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vital organs such as the heart, lungs, spinal cord, kid-
neys, liver, and gastrointestinal tract experience ischemia 
and hypoxia, which can lead to reversible or irreversible 
organ malperfusion syndrome [4].

Hypoxemia (HO) is a common complication follow-
ing ATAAD surgery [5], with an incidence rate as high 
as 51%. It can lead to acute lung injury and affect dis-
ease recovery [6]. Postoperative hypoxemia is caused by 
a combination of factors including aortic tissue destruc-
tion, ischemia/reperfusion injury, intraoperative cardio-
pulmonary bypass (CPB), DHCA, and massive blood 
transfusion [7]. These factors contribute to systemic 
and local inflammatory responses. The consequences of 
hypoxemia include an increased risk of prolonged ven-
tilation time, ventilator-related lung injury, and nosoco-
mial infection. In severe cases, the patient’s life may be 
endangered [8, 9]. The 30-day mortality rate stands at 
6.3% [10], while the long-term mortality rate ranges from 
21 to 50% [11, 12].

The purpose of this article is to provide an overview of 
the risk factors and treatment strategies associated with 
hypoxemia following surgery for ATAAD.

Introduction
Acute type A aortic dissection (ATAAD) is a severe car-
diovascular disease with significant disability and mortal-
ity [1]. The patient’s condition rapidly deteriorates, with 
the mortality rate increasing by 1% within the first hour 
of onset. Without prompt medical intervention, the mor-
tality rate can reach as high as 30-50% within 48  h [2]. 
In China, Sun’s surgery is the primary surgical approach 
for treating ATAAD. However, this operation is chal-
lenging, time-consuming, highly complex, and invasive. 
Additionally, aortic arch replacement must be performed 
under deep hypothermic circulatory arrest (DHCA) and 
selective cerebral perfusion [3]. During circulatory arrest, 
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Abstract
Acute type A aortic dissection is a life-threatening cardiovascular disease characterized by rapid onset and high 
mortality. Emergency surgery is the preferred and reliable treatment option. However, postoperative complications 
significantly impact patient prognosis. Hypoxemia, a common complication, poses challenges in clinical treatment, 
negatively affecting patient outcomes and increasing the risk of mortality. Therefore, it is crucial to study and 
comprehend the risk factors and treatment strategies for hypoxemia following acute type A aortic dissection to 
facilitate early intervention.
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Diagnostic criteria for hypoxemia
Hypoxemia refers to a condition where there is an insuffi-
cient amount of oxygen in the blood, resulting in a lower-
than-normal partial pressure of arterial oxygen (PaO2) 
for individuals of the same age. This is caused by damage 
to the alveolar epithelial and capillary endothelial cells, 
leading to a decrease in blood oxygen partial pressure and 
saturation. The severity of hypoxemia is often evaluated 
using the oxygenation index (PaO2/FiO2), with a value 
of ≤ 300 mmHg indicating hypoxemia [13]. There are two 
types of hypoxemia: isolated hypoxemia and acute respi-
ratory distress syndrome [10]. The normal range for arte-
rial blood oxygen partial pressure is 90–100 mmHg, and 
hypoxemia is diagnosed when it falls below 60 mmHg. 
The Berlin definition classifies hypoxemia into three cat-
egories based on its severity: mild (PaO2/FiO2 range of 
200–300 mmHg), moderate (range of 100–200 mmHg), 
and severe (PaO2/FiO2 < 100 mmHg) hypoxemia [14].

Risk factors of hypoxemia
Patients factors
Smoking history
Chronic smoking has been found to cause pathologi-
cal damage to lung tissue and trigger cigarette smoke-
induced airway inflammation and remodeling. This 
process involves the expansion of alveolar air space and 
the remodeling of small airways, which ultimately leads 
to airflow obstruction [15]. Following exposure to smoke, 
epithelial cells are the first to undergo changes and play 
a crucial role in subsequent inflammatory responses. 
Macrophages also play a significant role in the inflamma-
tion process by producing proteolytic enzymes that can 
damage lung tissue, resulting in respiratory dysfunction. 
Several studies have reported that a history of smoking is 
an independent predictor of postoperative hypoxemia in 
various surgical procedures [16–18].

Obesity
Obesity, defined as a BMI greater than 25  kg/m2, has a 
significant negative impact on cardiopulmonary physiol-
ogy [19]. Numerous studies have demonstrated that an 
increase in BMI is a risk factor for postoperative hypox-
emia [20]. The accumulation of fat on the chest wall and 
abdomen in obese individuals restricts the movement of 
the diaphragm and chest wall, reduces chest wall com-
pliance, increases respiratory resistance, and elevates 
pleural pressure. Obese patients commonly experience a 
notable decrease in lung compliance, leading to increased 
dyspnea and respiratory resistance [21]. Consequently, 
the risk of postoperative hypoxemia is heightened. In 
obese patients with aortic dissection, elevated malondi-
aldehyde levels indicate an imbalance between oxidation 
and antioxidants, triggering the synthesis of more secre-
tions and inflammatory factors [22], as well as activating 

inflammatory signaling pathways. This, in turn, contrib-
utes to the development of postoperative hypoxemia. 
A study by Ming Gong et al. [23] found a higher likeli-
hood of postoperative hypoxemia in obese patients and 
identified obesity as a risk factor for severe postoperative 
hypoxemia after ATAAD surgery.

