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Background: Acute type A aortic dissection (ATAAD) is associated with high mortality. Previous studies
found that maintaining a high level of oxygen delivery (DO,) could decrease the postoperative mortality, but
the minimum threshold of DO, remained unclear. The present study aimed to investigate the relationship
between maintaining intraoperative DO, >280 mL/(min-m’) and the 90-day postoperative mortality of
ATAAD patients.

Methods: The clinical data of 178 ATAAD patients who underwent Sun’s procedure in our center from
January 2018 to July 2022 were retrospectively analyzed in the present cohort study. The included patients
were divided into hypoxic group [DO, <280 mL/(min-m®)] and normoxic group [DO, >280 mL/(min-m’)].
The primary endpoint was the 90-day all-cause mortality, and the secondary endpoints were postoperative
mechanical ventilation time, the application of continuous renal replacement therapy (CRRT), brain
complications, and other postoperative complications.

Results: Among all the patients, a total of 23 patients died 90 days postoperatively. Compared with the
hypoxic group, blood flow, hematocrit (HCT), DO,, and DO,/VO, ratio during cardiopulmonary bypass
(CPB) were significantly higher, while the need for CRRT and the 90-day mortality were significantly lower
in the normoxic group. The median follow-up time was 4 months. Kaplan-Meier curve indicated that the
survival rate of ATAAD patients in the normoxic group was significantly higher. Univariate cox regression
analysis demonstrated that 90-day mortality was reduced by 72.1% in the normoxic group.

Conclusions: Maintaining DO, >280 mL/(min-m”) during CPB by increasing CPB flow and HCT level is
associated with decreased 90-day mortality of ATAAD patients.
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Introduction

Acute type A aortic dissection (ATAAD) is a catastrophic
disease with high mortality that involves many organs (1).
Consequently, emergent aortic repair remains the best
therapeutic option for ATAAD. Despite the improvements
in diagnosis and surgical techniques of ATTAD, the
aortic repair is still associated with high mortality and
morbidity rates, including massive hemorrhage, delirium,
hyperlactatemia, acute kidney injury (AKI), and acute lung
injury (2-6). Recent studies indicated that the application
of a goal-directed perfusion (GDP) strategy to maintain
DO, >280 mL/(min-m’) during cardiopulmonary bypass
(CPB) could ensure organ perfusion effectively and
decrease postoperative morbidity rate (7,8). However,
the included patients in these studies were those who
underwent simple congenital heart disease correction or
adult valve replacement or repair, or coronary artery bypass
grafting. The minimum threshold of intraoperative DO, for
ATAAD patients had not been determined. Moreover, the
relationship between intraoperative DO, and the clinical
prognosis of ATAAD patients was rarely reported (9).
Therefore, the current study was performed to investigate
the relationship between maintaining intraoperative DO,
>280 mL/(min-m’) and the 90-day postoperative mortality
of ATAAD patients, so as to provide a theoretical basis
for the clinical implementation of the GDP strategy in
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Key findings

e The application of a goal-directed perfusion (GDP) strategy to
maintain DO, >280 mL/(min-m’) during cardiopulmonary bypass
(CPB) can significantly decrease 90-day postoperative mortality of
acute type A aortic dissection (ATAAD) patients.

What is known and what is new?

e Recent studies indicated that the application of a GDP strategy to
maintain DO, >280 mL/(min-m’) during CPB could ensure organ
perfusion effectively and decrease postoperative morbidity rate.

e We found that maintaining DO, >280 mL/(min-m°) during CPB
was associated with decreased 90-day postoperative mortality of
ATAAD patients.

What is the implication, and what should change now?

e The application of a GDP strategy to maintain DO,
>280 mL/(min-m’) during CPB might be effective in reducing the
90-day mortality of ATAAD patients. Consequently, it is suggested
to increase CPB flow and hematocrit (HCT) level to maintain
DO, >280 mL/(min-m’) during CPB in ATAAD repair.
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ATAAD repair. We present this article in accordance with
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-561/rc).

