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Abstract 

Objectives: Antegrade cerebral perfusion (ACP) under moderate hypothermic circulatory arrest is used during total 
aortic arch replacement surgery (TARS) in patients with acute type A aortic dissection, but it is associated with high 
mortality and morbidity. We hypothesized that combining ACP with retrograde inferior vena caval perfusion (RIVP) 
improves outcomes.

Methods: This pilot study was prospective, randomized, controlled and assessor-blinded. Patients scheduled for TARS 
were randomly treated with either ACP or RIVP + ACP. The primary outcome was a composite of mortality and major 
complications including paraplegia, postoperative renal failure, severe liver dysfunction, and gastrointestinal compli-
cations. Secondary outcomes included neurological complications, length of intubation and requirement of blood 
products.

Results: A total of 76 patients were recruited (n = 38 per group). Primary outcome occurred in 23 patients (61%) in 
the ACP group and 16 (42%) in the RIVP + ACP group (OR: 0.60, 95% CI: 0.21–1.62; p = 0.31). There was a lower inci-
dence of transient neurological deficits in the RIVP + ACP group (26% vs. 58%, OR: 0.26; 95% CI: 0.10–0.67,p = 0.006;). 
The RIVP + ACP group underwent shorter intubation (25 vs 47 h, p = 0.022) and required fewer blood products (red 
cells, 3.8 units vs 6.5 units, p = 0.047; platelet: 2.0 units vs 2.0 units, p = 0.023) compared with the ACP group.

Conclusions: RIVP + ACP may be associated with lower incidence of transient neurological deficits, shorter intu-
bation and less blood transfusion requirement than ACP alone during TARS. Multi-center, randomized trials with 
larger samples are required to determine whether RIVP + ACP is associated with lower rates of mortality and major 
complications.

Trial registration: Pilot study of a RCT registered in clinicaltrials.gov (NCT03607786), Registered 30 July, 2018—Retro-
spectively registered, https:// clini caltr ials. gov/ ct2/ show/ NCT03 607786.

Keywords: Retrograde inferior vena caval perfusion, Antegrade cerebral perfusion, Total aortic arch replacement 
surgery
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Introduction
Acute type A aortic dissection (AAAD) is a life-threat-
ening condition [1–3] that, if it involves the aortic arch 
and distal aorta, usually requires immediate surgery to 
replace both the ascending aorta and aortic arch with 
artificial vascular grafts in a procedure known as total 
aortic arch replacement surgery (TARS). Because TARS 
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requires open the distal anastomosis of the graft and 
descending aorta, patients may undergo a period of circu-
latory arrest. To minimize ischemic injury, Griepp et al. 
recommended in 1975 that patients be put under deep 
hypothermic circulatory arrest (DHCA) [4]. However, 
DHCA is associated with high postoperative mortality 
(13–40%) [5, 6] and morbidity [7–9]. Modern techniques 
such as selective antegrade or retrograde cerebral perfu-
sion (ACP or RCP) under moderate hypothermic circu-
latory arrest (MHCA) have substantially reduced these 
risks and are now widely used all over the world [10–13]. 
Nevertheless, 30-day mortality can still be as high as 
5.3–19% [14, 15]; stroke incidence, 6.7–10% [16, 17]; and 
acute kidney injury, 19–54% [18, 19].

Reducing ischemic injury to the viscera and lower body 
is key to further improve outcomes in patients undergo-
ing TARS. Recently, we reported that retrograde inferior 
vena caval perfusion (RIVP) while opening the distal 
anastomosis may help provide the lower body with oxy-
genated blood during circulatory arrest [20]. Here, we 
report the results of a pilot study in which we compared 
postoperative outcomes in patients undergoing ACP or 
RIVP + ACP during TARS. The primary purpose of this 
small trial was to initially explore the safety and outcomes 
of RIVP to guide a large prospective trial.

Materials and methods
This was a prospective, randomized, controlled, and 
assessor-blinded study. Patients older than 18 years were 
included if they had been diagnosed with AAAD based 
on computed tomography angiography and scheduled 
for emergency TARS by two surgeons (YQG and ZW) 
in the Cardiovascular Department of West China Hospi-
tal of Sichuan University between April 1 and December 
31, 2018. Patients were excluded if they were pregnant, 
unable to understand or give informed consent, or were 
already participating in another clinical trial that might 
interfere with the outcomes of our trial. Exit criteria 
included hemi-arch replacement, retrograde cerebral 
perfusion, or withdrawal of consent. TARS was per-
formed when the intimal flap appeared in the ascending 
aorta, aortic arch and distal aorta. Hemiarch replacement 
was performed if the intimal flap was restricted in the 
ascending aorta and the aortic arch had a diameter within 
the normal range without distal malperfusion [21].

