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Varying Evidence on
Deep Hypothermic
Circulatory Arrest

in Thoracic Aortic Aneurysm Surgery

Cardiovascular surgeons have long debated the safe duration of deep hypothermic circula-
tory arrest during thoracic aortic aneurysm surgery. The rationale for using adjunctive ce-
rebral perfusion (or not) is to achieve the best technical aortic repair with the lowest risk of
morbidity and death. In this literature review, we highlight the debates surrounding these
issues, evaluate the disparate findings on deep hypothermic circulatory arrest durations
and temperatures, and consider the usefulness of adjunctive perfusion. (Tex Heart Inst J
2018:45(2):70-5)

ne of the most debated topics in aortic surgery is the safe duration of deep

hypothermic circulatory arrest (DHCA). In this literature review, we present

the highly variable findings on DHCA duration at various temperatures,
and we discuss whether antegrade cerebral perfusion (ACP) and retrograde cerebral
perfusion (RCP) are useful in tandem with straight DHCA.

Early Use of Hypothermia during Cardiac Surgery

In 1952, Lewis and Taufic performed the first successful cardiac operation with
the use of hypothermia in a human being.' Armed with the knowledge of Bigelow
and associates” experiments with hypothermia? and his own experience with sev-
eral hundred dogs, Lewis successfully closed a secundum atrial septal defect in a
5-year-old girl.* He then performed hypothermia-aided surgery in 29 more patients,
only 3 of whom died. Before cardiopulmonary bypass (CPB) was introduced, the
risk of ventricular fibrillation was intrinsic to hypothermia,’ so early practitioners
used cardiac massage, intracardiac adrenaline, and electrical shock to restore sinus
rthythm in more than 90% of patients.*® These operative successes attracted world-
wide recognition as milestones in cardiac surgery at that time. However, after the
CPB machine became available, cardiac surgeons initially abandoned the sole use of
hypothermia. In 1955, Cooley and colleagues® used hypothermia to achieve cerebral
protection during total replacement of the aortic arch in a 49-year-old patient who
had a syphilitic aneurysm involving the arch and descending aorta. Surface cooling
lowered the patient’s temperature to 33 °C, and temporary shunts were placed for
blood flow to the carotid arteries and distal aorta. However, the patient had a stroke,
attributed to an 8-min occlusion of the right carotid shunt. Thus was hypothermia
reintroduced in aortic arch surgery.

Deep Hypothermic Circulatory Arrest
In 1975, Griepp and colleagues® reported the cases of 4 patients who underwent aor-
tic arch replacement with the use of DHCA and cerebral protection during major,
complex aortic operations. The patients’ brain activity and energy demand were mini-
mized while the surgeons were able to excise distal clamp sites, completely view the
aortic anatomy in bloodless fields, and perform distal anastomoses without leaving
clamp-compromised tissue. Despite these advantages, practitioners have continually
expressed concerns about the optimal temperature for DHCA and the longest safe
interval for repair without risking adverse neurologic sequelae.

The safe cutoff duration for DHCA was generally considered to be 35 to 40 min at
a temperature of 20 °C,* but experience suggests that this interval may be extended.’
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The main complications of DHCA are postischemic
hypothermia, impaired autoregulatory mechanisms, and
damage to the blood-brain barrier evidenced by increased
cerebrovascular resistance during the rewarming phase
after aortic arch surgery.® To prevent such problems, re-
perfusion and rewarming are established gradually: the
gradient between the perfusate and core temperatures
should not exceed 10 °C. Concomitant metabolic man-
agement is also crucial, so pharmacologic agents such
as mannitol are used to prevent cerebral edema, lower
intracranial pressure, and eliminate free radicals.”

In 656 patients who underwent aortic arch surgery,’
the median DHCA time was 31 min (range, 7-120
min). The overall rates of stroke and early death were
7% and 10%, respectively. Periods of circulatory arrest
longer than 45 and 60 min were independent predic-
tors of those respective outcomes. Subsequently, it was
shown that the human cerebral metabolic rate is 17%
of baseline at a temperature of 15 °C, and that safe con-
comitant circulatory arrest lasts <29 min." Circulatory
arrest lasting only 25 min was similarly associated with
higher risks of transient neurologic, memory, and fine-
motor deficits.""* Accordingly, in patients undergoing
aortic arch repair, surgeons have tried to keep circula-
tory arrest times <30 min. Table I summarizes stud-
ies on DHCA intervals, appropriate temperatures, and
evidence supporting the authors’ conclusions.”*'42¢