Methods
Study design

This prospective observational cohort study was carried
out in the Department of Cardiovascular Surgery, Nanfang
Hospital, Southern Medical University, China, from January
2018 to July 2022. Clinical data were collected from the
electronic medical record database. The included patients
were divided into hypoxic group [DO, <280 mL/(min-m’);
n=23] and normoxic group [DO, >280 mL/(min-m?);
n=155]. The preoperative, intraoperative, postoperative and
survival data of the patients were compared between both
groups. Additionally, the relationship between maintenance
of DO, >280 mL/(min-m’) during CPB and 90-day
postoperative mortality rate of ATAAD patients was studied.
The study was approved by the Biomedical Research Ethics
Committee of Nanfang Hospital of Southern Medical
University (No. NFEC-2022-521) and was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). All patients provided written informed consent to
participate before enrolling in the study.

Patient population

One hundred seventy-eight patients who met the ATAAD
diagnostic criteria in 2022 ACC/AHA Guidelines for the
Diagnosis and Management of Aortic Diseases (10) and
underwent emergent ATAAD repair (Sun’s procedure)
under CPB were enrolled in this study. Furthermore,
the patients who died 24 hours postoperatively or had
preoperative abdominal organ malperfusion were excluded
in the study (11). The specific process of screening patients
is shown in Figure 1.

Anesthesia, surgery, and CPB management

General anesthesia was induced with etomidate 0.2 mg/kg,
vecuronium bromide 0.1 mg/kg, sufentanil 0.5 to 1 pg/kg,
and propofol 2 to 2.5 mg/kg. The trachea was intubated,
and mechanical ventilation was then started.

All the operation was conducted through median
sternotomy. After systemic heparinization, cannulas were
inserted into the right axillary artery, the left common
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to July 2022

231 patients underwent aortic arch surgery in the
Department of Cardiovascular Surgery, Nanfang
Hospital, Southern Medical University from January 2018

Y

Excluded:
* The lack of the data of DO, (n=10)
* The postoperative data were not complete (n=12)
* Died 24 hours after the operation (n=4)
* Not underwent total aortic arch replacement
(underwent hemi aortic arch replacement or only
underwent descending aorta stent implantation) (n=27)

Y

The remaining 178 patients

Extract DO,
information from BMU

Y Y

Hypoxic group (n=23) Normoxic group (n=155)
DO, <280 mL/(min-m?) DO, =280 mL/(min-m?)

Y

groups

Compare the preoperative data, intraoperative data,
postoperative data, and survival data between the two

Figure 1 Flow chart of research cases screening. DO,, oxygen delivery.

carotid artery, the right atrium, and the right superior
pulmonary vein, respectively. CPB was started when the
activated clotting time of whole blood was more than 480 s.
Surgery was performed under a targeted pump flow (PF)
rate between 2.2 and 3.4 L/(min-m’) with mean arterial
pressure (MAP) of 40 to 80 mmHg, hematocrit (HCT) of
20 to 28%, partial pressure of arterial oxygen (PaO,) of 200
to 300 mmHg, arterial oxygen saturation (Sa0,) above 95%
and mixed venous oxygen saturation (SvO,) of 65 to 85%.
The blood monitoring unit (BMU40, Maquet, Germany)
was applied to achieve GDP strategy and gain some relevant
information dynamically (including the value of SvO,, HCT
and DO,, etc.) every five minutes. Dubois Formula was
applied to calculate the body surface area. The remaining
formulas are as follows: oxygen delivery: DO, [mL/(min-m”)]
- PF [L/(min-m?)] x [HCT (%)/3 x 1.36 x $a0, (%) + [PaO,
x 0.003)]} x10; oxygen consumption: VO, [mL/(min-m’)] =
PF [L/(min-m?)] x {[HCT (%)/3 x 1.36 x (520, - SvO,) (%)]
+ [PaO, (mmHg) x0.003)]} x10; oxygen delivery/oxygen
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consumption ratio =DO,/VO,.