Inflammatory reaction
When Acute Type A Aortic Dissection (ATAAD) occurs, 
blood enters the middle layer through the ruptured 
intima, leading to the accumulation of blood in the aor-
tic wall. This accumulation triggers an inflammatory 
response, which plays a significant role in the develop-
ment of ATAAD. Over time, this local inflammation 
can progress to systemic inflammation. The activation 
of inflammatory substances in the lungs can cause dam-
age to alveolar cells, affecting the integrity of lung tissue 
capillaries. Consequently, this leads to pulmonary capil-
lary endothelial edema, abnormal ventilation-perfusion 
ratio, intrapulmonary shunting, and reduced pulmonary 
gas exchange [24]. These factors ultimately impact the 
patient’s oxygenation function, resulting in respiratory 
dysfunction. Surgery for ATAAD patients is associated 
with greater trauma, longer duration, extracorporeal 
circulation, and blood transfusion. These factors further 
exacerbate the inflammatory response in the patient’s 
lungs post-surgery, leading to hypoxemia. Research has 
shown that leukocytes are biomarkers that reflect sys-
temic inflammatory response and are independently 
associated with postoperative hypoxemia [25, 26]. In 
recent years, clinicians have increasingly recognized the 
relationship between inflammatory response and postop-
erative hypoxemia [27]. The inflammatory factors caused 
by the inflammatory response can damage lung tissue 
and affect respiratory function, which is closely linked to 
postoperative hypoxemia in ATAAD patients.

Intraoperative related factors
Cardiopulmonary bypass and deep hypothermic circulatory 
arrest
CPB is an essential component of ATAAD surgery [28] 
and is widely utilized in cardiac surgery [29]. CPB trig-
gers a robust inflammatory response, leading to the 
production, release, and circulation of vasculogenic and 
cytotoxic substances. These inflammatory responses 
have been found to cause multiple organ dysfunction, 
including the lungs [30]. Acute lung injury is a significant 
complication in CPB surgery [31]. It is characterized by 
increased pulmonary capillary permeability, extravascu-
lar and interstitial edema, accumulation of alveolar fluid, 
elevated interstitial lung water, and changes in surface 
Reactive substances, resulting in decreased lung com-
pliance and gas exchange function [32]. These changes 
collectively contribute to increased local atelectasis, 
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heightened susceptibility to infection, and augmented 
physiological arteriovenous short circuiting, ultimately 
leading to decreased arterial oxygen saturation. DHCA 
is a specialized procedure in extracorporeal circulation 
that plays a crucial role in safeguarding brain tissue dur-
ing ATAAD surgery and creating a relatively blood-free 
surgical area, thereby enhancing the likelihood of surgical 
success [33]. The use of moderate hypothermia (nasopha-
ryngeal temperature 25–28  °C) during DHCA has been 
shown to have a lower risk of systemic complications and 
a reduced incidence of postoperative hypoxemia com-
pared to deep hypothermia (18–20  °C) [34]. Research 
indicates that moderate hypothermic circulatory arrest 
with unilateral antegrade cerebral perfusion, as opposed 
to deep hypothermic circulatory arrest without cere-
bral perfusion, can lead to shorter ventilation times and 
decreased risk of hypoxemia [35]. During deep hypo-
thermic circulatory arrest (DHCA), the lungs experience 
complete ischemia and hypoxia, remaining in a non-
ventilated state for an extended period. This can result in 
the collapse of certain alveoli, leading to atelectasis and 
a reduction in lung volume. Consequently, there may be 
an imbalance in the ventilation/blood flow ratio, which 
can contribute to the occurrence or worsening of post-
operative hypoxemia [36]. This process is primarily char-
acterized by lung injury caused by ischemia/reperfusion 
of lung tissue [37]. Several studies have demonstrated 
that CPB and DHCA during surgery for acute type A 
aortic dissection (ATAAD) patients can exacerbate lung 
damage and increase the likelihood of postoperative 
hypoxemia. Liu et al. found that DHCA lasting longer 
than 25 min significantly raises the risk of postoperative 
hypoxemia [26]. Multiple studies have identified CPB/
DHCA as a risk factor for postoperative hypoxemia in 
ATAAD patients [4, 19, 21, 23, 38].

Infusion of blood products during operation
Challenges faced during surgical procedures for patients 
with acute type A aortic dissection (ATAAD) include 
difficult surgical techniques, greater trauma, consump-
tive coagulopathy caused by blood flowing through the 
false cavity, and increased hemodilution, platelet activa-
tion, and aggregation caused by extracorporeal circu-
lation. These factors can contribute to heavy bleeding 
and refractory excessive blood loss during surgery [39]. 
Therefore, it is often necessary to administer different 
blood products during or after surgery to improve blood 
circulation and prevent ischemia. Hypoxia can lead to 
damage in multiple organs [40], making blood transfu-
sion inevitable for ATAAD surgery [41]. However, blood 
transfusion is also associated with a series of adverse 
reactions, including allergies, infections, immune reac-
tions, transfusion-related organic damage, and circu-
latory overload. One severe adverse reaction to blood 

transfusion is transfusion-related acute lung injury 
(TRALI), characterized by acute onset of pulmonary 
permeability edema and impaired respiratory function 
within 6 hours after transfusion [42]. TRALI is consid-
ered a ‘double-hit syndrome’ in which activated neutro-
phils in the lung interact with endothelial cells, causing 
endothelial damage, vascular leakage, and pulmonary 
edema, ultimately leading to lung injury [43]. The admin-
istration of large amounts of blood products may result 
in associated lung injury, leading to postoperative hypox-
emia [44]. Additionally, patients who receive transfusions 
have 3.4-fold increased odds of developing postoperative 
pneumonia, with the odds increasing significantly with 
each additional unit of red blood cells transfused [45].