The Physiology of Hypothermia
Hypothermia provides neuroprotection by substantially
decreasing the global cerebral metabolism of glucose
and oxygen.” Hypothermia also substantially reduces
the temperature-dependent release and extracellular
levels of glutamate and other excitatory neurotransmit-
ters, inhibits proapoptotic activity, and lowers levels of
free radicals and inflammartory cytokines.” The central
nervous system is vulnerable to ischemia and has a huge
metabolic demand with limited energy stores”*; mean
cerebral blood flow, which is autoregulated at 750 mL/
min at 37 °C, is 16% of total cardiac output.
McCullough and associates™ concluded that cere-
bral autoregulation is maintained in hypothermia and
stops only at 6 to 12 °C. They also showed that oxygen
consumption was 2.9 mL/g/min at 37 °C, 0.9 mL/g/
min at 25 °C, and 5% of normal metabolic demand at
8 °C. Although the mechanism is poorly understood,
DHCA might provide some cerebral protection by re-
ducing cellular metabolic rates.** One would expect
that the brain’s metabolic demands are reduced in hy-
pothermia just as in other vital organs. After studying
human cerebral metabolic suppression, McCullough
and associates" predicted a safe duration of 29 min for
hypothermic circulatory arrest at a temperature of 15
°C. In a large clinical series, Svensson and colleagues'
showed DHCA to be safe in aortic arch surgery and
suggested larger-scale investigation of ACP and RCP.
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How Long Should Deep Hypothermic
Circulatory Arrest Last?

In short, there is no consensus about the safe duration
of DHCA.” Some authors have suggested that DHCA
durations as short as 20 to 25 min will cause adverse
outcomes and poor quality of life after thoracic aor-
tic surgery™®*; in contrast, Elefteriades™ reported that
most aortic arch interventions can be performed safely
at DHCA durations <50 min.

The incidence of postoperative stroke increased in
patients who needed >40 min of DHCA’; however,
in a different study involving other patients, a dura-
tion of <60 min of DHCA was safe." Ziganshin and
Elefteriades* associated DHCA times >49 min with
a 16.7% stroke rate, versus only 2% at times of 40 to
49 min. Upon multivariable analysis, DHCA times
>50 min significantly predicted adverse outcomes and
early death. The authors* commented that the 50-
min threshold should be “taken with a grain of salt.” A
DHCA interval safely lasting up to 50 min may add a
10-min surgical “cushion period.”

Nevertheless, the sole use of DHCA for cerebral pro-
tection has limitations: the time to cool the patient, the
even longer rewarming time, and—of importance—
the risk of neurologic injury. Griepp and associates’
confirmed diffuse cerebral injury and higher mortality
rates during circulatory arrest periods >60 min.

Neurologic and Cognitive Issues

Neurologic outcome after DHCA was typically defined
by whether postoperative stroke occurred; however, this
criterion by itself is insufficient for reliable evaluation.”
Another type of neurologic injury that can occur after
DHCA is complex temporary neurologic dysfunction
(TND).

As a functional manifestation of transient brain in-
jury,” TND presents as postoperative confusion, agi-
tation, and delirium. It is not typically associated with
structural abnormalities detectable on conventional
images. Symptoms of TND usually resolve before a
patient’s discharge from the hospital.*** It is thought
that TND occurs rather often, that it is directly re-
lated to inadequate brain protection, and that its in-
cidence corresponds with the duration of circulatory
arrest. Supplemental cerebral perfusion does not seem to
change its incidence or severity. Ergin and colleagues*
studied 3 issues: the incidence of TND in patients who
perform poorly on early neuropsychological tests,
the correlation between poor performance and TND
severity, and whether supplementary brain perfusion
prevents TND. The prevalence of TND was higher in
patients who performed poorly on early postoperative
tests (63% vs 12% in better performers) and that 50%
had severe TND. They proposed that TND might be
a clinical marker for chronic neuropsychological deficit
after DHCA. A clear temporal relationship existed: one
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TABLE I. Summaries and Conclusions in Studies of DHCA during Aortic Arch Surgery

Reference

Focus of Study

Conclusion

Svensson LG, et al.® (1993)
Ergin MA, et al."* (1994)
Reich DL, et al." (1999)
Tanoue Y, et al.’® (1999)
Svensson LG, et al.'® (2001)
Okita Y, et al."” (2001)
Reich DL, et al.’® (2001)
Hagl C, et al.” (2003)

