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1. Ueda Y et al, 
1994 [88]

DHCA+RCP, 
n=33

Replacement of the ascending aorta or 
aortic arch, intermittent and continuous 
RCP to extend the safe duration of HCA 

during arch surgeries

In-hospital 
30 days (6%)

Stroke
6%

RCP is a useful adjunct to DHCA 
upto 80 minutes to perfusion

2. Raskin SA, 
1995 [91]

DHCA+RCP, 
n=88

Replacement of the ascending aorta or 
aortic arch

Mean age: 63 years (range 28-78 
years)

Mean circulatory arrest time: 31 minutes 
(range 10-62 minutes)

Lowest nasopharyngeal temperature: 
14°C 

Cerebral flow-pressure: 25mmHg 
(upper limit)

In-hospital 
2 (2%)

Stroke
No postoperative 

strokes

RCP during DHCA decreased 
the surgical and neurological 

morbidity, and has the potential 
for reduction of embolization of air 

and atheromatous debris

3. Usui A et al, 
1996 [43]

DHCA+RCP, 
n=228

Replacement of the ascending aorta or 
aortic arch

In-hospital 
6.1%

30 days
13.6%

Neurologic 
dysfunction: 20%

Perfusion pressure >25 mmHg – 
increased incidence of cerebral 

edema and intracerebral bleeding

4. Okita Y et al, 
1998 [36]

DHCA+RCP, 
n=50

DHCA+SACP, 
n=253

DHCA, n=50

CPB, n=297

Replacement of the ascending aorta or 
aortic arch

In-hospital 
6%

19%

12%

13.8%

Cerebral 
complications

4%

18%

8%

3.7%

Method cerebral perfusion did not 
influence outcome

5. Bavaria JE et 
al, 1995 [33]

DHCA+RCP, 
n=19

DHCA, n=20

CPB, n=21

Replacement of the ascending aorta or 
aortic arch

60 day
5%

40%

19%

CT/MRI- confirmed 
CVA
0%

33%

20%

RCP resulted in less mortality 
than HCA. RCP resulted in fewer 

strokes than HCA and CPB

6.
Coselli JS and 
LeMaire SA, 

1997 [30]

DHCA+RCP, 
n-290

DHCA, n-189

Replacement of the ascending aorta or 
aortic arch

In-hospital	 30 day
3.4%		  2.4%

16.9%		
14.8%

Stroke
2.4%

6.5%

RCP resulted in less mortality and 
fewer strokes than HCA

7. Coselli JS, 
1997 [31]

DHCA+RCP, 
n=305

DHCA, n=204

Replacement of the ascending aorta or 
aortic arch

In-hospital
3.9%

17.16%

Stroke
2.62%

6.37%

RCP resulted in less mortality and 
fewer strokes than HCA

8. Safi H et al, 
1997 [25]

DHCA+RCP, 
n=120

HCA, n=41

Replacement of the ascending aorta or 
aortic arch Nil

CT/MRI-confirmed 
stroke
2.5%

9.8%

RCP resulted in significantly fewer 
strokes than HCA

9. Moshkovitz Y 
et al, 1998‑95

Moderate 
HCA+RCP at 
10°C, n=104

Replacement of the ascending aorta or 
aortic arch, moderate HCA (22-26°C, 

RCP at 10°C)

In-hospital
7.7%

Stroke
7.7%

Seizures
3.8%

Combination of moderate HCA 
with RCP at 10°C- safe upto 30 

minutes of HCA

10. Ehrlich M et 
al, 1998 [41]

DHCA+RCP, 
n=28

DHCA, n=65

Replacement of the ascending aorta or 
aortic arch

30 day
14%

40$

Neurological 
dysfunction

10%

21%

RCP resulted in less mortality and 
neurological dysfunction than HCA

11. Usui A et al, 
2012 [162]

DHCA+RCP, 
n=75

SACP, n=91

Replacement of the ascending aorta or 
aortic arch

In-hospital
24%

21%

Neurologic 
dysfunction

16%

19%

No difference between RCP 
and SCP in death or neurologic 

dysfunction

12 Okita Y et al, 
2001 [37]

DHCA+RCP, 
n=76

DHCA+SACP, 
n=112

Partial CPB, 
n=58

Replacement of the ascending aorta or 
aortic arch

In-hospital	 Late
8%		  4%

23%		  3%

21%		  28%

Stroke
4%

11%

24%

Method of cerebral perfusion did 
not influence outcome

Table 1: Summary of the published clinical investigations documenting the mortality and morbidity following deep hypothermic circulatory arrest and retrograde cerebral 
perfusion or deep hypothermic circulatory arrest and antegrade cerebral perfusion
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13. Moon MR et 
al, 2002 [139]

DHCA alone, 
n=36

DHCA+RCP, 
n=36

Study period 1996-2000

Lowest core temperature
—

18°C±2°C (12-24°C)