Other factors
Age has been reported to be associated with the occur-
rence of hypoxemia during various surgeries [46]. Sheng 
et al.‘s study demonstrated that older age independently 
predicts early postoperative hypoxemia and confirmed 
that the incidence of postoperative hypoxemia signifi-
cantly increases with age [18]. Furthermore, preopera-
tive renal insufficiency is also identified as a risk factor 
for postoperative hypoxemia. Wang et al. investigated 
the relationship between renal insufficiency and respira-
tory complications [47, 48]. The inflammatory response 
and renal regulation of erythropoietin production, and 
consequently oxygen delivery, may play crucial roles in 
this association [49]. If malperfusion syndrome is pres-
ent before surgery for ATAAD, the surgery may worsen 
organ malperfusion, extend the patient’s time in bed and 
stay in the Intensive Care Unit (ICU), increase the likeli-
hood of pulmonary complications, and result in hypox-
emia. Therefore, addressing organ malperfusion before 
surgery can help decrease the occurrence of postop-
erative hypoxemia. The management of preoperative 
ATAAD combined with organ malperfusion syndrome 
remains a contentious issue. In our country, emergency 
central aortic repair is commonly carried out to save the 
patient’s life and decrease mortality rates. However, this 
approach does not necessarily prevent postoperative 
hypoxemia in ATAAD patients with preoperative malp-
erfusion syndrome.

Treatment interventions for hypoxemia
Prone position positive pressure mechanical ventilation
Mechanical ventilation is a crucial postoperative mea-
sure following ATAAD to enhance oxygen saturation and 
prevent atelectasis [50]. In a study by Xie et al., involv-
ing 384 patients post-ATAAD surgery, it was observed 
that mechanical ventilation aids in the rapid recovery 
of cardiopulmonary function and circulation following 
lengthy, traumatic, and complex surgeries. It is essen-
tial to extubate patients promptly to reduce the risk of 
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mechanical ventilation-related complications. The study 
revealed a significant association between the admin-
istration of packed red blood cells, fresh frozen plasma, 
or platelet concentrates and the duration of postopera-
tive mechanical ventilation. Among 213 cases, 55.47% 
required mechanical ventilation for over 24 h, 35.42% for 
over 48  h, and 25.00% for over 72  h [40]. Positive pres-
sure mechanical ventilation plays a vital role in improv-
ing postoperative hypoxemia and saving patients’ lives 
[51]. The prone position (PP) can reduce pleural pressure 
and alter the vertical pleural pressure gradient, leading to 
a significant enhancement in lung mechanics. In a study 
by Katira et al., two lung injury models (normal saline 
lavage and large-volume ventilation) were used on 14 
mechanically ventilated pigs. The researchers compared 
the effects of lung ventilation between supine and prone 
positions, revealing that the prone position resulted in 
longer ventilation of the head and tail of the lungs, ulti-
mately improving ventilation efficiency [52]. . Addition-
ally, PP can enhance gas exchange in damaged lungs, 
improve patient survival rates, shorten mechanical ven-
tilation time and ICU stay, and serve as an effective treat-
ment for acute respiratory failure [53, 54]. Previously, 
clinicians often utilized supine mechanical ventilation 
to address postoperative hypoxemia in ATAAD patients. 
Ding et al. conducted a study involving 96 patients with 
hypoxemia after ATAAD. The patients were divided into 
a control group (n = 48) and a treatment group (n = 48). 
The control group received traditional supine position 
ventilation treatment, while the treatment group received 
early prone position ventilation treatment. The results 
indicated that the improvement in lung function was 
significantly better in the treatment group compared to 
the control group [55], suggesting that prone positioning 
can elevate resting lung volume without altering the lung 
recruitment volume sustained by positive end-expiratory 
pressure [56]. Furthermore, PP can elevate transpulmo-
nary pressure, enhance oxygenation and hemodynamics, 
and has proven effective in improving the prognosis of 
patients with acute respiratory distress syndrome (ARDS) 
and reducing ventilator-induced lung injury [57]. There-
fore, the combination of positive pressure mechanical 
ventilation and prone positioning can be employed as 
part of a lung-protective ventilation strategy in patients 
with moderate to severe postoperative hypoxemia [58].