Di Eusanio M, et al."? (2003)
Immer FF, et al.’® (2004)
Appoo JJ, et al.? (2006)

Gega A, et al.?' (2007)
Misfeld M, et al.?? (2012)

Bashir M, et al.® (2013)
HuZ, etal.® (2014)

Ziganshin BA and

DHCA

Hypothermic circulatory arrest and
determinant of operative death

Neuropsychological outcome after DHCA

ACP vs RCP as adjunct to DHCA
DHCA, ACP, and RCP

ACP vs RCP as adjunct to DHCA
RCP for cerebral protection during

thoracic aortic surgery

Methods of cerebral protection during
ascending aorta and aortic arch surgery
DHCA and ACP

Quality of life after DHCA and ACP
DHCA and RCP

Straight DHCA

Best cerebral protection in aortic arch
surgery

Cerebral protection in DHCA

ACP vs RCP as adjunct to DHCA

Straight DHCA

DHCA safe at <40 min; markedly higher mortality rate at
>65 min

DHCA <60 min enables safe neurologic protection

At DHCA >25 min, older age is associated with memory
and fine motor deficit and prolonged hospital stay

No superiority of ACP over RCP in rates of death or
permanent neurologic deficits

No difference in ACP or RCP outcomes when used as an
adjunct to DHCA

No superiority of ACP over RCP in rates of death or
permanent neurologic deficits

Extent of RCP’s benefits remains unclear in cerebral
protection during thoracic aortic surgery

No significant differences between cerebral protection
methods during aortic surgery

DHCA and adjunctive ACP result in satisfactory
in-hospital mortality rates and neurologic outcomes

DHCA time >35 min adversely affects midterm quality
of life

DHCA and adjunctive RCP are safe and effective and
offer neuroprotection in aortic arch surgery

Straight DHCA suffices for cerebral protection

ACP causes fewer neurologic complications than does
RCP when adjunctive to DHCA

Increased adverse outcomes with use of DHCA alone;
solo use not recommended in hemiarch aortic surgery

No superiority of ACP over RCP in rates of death or
permanent neurologic deficits

Straight DHCA times <50 min are safe, without

Elefteriades JA?* (2013)

significant increase in morbidity or mortality rates

ACP = antegrade cerebral perfusion; DHCA = deep hypothermic circulatory arrest; RCP = retrograde cerebral perfusion

third of patients exhibited severe TND after 50 min of
DHCA.

Upon performing neuropsychological evaluations,
Reich and associates" showed that circulatory arrest
times >25 min predicted long-term functional deficits
at temperatures of 28 to 30 °C, whereas Ziganshin and
Elefteriades* reported safe extension of DHCA to 50
min at temperatures of 18 to 19 °C. Such differences
in temperature and DHCA duration persist among
surgeons performing open aortic arch reconstruction,*
and most brain-preservation methods are complex and
difficult to predict and study. In fact, TND and the
cognitive changes after DHCA in major and complex
aortic surgery are also seen after straightforward coro-
nary or valve surgery. Hence, disruptive neurocognitive
mechanisms have been attributed to the extended use of
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CPB—yet it is difficult to separate the effects of CPB
from those of DHCA in complex aortic surgery. To
cloud matters further, inadequately perfused brain tis-
sue and ischemic strokes can have similar radiographic
appearances.”

Therapeutic hypothermia-induced cellular protection
against anoxic brain injury is a global process that affects
multiple molecular and cellular mechanisms.” Ischemic
brain injury, reperfusion injury, and secondary brain
damage are the 3 main temperature-dependent injury
processes.”® The degree of hypothermia affects apop-
tosis and mitochondrial dysfunction, inflammation,
the blood-brain barrier, and free-radical production.
The apoptotic mechanism is disrupted dramatically,
and altered blood flow to the brain lowers adenosine
triphosphate levels and initiates anaerobic glycolysis.”
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Ischemia-reperfusion injury stimulates innate immune
responses that can lead to secondary brain insult, and
the process triggers releases of proinflammartory cyto-
kines, chemokine monocyte chemoattractant protein-1,
and proinflammatory mediators in microglia and circu-
lating leukocytes.* Injury further includes the variable
formation of free radicals such as superoxide, peroxyni-
trite, hydrogen peroxide, and hydroxyl.*!