This is a pilot study of a large, prospective, assessor-
blinded clinical trial that has been registered at clini-
caltrial.gov (ID: NCT03607786) and approved by the 
Medical Ethics Committee of West China Hospital, 
Sichuan University (No. 201824). The enrolled patients 
in this pilot study would not be included into the on-
going large clinical trial. The protocol followed the guide-
lines of the Declaration of Helsinki. Written informed 

consent was obtained from all patients and their rela-
tives preoperatively, and they were informed that they 
could leave the study at any time for any reason, without 
consequences.

Anesthesia, surgery and cardiopulmonary bypass
Patients were managed as described [22]. Briefly, general 
anesthesia was induced and maintained by sevoflurane 
inhalation and intravenous infusion of propofol, sufen-
tanil and cisatracurium. Invasive blood pressure in the 
bilateral radial arteries and left dorsalis pedis artery as 
well as nasopharyngeal and rectal temperature were reg-
ularly monitored. A central venous catheter was inserted 
through the right internal jugular vein. Cerebral perfu-
sion was monitored using near-infrared spectroscopy 
(NIRS; EGOS-600A, Suzhou Engine Bio-medical Elec-
tronics, Suzhou, China). A transesophageal echocardio-
graphic probe was routinely placed.

After median sternotomy, arterial cannulation was 
performed in the distal ascending aorta or aortic arch 
or in the right axillary, innominate, or femoral arter-
ies depending on the dissection condition and the sur-
geon’s preference. The superior and inferior vena cava 
were cannulated for venous drainage. Cardiopulmonary 
bypass (CPB) was performed using two rolling pumps, 
membrane oxygenator, and tubes. To prepare for RIVP, 
the arterial line was bifurcated after pump 1 and the oxy-
genator. One branch of the arterial line was designed for 
systemic perfusion, which allowed ACP during circula-
tory arrest. The other branch was connected to pump 2, 
a pressure monitor, and a drainage tube from the inferior 
vena cava, which allowed RIVP during circulatory arrest 
(Video). During RIVP, the circuit pressure after the RIVP 
pump was monitored to assess the pressure in the infe-
rior vena cava.

Systemic cooling was initiated immediately after the 
start of CPB, and the patient’s head was packed in ice 
during cooling. After the ascending aorta was cross-
clamped, myocardial protection was achieved by infu-
sion of cold blood cardioplegia delivered intermittently 
in antegrade or retrograde mode. Proximal aortic root 
repair was performed during cooling. The Bentall proce-
dure was performed if patients had severe aortic regurgi-
tation and dilation of the aortic root.

TARS was performed using the elephant-trunk tech-
nique and a four-branched graft [23]. Circulatory arrest 
was initiated after the target temperature was reached. 
The supra-aortic vessels were clamped while the ascend-
ing aortic clamp and aortic cannula were removed upon 
initiation of ACP. The arch was resected distally to the 
opening of the left subclavian artery, with each head ves-
sel prepared for individual anastomosis. A stent endo-
graft (CRONUS, MicroPort Scientific Corporation, 
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Shanghai, China) was inserted into the true lumen of the 
descending aorta in an antegrade manner and the aortic 
wall was anastomosed to the graft end. Systemic circula-
tion was resumed through a side branch of the arch graft 
to perfuse the lower body. The arch reconstruction was 
performed by anastomosis of the left common carotid 
artery, left subclavian artery and innominate artery with 
the other three branches of the graft. Patients were pro-
gressively weaned from CPB.

Blood components were infused to maintain post-CPB 
hematocrit and coagulopathy. All patients were trans-
ferred back to the intensive care unit after the operation.

Study groups
After arrival in the operating room, patients were ran-
domly assigned to the ACP or RIVP + ACP group by an 
independent coordinator who used a computer-gener-
ated randomization list. Outcome assessors were blinded 
to patient allocation, while the surgeon, anesthesiologist, 
perfusionist and operating room personnel were not.