DHCA: 19.5±2.3
DHCA+RCP: 19.2±3.2 

p=0.64

In-hospital
8.1±5%

11±5%

p>0.95

Neurological deficits
14%±6%

14%±6%

p>0.73

Supplmental RCP during HCA 
did not decrease mortality 

or neurologic complications. 
Retrograde rewarming through 

femoral artery increased transient 
neurological dysfunction. RCP 
remains optional. Reperfusion 

should be antegrade

14. Yamashita C 
et al, 1998 [35] 38 patients

Study period: 1986-1996

Distal aortic arch aneurysm, Group 
I- graft anastomosis with ACC and left 
heart bypass (1986-89), MS+ALT= 9, 

PLT=7

Group II: MS+ALT, open anastomosis, 
graft anastomosis, RCP, DHCA

Group III- open anastomosis with RCP 
in Trendelenburg position, PLT

Hospital death
Group I: 25% (4/16), died of 

stroke, MI

Group II: 37.5% (3/8), 
respiratory failure, aortic 

dissection

Group III: 7.1% (1/14), 
congestive cardiac failure

Nil

RCP with a posterolateral 
thoracotomy minimizes the risk 
of stroke and respiratory failure 

during arch operation

15. Tonoue Y et 
al, 1999 [28]

RCP, n=15

ACP, n=17

Study period: 1993-1997

Lowest nasopharyngeal temperature: 
15.9°C

Perfusion time (min): RCP (38.3±1.46); 
ACP (71.9±40.4)

Pump flow rate (ml/min): RCP 
(459±270); ACP (500)

Perfusion pressure (mmHg): RCP 
(22.7±4.0); ACP (35.1±12.5)

Tympanic membrane (°C): RCP 
(16.7±2.2); ACP (15.9±3.5)

RCP, n=2 (stroke)

SCP, n=1 (bleeding)
SCP stroke, n=3

The measurement on middle 
cerebral artery blood flow 

velocities with transcranial doppler 
is practicable during SC, difficult 

during RCP indicating critical 
decrease in CBF during RCP

16. Coselli JS, 
1994 [32]

DHCA+RCP, 
n=88

Study period: 1992-93

Arch repair – DHCA circulatory arrest

CPB time-113 (range 66-216 minutes), 
circulatory arrest 31 (10-62 minutes), 
EEG- isoelectric at nasopharyngeal 

temperature 72°C to 25.4°C

30 days mortality, n=2 No postoperative 
stroke

Clinically safe method  
DHCA+RCP

17. Okamoto H et 
al, 1993 [54]

RCP 
(conventional), 

n=19

RCP (selective), 
n=34

Aortic arch operation

RCP (conventional), n=1

RCP (selective)- no event 
including 2 patients with 

RCP >100 minutes

Nil

-

10-20% patients have functioning 
venous valves at jugular-

subclavian junction which may 
interfere with RCP. Satisfactory 
cerebral protection should be 

possible with selective RCP >60 
min
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18. Bonser RS et 
al, 1999 [39]

DHCA. n=21

DHCA+RCP, 
n=21

Lowest NP temperature: 15°C

SVC perfusion: 25 mmHg, transcranial 
paired arterial and jugular bulb blood: 

oxygen, glucose

HCA duration min (mean±SD): HCA 
(32±9); RCP (27±12.3); p=0.14

RCP duration min (mean±SD): (23±9.6)

CPB duration min (mean±SD): HCA 
(145±24.3); RCP (153±35.7), p=0.4

Ascending aortic + aortic root resection: 
HCA (n=13), RCP (n=13)

Hemiarch± root: HCA (n=3), RCP (n=3)

Total arch± root: HCA (n=3), RCP (n=3)

Hospital death
DHCA, n=1

RCP, n=2

Permanent neurological 
deficit

DHCA, n=1

RCP, n=0

Transient neurological 
deficit

DHCA, n=0

RCP, n=2

Nil

Transcranial oxygen extraction 
during RCP 3.3 ml/dl, range 0.7-
6.6 ml/dl, significantly higher than 

extraction with antegrade perfusion 
before and after HCA (p<0.1), RCP 

flow was insufficient to maintain 
cerebral oxygenation, RCP may 

improve cerebral protection 
through other mechanism

19. Lau C et al, 
2018 [134] 1043  patients

Study period: 1997-2014

Age mean: 65.7±13.3 years, DHCA + RCP perfusion time

>50 minutes
<49 minutes

P value

Number

50

993

Age (years)

61.2±13.4

65.9±13.3

0.014

Mortality group >50 min versus 
49 min, 8% vs 3.8% (p=0.14), 

stroke rate 2% vs 1.2% (p=0.62), 
propensity matching resulted in 

48 pairs. DHCA duration was not 
independently associated with 

operative death or postoperative 
neuro deficits. RCP- effective 
adjunctive cerebral protection 

strategy for aortic arch aneurysm 
surgeries, not associated with 

increased death or neurological 
complications

20.
Wong CH and 

Bosner RS, 
1999 [45]

DHCA, n=34

DHCA+RCP, 
n=96

Study period 1991-1998

Age: 2-=84 years (mean 62.7 years)

