1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

"% NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

NATIG,

O

Published in final edited form as:
J Thorac Cardiovasc Surg. 2014 December ; 148(6): 2896-2902. doi:10.1016/j.jtcvs.2014.04.014.

Antegrade versus retrograde cerebral perfusion for hemiarch
replacement with deep hypothermic circulatory arrest: Does it
matter? A propensity-matched analysis

Asvin M. Ganapathi, MD, Jennifer M. Hanna, MD, MBA, Matthew A. Schechter, MD, Brian R.
Englum, MD, Anthony W. Castleberry, MD, MMCi, Jeffrey G. Gaca, MD, and G. Chad
Hughes, MD

Duke Center for Aortic Disease, Division of Cardiovascular and Thoracic Surgery, Department of
Surgery, Duke University Medical Center, Durham, NC

Abstract

Objective—The choice of cerebral perfusion strategy for aortic arch surgery has been debated,
and the superiority of antegrade (ACP) or retrograde (RCP) cerebral perfusion has not been
shown. We examined the early and late outcomes for ACP versus RCP in proximal (hemi-) arch
replacement using deep hypothermic circulatory arrest (DHCA).

Methods—A retrospective analysis of a prospectively maintained database was performed for all
patients undergoing elective and nonelective hemiarch replacement at a single referral institution
from June 2005 to February 2013. Total arch cases were excluded to limit the analysis to shorter
DHCA times and a more uniform patient population for whom clinical equipoise regarding ACP
versus RCP exists. A total of 440 procedures were identified, with 360 (82%) using ACP and 80
(18%) using RCP. The endpoints included 30-day/in-hospital and late outcomes. A propensity
score with 1:1 matching of 40 pre- and intraoperative variables was used to adjust for differences
between the 2 groups.

Results—All 80 RCP patients were propensity matched to a cohort of 80 similar ACP patients.
The pre- and intra-operative characteristics were not significantly different between the 2 groups
after matching. No differences were found in 30-day/in-hospital mortality or morbidity outcomes.
The only significant difference between the 2 groups was a shorter mean operative time in the
RCP cohort (P = .01). No significant differences were noted in late survival (P = .90).

Conclusions—In proximal arch operations using DHCA, equivalent early and late outcomes
can be achieved with RCP and ACP, although the mean operative time is significantly less with
RCP, likely owing to avoidance of axillary cannulation. Questions remain regarding comparative
outcomes with straight DHCA and lesser degrees of hypothermia.

Aortic arch surgery represents a technically demanding and high-risk cardiovascular
operation. Given the mandatory period of cerebral ischemia inherent in the operation,
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subsequent neurologic dysfunction has been a concern. The reported incidence of adverse
neurologic events after aortic arch surgery has ranged from 3% to 16%.1 Consequently,
attention has been focused on optimization of neuroprotective strategies. Hypothermia,
usually by way of deep hypothermic circulatory arrest (DHCA), has been used to minimize
cerebral metabolic demand and protect cerebral tissue from ischemia and provide adequate
neurologic protection during arch surgery.2-> Although DHCA alone has been shown to be
safe, most centers have used some form of adjunctive cerebral perfusion to minimize
neurologic morbidity, particularly in cases requiring longer circulatory arrest times. The
most common perfusion methods have been antegrade (ACP) and/or retrograde (RCP)
cerebral perfusion, both popularized in the early 1990s.6.7 Both strategies have demonstrated
adequate prevention of permanent neurologic dysfunction, although some studies have
revealed an increased rate of transient neurologic dysfunction (TND) with RCP.>8 However,
the existing data have consisted primarily of voluminous observational studies without
adequate control groups to provide robust clinical evidence.® To date, a comparison of the 2
strategies head to head in a uniform patient population has not been conducted to truly
determine whether either technique provides superior short- and long-term outcomes. Thus,
the aim of the present study was to determine the comparative effectiveness of ACP versus
RCP in the setting of DHCA in patients undergoing elective and nonelective proximal
(hemi-) arch replacement.

METHODS

Patients and Data Source

All patients undergoing elective and nonelective hemiarch replacement from June 2005 to
February 2013 were identified using a prospectively maintained database at a single tertiary
referral institution. All cases of total arch replacement were excluded to limit the analysis to
shorter DHCA times and a more homogenous patient population for which clinical
equipoise between ACP and RCP exists.10 All pre-, intra-, and postoperative variables were
obtained from the Duke Thoracic Aortic Surgery Database, a prospectively maintained
clinical registry of all patients undergoing thoracic aortic surgery at Duke University
Medical Center (Durham, NC). After review and approval by the institutional review board
of Duke University, the need for individual patient consent was waived. The query of the
database identified 440 hemiarch replacements performed from June 2005 to February 2013.
Of the 440 patients, 360 had undergone hemiarch replacement with ACP and 80 with RCP.
The Society of Thoracic Surgeons definitions were used to define the patient comorbidities
and postoperative outcomes.! All patients received lifelong postoperative follow-up
examinations at the Duke University Center for Aortic Disease. The Social Security Death
Index (available at: http://ssdi.rootsweb.com/) was queried to confirm all deaths and survey
patients lost to follow-up.