Nasal high flow humidified oxygen therapy combined with 
nitric oxide inhalation
High-flow nasal oxygen therapy (HFNO) is a novel thera-
peutic approach currently employed in clinical practice. 
A study involving 120 high-risk patients for postoperative 
pulmonary complications compared the effects of HFNO 
therapy with traditional oxygen therapy. The results 
showed that after 24 h of oxygen therapy, patients in the 

HFNO group had higher oxygenation index, lower respi-
ratory frequency, and reduced sputum viscosity grade. 
Additionally, the follow-up oxygen therapy time and post-
operative hospitalization time were significantly shorter 
in the HFNO group. These findings suggest that HFNO 
can enhance respiratory function by decreasing anatomi-
cal dead space in the nasopharynx, leading to improved 
oxygenation [59]. HFNO can effectively prevent respira-
tory failure following extubation and obviate the need for 
reintubation by ensuring adequate oxygenation, promot-
ing sputum excretion, and reducing the work of breath-
ing [60]. In patients with ATAAD after Sun’s surgery, the 
administration of HFNO can mitigate the loss of lung vol-
ume and inspired oxygen concentration [61]. Nitric oxide 
(NO) is a selective pulmonary vasodilator that dilates the 
blood vessels supplying the alveoli, thereby increasing 
blood flow. This rapid improvement in ventilation/perfu-
sion matching enhances oxygenation in the injured lung. 
In this study, 43 patients who experienced hypoxemia 
after surgery for ATAAD were treated with low-dose NO 
therapy. The results showed improvement in hypoxemia 
levels at 6, 24, 48, and 72 h after treatment initiation, as 
well as a reduction in the duration of ventilator support 
and ICU hospitalization [7]. In clinical practice, NO ther-
apy is typically combined with nasal high-flow humidi-
fied oxygen therapy for patients with hypoxemia after 
ATAAD surgery. This combined approach significantly 
reduces the duration of invasive mechanical ventilation. 
Studies have demonstrated that NO treatment amelio-
rates postoperative hypoxemia by reducing intrapulmo-
nary shunting [62]. The combination of nasal high-flow 
humidified oxygen therapy and nitric oxide inhalation 
therapy improves lung oxygenation capacity, reduces 
oxygen consumption, and promotes airway patency. This 
treatment strategy markedly enhances the prognosis of 
postoperative hypoxemia in ATAAD patients, leading to 
improved survival rates and accelerated recovery of the 
body.

Drug intervention
Clinically, the treatment for patients with postoperative 
hypoxemia after ATAAD mainly involves mechanical 
ventilation with a ventilator and necessary drug-assisted 
treatment. Ulinastatin (UTI), a commonly used urinary 
trypsin inhibitor, is primarily used to treat acute or criti-
cal inflammatory reactions and organ failure. Medica-
tion can result in leukopenia or eosinophilia, as well as 
symptoms such as nausea, vomiting, and diarrhea. It may 
also cause elevations in AST and ALT levels, along with 
the possibility of severe allergic reactions. In their study, 
Jiang et al. divided 18 acute pulmonary edema rat animal 
models into 3 groups: control group, lipopolysaccharide 
(LPS) group, and LPS + UTI group. The findings indicated 
that UTI can upregulate TJ protein, Na-K-ATP enzymes, 
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and ENaC to decrease permeability and increase alveo-
lar fluid clearance, ultimately leading to improvement in 
pulmonary edema [63]. In the study conducted by Xu 
et al., a total of 36 patients with ATAAD were randomly 
assigned to receive either intraoperative administration 
of UTI (experimental group, n = 18) or 0.9% normal saline 
(control group, n = 18), as a result, UTI can be utilized to 
enhance the oxygenation function of the lungs after CPB, 
consequently improving postoperative hypoxemia in 
patients [64]. Fifty-five patients diagnosed with ATAAD 
were randomly assigned to two groups: the UTI group 
(n = 17) and the control group (n = 38). The study findings 
revealed that the incidence of postoperative hypoxemia 
was 23.5% in both the UTI and control groups, with an 
overall rate of 55.3%. Patients in the UTI group showed 
a significant improvement in postoperative hypoxemia 
compared to those in the control group, while no sig-
nificant difference in mortality was observed between the 
two groups [9]. To mitigate the inflammatory response 
during CPB, prophylactic use of high-dose methylpred-
nisolone can be considered, followed by low-dose treat-
ment for 72 h after surgery to lower the incidence of lung 
injury and postoperative hypoxemia. In the study by Bai 
et al., it was found that after receiving prophylactic meth-
ylprednisolone treatment, there were a total of 34 cases 
of hypoxemia, resulting in an incidence rate of 27.4%. 
This incidence rate was significantly lower compared to 
patients who did not receive methylprednisolone treat-
ment [44]. Therefore, when selecting drugs for patients 
with hypoxemia after ATAAD surgery, in addition to 
conventional antibiotics, the inclusion of low-dose 
methylprednisolone and UTI for 72  h after surgery can 
be considered to reduce lung damage and improve lung 
function and oxygenation.

Extracorporeal membrane oxygenation
When extracorporeal membrane oxygenation (ECMO) is 
utilized for the treatment of postoperative hypoxemia in 
ATAAD patients, it is primarily recommended for those 
with severe ARDS, in situations where conventional lung 
protective mechanical ventilation is unable to effectively 

prevent hypoxia or hypercapnia [65]. The 30-day hospital 
survival rate for patients with ATAAD and severe post-
operative circulatory and respiratory dysfunction, who 
were treated with ECMO, was found to be 27.27% [66]. In 
cases where the location and hemodynamic status of the 
false lumen tear in the residual dissected aorta are uncer-
tain, cannulae are typically inserted through the femoral 
artery and vein for veno-arterial (VA) ECMO. However, 
this approach can sometimes lead to upper body isch-
emia. Recent studies have suggested using VA-ECMO 
support through the axillary artery and femoral vein, as 
this may offer antegrade perfusion and help prevent cere-
bral ischemia (Fig. 1).