Aortic proximal manipulations, including aortic valve
repair, sinus of valsalva reconstruction, and composite valved
graft replacement, were performed after the heart stopped
beating. CPB was discontinued and bilateral cerebral perfusion
was conducted when the nasopharyngeal temperature reached
26 °C and the bladder temperature reached 28 °C
approximately, and then total aortic arch replacement
combined with frozen elephant trunk implantation was
performed. Rewarming was conducted after the end of
deep hypothermia circulatory arrest (DHCA). Modified
ultrafileration (MUF) was performed in some patients, and
all the CPB cannulas were removed. All the patients were
transported intubated to the intensive care unit to recover.

Data collection and definitions

The clinical data of the patients were retrieved and collected
through the hospital information system. Preoperative
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variables were age, sex, height, weight, European cardiac
operative risk evaluation (EuroScore II), and preoperative
left ventricular ejection fraction. Operative variables were
type of surgery, CPB time, aortic cross-clamping time,
DHCA time, ultrafiltration method, type of cardioplegic
solution, mode of cardiac rebeating, MAP during CPB,
minimum nasopharyngeal and bladder temperature, PE,
HCT, SvO,, and DO,. Systolic blood pressure, diastolic
blood pressure, central venous pressure, and blood lactate
acid when CPB was terminated were also included.

Postoperative variables were 24-h thoracic fluid content,
thoracotomy hemostasis surgery, RBC infusion rate,
anesthesia time, mechanical ventilation time, the application
rate of CRRT, the occurrence rate of cerebral apoplexy,
postoperative length of stay, and perioperative mortality.
Follow-up date and the patient’s survival situation would be
directly inquired in the electronic medical record system or
the follow-up with the patient or his family members.

Statistical analysis

Normally distributed variables were presented as mean =
standard deviation with the application of Student’s 7-test for
the comparison between groups. Non-normally distributed
variables were expressed as a median and interquartile range
[M (P,s, P;5)] with the application of Mann-Whitney U test
for comparison between groups. Categorical variables were
presented as frequency (percentage) with the application
of Chi-square test or Fisher’s exact test for comparison
between groups. Kaplan-Meier method was used to analyze
the survival data, and then the survival curves were drawn.
Multivariable regression analyses were conducted to explore
relationships between perioperative parameters and the
postoperative survival rate of the ATAAD patients using
binary logistic modeling techniques. The differences were
considered statistically significant if P<0.05. Statistical
analyses were performed using the statistical software SPSS
19.0 (IBM SPSS, Armonk, NY, United States).

Results

Preoperative and intraoperative data characteristics

Among the 178 patients, 158 (88.8%) of them were men, 20
(11.2%) of them were women. Moreover, the average age of
the patients in the hypoxic group and the hyperoxic group
was 50.9+12.5 and 51.0+13.1 years old, respectively. None of
patients in both groups have preoperative shock, preoperative
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intubation, and preoperative inotropic use. Compared with
the hypoxic group, in the normoxic group, the maximum and
average perfusion pressure during CPB were significantly
lower, while the application rate of MUF (57.4%), the HCT
at three different time points (the moment when the patients
entered the operating room, the moment when the value of
HCT was the lowest during CPB, and the moment when
CPB was stopped), and other relevant indicators (including
PF, HCT, and DO,) were significantly higher (P<0.05).
Statistical differences could not be observed with regard to
other indicators (Table I).