Emergent surgery 46/130 (35.4%), lowest temperature 15°C, alpha stat pH

DHCA- arrest duration 30.1 min (2-80 minutes) , p<0.019

DHCA+ RCP- circulatory arrest 24.4 (8-53 minutes), p<0.019

Multivariate logistic regression- RCP duration (p<0.038) as risk factors for mortality, and 
myocardial ischemic time (0.012) ahd HCA duration (p=0.05) as risk factor for stroke. HCA 
and RCP groups differed in HCA duration (HCA mean 25 min (10-80), RCP mean 32 min 

(10-69), p<0.019

Mortality: DHCA+RCP (15%), Stroke (7%)

DHCA alone (24%), Stroke (6%)

Age and HCA remain risk factors 
for stroke and mortality despite 

RCP, HCA times were longer in the 
RCP patients, patients were not 

randomized 

21. Esmailian F et 
al, 1999 [32] 52 patients

Study period: 1991-1998

Age 3 weeks-89 years, mean RCP time 39.5 minutes (3-88 minutes), RCP >45 min, n=16 
(31%)

Core temperature 19.3 (15-27°C), RCP >45 min, n=12 - no. CVA, RCP >70 min, n=2- major 
CVA-died, subdural hematoma, n=1

Temporary mental abnormality, normal CT

RCP-reliable and technically 
appealing, removed air, particulate 

matter

22. Ganapati AM 
et al, 2014 [71]

DHCA+ACP, 
n=360

DHCA+RCP. 
N=80

Propensity 
matched

ACP, n=40

RCP, n=40

Study period: 2005-2013

Propensity matched analysis – DHCA+ACP vs DHCA + RCP – hemi arch replacement, a 
propensity score with 1:1 matching of 40 pre and intraoperative variables used to adjust for 

differences between groups

Between ACP and RCP- no differences in 30 day/in-hospital mortality or morbidity 
outcomes, total arch cases were excluded to limit the analysis to shorter DHCA times and a 

more uniform patient population

In proximal arch operations using 
DHCA, equivalent early and late 
outcomes can be achieved with 

RCP and AC
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23. Hu Z et al, 
2014 [70]

DHCA+ACP, 
n=2855

DHCA+RCP, 
n=1897

15 studies; pooled analysis- no difference in 30 day mortality, PND & PND in the 2 groups

ACP and RCP provide similar 
protective effectiveness combined 
with DHCA and could be selected 

according to the actual condition in 
aortic arch surgery

24. Guo S et al, 
2015 [66]

DHCA+ACP, 
n=4262

DHCA+RCP, 
n=2761

Meta-analysis of 34 studies

TND-risk ratio 0.72 (95% CI 0.58-0.90); Z score 2.9, p=0.004

Patients undergoing DHCA+ACP- better outcomes in terms of TND compared to 
DHCA+RCP

No difference between group in terms of PND, stroke and early mortality

DHCA+ACP has an advantage 
over DHCA+RCP in terms of 

TND, while the two methods show 
similar results in terms of PND, 

early mortality and stroke

25. Okita Y et al, 
2015 [115]

ACP, n=7038

HCA+RCP, 
n=114

Study period: 2009-2012

Total arch replacements, n=16218

ACP vs HCA+RCP, analysis on 8169 patients (ascending aortic dissection, ruptured 
aneurysm, emergency surgery – excluded)

30 day mortality 3.2% vs 4.0%, hospital death 6.0% vs 7.1%, stroke 6.7% vs 8.6%, TND 
4.1% vs 4.4%, no difference in composite outcome of hospital death, stroke, need for 

dialysis, prolonged ICU stay > 8 days 24.2% vs 15.6% with HCA/RCP

Both techniques provide 
comparable clinical outcomes with 

regard to mortality, stroke rate. 
HCA/RCP – prolonged ICU stay

26. Tian DH et al, 
2018 [65]

HCA, n=2705

HCA+RCP, 
n=2817

Twenty-eight comparative studies that included patient groups undergoing aortic arch 
surgery using HCA or HCA+RCP

Significantly increased mortality – DHCA compared to DHCA + RCP, odds ratio 1.75, 95% 
CI: 1.16-2.63, p=0.007, I2 54%; stroke significant increase in HCA group (OR 1.5, 95% CI: 

1.07-2.90, p=0.02), I2 29%; temporary neurodeficits- no difference (p=0.66)

Addition of RCP may provide 
better outcomes than using HCA 

alone

27. Hameed I et 
al, 2019 [74]

ACP, n=15293

RCP, n=7511

DHCA, n=4164

68 studies, n=26968 patients; USA, n=19; Japan, n=13; Germany, n=6; other countries, 
n=30

6 randomized controlled trials (n=354), 62 observational studies (n=26,614), Mean age: 
ACP 48.1-71 years, RCP 48.5-71 years, DHCA 49-68.1 years; compared with DHCA, both 
ACP and RCP were associated with significantly lower postoperative stroke and operative 

mortality rates, ACP odds ratio 0.62 (95% CI: 0.51-0.75) odds ratio 0.66 (95% CI: 0.51-
0.76) respectively

RCP odds ratio 0.66 (95% CI: 0.54-0.82), odds ratio 0.57 (95% CI: 0.45-0.71) respectively; 
ACP and RCP associated with similar incidence of primary outcome; relative benefit 

increases with the duration of circulatory arrest. 