For patients in the control group, ACP group, ACP was 
initiated during circulatory arrest by either axillary or 
direct innominate artery cannulation using a 10- to 14-Fr 
perfusion cannula at a rate of 5–12  mL/kg/min under 
a pump pressure of 50–70  mmHg. Bilateral ACP was 
employed when the NIRS value decreased for more than 
20% of baseline.

For patients in the RIVP + ACP group, RIVP was initi-
ated after the inferior vena cava cannula was snared and 
the distal end of the inferior vena cava drainage tube was 
cross-clamped. RIVP was performed using pump 2 and 
oxygenated blood from the arterial line; flow was slowly 
increased to 5–10 mL/min/kg to achieve a target circuit 
pressure of 20–25  mmHg (Video). After that, the aorta 
was opened for stent and anastomosis. RIVP was discon-
tinued after anastomosis of the descending aorta, and the 
graft was completed. ACP and all other steps were per-
formed as for patients in the ACP group.

Outcomes
To determine the effect of RIVP on patient outcomes 
and lower body ischemia in particular, we defined the 
primary outcome as a composite of organ dysfunction 
in the lower body (including paraplegia, postoperative 
dialysis-dependent renal failure, severe liver dysfunc-
tion, and gastrointestinal complications), as well as all-
cause mortality, which occurred during hospitalization 
(regardless of length of stay) and for up to 30 days after 
surgery if the patient was discharged. Severe liver dys-
function was defined as a serum alanine level 8 times 
the upper normal level or a serum alanine level 3 times 
the upper normal level, as well as a total bilirubin level 
greater than 56  µmol/L. Gastrointestinal complications 

[24] included gastrointestinal bleeding, perforation, 
intestinal ischemia, pancreatitis, acute cholecystitis, and 
paralytic ileus. Secondary outcomes included stroke/cer-
ebrovascular events, prolonged ventilation (> 48 h), tran-
sient neurological deficits (TND), myocardial infarction, 
acute kidney injury not requiring dialysis, surgical re-
exploration for bleeding, deep sternal wound infection, 
length of intubation, length of hospital stay, blood prod-
uct requirement, postoperative drainage and hemoglobin 
level. All patients with new central nervous system symp-
toms were assessed by a neurologist. Demographics and 
outcomes were defined as recommended by the Society 
of Thoracic Surgeons (www. sts. org/ quali ty- safety/ perfo 
rmance- measu res). The details of definitions of the out-
comes were as previously reported [22].

Clinical data from the initial hospitalization were pro-
spectively entered into our institutional database. Dis-
charged patients were assessed directly in our outpatient 
clinic or by telephone. Follow-up was completed for all 
patients by February 1, 2019.

Statistical analysis
Data were analyzed using SPSS 22.0 (IBM, Armonk, NY, 
USA). Differences associated with p < 0.05 were consid-
ered statistically significant. Normality of the distribution 
of continuous data was assessed using the Shapiro-Wilks 
test, for which P > 0.05 was taken to indicate normal dis-
tribution. Variables showing a normal distribution were 
expressed as mean ± standard deviation, and differences 
were assessed for significance using an independent t 
test. Other variables were expressed as median (inter-
quartile range), and differences were assessed using 
the Mann–Whitney U test. Categorical variables were 
expressed as numbers (percentages), and differences 
were assessed using a Chi-Squared test.

Binary logistic regression was used to calculate odds 
ratios (ORs) among. Primary outcome was adjusted for 
age, gender, body mass index (BMI). Transient neuro-
logical deficits were adjusted for age, gender, BMI, lowest 
nasopharyngeal temperature, unilateral/bilateral cerebral 
perfusion, and cerebral flow. Prolonged intubation was 
adjusted for age, gender, BMI, and volume of red cell 
transfusion.

We used generalized estimating equations to assess the 
significance of inter-group differences in chest drainage 
volume and hemoglobin level. We used robust standard 
errors and the working correlation structure specified as 
autoregressive.

Results
Participants
A total of 81 patients scheduled for TARS were screened. 
One was excluded because informed consent could 
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not be obtained, leaving 80 patients who entered into 
the study and were randomized. Of these, 4 withdrew 
because hemi-arch replacement was needed (n = 2 in 
each group), leaving a total of 76 patients (mean age: 
45 ± 10  years, 65 males) with 38 patients per group 
(Fig. 1). Patient baseline characteristics, including demo-
graphic characteristics, comorbidities, laboratory indi-
ces and preoperative treatments, were similar between 
groups. An exception was C-reactive protein level, which 
was slightly higher in the RIVP + ACP group than in the 
ACP group (40.8 vs 77.5 mg/L, p = 0.05) (Table 1).