Postoperative and survival data characteristics

In the present study, a total of 23 patients (12.9%) died
90 days postoperatively. Compared with the hypoxic
group, the 90-day postoperative mortality [16 (10.3%)
vs. 7 (30.4%), x’=7.2, P=0.007] and the application rate of
CRRT [12 (7.7%) vs. 7 (30.4%), x’=10.8, P=0.001] were
significantly lower, while the postoperative length of stay
in hospital was significantly longer in the normoxic group.
No statistical differences could be observed with regard
to other indicators (7zble 2). The median follow-up time
was 4 months (1-38 months). The survival analysis results
indicated that the overall cumulative postoperative survival
rate of ATAAD patients was 87.7%. In addition, compared
with the hypoxic group, the survival rate of ATAAD patients
was significantly higher (Z=9.201, log-rank P=0.0024), while
the incidence of the postoperative application of CRRT in
the normoxic group was significantly lower (Z=12.501, log-
rank P=0.0004) (Figures 2,3). Univariate Cox regression
demonstrated that the 90-day postoperative mortality in
the normoxic group was reduced by 72.1% (HR =0.279,
95% CI: 0.114-0.681, P<0.01). Multivariate Cox regression
showed that the prolonged CPB time and the postoperative
application of CRRT were the risk factors for the 90-day
postoperative mortality of ATAAD patients (Table 3).

Discussion

There are several significant findings in the present study.
First, the application of GDP strategy to maintain DO,
>280 mL/(min-m’) during CPB can significantly decrease
the 90-day postoperative mortality of ATAAD patients.
Furthermore, multivariate Cox regression indicated that
prolonged CPB time and higher postoperative application
rate of CRRT were the risk factors for the 90-day
postoperative mortality of ATAAD patients.
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Table 1 Baseline and intraoperative data of the two groups

Baseline and intraoperative indicator DO, =280 mL/(min-m?) (n=155) DO, <280 mL/(min-m?) (n=23) P value

Male 138 (89.0) 20 (87.0) 0.77
Age (year) 50.9+12.5 51.0+13.1 0.98
Height (cm) 168.7+6.6 168.7+6.1 0.99
Weight (kg) 71.0 [65.0, 80.0] 72.0[61.0, 89.0] 0.90
Body surface area (m?) 1.8[1.7,1.9] 1.8[1.6, 2.1] 0.90
Preoperative left ventricular ejection fraction (%) 65.0+5.2 67.1+5.7 0.1
EuroScore Il (score) 8.0 [8.0, 10.0] 8.0[8.0, 11.0] 0.80
Concurrent CABG 59 (38.1) 7 (30.4) 0.48
Concurrent Bentall 54 (34.8) 7 (30.4) 0.68
CPB time (min) 247.0[215.0, 279.0] 230.0[217.0, 296.0] 0.73
ACC time (min) 146.0 [127.0, 171.0] 150.0 [114.0, 169.0] 0.65
DHCA time (min) 25.0 [22.0, 29.0] 28.0[28.0, 31.0] 0.08
Indicators during CPB
Modified ultrafiltration 89 (57.4) 7 (30.4) 0.02
Total liquid balance (mL) -2,515.0 [-4,100.0, —1,347.5] -2,680.0 [-3,410.0, —-1,380.0] 0.92
Intraoperative urine volume (mL) 900.0 [450.0, 1,550.0] 1,100.0 [560.0, 1,500.0] 0.81
DelNido cardioplegic solution 37 (23.9) 2(8.7) 0.10
Cardiac rebeat automatically 105 (67.7) 16 (69.6) 0.86
Red blood cell transfusions volume (mL) 400.0 [0.0, 600.0] 400.0 [200.0, 800.0] 0.53
Mean arterial pressure (mmHg) 56.3 [50.4, 60.0] 59.1 [55.5, 60.8] 0.28
Minimum nasopharyngeal temperature (°C) 23.1[21.9, 24.3] 22.4[21.6, 23.9] 0.45
Minimum bladder temperature (°C) 25.2 [23.8, 26.4] 24.8 [23.6, 25.9] 0.35
Average flow [L/(min-m?)] 2.7+0.2 2.3+0.2 <0.001
Average HCT (%) 25.5 [24.4, 27.0] 23.8 [22.8, 24.6] <0.001
Maximum perfusion pressure (mmHg) 243.4+28.4 259.6+31.4 0.01
Average perfusion pressure (mmHg) 168.9 [156.3, 178.9] 179.3 [164.4, 193.7] 0.01
Average SvO, (%) 76.8+5.5 75.4+7.5 0.42
Average DO, [mL/(min-m?)] 328.1+28.4 257.5+18.4 <0.001
Oxygen delivery/oxygen consumption ratio 3.9 3.5, 4.4] 3.5[3.0, 3.9] 0.05
Immediate indicators when CPB stopped
Systolic blood pressure (mmHg) 109.0 [102.0, 117.0] 106.0[100.0, 115.0] 0.29
Diastolic blood pressure (mmHg) 61.3+10.8 59.8+9.5 0.55
Central venous pressure (mmHg) 7.0[6.0, 9.0] 7.0[6.0, 10.0] 0.61
HCT when patients entered the operating room (%) 33.65+6.16 30.78+7.21 0.05
Minimum HCT during CPB (%) 2119, 28] 1917, 21] 0.03