Conduct of Procedures

All patients included in the present study had undergone median sternotomy and
replacement of the aortic root or supracoronary ascending aorta (with or without the aortic
valve) with concomitant hemiarch replacement using DHCA, as previously described.12:13
Neurophysiologic intraoperative monitoring with electroencephalography was used to guide
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the degree of cooling in all elective operations and when available for the nonelective
operations. A total of 358 cases (81.4%) were monitored, as previously described.141% In
brief, the patients were cooled until electrocerebral inactivity was reached, after which,
DHCA was begun. Electrocerebral inactivity ensures maximal metabolic suppression of the
brain and, therefore, maximal neurocerebral protection.1®

Adjunctive cerebral perfusion began after opening of the aortic arch. ACP was the preferred
adjunctive strategy early in the series, with RCP reserved for cases in which the right
axillary artery was not suitable for cannulation owing to a small diameter or dissection of the
vessel, as previously described.1? However, later in the series, RCP became increasingly
used owing to the comfort of the team with the technique, especially in nondissection cases,
and the perceived clinical equipoise regarding the outcomes compared with ACP (Figure 1).

For the ACP cases, the right axillary artery was cannulated with an 8-mm Dacron side graft,
and ACP was performed with the base of the innominate and left common carotid arteries
clamped and perfusion by way of the right axillary graft at a flow rate of 5 to 15 mL/kg/min
and an inflow temperature of 12°C to a target right radial arterial line pressure of 50 to 70
mm Hg. For the RCP cases, a right-angled, long 26F superior vena cava cannula was used
with an average flow rate of 150 to 450 mL/min at 12°C retrograde by way of the snared
superior vena cava cannula to a target central venous pressure of 25 mm Hg. For the RCP
cases, initial arterial cannulation for cardiopulmonary bypass (CPB) was most commonly by
way of the distal ascending aorta, although the left axillary artery or femoral artery were
occasionally used if necessitated by patient pathologic features or anatomy. In all cases, after
completion of the hemiarch anastomosis, full flow CPB was reinstituted and the patient
rewarmed after a 5-minute period of cold reperfusion for free radical washout.

The primary endpoint of the study was any neurologic complication, defined as any TND,
transient ischemic attack, or clinical stroke. Clinical stroke was defined using The Society of
Thoracic Surgeons definition as a new neurologic deficit persisting for >24 hours. The
secondary endpoints included 30-day/in-hospital mortality, composite 30-day/in-hospital
major morbidity, operative time, the usual perioperative outcomes, and long-term survival.
Composite 30-day/in-hospital major morbidity was defined using the standard Society of
Thoracic Surgeons definition, including any reoperation, prolonged (>24 hours) mechanical
ventilation, acute renal failure (maximum postoperative creatinine 2x the baseline creatinine
and >2.0 g/dL), new onset dialysis, or clinical stroke.

Statistical Analysis

All comparisons were made between the ACP and RCP groups on an intention to treat basis
according to the cerebral perfusion strategy used. To create groups with a similar propensity
to receive either ACP or RCP, a propensity score-matched analysis was conducted.
Propensity scores for receiving ACP or RCP were calculated with the following
characteristics: age, gender, race, patient comorbidities, New York Heart Association class,
ejection fraction, presence of preoperative shock or malperfusion, previous aortic surgery,
concomitant cardiac surgical procedures, procedural status, redo sternotomy, type of aortic
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procedure performed, procedural indication, preoperative rupture or cardiac tamponade,
American Society of Anesthesiologists class, maximal aortic diameter, minimum
nasopharyngeal temperature, circulatory arrest, CPB and crossclamp times, and use of
electroencephalographic monitoring. The patients were matched using propensity scores in a
1:1 ratio. The balance of each covariate was assessed to ensure the model had been
adequately specified. Categorical variables were compared using the chi-square test and
continuous variables using Student’s t test. Kaplan-Meier survival analysis with the log-rank
test after propensity matching was used for the long-term survival estimates. The
significance levels were set at an a of 0.05 in all cases. Statistical analysis was performed
using R, version 2.15.1 (R Project for Statistical Computing, R Foundation, Vienna,
Austria).