The RIVP + ACP group contained higher proportions 
of patients with aortic dissection involving celiac trunk 
artery (18% vs 45%, p = 0.014) and right renal artery 
(18% vs 40%, p = 0.043). The groups showed no signifi-
cant differences in rates of involvement of other arteries 
(Table 2).

Surgical characteristics
Times from first symptom to surgery and from admission 
to surgery were similar between the groups (Table 3). The 
two groups were also similar in the numbers of patients 
undergoing elephant trunk implantation, aortic valve 
replacement or coronary artery bypass grafting. During 
lower body circulatory arrest, the nasopharyngeal and 

rectal temperatures were 2.5 °C higher in the RIVP + ACP 
group than in the ACP group (Table 3). During circula-
tory arrest, ACP blood flow was lower, but the rate of 
bilateral ACP was higher, in the ACP group than in the 
RIVP + ACP group. Patients in the RIVP + ACP group 
had a blood flow of 11 ± 2 mL/min/kg for RIVP.

Time from CPB initiation to rewarming and aortic 
cross-clamping time were similar between groups, but 
the time from rewarming to weaning off the pump was 
shorter in the RIVP + ACP group (Table 3).

Clinical outcomes
Primary outcome occurred in a total of 22 patients (29%), 
comprising 7 deaths (9%), 1 case of paraplegia (1%), 13 
cases of postoperative renal failure (17%), 5 cases of 
severe liver dysfunction (7%), and 2 cases of gastroin-
testinal complications (3%). Of 22 patients with primary 
events, 13 (34%) were in the ACP group, and 9 (24%) in 
the RIVP + ACP group (Fig.  2). Of the 4 deaths in the 
ACP group, two were caused by cardiogenic shock, one 
was caused by stroke, and one was caused by rupture of 
the abdominal aortic dissection. Of the 3 deaths in the 
RIVP + ACP group, two were caused by stroke induced 
by right common carotid artery dissection, and one was 
caused by multiple organ dysfunction secondary to lung 

Fig. 1 Flowchart of the study population. A total of 76 patients were enrolled in the final analysis based on the inclusion and exclusion criteria. ACP: 
antegrade cerebral perfusion; RIVP: retrograde inferior vena caval perfusion
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Table 1 Baseline variables in patients treated with ACP or RIVP + ACP during TARS

Variable ACP group
(n = 38)

RIVP + ACP group
(n = 38)

P value

Demographics

 Age 45 ± 10 47 ± 10 0.49

 Male, n (%) 30 (79) 35 (92) 0.10

 Ethnicity, n (%) 1.00

  Han a 36 (95) 37 (97)

  Tibetan a 1 (3) 1 (3)

  Other a 1 (3) 0 (0.0)

 Body mass index, kg/m2 24.64 ± 3.71 25.51 ± 3.20 0.41

 Current smoker, n (%) 20 (53) 18 (47) 0.65

 Current drinker, n (%) 5 (13) 6 (16) 0.74

 EuroScore II, median (IQR) 2.49 (2.38, 4.12) 2.68 (1.98, 3.86) 0.98

Circulatory system

 Hyperlipemia, n (%)a 1 (3) 1 (2.6) 1.00

 Hypertension, n (%) 27 (71) 21 (55) 0.15

 Ejection fraction, % 60 ± 9 60 ± 8 0.79

 Arrhythmia, n (%)a 0 (0) 1 (3) 1.00

 Cardiovascular intervention, n (%) 4 (11) 2 (5) 0.67

Respiratory system

 Respiratory failure, n (%)a 1 (3) 0 (0.0) 1.00

 Infection, n (%)a 1 (3) 0 (0.0) 1.00

 Atelectasis, n (%)a 1 (3) 2 (5) 1.00

 Pleural effusion, n (%) 6 (16) 8 (21) 0.55

Nervous system, n (%) 0.12

 Transient ischemic attack a 0 (0.0) 1 (3)

 Stroke history a 0 (0.0) 3 (8)