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Table 1 (continued)

Baseline and intraoperative indicator DO, =280 mL/(min-m?) (n=155) DO, <280 mL/(min-m?) (n=23) P value

HCT when CPB stopped (%) 32.53+4.28 30.17+4.82 0.02
Blood lactic acid when patients entered the operating room 0.90 [0.70, 1.40] 0.90 [0.80, 1.20] 0.93
(mmol/L)

Maximum blood lactic acid during the bypass (mmol/L) 4.10 [3.30, 5.80] 4.50 [3.90, 5.60] 0.32
Blood lactic acid when CPB stopped (mmol/L) 3.30[2.10, 5.00] 3.90 [3.00, 5.60] 0.28

Normally distributed variables were presented as mean + standard deviation. Non-normally distributed variables were expressed as a
median (interquartile range). Categorical variables were presented as frequency (percentage). DO,, oxygen delivery; EuroScore Il, European
cardiac operative risk evaluation; Bentall surgery, aortic valve replacement + ascending aorta replacement + coronary artery bypass
grafting; CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; ACC, aortic cross-clamping; DHCA, deep hypothermia

circulation arrest; HCT, hematocrit; SvO,, mixed venous oxygen saturation.

Table 2 Comparison of postoperative indicators between the two groups

Postoperative indicator DO, =280 mL/(min-m? (n=155) DO, <280 mL/(min-m? (n=23) P value
ICU immediate HCT (%) 31.00 (28.00, 34.00) 29.00 (27.00, 32.00) 0.15
ICU 24 h HCT (%) 29.51+6.28 27.13+£5.47 0.09
ICU immediate blood lactic acid (mmol/L) 2.20 (1.60, 3.80) 2.10 (1.50, 6.00) 0.96
ICU 24 h blood lactic acid (mmol/L) 2.21+1.43 3.28+3.81 0.21
Sternum closing time (min) 202.4+64.0 192.6+72.2 0.51
24-h thoracic fluid content (mL) 320.0 (220.0, 480.0) 270.0 (220.0, 390.0) 0.44
Rethoracotomy hemostasis surgery 10 (6.5) 0(0.0) 0.36
Postoperative blood transfusion (case) 10 (6.452) 3 (13.043) 0.26
Awake time (h) 7.0 (4.0, 17.0) 7.0 (6.0, 15.0) 0.53
Respirator time (h) 45.0 (22.0, 82.0) 46.0 (23.0, 67.0) 0.98
Intra-aortic balloon pump 5(3.2) 14.3 0.78
Extracorporeal membrane oxygenation 3(1.9) 14.3) 0.47
Pulmonary complications 61 (39.4) 6 (26.1) 0.22
Continuous renal replacement therapy 12(7.7) 7 (30.4) 0.001
Cerebral stroke/hemorrhage 15(9.7) 3(13.0) 0.62
Surgical wound bad healing 8(5.2) 2 (8.7) 0.49
Over 30-day hospitalization 22 (14.2) 2(8.7) 0.47
90-day postoperative death 16 (10.3) 7 (30.4) 0.007
Postoperative hospitalization days (d) 18.0 (14.0, 25.0) 15.0 (10.0, 22.0) 0.05

Normally distributed variables were presented as mean + standard deviation. Non-normally distributed variables were expressed as a
median (interquartile range). Categorical variables were presented as frequency (percentage). DO,, oxygen delivery; ICU, intensive care
unit; HCT, hematocrit.
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Figure 3 Kaplan-Meier curve of effects of groups on 90-day
postoperative CRRT application rate. DO,, oxygen delivery; CI,

confidence interval; CRRT, continuous renal replacement therapy.