No difference among 3 techniques 
on secondary outcome. Unilateral 

or bilateral antegrade cerebral 
perfusion did not influence the 

results, when arrest time exceeded 
25 min- the benefits of RCP, ACP 

over DHCA become significant

28. Ganzel, BL et 
al 1997 [132]

Study period: 1993-1996

Complex aortic and aortic arch surgeries- neurophysiologic monitoring

DHCA+RCP, n=22

DHCA alone, n=8

Circulatory arrest duration (min)

26 (22-30)

24 (15-33)

Temperature °C

17 (16-19)

17 (14-20)

Decrease of regional cerebral venous oxygen saturation 

Under the guidance of 
multimodality neurologic 

monitoring, high flow RCP as safe 
as circulatory arrest alone
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1. Milewski RK et 
al, 2010154

DHCA+RCP, n=682

MHCA+ACP, n=94

Study period: 1997-2008

Analysis of two institutions; mean cerebral ischemic time and visceral 
ischemic time differed between RCP/DHCA and ACP/MHCA (p<0.001). There 

was no significant difference in permanent neurologic, deficit, temporary 
neurologic dysfunction, or renal failure, between RCP/DHCA and ACP/MHCA 

on multivariate analysis. Mortality was comparable across both techniques

Both techniques have emerged as 
effective techniques for selected 

aortic arch operations with 
low morbidity and mortality, no 

statistically significant difference 
in primary or secondary outcomes 

between techniques for aortic 
reconstruction times less than 45 

minutes

2. Perreas K et 
al, 2016163

Ascending aortic + 
hemiarch correction, 

n=259

DHCA/RCP, n=207

MHCA/ACP. n=52

Study period: 2006-2014

Propensity score matching analysis of 259 patients, after propensity scoring 
40 pairs (80 patients) matched

Before matching

After matching

DHCA/ RCP

MHCA/ ACP

P value

DHCA/ RCP

MHCA/ ACP

P value

MHCA/ACP was associated with 
76.5% decreased risk (RR 0.23, 95% 

CI: 0.07 to 0.69) of postoperative 
neurologic complications (p=0.009), 
mid-term all cause mortality MHCA/

ACP modestly decreased the number 
of deaths (p=0.04), MHCA/ACP- a 

trend towards decreased 30 day and 
mid-term mortality

3. Leshnower BG 
et al, 2019102

DHCA+RCP, n=11

MHCA+ACP, n=9

Hemiarch replacement, nasopharyngeal temperature

					     Stroke		
p value

DHCA+RCP	 19.9°±0.1°C (p<0.0001)	 5/11 (45%)	 0.01

MHCA+ACP	 26.3°±1.8°C		  9/9 (100%)	

Mortality / renal failure – Nil

MHCA + ACP may be associated 
with a higher incidence of 

radiographic neurologic injury than 
DHCA + RCP in patients undergoing 

hemiarch replacement

Table 2: Summary of the published clinical investigations documenting the mortality and morbidity following deep hypothermic circulatory arrest + retrograde cerebral 
perfusion, moderately hypothermic circulatory arrest and antegrade cerebral perfusion

ACP-antegrade cerebral perfusion, CI-confidence interval, DHCA-deep hypothermic circulatory arrest, MHCA-moderate hypothermic circulatory arrest, RCP-retrograde 
cerebral perfusion,

S. 
No. Authors No. of patients Patient demographics and operative 

variables Mortality Morbidity Conclusions

29. Tian DH et al, 
2013 [64]

Aortic arch operation, meta-analysis of 9 studies, DHCA alone n=64.8, DHCA+SACP n=370; DHCA+SACP 
was associated with superior survival 

outcomes (p=0.008), i2=0%. No difference in permanent neurologic outcomes

DHCA+SACP was superior to 
DHCA alone

30. Okita Y et al, 
2001 [37]

Study period: 1997-1999, total aortic arch replacement; DHCA+RCP, n=30; DHCA+SACP=30

Hospital death: RCP (6.6%; SCP (6.6%)

New strokes: RCP (3.3%), SCP (6.6%), p=0.6

TND: RCP (33.3%), SCP 13.(3%), p=0.05

Both methods of cerebral 
protection resulted in acceptable 

morbidity and mortality. The 
prevalence of TND was significant 

higher in RCP

31. Gatti G et al, 
2017 [150]

Study period: 1999-2015; aortic arch operation DHCA 14-20°; DHCA+RCP=344, DHCA alone= 26 (control 
group), in hospital death (9.6%), PND (9%), 

TND (19.1%)

DHCA+RCP- low risk of TND 
provided DHCA <25 min
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1. Kubota H et 
al, 201053 25 years female