Conclusion
Hypoxemia is a significant complication that can arise 
after surgery for ATAAD. Several potential risk factors 
contribute to the development of hypoxemia, includ-
ing the patient’s smoking history, obesity, inflammatory 
response before and after surgery, advanced age, preop-
erative renal insufficiency, duration of CBP and DHAC, 
and intraoperative blood product transfusion. Hypox-
emia not only prolongs the patient’s need for mechani-
cal ventilation and ICU treatment, but also diminishes 
the survival rate. Therefore, for patients with ATAAD 
who have risk factors for postoperative hypoxemia, com-
prehensive preoperative evaluation and perioperative 
management are essential. By implementing appropriate 
intervention measures, the occurrence of postoperative 
hypoxemia can be minimized and prevented.

Abbreviations
ATAAD	� Acute type A aortic dissection
DHCA	� Deep hypothermic circulatory arrest
HO	� Hypoxemia
CPB	� Cardiopulmonary bypass
PaO2	� Pressure of arterial oxygen
TRALI	� Transfusion-related acute lung injury
ICU	� Intensive Care Unit
PP	� Prone position
ARDS	� Acute respiratory distress syndrome
EELV	� End-expiratory lung volume
FRC	� Functional residual capacity
HFNO	� High-flow nasal oxygen therapy

Fig. 1  ATAAD postoperative hypoxemia diagnosis and treatment steps flow chart

 



Page 6 of 7Yu et al. Journal of Cardiothoracic Surgery          (2024) 19:273 

NO	� Nitric oxide
LPS	� Lipopolysaccharide
UTI	� Ulinastatin
ECMO	� Extracorporeal membrane oxygenation

Acknowledgements
Not applicable.

Author contributions
WY and YL reviewed the literature and drafted the manuscript. JG reviewed 
the literature. JX edited and revised the manuscript. All authors contributed to 
and approved the submitted manuscript.

Funding
This research received no external funding.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Conflict of interest
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential 
conflict of interest.

Received: 2 January 2024 / Accepted: 24 April 2024

References
1.	 Benedetto U, Dimagli A, Kaura A, Sinha S, Mariscalco G, Krasopoulos G, et 

al. Determinants of outcomes following surgery for type a acute aortic 
dissection: the UK National Adult Cardiac Surgical Audit. Eur Heart J. 
2021;43(1):44–52.

2.	 Zheng Z, Yang L, Zhang Z, Wang D, Zong J, Zhang L, et al. Early and late 
outcomes of non-total aortic arch replacement for repair of acute Stanford 
Type A aortic dissection. Am J Transl Res. 2021;13(6):7047–52.

3.	 Gocol R, Hudziak D, Bis J, Mendrala K, Morkisz L, Podsiadlo P et al. The role 
of deep hypothermia in cardiac surgery. Int J Environ Res Public Health. 
2021;18(13).

4.	 Song XC, Nie S, Xiao JL, Shen X, Hong L, Chen SY, et al. Risk factors and 
long-term prognosis for postoperative hypoxemia in patients with acute 
type a aortic dissection: a retrospective observational study. Med (Baltim). 
2022;101(50):e32337.

5.	 Wang X, Ma J, Lin D, Dong X, Wu J, Bai Y, et al. The risk factors of postopera-
tive hypoxemia in patients with Stanford type A acute aortic dissection. Med 
(Baltim). 2023;102(33):e34704.

6.	 Ma GG, Hao GW, Lai H, Yang XM, Liu L, Wang CS, et al. Initial clinical impact of 
inhaled nitric oxide therapy for refractory hypoxemia following type A acute 
aortic dissection surgery. J Thorac Dis. 2019;11(2):495–504.

7.	 Zhang H, Liu Y, Meng X, Yang D, Shi S, Liu J, et al. Effects of inhaled nitric oxide 
for postoperative hypoxemia in acute type a aortic dissection: a retrospective 
observational study. J Cardiothorac Surg. 2020;15(1):25.

8.	 Shen Y, Liu C, Fang C, Xi J, Wu S, Pang X, et al. Oxygenation impairment after 
total arch replacement with a stented elephant trunk for type-A dissection. J 
Thorac Cardiovasc Surg. 2018;155(6):2267–74.

9.	 Duan XZ, Xu ZY, Lu FL, Han L, Tang YF, Tang H, et al. Inflammation is related to 
preoperative hypoxemia in patients with acute Stanford type A aortic dissec-
tion. J Thorac Dis. 2018;10(3):1628–34.

10.	 Teng C, Fei Z, Liu H, Liu X, Hu Z. Effect of pre-operative hypoxemia on the 
occurrence and outcomes of post-operative ARDS in Stanford type a aortic 
dissection patients. Respir Res. 2023;24(1):161.

11.	 Neto AS, Barbas CSV, Simonis FD, Artigas-Raventos A, Canet J, Determann 
RM, et al. Epidemiological characteristics, practice of ventilation, and clinical 
outcome in patients at risk of acute respiratory distress syndrome in intensive 

care units from 16 countries (PRoVENT): an international, multicentre, pro-
spective study. Lancet Respir Med. 2016;4(11):882–93.