Table 3 Univariate and multivariate Cox regression analysis of the 90-day postoperative death risk factors

Univariate analysis

Multivariate analysis

Possible risk factors

HR (95% Cl) P value HR (95% ClI) P value
Time of CPB 1.018 (1.012-1.023) <0.01 1.015 (1.008-1.022) <0.01
Grouping (normoxic group) 0.279 (0.114-0.681) <0.01 - -
Continuous renal replacement therapy 7.95 (3.477-18.178) <0.01 3.959 (1.201-13.051) 0.02
Maximum blood lactic acid during the bypass 1.235 (1.133-1.345) <0.01 - -
Red blood cell transfusions volume 1.001 (0.998-1.002) 0.08 - -
EuroScore Il 1.313 (1.111-1.553) <0.01 - -
Modified ultrafiltration 0.556 (0.241-1.291) 0.17 - -

HR, hazard ratio; Cl, confidence interval; CPB, cardiopulmonary bypass; EuroScore I, European cardiac operative risk evaluation.

In ATAAD patients, the false cavity in the renal artery
can compress the true cavity, which can result in renal blood
supply insufficiency. The decrease in glomerular filtration
rate leads to water-sodium retention and dilution anemia.
In addition, hypoxia-ischemia can intensify inflammatory
reactions in the body and result in heart failure. Moreover,
high central venous pressure caused by heart failure can
increase renal venous hydrostatic pressure. This vicious cycle
can further reduce the glomerular filtration rate and lead
to the occurrence of AKI (12). Previous studies indicated

© Journal of Thoracic Disease. All rights reserved.

that the minimum DO, <280 mL/(min-m’) during CPB was
independently associated with the prolonged postoperative
mechanical ventilation time, the increased incidence of AKI,
and the increased mortality (9,13). Rasmussen ez /. found
that the postoperative peak creatinine, the incidence of AKI,
and the application rate of CRRT were significantly higher
when DO, <272 mL/(min-m®) duration was longer than
30 min (14). Additionally, Mukaida er #/. demonstrated that
avoiding DO, <300 mL/(min-m°) could significantly reduce
the postoperative incidence of AKI, especially in patients
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with an estimated minimum HCT <23% after blood
dilution or body surface <1.4 m” (15). In the present study,
the average DO, [328.1+28.4 mL/(min-m’)] in the normoxic
group was higher than the minimum threshold in the above
studies. Moreover, in line with the above researches, the
postoperative application rate of CRRT in the normoxic
group was significantly lower than that in the hypoxic group.
Anastasiadis et a/. (16) found that compared with
monitoring the conventional indicators (PF, HCT,
SvO,, blood lactic acid, and dynamic urine volume, etc.)
intraoperatively, GDP strategy could significantly reduce
the incidence of organ malperfusion, thereby achieving
more “physiological” perfusion. Lukaszewski et 4/. used the
linear regression model to draw the curves composed of
PF and HCT as core indicators when DO, was 280, 330
and 380 mL/(min-m’), respectively, thereby simplifying the
clinical application of GDP strategy (17). Importantly, the
calculation of DO, in our present study was the same as
that of Lukaszewski’s study. For ATAAD patients, only the
axillary artery or femoral artery cannulation was performed
before the end of DHCA during CPB. The compressed
true lumen of peripheral vessels or cannula size-weight
mismatch can lead to the increase of perfusion pressure and
limit the increase of PE. In the present study, compared with
the normoxic group, the maximum perfusion pressure was
significantly higher, while the average PF was significantly
lower in the hypoxic group. Therefore, we ought to decrease
perfusion pressure by increasing the number of perfusion
cannulas or shortening the CPB period before the end of
DHCA to transit to the high PF phase as early as possible.
Besides, it is equally important to maintain HCT at a
high level during CPB so as to increase the level of DO,.
Recent studies indicated (18) that every 1% decrease in
the nadir HCT during CPB could increase the incidence
of postoperative AKI by 7%. In addition, the nadir HCT
during CPB caused by hemodilution was independently
correlated with postoperative hyperlactatemia and the
mortality (19,20). Furthermore, the minimum HCT <25%
and DO, <300 mL/(min-m’) were independent risk factors
for the occurrence of postoperative delirium (21). In our
present study, the HCT in the normoxic group during CPB
were significantly higher than that in the hypoxic group.
Moreover, a higher application rate of MUF led to a higher
HCT value when CPB was terminated in the normoxic
group compared with the hypoxic group. Therefore, we can
carry out the following measures to maintain a high level of
HCT during CPB, including treating preoperative anemia,
adopting an appropriate blood transfusion strategy during
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CPB, using mini CPB cannulas to reduce priming volume
and alleviate hemodilution, and applying MUF when CPB
is terminated, to reduce the exposure time of low DO,.