 Renal failure (RIFLE III) a 0 (0.0) 0 (0) -

 Diabetes, n (%)a 1 (3) 0 (0.0) 1.00

 Hypothyroidism, n (%)a 4 (11) 5 (13) 1.00

 Liver dysfunction, n (%)a 1 (3) 2 (5) 1.00

 Gastrointestinal bleeding, n (%)a 1 (3) 1 (3) 1.00

 Ulcer, n (%)a 2 (5) 0 (0) 0.47

Laboratory index

 Hemoglobin (g/L) 134 ± 17 132 ± 18 0.61

 Platelets (×  109/L) 162 ± 72 187 ± 96 0.20

 Leukocytes (×  109/L) 10.30 ± 3.23 10.72 ± 3.56 0.59

 International normalized ratio 1.02 (0.97, 1.12) 1.02 (0.97, 1.10) 0.69

 Fibrinogen (g/dL) 3.45 ± 1.60 3.96 ± 1.75 0.19

 Glucose (mmol/L) 6.14 ± 1.09 6.46 ± 1.02 0.19

 C-reactive protein (mg/L) 40.8 (11.5, 86.0) 77.5 (36.3, 101.2) 0.05

 Troponin-T (ng/L) 16.1 (9.9, 43.9) 20.1 (12.8, 34.2) 0.40

 Creatinine level (umol/L) 0.45

 ≤ 110 28(74) 30(79)

 110–176 9(24) 8(21)

 ≥ 176 1(3) 0(0)

Medicine, n (%)

 Beta blocker 33 (87) 32 (84) 0.74

Aspirin 1(3) 1 (3) 1.00

 Anticoagulants 1 (3) 0 (0) 1.00
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infection. Kidney function based on the RIFLE classifi-
cation was similar between the two groups (Additional 
file 2: Table 1).

Based on binary logistic regression, crude and adjusted 
ORs of primary outcomes in patients treated with 
RIVP + ACP were 0.60 (95% CI: 0.21–1.62) and 0.97 
(95% CI: 0.24–3.97) relative to patients treated with ACP 
(Fig. 2).

Stroke incidence was similar between the two groups. 
However, the incidence of TND was lower in the 
RIVP + ACP group. Based on logistic regression, crude 

Table 1 (continued)
Continuous data are expressed as mean ± SD or median (interquartile range); categorical data, as n (%)

ACP antegrade cerebral perfusion, RIFLE III risk, injury, failure, loss, and end-stage criteria, RIVP retrograde inferior vena caval perfusion, TARS total aortic arch 
replacement surgery
a Chi-Squared test

Table 2 Arteries involved in aortic dissection, expressed as n (%)

Artery ACP group
(n = 38)

RIVP + ACP group
(n = 38)

P value

Coronary 12 (32) 5 (13) 0.054

Innominate 24 (63) 30 (79) 0.13

Left common carotid 18 (47) 20 (53) 0.65

Left subclavian 17 (45) 21 (55) 0.36

Celiac trunk 7 (18) 17 (45) 0.014

Left renal 13 (34) 16 (42) 0.48

Right renal 7 (18) 15 (40) 0.043

Table 3 Surgical characteristics in patients treated with ACP or RIVP + ACP during TARS

Continuous data are expressed as mean ± SD or median (interquartile range); categorical data, as n (%)

ACP antegrade cerebral perfusion, RIVP retrograde inferior vena caval perfusion, TARS total aortic replacement surgery
a Chi-squared test

Variable ACP group
(n = 38)

RIVP + ACP group
(n = 38)

P value

Time from first symptom to surgery (h) 66 (60, 130) 42 (29, 126) 0.26

Time from admission to surgery (h) 41 (22, 56) 26 (18, 36) 0.42

Surgery type, n (%)
 Elephant trunk 34 (90) 35 (92) 1.00

 Aortic valve replacement 19 (50) 14 (37) 0.25

 Aortic valvuloplasty a 1 (3) 0 (0) 1.00

 Coronary artery bypass grafting a 2 (5) 1 (3) 1.00

Arterial cannulation site, n (%)a 0.80

 Femoral artery 25 (66) 27 (71)

 Descending aorta 12 (32) 11 (29)

 Subclavian artery 1 (3) 0 (0)

Variables during lower body arrest
Lowest temperature (°C)

 Nasopharyngeal 25.3 (24.5, 25.7) 27.8 (27.6, 28.1)  < 0.001

 Rectal 27.2 (25.9, 27.8) 28.9 (28.6, 29.3)  < 0.001

Antegrade cerebral perfusion

 Flow (mL/min/kg) 5.8 ± 1.3 7.2 ± 1.5 0.001

 Unilateral/bilateral 14/24 31/7  < 0.001

 Left radial artery pressure (mmHg) 15 ± 8 14 ± 7 0.46

Retrograde inferior vena caval perfusion

 Flow (mL/min/kg) – 11 ± 2 –

 Pressure (mmHg) – 22 ± 3 –

Cardiopulmonary bypass times (min)