RESULTS

The overall study population included 440 patients. ACP was used in 360 procedures
(81.8%) and RCP in 80 (18.2%). Before adjustment, significant age and gender differences
between the 2 groups were noted. Additionally, the prematch ACP patients tended to have
an increased comorbid disease burden, including more hypertension (82% vs 69%; P = .01),
tobacco abuse (49% vs 31%; P < .01), chronic obstructive pulmonary disease (13% vs 5%;
P =.03), and congestive heart failure (49% vs 31%; P <.01; Table 1). The prematch ACP
cohort (Table 2) also included more nonelective operations (30% vs 11%; P < .01), redo
sternotomy (21% vs 5%; P < .01), and acute or chronic dissection as the aortic pathologic
entity (32% vs 11%; P <.01). The prematch ACP patients had also more commonly
undergone concomitant root replacement (40% vs 29%; P = .04) and had a larger average
maximal aortic diameter (5.7 cm vs 5.3 cm; P <.01).

Regarding the intraoperative variables (Table 3), before matching, the patients receiving
RCP were more likely to have had intraoperative electroencephalographic monitoring (94%
Vs 79%; P < .01), consistent with a greater percentage of elective operations in the RCP
group. Although the crossclamp times did not differ between the unadjusted groups, the
RCP patients had shorter CPB times before matching (198 vs 216 minutes; P <.01). The
average minimum nasopharyngeal temperature did not differ between the unadjusted groups.
A trend was seen toward a longer total DHCA time in the ACP group before matching (19.1
vs 17.9 minutes; P = .06), with no difference in the adjunctive cerebral perfusion times.

An unadjusted comparison of the outcomes (Table 4) did not reveal any differences in the
occurrence of any neurologic complication (10.8% ACP vs 7.5% RCP; P = .36), 30-day/in-
hospital mortality (3.6% ACP vs 2.5% RCP; P = .61), or composite 30-day/in-hospital
major morbidity (17.5% ACP vs 15.0% RCP; P = .59). The mean operative time was nearly
50 minutes longer in the ACP group (353.4 vs 308.3 minutes; P <.01), and the
intraoperative use of factor VVlla was more predominant in the ACP group before
matching.16

More specifically, regarding the primary study endpoint of any neurologic complication
(TND, transient ischemic attack, or clinical stroke), approximately 10% of patients (n = 45)
in the entire cohort experienced =1 neurologic complication. Of these, the vast majority (h =
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36) were TND, defined as any postoperative transient mental status change, including
delirium or disorientation. Three patients experienced a transient ischemic attack, defined as
a new neurologic deficit that had resolved completely within 24 hours. Finally, 13 patients
(3.0%) had clinical strokes, most of which presented as new motor deficits persisting for
>24 hours. Of the 13 patients, 10 had imaging confirmation with either computed
tomography or magnetic resonance imaging. In 4 of the 13 cases (31%) of clinical stroke,
the strokes were massive and resulted in death.

After 1:1 propensity matching, the RCP and ACP groups did not demonstrate any significant
differences in patient demographics, procedural characteristics, or intraoperative variables
(Tables 1 to 3). Regarding the primary study endpoint (Table 4), the incidence of any
neurologic complication was similar between the 2 matched groups (11.3% ACP vs 7.5%
RCP; P = .42). Furthermore, no significant differences were found in any 30-day/in-hospital
outcomes (Table 4). The only significant difference that persisted between the 2 groups after
matching was a shorter mean operative time in the RCP cohort, with RCP operations, on
average, 30 minutes shorter (308.3 vs 338.3 minutes; P = .01). This difference was likely
attributable to the avoidance of axillary cannulation and a greater use of central aortic
cannulation in the RCP group. Kaplan-Meier analysis using only the matched patients did
not reveal any significant differences in overall long-term survival (P = .90; Figure 2),
which was confirmed by the last clinical follow-up examination and Social Security Death
Index search.

DISCUSSION

Neuroprotection in aortic arch surgery is an important consideration given the mandatory
period of cerebral ischemia required for repair. Although multiple strategies exist to
minimize neurologic morbidity, comparative evidence regarding the optimal method of
neuroprotection is lacking.® The present study compared ACP and RCP in the setting of
DHCA and demonstrated that an equivalent and acceptable safety profile can be achieved
with either adjunctive perfusion technique during elective or nonelective aortic hemiarch
surgery. Specifically, the incidence of major adverse neurologic events was low with either
perfusion strategy.