Diagnosis aortitis with ascending aortic arch aneurysm, CT-aneurysm from ascending aorta to aortic 
arch, maximum diameter 76 mm, MR angio- occlusion- BCA, LSA, right brain perfused via LICA, Echo- 

severe AR, bioprosthetic AVR: 21mm, total ascending aortic and arch replacement, reimplantation- BCA, 
LCCA, lowest temperature: 18°C, circulatory arrest, IPA-RCP, SVC pressure 15-20 mmHg x 2 min, 45 

mmHg x 30 seconds, repeated every 20 minutes, duration- IPA-RCP: 75 minutes, RSO2 maintained: 80-
85%, postoperative brain perfusion scintigraphy-improved perfusion- right cerebral hemisphere 

IPA-RCP may 
contribute to brain 

protection and better 
clinical outcomes

2. Endo H et al, 
201352

DHCA-CRCP, 
n=10

DHCA-IPA-RCP, 
n=10

Study period: 2005-2008

DHCA-CRCP – continuous venous pressure 25mmHg

DHCA-IPA-RCP – venous pressure 20mmHg (120 seconds), 45 mmHg (30 seconds)

rSO2- near infraread spectroscopy every 10 min

Mortality- Nil, major  neurological complications – nil

Full wakefulness – end of surgery to fully awake- conventional RCP 310±282 min, IPA-RCP 85±64 min 
(p<0.5)

rSO2 greater than conventional RCP from 10-70 mmHg (p<0.5)

IPA-RCP provides 
more homogenous 
cerebral perfusion 

and a more effective 
supply

Table 3: Summary of the published clinical investigations documenting the mortality and morbidity following deep hypothermic circulatory arrest 
and intermittent pressure augmented retrograde cerebral perfusion

AR-aortic regurgitation, AVR-aortic valve replacement, BCA-brachiocephalic artery, CT-computed tomography, IPA-RCP- intermittent pressure augmented retrograde 
cerebral perfusion, LCCA-left common carotid artery, LICA-left internal carotid artery, LSA-left subclavian artery, RSO2-cerebral arterial oxygen saturation, SVC-
superior vena cava

S. No. Authors No. of patients Patient demographics and operative 
variables Mortality Morbidity Conclusions

1. Yasuura K et al, 
199259 5 patients

Study period: 1990-1991

Age: 18-59 years, Median: 54 years, 
ascending aortic replacement±Bentall, CPB 
mean time: 253 (range 162-351 minutes), 
rectal temperature during RCP: 16-20°C, 

mean time total RCP: 82 minutes (range 32-
110 minutes)

Nil

No neurological 
complications, 

postoperative BUN: 
28-30 mg/dl, serum 

creatining 1.5-1.8 mg/
dl, LFT-normal

Total body retrograde perfusion 
creates a relatively bloodless field, 

permits complete repair without fear of 
clamp injury, avoids hypoperfusion of 
vital organs through the false lumen

2. Yasuura K et al, 
199961

Distal aortic arch 
aneurysm. n=3

Stanford type B: 
n=2

Replacement 
of descending 

thoractic aorta LSA 
reconstruction: 

n=1

Lowest temperature: 18°C

Median CPB time: 175 minutes (152-215 
minutes), median retrograde perfusion: 

30 (29-37 minutes), median IVC flow rate: 
670 (390-790 ml/min), SVC pressure: 15-

18mmHg

Nil Nil
Axillary artery cannulation does not 

require occlusion-DTA for cerebral 
perfusion

Table 4: Summary of the published clinical investigations documenting the mortality and morbidity following deep hypothermic circulatory arrest and retrograde 
coronary sinus and retrograde superior and inferior vena caval perfusion

BUN-blood urea nitrogen, CPB-cardiopulmonary bypass, DTA-descending thoracic aorta, IVC-inferior vena cava, LFT-liver function test, RCP-retrograde cerebral 
perfusion, SVC-superior vena cava



Page 13/23

Copyright  Chowdhury UK

Citation: Chowdhury UK*, Vaswani P, George N, Singh S, Sankhyan LK, Sengupta S, et al. Dacron Patch Closure of Ventricular Septal Defect, 
Subaortic Aneurysm, Ruptured Aneurysm of Sinus of Valsalva and Concomitant Aortic Valve Replacement using a Mechanical Prosthesis: A 
Video Presentation. Clin Cardiol. 2020; 3(1): 1016.

S. No. Authors
No. of 

patients
Patient demographics and operative variables, mortality, morbidity and statistical significance Conclusions

1.
Kanda H et al, 

2019168
N=23

Scheduled aortic arch / hemiarch, age (years) 70.4±7.44, intraoperative monitoring ocular perfusion- laser 
speckle flowgraphy, moderate HCA (26-28°C) in all patients for total arch and hemiarch replacements 

respectively.

