additionally,
vitaminC
500mg
(infusion)
was
administered. A tri-lumen catheter was
then inserted in the right subclavian vein
(Arrow-Howestm multi-lumen central
venous catheterization set with Blue Flex
Tip ® catheter No.7 Fr.). The right femoral
artery was prepared for arterial cannula
insertion,
and
a
nasopharyngeal
temperature probe was inserted.
After sternotomy and extraction of the
extensive clots, cardiac collapse occurred
due to the tearing of the aorta. Suddenly
the
blood
pressure
decreased,
necessitatingresuscitation.
Adrenalin
0.25mg was injected,and internal cardiac
massage was done. After a few minutes,
the patient was stabled and the surgeon
continued his workby inserting a bicaval
cannula.Heparin
3mg/kg
was
administered, and ACT was monitored
until it reached 735 seconds. Preparation
for DHCA was instituted about 45 minutes
after cannula insertion, and the following
drugs
were
given
intravenously:

Thiopental sodium 250 mg; Midazolam 5
mg;
Magnesium
sulfate
2
gr;Methylprednisolone 500 g; and
Lidocaine 85 mg. Moreover,heparin1.5
mg/kg was added to the first dose, and
Mannitol 12.5 grwas also added to the
prime solution.
The patient’s head was packed in ice(made
from crushed ice placed in plastic bags).
Five minutes were allowed to elapse to
circulate the medications to ensure
perfusion of the vessel-rich organs such as
brain, liver, and kidneys. Extracorporeal
circulation was performed with a standard
membrane
oxygenator
(Medtronic
TRILLIUM ®, AFFINITY ® NT). The
pump flow rate was maintained between
1.5 and 2 L/m². Cardioplegic solutions
were infused to arrest the heart. As soon as
asystole was established, the pump was
turned off. The BIS decreased from 50 to
zero after that.
The surgeon repaired the aorta arch at
DHCA and used antegrade cerebral
perfusion(ACP) in the left common carotid
and retrograde cerebral perfusion(RCP) in
the superior vena cava for 5 minutes at the
end of aorta arch repair for deairing. The
total time of non-perfusion or DHCA was
55 minutes at a core body temperature of
18ºC (monitored via a nasopharyngeal
temperature probe). When the pump was
turned on for normal bypass, sodium
bicarbonate 100 Meq (1.5 Meq/kg) was
administered. The patient was slowly
warmed to 36ºC. Modified Ultrafiltration
(MUF) was also performed at this time and
the ice packs were removed. The BIS
increased from zero to 50 and was kept in
50 to 60 during the operation. After the
commencement of CBP, the anesthetic
state was continued with Propofol,
Cisatracurium, and Sufentanil infusion.
The operation was uneventful and the
patientwas transferred to the open heart
intensive care unit (ICU), where the
patient was extubated after 8 hours. He
was
completely
alert
with
no
hemodynamic complications, but he had
paresthesia in right extremities. His motor
dysfunction was 3/5 muscular force and he
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was examined by a neurologist. After 24
hours in the ICU, the patient regained full
muscular force without any neurological
sequelae. At six months’ follow-up, there
was no evidence of renal, cerebral, or
cardiac complications.
Discussion
This case report presents a combined effort
involving communication and timing of
anesthetic interventions in response to a
potentially serious complication. The fact
that the patient survived without any
complication was probably due to the
combined protective effects of the
following : 1) surgeon’s skill; 2)proper
timing; 3)packing the patient’s head in ice;
4) the administration of pharmacological
agents; 5)modified ultrafiltration (MUF)
usage; and
6) retrograde cerebral
perfusion (RCP) and selective antegrade
cerebral perfusion (SACP). The following
is an explanation about all of the abovementioned points.
Circulatory arrest allows a bloodless and
clean field during the repair of intimal
tears, while avoiding clamp injury to a
fragile dissected aortic tissue(4). An
important complication of DHCA is
neurological dysfunction. In humans,the
safe period for strokes not developing
appears to be limited to between
40minutes(5) and 60 minutes(6)following
circulatory arrest.The incidence of
temporary neurological dysfunction has
been shown going up linearly in relation to
the duration of hypothermic circulatory
arrest(6).Svensson et al. (5) reported a
stroke rate of 7%, and Ergin et al. (6)
showed an embolic stroke rate of 11% and
temporary neurological dysfunction rate of
19%. The mortality rate for emergency
procedures would be higher because these
patients would not have been properly
evaluated preoperatively and would have
had greater preoperative hemodynamic
instability. Cardiopulmonary time is
closely related to mortality and serious
neurological deficit. Microembolization
during prolonged CPB is likely to be a
greater factor in the creation of stroke than