Given the importance of neuroprotection, recent published data have called for a consensus
regarding cerebral protection during aortic arch surgery, specifically pertaining to the
optimal adjunctive cerebral perfusion strategy and patient temperature.19.17 Although a large
body of published data has described the outcomes of arch surgery using either ACP or
RCP, these studies have failed to provide strong data regarding the comparative
effectiveness of each strategy.>18-25 As highlighted in a recent publication from the
International Aortic Arch Surgery Study Group, the current arch surgery data consist mainly
of observational studies without adequate control groups.® The present report attempted to
begin addressing this knowledge gap by directly comparing ACP to RCP in a uniform
population and with a propensity-matched control group using matching for 40 pre- and
intraoperative variables. The results we have presented demonstrate that for hemiarch
surgery in the setting of DHCA, RCP offers neurologic, perioperative, and long-term
outcomes equivalent to those with ACP.
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We intentionally limited the study population to a more uniform group that included only
hemiarch procedures, for which clinical equipoise regarding optimal adjunctive cerebral
perfusion strategy clearly exists,1” because total arch procedures have been demonstrated to
be an independent risk factor for adverse outcomes.! Specifically, literature including total
arch procedures introduces additional complexity of analysis since these procedures require
longer periods of circulatory arrest, which is another risk factor for PND.26:27 Notably, the
current study continues to demonstrate that excellent outcomes can be obtained utilizing
DHCA for proximal arch replacement with one of the lowest incidences of neurologic
dysfunction in the literature, an overall clinical stroke rate of 3%, including 1.9% in elective
cases.

Although permanent neurologic dysfunction has been the standard used to describe adverse
neurologic events, the potential exists for subclinical neurologic events.1228 Although the
present study did not try to identify subclinical neurologic deficits, outcomes such as
discharge to a destination other than home and the length of stay (LOS) might provide
surrogates for subtle neurologic deficits, because patients with subclinical deficits might not
be able to care for themselves, necessitating a longer LOS or institutional discharge.
However, after propensity matching, no difference in discharge to a destination other than
home or in the postoperative LOS was noted. Additionally, the occurrence of discharge to a
facility was relatively low, 6.4% overall and 3.8% and 2.5% in the RCP and ACP groups,
respectively, after matching. Similarly, the postoperative LOS was relatively brief,
averaging just >7 days for all patients.

Study Limitations

The present study had some notable limitations. It was a single-institution, retrospective
analysis with an associated inherent bias. Although we used a propensity-matched analysis
to minimize treatment level biases, it could not adjust for all potential unknown bias. Our
study was also notable because, before matching, no differences were found in the
unadjusted postoperative outcomes, although the ACP patients were generally more ill.
Thus, the comparisons that included only the matched patients, which represented a
healthier patient population, might have underestimated the true risk of neurologic
morbidity, particularly in older or sicker patients. Furthermore, the mean age of 51 years in
the matched cohorts was somewhat younger than in previous reports of proximal aortic
replacement,® likely owing to a relatively large number of patients with bicuspid valve
aortopathy or connective tissue disorder (107 of 160 total matched patients; 67%) in the
matched cohort. As such, the results might not be entirely generalizable to older patients
with degenerative aortic aneurysms. Moreover, all operations were performed in the setting
of a dedicated, high-volume, multidisciplinary aortic center; thus, the presented results
might not be applicable to centers without these resources. The use of DHCA in all patients
and the inclusion of only hemiarch procedures must also be acknowledged; thus, our results
will not be applicable to moderate hypothermic circulatory arrest or total arch procedures,
which necessitate longer circulatory arrest times. In addition, all cases used adjunctive
cerebral perfusion; thus, no conclusions about the comparative effectiveness of DHCA alone
can be made, although a recent meta-analysis suggested straight DHCA was associated with
a greater stroke rate.29 Furthermore, our patients did not undergo a formal neurologic
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examination postoperatively by trained neurologists; thus, the potential for underestimation
of subtle neurologic findings was present. Finally, the results of our study could not address
the larger question of the optimal temperature for hypothermic circulatory arrest during
aortic arch surgery. That will require larger studies such as those proposed by the
International Aortic Arch Surgery Study Group? to fully investigate this challenging
question.

CONCLUSIONS

Aortic arch surgery presents a unique neurologic risk given the mandatory period of cerebral
ischemia during surgery. We have demonstrated that with DHCA, equivalent outcomes can
be achieved using either ACP or RCP in both the elective and nonelective setting. The
decreased operative time with RCP might be advantageous from a cost perspective and
provide potential benefit by minimization of the time in the operating room. Finally,
although not the focus of our study, more evidence regarding the optimal temperature during
arch replacement is essential for additional improvements in this challenging field of
surgery.
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ACP antegrade cerebral perfusion
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Histogram demonstrating number of antegrade cerebral perfusion (ACP) and retrograde
cerebral perfusion (RCP) hemiarch cases annually. (The data for 2013 included only patients

treated before the study endpoint, February 2013).
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Retrograde versus Antegrade Cerebral Perfusion Survival
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FIGURE 2.

Kaplan-Meier curves comparing long-term survival of patients undergoing antegrade (ACP)
versus retrograde cerebral perfusion (RCP).
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