RCP 100-300 ml/min - keeping venous perfusion pressure 20 mmHg. After inspecting transverse arch SCP 
on all 3 vessels (BCA, LCCA, LSA), 10ml/kg/min maintain cerebral arterial pressure 45 mmHg

Results: Both mean blur ratios of simple circulatory arrest and RCP significantly decreased, no significant 
difference between simple circulatory arrest and RCP. The mean blur ratio or SCP significantly increased 

compared to circulatory arrest and RCP

Cerebral microcirculation may not be adequate during 
RCP compared with SCP under moderate hypothermia

Table 5: Summary of the published clinical investigations documenting the mortality and morbidity following combined retrograde and antegrade cerebral perfusion 
under moderately hypothermic circulatory arrest 

BCA-brachiocephalic artery, HCA-hypothermic circulatory arrest, LCCA-left common carotid artery, LSA-left subclavian artery, RCP-retrograde cerebral perfusion, 
SCP-selective antegrade cerebral perfusion

S. 
No. Authors No. of patients Patient demographics and operative variables, mortality, morbidity, 

statistical significance and conclusion

1. Bavaria JE et al, 199533

Study period: 1987-1994

Retrograde study of 156 patients. Elective + 
emergent operation of the thoracic aorta

Proximal aortic surgery, n=75

Ascending aortic aneurysm, n=22

Type A dissection, n=45

Arch reconstruction, n=8

Thoracoabdominal

Crawford type I, n=26

Crawford type II, n=18

Crawford type III, n=8

Crawford type IV, n=8

Traumatic transection, n=11

Type B dissection, n=10

Lowerst temperature 16°

Proximal aortic procedure- stroke rate was 12% using CPB and 48% 
using HCA, additional RCP decreased stroke rate 0% (p<0.01), mortality 

rate 7.1% compared with 37% for HCA (p<0.005)

Thoracoabdominal procedure- Straight clamping, spinal cord injury 27%, 
renal failure 24%, additional of distal aortic bypass- decreased spinal 

injury 7% (p<0.01), renal failure to 13%, distal aortic bypass decreased 
mortality rate 22% to 7% (p<0.05), RCP decreases the stroke rate and 
mortality in proximal aortic operation, distal aortic perfusion decreases 
the neurologic injury, renal failure and mortality in thoracoabdominal 

operation

Table 6: Summary of the published clinical investigations documenting the mortality and morbidity following deep hypothermic circulatory arrest with retrograde 
cerebral and antegrade distal aortic perfusion

HCA-hypothermic circulatory arrest, RCP-retrograde cerebral perfusion

we compared the postoperative outcomes between DHCA+ACP 
versus DHCA+RCP among the published investigations on Forest 
plot analysis, there was no difference in postoperative outcomes 
(operative mortality, TND, PND) between patients undergoing 
either ACP or RCP patients undergoing DHCA+RCP had a slightly 
increased incidence of TND and PND (Figures 1-3).

In 2019, Hameed and associates performed the first Network 
Meta-Analysis (NMA) comparing all 3 cerebral protection strategies, 
namely DHCA, DHCA+RCP and DHCA+ACP. There were six 
randomized controlled trials (n=354), and 62 observational studies 

(n=26,614) with a total of 26968 patients (DHCA+ACP, n=15293; 
DHCA+RCP, n=7511; DHCA, n=4164). Adoption of NMA allowed 
direct and indirect comparisons of all the available strategies 
of cerebral protection [74]. Additionally, NMA appeared to be 
more effective than pairwise comparisons in minimizing biases, 
especially when pooling data from randomized and observational 
series [74,120-122]. Compared with DHCA, both ACP and RCP 
were associated with significantly lower postoperative stroke and 
operative mortality rates (Table 1) [74]. In 1989, Bachet and associates 
described “cerebroplegia” transfusing cold blood antegradely in 54 
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patients with an operative mortality of 13% and PND in 3 patients 
[123]. In 1992, Kazui and associates used 4-branched graft technique 
for arch reconstruction on 32 patients with three hospital deaths and 
no neurological sequelae [124].

Discussion

Since the introduction of DHCA for surgeries of aortic arch, 
controversy persists regarding the optimal strategy for cerebral 
protection during planned and emergent aortic surgeries. Five 
different options of cerebral protection currently exist: DHCA alone, 
unilateral or bilateral antegrade cerebral perfusion, retrograde cerebral 
perfusion with moderate or deep hypothermic circulatory arrest, and 
total body retrograde perfusion. Each strategy has its own risks and 
benefits, but the surgical community has endorsed no single strategy.

Although there have been major advances in the methods of 
cerebral protection, since the inception of open heart surgery, surgeries 
on the transverse aortic arch have never the less remained far from 
unhurried because of the anaerobic damage that can occur with all 
current methods of cerebral protection. The ideal cerebral protection 
strategies should provide excellent preservation with minimal organic 
cerebral damage and mortality. The efficacy of cerebral protection is 
gauged by safe periods of cerebral ischemic time that it affords the 
surgeon. 