 From initiation to low body arrest 112 ± 33 120 ± 33 0.27

 The specific circulatory arrest 34.4 ± 9.2 34.5 ± 8.3 0.96

 From rewarming to weaning pump 151 ± 60 97 ± 23  < 0.001

 Cross-clamping time 198 ± 55 189 ± 36 0.39

 Surgery duration (hour) 8.27 (6.75,9.75) 8.08 (7.08,9.00) 0.33
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and adjusted ORs of TND in patients treated with 
RIVP + ACP were 0.26(95% CI: 0.10–0.67) and 0.13 
(95% CI: 0.03–0.51) relative to patients treated with ACP 
(Fig. 2).

Duration of intubation was shorter in the RIVP + ACP 
group than in the ACP group (25  h vs 47  h, p = 0.022). 
Crude and adjusted ORs of prolonged intubation in the 
RIVP + ACP group were 0.52 (95% CI: 0.20–1.30) and 
0.56 (95% CI: 0.15–2.07) relative to ACP alone.

Length of hospital stays and rates of surgical re-explo-
ration for bleeding and deep sternal wound infection 
were similar between the groups. The RIVP + ACP group 
showed a less requirement of blood products (RBC, 6.5 
units vs 3.8 units, p = 0.047; PLT, 2.0 units vs 2.0 units, 
p = 0.023, Table  4) and higher hemoglobin level, but 
lower post-operative chest drainage volume (Additional 
file 2: Table 2).

Discussion
RIVP with ACP is easy to be performed during TARS 
(Video). In this study, patients undergoing RIVP + ACP 
experienced lower incidence of transient neurological 
deficits, shorter intubation time and less requirement 
of blood products than those undergoing ACP alone, 

although the two groups did not differ significantly in the 
rate of composite events. These results suggest that RIVP 
combined with ACP might lead to better outcomes than 
ACP alone during TARS.

In this pilot study, RIVP at 22 ± 3  mmHg provided 
11 ± 2 mL/min/kg of oxygenated blood to the lower body, 
and was associated with a 10% decrease in the rate of pri-
mary outcome. This reflects the fact that the RIVP + ACP 
group had a slightly lower RIFLE classification, although 
aortic dissection in that group more often involved the 
celiac trunk artery and right renal artery than in the ACP 
group. The protective effects may be explained by RIVP 
blood for providing continuous oxygenation to the lower 
body, as well as cooling and flushing out the particu-
lar embolic debris, similarly to retrograde superior vena 
caval perfusion [25].

In the present study, we increased body temperature 
in the RIVP + ACP group during circulatory arrest. We 
maintained patients at a nasopharyngeal temperature of 
26–28  °C and a rectal temperature of 28–30  °C, which 
have been reported safe for RIVP patients [20]. Since 
the lower body is perfused through RIVP during the 
period of circulatory arrest, we believe that it is safe to 
elevate the body temperature,therefore surgeons had the 

Fig. 2 RIVP + ACP might be associated with reduced TND and less blood products transfusion. ACP, antegrade cerebral perfusion; RIVP, retrograde 
inferior vena caval perfusion; TND, transient neurological deficits
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discretion to decide for a higher target temperature and 
this was systematically applied determining a statisti-
cally different temperature during arrest in the 2 groups. 
In contrast, patients in the ACP group were maintained 
at a nasopharyngeal temperature of 24–26 °C and a rec-
tal temperature of 26–28  °C in accordance with pre-
vious reports [26, 27]. The higher temperature in the 
RIVP + ACP group shortened CPB time, which may be 
benefit to shorten the ventilation time via attenuating the 
inflammatory response in the lung induced by the artifi-
cial material of the CPB circuit [28].