cerebrovascular ischemia time(7,8).A focal
deficit is usually an embolic phenomenon,
whereas a prolonged poor perfusion of the
brain may produce necrosis in watershed
zones.
Age, atherosclerosis, and manipulation of
the aorta are risk factors for both(9).
Global cerebral ischemia leads to diffuse
neurological deficit, which maybe
reversible or irreversible.
As was mentioned, risk factors for
neurological deficit include increased
duration of circulatory arrest and CPB,
diabetes mellitus, and hypertension.
Transient neurological dysfunction during
DHCA appears to be a marker of longterm cerebral injury(10). The length of
time on CPB might be a better predictor of
postoperative death and stroke than the
duration of DHCA time(5).
There are methods to provide brain
protection: 1) pharmacologic protection
and 2) non-pharmacologic protection.
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Pharmacologic protection
Many pharmacologic interventions have
been proposed for organ protection during
DHCA. Animal studies have suggested a
beneficial effect of barbiturates, steroids,
anticonvulsants,
Lidocaine,
calcium
channel blockers, and antagonist, to the
glutamate receptor subtypes.Barbiturates
act by reducing the cerebral metabolism of
oxygen
(CMRO2),cerebral
blood
flow(CBF), free fatty acids, free radicals,
cerebral edema, and seizure activity.
Nussmeier et al.(12)were among the first
to report the beneficial effects of
thiopental
in
the
prevention
of
neuropsychiatric
complications
after
cardiac
surgery(11).
In
global
ischemia,barbiturates fail to play an
important role in the outcome. Barbiturates
have been shown to be protective in
incomplete focal ischemia because of
multiple emboli such as those seen during
CPB (13). In addition, they may be helpful
during rewarming after DHCA, especially
in the early phase, when jugular venous
oxygen desaturation shows decreased
oxygen delivery(9).Steroids, particularly
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dexamethasone and methylprednisolone,
work against the systemic inflammatory
response during and after CPB by
decreasing pro-inflammatory cytokines,
which arethought to play a role in brain
ischemic injury as well as myocardial
depression
and
β-adrenergic
desensitization(9). High-dose steroid use
may lead to increased risk of sepsis and an
alternative in glucose metabolism.
Magnesium has shown evidence of
protection against hypoxia in the rat
hippocampus(14). This can be explained
by magnesium-induced blockade of both
voltage-sensitive and NMDA-activated
neuronal Ca++ channels.Mannitol is an
osmotic diuretic that protects the kidney
by lowering renal vascular resistance,
preserving tubular integrity, and reducing
endothelial cell edema. It also reduces
cerebral edema and scavenges free
radicals, thus reducing tissue damage(15).
Ca++ ions play a major role in the ischemic
cascade. Nimodipineis used for vasospasm
prophylaxis
after
subarachnoid
hemorrhage and has some efficacy in
improving the cognitive outcome after
CPB but it is associated with
complications such as hypotension in
patients
undergoing
value
replacement(14).Lidocaine blocks Na+
channels in neuronal membranes. In an
animal study, high doses of Lidocaine
induced isoelectric EEG and pronounced
reduction in CMRO2 (16). Lidocaine
mimics the effect of hypothermia. In a
human study, a continuous infusion of
Lidocaine (4mg/min) during and after CPB
resulted in better short-term cognitive
outcome(17).In general, the protective
effects of Lidocaine need to be evaluated
further(18).Hyperglycemia might worsen
neurologic injury by increasing tissue
lactic acidosis. Insulin has been shown to
have a neuroprotective effect against such
injuries (19). A retrospective analysis of
patients undergoing aortic arch surgery
revealed that hyperglycemia more than
250mg/dl was associated with an adverse
neurological
outcome(20).There
are
several drugs that have neuroprotective

effects during DHCA. However, there is
currently no sufficient evidence to support
the clinical use of this drug for
neuroprotection
during
DHCA
(Table1)(9).
Table1. Proposed Mechanisms of Action of Potentially
Neuroprotective Pharnacologic Agents
Pharmacologic Agent

Proposed Mechanism

Barbiturates

Reducing CMRO2,CBF,free fatty
acids,free radicals,and cerebral edema.
Protective in focal ischemia.