Deep hypothermic circulatory arrest alone

Initially, aortic arch operations with DHCA without an adjunct 
were critically limited to short duration of 30 minutes (less than 40 
minutes in more contemporary series) [75-79,125,126]. If prolonged 
beyond 50 minutes, it resulted in cerebral stroke rates up to 16.7% 
and marked increase in mortality rate after 65 minutes [126-137]. 
Transient neurologic dysfunction (TND) is defined as confusion, 
agitation, delirium, prolonged obtundation or Parkinsonism in the 
immediate postoperative period is also common, occurring in 14% to 
37% of patients (Table 1) [135-143].

A 2013 consensus statement by Yan et al defined 4 categories of 
HCA: profound (<14°C), deep (14.1°C -20.0°C), moderate (20.1°C 
-28.0°C), and mild (28.1°C -34.0°C). The statement suggested a 
safe HCA duration of 30-to-40 minutes at profound HCA, 20-to-30 
minutes at deep HCA, 10-to-20 minutes at moderate, fewer than 10 
minutes at mild HCA. The statement further suggested that axillary 
artery cannulation allows for the later institution of ACP to provide 
perfusion during HCA [144].

Deep hypothermic circulatory arrest with adjunct 
retrograde cerebral perfusion

Between 1996 and 2002, a number of clinical reports have 
suggested that retrograde cerebral perfusion as an adjunct to DHCA 
can dramatically improve the operative outcome of aortic arch 
surgeries [25-33,41,42,45-47,72,90]. Most of these studies, however, 
have compared contemporary results with historic controls. The 
improvements in surgical results during the past two decades 
are multifactorial considering the advancements in neurologic 
monitoring, and surgical techniques, making comparisons to historic 
controls imprudent.

It has been shown in experimental animals, using tracking of 
fluorescent microspheres, magnetic resonance perfusion scans and 
intra vital microscopy, [146,147] that only 0.01% of perfusate flow 
transits through the brain parenchyma itself, with the majority being 
sequestered or bypassed through non-brain capillaries [148]. Despite 
this, canine and porcine models have also revealed that although not 
ideal, RCP does indeed provide superior metabolic support compared 
with HCA alone, as measured through lactate and adenosine 
triphosphate elimination with similar superior outcomes also seen in 
histologic and animal studies [25-28,129-131,149].

The primary concern for RCP has been the risk of cerebral edema 
due to hyper perfusion. As RCP pressure increases, a corresponding 
increase in cerebral edema has been identified in animals 
[130,131,149]. Clinically, however, Ganzel and colleagues have shown 

S. No. Authors No. of 
patients Patient demographics and operative variables Mortality Morbidity Conclusions

1. Lin J et al, 
201939 6 

Study period: October 2017-November 2017

Age: 46±11 years

Lowest nasopharyngeal temperature: 28-29°C

Antegrade cerebral flow: 6-12 ml/kg/min

rSO2±10% baseline 

Retrograde IVC flow: 8-12 ml/kg/min, pump pressure 
20-30mmHg

Two pumps are used to allow precise control of blood 
separately to the brain and lower body

All survived
Postoperative liver and 

renal function tests were 
normal

Moderate hypothermia can 
reduce the duration of CPB 

and perturbation of coagulative 
function. Antegrade CBF lowers 
the risk of PND and retrograde 
perfusion provides adequate 

oxygenation to the key organs

Table 7: Summary of the published clinical investigations documenting the mortality and morbidity following combined continuous antegrade cerebral and retrograde inferior vena caval perfusion under 
moderate hypothermia

CPB-cardiopulmonary bypass, RSO2-cerebral arterial oxygen saturation, CBF-cerebral blood flow
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that with extensive intraoperative neurophysiologic monitoring, RCP 
flow can be safely titrated and cerebral edema avoided [132]. 

Two investigators (Deeb and colleagues, Ganzel and colleagues) 
demonstrated the results of RCP, with a mean RCP pressure of 
40mmHg (30-49 mmHg) and flow rate of 1.2 L/min with a <10% 
incidence of neuro deficit. The mean RCP time was 63 minutes (range 
35 to 128 minutes) [132,151]. Ueda and associates first reported that 
RCP is a useful adjunct to DHCA in augmenting cerebral protection 
for up to 80 minutes [152]. Coselli and LeMaire reported lower 
mortality (7.9% vs 14.8%) and stroke rates (2.4% vs 6.5) among 479 
patients undergoing surgeries of the aortic arch under DHCA with 
and without RCP respectively [30]. Safi and associates demonstrated 
that RCP had a protective effect against stroke (3% vs 9%) [26]. 
Bavaria and associates reported that for DHCA exceeding 60 min, 
RCP improved mortality and morbidity [135]. However, an increased 
incidence of TND has been demonstrated with the duration of RCP 
exceeding 25 minutes [153]. These excellent results were in stark 
contrast with earlier dismal experience with arrest-only periods 
exceeding 60 minutes (Table 1) [154].