Straight versus Adjunctive Arrest
Authors have discussed using DHCA with or without
adjunctive cerebral protection. Operative death, morbid-
ity, and long-term survival rates vary widely in reports of
DHCA with ACP, RCP, or both in patients who have
undergone aortic surgery. Meaningful data are lacking
because of too few randomized studies. Variables affect-
ing adjunctive protection are flow rate and temperature,
embolization risk, use of unilateral or bilateral perfusion
(and the perfusion site itself ), and trauma to cranial
vessels.”* Times of intensive care unit and total hospital
stay have been similar in studies of DHCA alone ver-
sus DHCA with adjunctive support,* and this finding
seems to support straight DHCA as adequate cerebral
protection during aortic surgery. However, aortic aneu-
rysm involvement complicates surgery and can lengthen
operative time. Anticipating this and similar challenges,
Griepp and Di Luozzo* calculated safe intervals for the
preservation of tissue integrity during interrupted cere-
bral perfusion at various times and temperatures.
Given the wide disagreement about which cerebral
protection approach is superior for aortic arch surgery
and at what temperature, one might speculate that
emerging evidence is heavily biased, due to patient se-
lection and other factors. The neurologic dysfunction
associated with straight DHCA has elicited criticism
from advocates of adjunctive cerebral protection meth-

ods.

Antegrade versus Retrograde Perfusion

Cannulation of the axillary or brachiocephalic artery for
ACP is cumbersome and risky. In 65 patients, Schachner
and colleagues® reported technical problems in 14% of
right axillary cannulation attempts, and a complication
rate of 11%. Another disadvantage of using ACP is no
standardization of appropriate flow rates*: hyperperfu-
sion can lead to cerebral edema, and hypoperfusion can
cause cerebral damage. Further concerns are particulate
embolism and vascular injury during cannulation. An
intact circle of Willis is thought to be important during
unilateral ACP, to enable perfusion of the contralat
eral cerebral hemisphere; however, the circle of Willis
might be complete in only 42% to 47% of the popula-
tion.”** Disagreeing with other authors, Urbanski and
colleagues” concluded that an anatomically incomplete
circle of Willis does not correlate with insufficient brain
protection during unilateral ACP alone. The circle of
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Willis is best viewed on computed tomographic angio-
grams, and flow through the circle can be evaluated on
magnetic resonance images.***

Retrograde cerebral perfusion lost popularity when
evidence showed less oxygen reaching the brain and
more blood flowing into collateral vessels than into the
brain.” Okita,” Tanoue,” and their respective colleagues
separately compared RCP use with ACP use during
DHCA and found no differences in rates of death or
permanent neurologic deficits. Hu and colleagues® also
reported no difference in cerebral protection between
adjunctive methods.

Investigators in a small randomized controlled study ™
(10 patients in each arm) compared ACP use, RCP use,
and straight DHCA in aortic arch surgery and found
straight DHCA to be superior in postoperative long-
term neurocognitive test results. Some authors® con-
cluded that RCP during short-term DHCA was safe;
others” considered RCP to be unnecessary. Investiga-
tors who retrospectively associated straight DHCA with
increased neurologic dysfunction®**° included hemi-
arch and total arch surgery in their analyses. In the In-
ternational Registry for Aortic Dissection multicenter
experience,” which included applications of DHCA
with and without ACP and RCP, brain function fre-
quently returned in comatose and stroke-afflicted aortic
surgical patients. The authors mentioned no specific su-
periority of any protective mechanism.

Pediatric Population. Elassal and colleagues™ conclud-
ed that straight DHCA was safe in 29 pediatric patients
(mean age, 20.6 + 8.2 mo) ata temperature of 18 °C and
amedian DHCA time of 20.03 min (range, 3-52 min).
Other authors™** reported similar outcomes at DHCA
durations <60 min.

Conclusion

Defining a clinically useful and safe duration of DHCA
remains daunting and might be achieved only through
appropriate patient selection and data randomization.
This will surely necessitate being able to determine pro-
spectively, in an individual patient, the DHCA dura-
tion that causes morbidity equal to or less than that of
the alternative perfusion strategy with use of continu-
ous CPB. It is easy to contend that we are not close to
an answer because of sparse data, disparate outcome
measures, and biological variability, such as patients’
morbidity and surgical complexity. Given the basic
pathophysiology of DHCA, many uncertainties are
inherent in defining safe DHCA duration, and we ob-
serve that DHCA largely adds to, rather than replaces,
CPB-related risk.

Relatively good reasons should justify the routine
choice of straight DHCA or DHCA plus ACP or RCP.
However, compelling justification does not exist, so in-
vestigators must continue to explore such potentials.
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