Steroids

Decreasing proinflammatory response

Mannitol

Reducing cerebral edema,scavenging free
radicals,protecting the kidneysby lowering
renal vascular resistance,preserving
tubular integrity,and reducing endothelial
cell edema
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Blocking renal reabsorption of sodium and
increasing renal blood flow

Insulin

Controlling hyperglycemia,preventing
intracellular acidosis

Calcium channel blocker

Blockade of voltage-sensitive and
NMDA-activated neuronal
Ca²+channels,decreasing calcium influx
into cytoplasm

Lidocaine

Selective blockade of Na+ channels in
neuronal membranes, reducing CMRO2

Dexmedetomidine

Dexmedetomidine Inhibition of ischemiainduced norepinephrine release, protective
in bothfocal and global ischemia

Remacemide

Glutamate antagonist

Acadensine

Mitigates the effects of reperfusion injury

β – Blockers

Decreasing inflammatory response

Non-pharmacologic protection
To diminish cerebral ischemia time,
selective perfusion of the brain during
deep hypothermia has been implemented
in the form of both retrograde cerebral
perfusion(RCP) and antegrade cerebral
perfusion(ACP).
ACP has been shown to achieve nearphysiological brain perfusion with
homogenous distribution of blood and may
extend the safe time of circulatory
49
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arrest(8). ACP could be hemispheric
(through the right axillary subclavian or
innominate artery) or bihemispheric (by
adding the left common carotid artery).
Advantages of ACP include a better ability
to meetthe demands of brain metabolism,
flushing brain metabolic waste during
ischemia, and better control of brain
temperature. ACP may eliminate the need
for deep hypothermia,thus reducing
pumptime(21). Disadvantages of ACP
include risks of arterial wall dissection,
malperfusion, embolism of athermanous
plaque or air, and cluttered operative
field(9).
RCP is achieved by cannulating the
superior vena cava. This method allows for
deep and homogenous cooling of the brain
and helps to flush solid particles, air
bubbles, and metabolites from the arteries,
thus reducing embolic phenomena and
delaying the onset of acidosis in the
ischemic brain. RCP has been reported to
reduce mortality rates and stroke
rates(22,23). The partial perfusion
provided by RCP is insufficient to sustain
cerebral metabolism, which might be
impaired further with RCP-induced
cerebral edema(24).
Some investigators have suggested the
flowing strategies on the basis of the
expected
operative
procedure
and
circulatory arrest time:
1)For limited arch replacement with short
circulatory arrest time(30-40 minutes),
DHCA alone would be sufficient.
2)For more extensive repairs that require
prolonged circulatory arrest times, DHCA
plus ACP is recommended.
3)For operations with high embolic
risk,DHCA plus RCP is recommended
(25) (Table2)(9).

Table 2- Comparative Characteristics of ACP and RCP as
Adjunctive Methods of Cerebral Protection

Characteristics

ACP

RCP

Simplicity and ease of application

--

+

Adequacy to support cerebral
metabolism

++

-

Reduced pump time

+

--

Limited manipulation of arch
branches

--

++

Reduced embolic load

--

++

D
I

Risk of arterial wall dissection,
malperfusion,embolism
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Interstitial edema, cerebral edema

++

--

-

++

NOTE. + and – indicate degree of presence or absence,
respectively.
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Hypothermia
Hypothermia is firmly and justifiably
established as the principle cerebral
protective technique for circulatory arrest
procedures. Hypothermia may attenuate
the effect of cerebral ischemia by creating
a favorable balance between oxygen
supply and demand and by decreasing the
cerebral
metabolic
rate
of
oxygen(CMRO2). Hypothermia not only
reduces the metabolic rate but also delays
the release of excitatory amino acids,
neurotransmitters that play an important
role in the process of neuronal death(26).
Additionally,hypothermia reduces the
permeability of brain arterioles and
prevents
blood-brain-barrier
dysfunction(27).Hypothermia may also
interfere with the inflammatory response
by suppressing the
adhesion of
polymorphonuclear leukocytes in the
damaged region(28).The reduction in
CMRO2 with hypothermia is about 7% in
every
1 ºC
decreasing
of
temperature.Between 37ºC and 22ºC,
CMRO2 is reduced by about 5% in every
1ºC decreasing, and then the reduction
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accelerates when CMRO2 reaches 20% at
20ºC and 17% at 18ºC (Figure2)(29).
Additional mechanisms of hypothermia
include halting the ischemic injurious
cascade, reducing glutamate excitotoxicity,
suppressing intracellular calcium influx,
decreasing formation of oxygen free
radicals,
and
increasing
gammaaminobutyric acid release(30).

arch and other major vessels. Regardless
of the degree of hypothermia orcirculatory
arrest, DHCA provides the convenience of
a bloodless surgical field, whereas deep
hypothermia
provides
significant
protection to the brain and other major
organs against circulatory arrest. Advances
in monitoring cerebral and other organ
functions and in pharmacologic and nonpharmacologic therapeutic interventions
continue to provide tools for improving the
outcome of care of patients with complex
vascular lesions.

Figure2- The effect of temperature on CMRO2
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