There are several explanations for the superior results of adjunct 
RCP compared to isolated DHCA. First, animal studies using 
microspheres have confirmed the ability for RCP to flush particulate 
and gaseous emboli from the arterial tree, thereby reducing embolic 
load and the risk of stroke [130,131,133]. Second, RCP offers more 
consistent and continuous cerebral cooling. Finally, although RCP is 
not able to adequately fulfil cerebral metabolic demand, its limited 
flow can aid in removing neurotoxic metabolites [130,131,133].

Deep hypothermic circulatory arrest with adjunct 
antegrade cerebral perfusion

The routine use of RCP has decreased significantly over the 
past three decades supplanted by the growing acceptance of ACP 
[127,128]. Antegrade cerebral perfusion has shown to be superior 
to RCP in providing physiologically relevant cerebral blood flow 
with respect to cerebral metabolism and preserving the cellular 
structure on histopathology analysis [141]. DiEusanio and associates 
demonstrated that ACP longer than 90 minutes is not associated 
with an increased risk of mortality or neurological events [155]. 
After the report by Spilvogel and associates, an “arch first” approach 
using a branched graft has become a standard procedure permitting 
a reduction of cerebral ischemia time compared with the “distal first 
anastomosis” technique [156].

The criticism of ACP include longer operating time for arch 
reconstruction, cannulation generated embolism and uneven 
distribution of cerebral blood flow. Analysis of mortality and morbidity 
by several investigators has demonstrated that the risk factors for 
perioperative stroke were severity of leukoaraiosis of the brain white 
matter and the presence of a “shaggy” aorta. The risk factors for TND 
were shaggy aorta, leukoaraiosis, carotid artery lesion and duration 
of CPB. These investigators concluded that postoperative stroke is 
primarily patient and pathology dependent, and is only marginally 
affected by the cerebral protection strategy [157-159].

It is pertinent to state that all the quoted meta-analyses in the 
published literature till 2018 were pairwise comparisons. In 2019, 
Hameed and associates performed the first Network Meta-Analysis 
(NMA) comparing all 3 cerebral protection strategies, namely DHCA, 

DHCA+RCP and DHCA+ACP. ACP and RCP were associated with 
significantly lower postoperative stroke and operative mortality rates 
compared with DHCA. Of note, the difference in favour of both ACP 
and RCP compared with DHCA increased with the duration of the 
arrest. When the arrest time exceeds 25 minutes, the benefits of ACP 
and RCP over DHCA became significant. These investigators found 
no difference between ACP and RCP for all the explored outcomes, 
although at meta-regression, the use of moderate hypothermia was 
associated with better results in the ACP arm, and the duration of 
arrest was associated with better results in the RCP arm. Of note, 
the use of unilateral or bilateral ACP did not affect the results of the 
comparison with the other neuroprotective strategies [74].

The results of Hameed and associates are similar to those of 
Englum and associates, who compared all the different combinations 
of neuroprotection during aortic arch surgery using data of 12,521 
patients from the STS Database and found that DHCA was associated 
with the highest risk of the combined end point of operative mortality 
or neurologic complication [73].

Most of these studies reached the same conclusion that 
DHCA+ACP or RCP are better than DHCA alone, especially when 
the requiring brain protection time is longer than 30 minutes and 
history of central neurologic events is a predictor of postoperative 
stroke [20,24,70,112,127,153,160].

Several studies have reported that PND is more likely to occur 
after ACP because of embolism and TND was more likely to occur 
after RCP because of global ischemia and a longer cerebral ischemic 
time. In the meta-analysis by Hu and associates, there was no 
difference in TND and PND between the RCP group and the ACP 
group, suggesting that both techniques provide acceptable cerebral 
outcomes. The technique best suited to the individual patient can 
therefore be selected [70-74].

With shorter hypothermic circulatory arrest, the differences 
in metabolic support provided by antegrade or retrograde cerebral 
perfusion are less important and are superseded by the prevention 
of embolic phenomena. In a prospective randomized study on 20 
patients undergoing transverse hemiarch replacement receiving either 
DHCA+RCP (14.1-20°C) or MHCA+ACP (core temperature 20-
28°C), Leshnower and associates observed no significant difference 
in clinically evident neurologic injury. However, a significantly higher 
incidence of radiographic (diffusion-weighted MRI) neurologic 
injury was observed with MHCA+ACP group. The reduction of 
silent infarcts observed in the DHCA+RCP patients in this study by 
Leshnower could be due to prevention of embolic phenomena [99-
101]. Juvonen and associates demonstrated the same phenomena of 
washing out of microspheres with retrograde cerebral perfusion and 
inferior vena caval occlusion, experimentally in a porcine model 
(Table 2) [13,131].

In 2015, investigators extracted data from 8169 patients registered 
in Japanese Adult Cardiovascular Surgery Database undergoing 
total arch replacement with reconstruction of the three arch vessels 
from January 2009 and December 2012 and detected no significant 
difference between ACP and DHCA + RCP with regard to operative 
mortality, stroke and TND; however, there was a tendency towards a 
higher incidence of these indices in the RCP group [72]. 

In a prospective randomized neurocognitive and S-100 study of 
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