12.	 Riviello ED, Kiviri W, Twagirumugabe T, Mueller A, Banner-Goodspeed VM, 
Officer L, et al. Hospital incidence and outcomes of the Acute Respiratory 
Distress Syndrome using the Kigali modification of the Berlin definition. Am J 
Respir Crit Care Med. 2016;193(1):52–9.

13.	 Guo Z, Yang Y, Zhao M, Zhang B, Lu J, Jin M, et al. Preoperative hypox-
emia in patients with type a acute aortic dissection: a retrospective 
study on incidence, related factors and clinical significance. J Thorac Dis. 
2019;11(12):5390–7.

14.	 Force ADT, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell 
E, et al. Acute respiratory distress syndrome: the Berlin definition. JAMA. 
2012;307(23):2526–33.

15.	 Yan H, Zhao L, Wu X, Liu H, Wu C, Li Y, et al. Inflammation and pathological 
damage to the lungs of mice are only partially reversed following smok-
ing cessation on subacute exposure to cigarette smoke. Mol Med Rep. 
2015;11(6):4246–54.

16.	 Santos NP, Mitsunaga RM, Borges DL, Costa Mde A, Baldez TE, Lima IM, et 
al. Factors associated to hypoxemia in patients undergoing coronary artery 
bypass grafting. Rev Bras Cir Cardiovasc. 2013;28(3):364–70.

17.	 Khalil MA. Smoking as a risk factor for intraoperative hypoxemia during one 
lung ventilation. J Anesth. 2013;27(4):550–6.

18.	 Sheng W, Le S, Song Y, Du Y, Wu J, Tang C, et al. Preoperative nomogram and 
risk calculator for postoperative hypoxemia and related clinical outcomes 
following Stanford Type A Acute aortic dissection surgery. Front Cardiovasc 
Med. 2022;9:851447.

19.	 Zhou J, Pan J, Yu Y, Huang W, Lai Y, Liang W, et al. Independent risk factors of 
hypoxemia in patients after surgery with acute type a aortic dissection. Ann 
Palliat Med. 2021;10(7):7388–97.

20.	 Zixiang Y, Xudong P, Songbo D, Kai Z, Kai Z, Huiqiang G, et al. Analysis of 
related factors of hypoxemia after Sun ‘s operation for acute type a aortic 
dissection. J Cardiopulm Vascular Disease. 2020;39(06):711–5.

21.	 Liu HY, Zhang SP, Zhang CX, Gao QY, Liu YY, Ge SL. Postoperative hypoxemia 
for patients undergoing Stanford type A aortic dissection. World J Clin Cases. 
2023;11(14):3140–7.

22.	 Wu Z, Wang Z, Wu H, Hu R, Ren W, Hu Z, et al. Obesity is a risk factor for 
preoperative hypoxemia in Stanford A acute aortic dissection. Med (Baltim). 
2020;99(11):e19186.

23.	 Gong M, Wu Z, Xu S, Li L, Wang X, Guan X, et al. Increased risk for the develop-
ment of postoperative severe hypoxemia in obese women with acute type a 
aortic dissection. J Cardiothorac Surg. 2019;14(1):81.

24.	 Sarkar M, Niranjan N, Banyal PK. Mechanisms of hypoxemia. Lung India. 
2017;34(1):47–60.

25.	 Ge H, Jiang Y, Jin Q, Wan L, Qian X, Zhang Z. Nomogram for the prediction 
of postoperative hypoxemia in patients with acute aortic dissection. BMC 
Anesthesiol. 2018;18(1):146.

26.	 Liu N, Zhang W, Ma W, Shang W, Zheng J, Sun L. Risk factors for hypoxemia 
following surgical repair of acute type a aortic dissection. Interact Cardiovasc 
Thorac Surg. 2017;24(2):251–6.

27.	 Colgan SP, Furuta GT, Taylor CT. Hypoxia and innate immunity: keeping up 
with the HIFsters. Annu Rev Immunol. 2020;38:341–63.

28.	 Zhang K, Pan XD, Dong SB, Zheng J, Xu SD, Liu YM, et al. Cardiopul-
monary bypass duration is an independent predictor of adverse out-
come in surgical repair for acute type a aortic dissection. J Int Med Res. 
2020;48(11):300060520968450.

29.	 Wang Z, Hou L, Yang H, Ge J, Wang S, Tian W, et al. Electroacupuncture 
pretreatment attenuates Acute Lung Injury through alpha7 nicotinic 
acetylcholine receptor-mediated inhibition of HMGB1 release in rats after 
cardiopulmonary bypass. Shock. 2018;50(3):351–9.

30.	 Deng Y, Hou L, Xu Q, Liu Q, Pan S, Gao Y, et al. Cardiopulmonary bypass 
induces Acute Lung Injury via the High-Mobility Group Box 1/Toll-Like recep-
tor 4 pathway. Dis Markers. 2020;2020:8854700.

31.	 Li J, Gao PF, Xu YX, Gu H, Wang QX. Probiotic Saccharomyces boulardii 
attenuates cardiopulmonary bypass-induced acute lung injury by inhibiting 
ferroptosis. Am J Transl Res. 2022;14(7):5003–13.