Gao er al. (22) showed that GDP strategy could reduce
the overall incidence of postoperative AKI by decreasing
the incidence of AKI stage 1. It did not make a difference
to severe AKI (stages 2 or 3) and mortality. However, this
study included ATAAD patients. In the present study, the
Kaplan-Meier curve indicated that the 90-day postoperative
mortality in the normoxic group was significantly lower than
that in the hypoxic group. In line with Newland’s study (23),
the Cox regression results in our study demonstrated
that maintaining DO, >280 mL/(min-m’) during CPB
among ATAAD patients was associated with the decreased
incidence of serious postoperative AKI events (AKI stage
2 or 3). In addition, some prediction models have proved
that serum creatinine level and the application of CRRT
were independent risk factors for the mortality of ATAAD
patients (14,24). Hayward et 4l. (25) reported that only by
maintaining DO, >350 mL/(min-m’) during CPB could
decrease the incidence of postoperative AKI in child
patients. Therefore, the minimum DO, threshold should
be increased among the patients with higher potential DO,
requirements. Unlike other types of heart surgery, the
oxygen debt accumulated in ATAAD patients during DHCA
should be repaid in rewarming phase of CPB. In theory,
maintaining a higher level of DO, without prolonging the
CPB time can offset the “high level of oxygen consumption”
state of the body (26).

There are several limitations to our present studies.
Firstly, there were not a few ATAAD patients who died
before being operated or even transferred to the hospital.
Secondly, this is a retrospective single-center study with
a relatively small sample size which may weaken the
evidence concluded from the present study and decrease the
generalisability. Thirdly, a more sensitive indicator, the area
under the curve of DO, <280 mL/(min-m’) accumulation
time, was not compared between both groups. Finally, the
follow-up time was relatively short. Therefore, multicenter
prospective studies with larger sample sizes and longer
follow-up periods should be conducted in the future to
prove the validity of the results in the present study.

Conclusions

The application of a GDP strategy to maintain DO,
>280 mL/(min-m’) during CPB might be effective in
reducing the 90-day mortality of ATAAD patients.
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Consequently, it is suggested to decrease perfusion
pressure as well as shorten the CPB period before the
end of DHCA to increase PF to a high level as early as
possible in the clinical setting. In addition, some measures
aiming at maintaining a high level of HCT are equally of
vital importance, including treating preoperative anemia,
adopting appropriate blood transfusion strategy during
CPB, using mini CPB cannula to reduce priming volume
and alleviate hemodilution, and applying MUF when CPB
is terminated.
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