Interestingly, patients in the RIVP + ACP group also 
showed lower risk of TND than patients in the ACP 
group. Because of the limited influence of various cer-
ebral perfusion strategies on the neurological outcome 
[29], the difference in TND is unlikely blamed of the dif-
ferent cannulation strategies in two groups. We specu-
late that at least three processes may contribute to the 
results. First, the warmer circulatory arrest tempera-
ture may help lower TND. At the same perfusion pres-
sure of 50–60  mmHg, ACP provided higher cerebral 
perfusion flow (by 1.4  mL/kg/min) in patients under-
going RIVP + ACP than in those receiving ACP alone, 
suggesting that a 2.5  °C increase in body temperature 
may provide better vascular tone and allow more blood 
flow to the brain. Consistent with this hypothesis, the 
RIVP + ACP group showed a lower rate of bilateral ACP 
than the ACP group. Second, the collaterals between the 
inferior and superior vena cava might shunt the RIVP 
flow and compete with ACP, which may attribute to a 
more uniform distribution of cerebral perfusion. The 
possibility was confirmed in mice when it was shown that 
methylene blue appeared in the brain if it was perfused 
from inferior vena cava (without ACP) (data not shown). 
Third, the protection of RIVP on gastrointestinal tract 
from ischemic injury might also play a role in lower rate 

of TND via the gut-brain axis. This complex interaction 
network between the central nervous system and the 
peripheral intestinal functions, showed that the proper 
maintenance of gastrointestinal homeostasis would ben-
efit the affect, motivation, and cognitive functions [30]. 
The possibility should be explored in the next studies.

Patients who underwent RIVP + ACP also showed 
lower blood transfusion requirements than those 
who underwent ACP alone. This may be because the 
RIVP + ACP group underwent rewarming an average 
around one hour shorter than ACP group. The ACP 
group required longer rewarming because of surgical 
bleeding, which necessitated additional stitches between 
the graft and descending aorta to ensure hemostasis. 
Probably in connection with their greater surgical bleed-
ing, the ACP group showed higher chest drainage, and a 
higher proportion of patients required additional stitches 
after circulatory recovery.

Our pilot study has several limitations. First, the sample 
was small and involved patients at only one institution. 
This increases the risk that our study was underpowered, 
which may help explain the relatively small differences 
that we observed. In addition, the small size prevented us 
from completely eliminating bias due to inter-group dif-
ferences in pre-operative variables. Even so, this pilot 
study has helped establish the feasibility and minimal sam-
ple size for the larger prospective trial. Second, patients 
undergoing RIVP + ACP had higher body temperatures 
during circulatory arrest and shorter CPB duration, so we 
could not isolate the effects of each of these factors from 
the effects of RIVP itself. Third, we took the pressure in 
the inferior vena cava to equal the circuit pressure imme-
diately after the RIVP pump. It might overestimate the 
pressure in the patient, as a result of pressure drop along 
the cannula. Fourth, the outcomes in this study were lim-
ited to events in-hospital or 30 days after surgery, so we do 

Table 4 Other secondary adverse events in patients treated with ACP or RIVP + ACP during TARS

Continuous data are expressed as median (interquartile range); categorical data, as n (%)

ACP antegrade cerebral perfusion, RIVP retrograde inferior vena caval perfusion, TARS total aortic replacement surgery
a Chi-squared test
b Mann–Whitney U test

Outcome ACP group
(n = 38)

RIVP + ACP group
(n = 38)

P value

Surgical re-exploration for bleeding 2 (5.3) 0 (0) –

Deep sternal wound  infectiona 1 (2.6) 1 (2.6) 1.00

Length of intubation,  hourb 47 (19, 89) 25 (13, 66) 0.022

Length of hospital stay,  daysb 16 (12, 20) 13 (10, 18) 0.36

Red blood cells,  unitsb 6.5 (2.0, 13.0) 3.8 (1.5, 6.5) 0.047

Fresh frozen plasma,  unitsb 2.0 (0, 4.7) 0.8 (0, 3.0) 0.26

Platelet,  unitsb 2.0 (2.0, 3.0) 2.0 (2.0, 2.0) 0.023
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not have information on the impact of RIVP on long-term 
outcomes.

Conclusion
Our data suggest that in patients undergoing TARS did not 
show superiority of ACP-RIVP over ACP for the primary 
outcome. However, RIVP + ACP might be associated with 
lower incidence of postoperative transient neurologic defi-
cits, shorter intubation and less blood products require-
ments than ACP alone. Multi-center, randomized trials 
with larger samples should be conducted to investigate the 
safety and efficacy of RIVP, especially since it can, in prin-
ciple, be applied to all patients with type A acute aortic dis-
section who are scheduled for TARS, and would be broadly 
useful in any aortic surgery requiring lower body aortic 
occlusion.
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