32.	 He Y, Zhang HS, Zhang TZ, Feng Y, Zhu Y, Fan X. Analysis of the risk factors 
for severe lung injury after radical surgery for tetralogy of fallot. Front Surg. 
2022;9:892562.

33.	 Sorabella R, Si MS, Commentary. U-CIRP-ing the neurological effects 
of deep hypothermic circulatory arrest. J Thorac Cardiovasc Surg. 
2020;159(6):2449–50.



Page 7 of 7Yu et al. Journal of Cardiothoracic Surgery          (2024) 19:273 

34.	 Di Eusanio M, Wesselink RM, Morshuis WJ, Dossche KM, Schepens MA. Deep 
hypothermic circulatory arrest and antegrade selective cerebral perfusion 
during ascending aorta-hemiarch replacement: a retrospective comparative 
study. J Thorac Cardiovasc Surg. 2003;125(4):849–54.

35.	 Karacalilar M, Kyaruzi M. Unilateral Antegrade Cerebral Perfusion Versus Deep 
Hypothermic Circulatory arrest during Acute aortic dissection repair: a single 
Center experience. Acta Clin Croat. 2022;61(3):421–6.

36.	 Pak O, Sydykov A, Kosanovic D, Schermuly RT, Dietrich A, Schroder K, et al. 
Lung Ischaemia-Reperfusion Injury: the role of reactive oxygen species. Adv 
Exp Med Biol. 2017;967:195–225.

37.	 Ye C, Qi W, Dai S, Zou G, Liu W, Yu B, et al. microRNA-223 promotes autophagy 
to aggravate lung ischemia-reperfusion injury by inhibiting the expres-
sion of transcription factor HIF2alpha. Am J Physiol Lung Cell Mol Physiol. 
2020;319(1):L1–10.

38.	 Nakajima T, Kawazoe K, Izumoto H, Kataoka T, Niinuma H, Shirahashi N. Risk 
factors for hypoxemia after surgery for acute type a aortic dissection. Surg 
Today. 2006;36(8):680–5.

39.	 Chen FT, Chou AH, Wu VC, Yang CH, Chu PH, Ting PC, et al. Effect of massive 
blood transfusion on late outcomes after surgical repair of acute type a aortic 
dissection. Med (Baltim). 2019;98(45):e17816.

40.	 Xie Q, Li C, Zhong Y, Luo C, Guo R, Liu Y, et al. Blood transfusion predicts 
prolonged mechanical ventilation in Acute Stanford Type A aortic dis-
section undergoing total aortic arch replacement. Front Cardiovasc Med. 
2022;9:832396.

41.	 Yao R, Yan D, Fu X, Deng Y, Xie X, Li N. The effects of plasma to red blood cells 
transfusion ratio on in-hospital mortality in patients with acute type a aortic 
dissection. Front Cardiovasc Med. 2023;10:1091468.

42.	 Klanderman RB, van Mourik N, Eggermont D, Peters AL, Tuinman PR, Bosman 
R, et al. Incidence of transfusion-related acute lung injury temporally associ-
ated with solvent/detergent plasma use in the ICU: a retrospective before 
and after implementation study. Transfusion. 2022;62(9):1752–62.

43.	 Muller MC, Tuinman PR, Vlaar AP, Tuip AM, Maijoor K, Achouiti A, et al. Contri-
bution of damage-associated molecular patterns to transfusion-related acute 
lung injury in cardiac surgery. Blood Transfus. 2014;12(3):368–75.

44.	 Bai L, Ge L, Zhang Y, Li M, Jiang B, Song Y. Experience of the Postoperative 
Intensive Care Treatment of Stanford Type A aortic dissection. Int J Clin Pract. 
2023;2023:4191277.

45.	 Likosky DS, Paone G, Zhang M, Rogers MA, Harrington SD, Theurer PF, et al. 
Red Blood Cell transfusions Impact Pneumonia Rates after coronary artery 
bypass grafting. Ann Thorac Surg. 2015;100(3):794–800. discussion 1.

46.	 Lan L, Cen Y, Jiang L, Miao H, Lu W. Risk factors for the Development of 
Intraoperative Hypoxia in patients undergoing Nonintubated Video-assisted 
thoracic surgery: a retrospective study from a single Center. Med Sci Monit. 
2021;27:e928965.

47.	 Wang D, Huang X, Wang H, Le S, Yang H, Wang F, et al. Risk factors for post-
operative pneumonia after cardiac surgery: a prediction model. J Thorac Dis. 
2021;13(4):2351–62.

48.	 Wang DS, Huang XF, Wang HF, Le S, Du XL. Clinical risk score for post-
operative pneumonia following heart valve surgery. Chin Med J (Engl). 
2021;134(20):2447–56.

49.	 Schodel J, Ratcliffe PJ. Mechanisms of hypoxia signalling: new implications for 
nephrology. Nat Rev Nephrol. 2019;15(10):641–59.

50.	 Li CN, Chen L, Ge YP, Zhu JM, Liu YM, Zheng J, et al. Risk factors for prolonged 
mechanical ventilation after total aortic arch replacement for acute DeBakey 
type I aortic dissection. Heart Lung Circ. 2014;23(9):869–74.

51.	 Serpa Neto A, Deliberato RO, Johnson AEW, Bos LD, Amorim P, Pereira SM, et 
al. Mechanical power of ventilation is associated with mortality in critically ill 

patients: an analysis of patients in two observational cohorts. Intensive Care 
Med. 2018;44(11):1914–22.

52.	 Katira BH, Osada K, Engelberts D, Bastia L, Damiani LF, Li X, et al. Positive end-
expiratory pressure, pleural pressure, and Regional Compliance during Prona-
tion: an experimental study. Am J Respir Crit Care Med. 2021;203(10):1266–74.

53.	 Gu J, Feng Y, Chen S, Cao Y, Li K, Du Y, et al. Prone position in treatment of 
Hypoxemia in patients who underwent type a aortic dissection surgery. 
Heart Surg Forum. 2022;25(2):E300–4.

54.	 Yang JH, Wang S, Gan YX, Feng XY, Niu BL. Short-term prone positioning for 
severe acute respiratory distress syndrome after cardiopulmonary bypass: a 
case report and literature review. World J Clin Cases. 2022;10(36):13435–42.

55.	 Ding F, Zhang Z, Qiao G, Fan T. Early prone position ventilation in the efficacy 
for severe hypoxemia and neurological complications following acute type a 
aortic dissection (TAAD) surgery. Int J Neurosci. 2024:1–9.

56.	 Aguirre-Bermeo H, Turella M, Bitondo M, Grandjean J, Italiano S, Festa O, et al. 
Lung volumes and lung volume recruitment in ARDS: a comparison between 
supine and prone position. Ann Intensive Care. 2018;8(1):25.

57.	 Poon WH, Ramanathan K, Ling RR, Yang IX, Tan CS, Schmidt M, et al. Prone 
positioning during venovenous extracorporeal membrane oxygenation for 
acute respiratory distress syndrome: a systematic review and meta-analysis. 
Crit Care. 2021;25(1):292.

58.	 Boesing C, Graf PT, Schmitt F, Thiel M, Pelosi P, Rocco PRM, et al. Effects of 
different positive end-expiratory pressure titration strategies during prone 
positioning in patients with acute respiratory distress syndrome: a prospec-
tive interventional study. Crit Care. 2022;26(1):82.

59.	 Shouhua Z, Yukun Z, Jun C. Comparison of the effects of high-flow nasal can-
nula oxygen therapy and traditional oxygen therapy in patients undergoing 
major abdominal surgery. Guangxi Med. 2023;45(06):642–6.

60.	 Renda T, Corrado A, Iskandar G, Pelaia G, Abdalla K, Navalesi P. High-flow 
nasal oxygen therapy in intensive care and anaesthesia. Br J Anaesth. 
2018;120(1):18–27.

61.	 Yan C, Zhang J, Wu Y, Yao J, Li J, Zhang X, et al. Effect of High-Flow Nasal 
Cannula for Hypoxemia Following Sun’s Procedure in Acute Aortic dissection 
type a patients. Front Surg. 2021;8:630624.

62.	 Hao GW, Tu GW, Yu SJ, Luo JC, Liu K, Wang H, et al. Inhaled nitric oxide 
reduces the intrapulmonary shunt to ameliorate severe hypoxemia after 
acute type a aortic dissection surgery. Nitric Oxide. 2021;109–110:26–32.

63.	 Jiang YX, Huang ZW. Ulinastatin alleviates pulmonary edema by reducing 
pulmonary permeability and stimulating alveolar fluid clearance in a rat 
model of acute lung injury. Iran J Basic Med Sci. 2022;25(8):1002–8.

64.	 Xu CE, Zou CW, Zhang MY, Guo L. Effects of high-dose ulinastatin on inflam-
matory response and pulmonary function in patients with type-A aortic dis-
section after cardiopulmonary bypass under deep hypothermic circulatory 
arrest. J Cardiothorac Vasc Anesth. 2013;27(3):479–84.

65.	 Combes A, Peek GJ, Hajage D, Hardy P, Abrams D, Schmidt M, et al. ECMO for 
severe ARDS: systematic review and individual patient data meta-analysis. 
Intensive Care Med. 2020;46(11):2048–57.

66.	 Fan F, Zhou Q, Pan J, Cao H, Li K, Xue Y, et al. Clinical outcomes of postopera-
tive extracorporeal membrane oxygenation support in Stanford type a aortic 
dissection. BMC Anesthesiol. 2021;21(1):35.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Study on risk factors and treatment strategies of hypoxemia after acute type a aortic dissection surgery
	﻿Abstract
	﻿Introduction
	﻿Diagnostic criteria for hypoxemia
	﻿Risk factors of hypoxemia
	﻿Patients factors
	﻿Smoking history
	﻿Obesity
	﻿Inflammatory reaction


	﻿Intraoperative related factors
	﻿Cardiopulmonary bypass and deep hypothermic circulatory arrest
	﻿Infusion of blood products during operation
	﻿Other factors

	﻿Treatment interventions for hypoxemia
	﻿Prone position positive pressure mechanical ventilation
	﻿Nasal high flow humidified oxygen therapy combined with nitric oxide inhalation
	﻿Drug intervention
	﻿Extracorporeal membrane oxygenation

	﻿Conclusion
	﻿References


