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Introduction

Acute type A aortic dissection (TAAD) is a severe life-
threatening cardiovascular disease that requires emergent 
surgical intervention. Although preoperative recognition, 
perioperative management, and surgical techniques 
have been significantly improved, TAAD operations 
are still associated with high mortality and morbidity 

(1,2). Hypoxemia is a frequent postoperative surgical 
complication in TAAD and is associated with increased 
mechanical ventilation duration, intensive care unit (ICU) 
stay, mortality and hospital costs (3). Although studies 
have raised questions about the association between TAAD 
and the risk factors for postoperative hypoxemia (4-6), the 
mechanism of hypoxemia in TAAD remains unclear but may 
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be related to multifactorial causes including postoperative 
systemic inflammatory response syndrome, hypothermia, 
dissection, etc. Additionally, some TAAD patients with 
hypoxemia might be refractory to conventional treatment.

Inhaled nitric oxide (iNO) is a selective pulmonary 
vasodilator administered as a gas through the airway. 
The benefits of iNO therapy are related to oxygenation 
improvement, which results from diverting pulmonary 
blood flow toward well-ventilated lung areas and improving 
ventilation-perfusion mismatch (7). iNO has been reported 
as an intervention to treat refractory hypoxemia in acute 
respiratory distress syndrome (ARDS) patients (7-11) and 
can improve systemic oxygenation (PaO2/FiO2).

Accordingly, we hypothesized that iNO might be 
beneficial for oxygenation in patients with postoperative 
refractory hypoxemia after surgery for TAAD. In the 
present study, we investigated the effects of iNO therapy 
on clinical outcomes in TAAD patients with refractory 
hypoxemia.

Methods

Study design

The study was conducted in a 39-bed cardiac surgery ICU 
(CSICU) at Zhongshan Hospital, which is affiliated with 
Fudan University in Shanghai, mainland China, from January 
2016 to October 2017. This hospital, which is one of the 
largest cardiovascular surgical centers in mainland China, 
performs over 150 TAAD operations per year, including 
ascending aortic and hemi- or total-arch replacement 
concomitant with or without surgical treatment of the aortic 
root as well as a stent elephant trunk (MicroPort® CRONUS) 
procedure for the descending aorta.

All patients were routinely assessed by transthoracic 
echocardiography (TTE) preoperatively. During the 
operation, transesophageal echocardiography (TEE) 
was also routinely used to monitor hemodynamics and 
confirm the effect of surgery. Furthermore, TTE and 
lung ultrasound were used to identify different causes of 
hypoxemia during the postoperative period, such as right 
to left shunting, cardiac tamponade, obstructive shock, 
decreased ventricular systolic function, pneumothorax 
(PTX), pulmonary edema, pulmonary consolidation, pleural 
effusion or equivocal findings of pulmonary embolism 
(PE). For the patients with suspected PE, bedside cardiac 
ultrasonography and a venous examination of the proximal 
bilateral lower extremities were performed. An additional 

TEE examination was also considered if necessary.
Postoperative hypoxemia in TAAD patients was 

defined as a PaO2/FiO2 ratio of 200 mmHg or lower 
(5,6). Postoperative refractory hypoxemia was defined 
as a persistent PaO2/FiO2 ratio ≤100 mmHg despite 
conventional therapy within 6 hours of admission to the 
CSICU. In general, conventional treatment was carried 
out depending on the differential diagnoses for hypoxemia. 
Since December 2016, on the basis of conventional therapy, 
we explored the potential use of iNO to treat refractory 
hypoxemia. A retrospective study with historical control 
subjects was conducted to compare the clinical outcomes 
of iNO therapy in postoperative TAAD patients with 
refractory hypoxemia. Depending on the therapeutic 
intervention, patients with refractory hypoxemia were 
divided into two groups: the (I) conventional therapy group 
(January to November 2016) and the (II) iNO therapy 
group (December 2016 to October 2017). Data were 
collected from the medical records from the Zhongshan 
Hospital Electronic Health Record System. This study 
was approved by the Ethics Committee of Zhongshan 
Hospital Affiliated to Fudan University (No. B2016-141R) 
and was conducted in compliance with the institutional 
requirements. In the iNO therapy group, written informed 
consent was obtained from patients’ surrogates. A flowchart 
of patient enrollment is summarized in Figure 1.

The exclusion criteria were as follows: (I) patients who 
did not receive cardiac surgery, such as those with no 
indications for surgical intervention and those who died 
before the surgical intervention; (II) patients who died 
within 24 hours of the operation; and (III) patients who 
developed postoperative complications, such as stroke or 
spinal cord injury, which may have led to respiratory failure.

Conventional therapy

All patients with postoperative hypoxemia were routinely 
evaluated by clinical examination, and the examination 
included chest radiographs and lung ultrasound (Figure 2).  
A routine algorithm was implemented to diagnose the 
pathogenesis of hypoxemia, such as PTX, pulmonary 
edema, pulmonary consolidation, pleural effusion or 
airway obstruction. Accordingly, aimed at these causes, 
the conventional treatment included: (I) optimization of 
mechanical ventilation settings, including tidal volume 
adjustment and positive end expiratory pressure (PEEP) 
titration; (II) thoracic drainage if pleural effusion or PTX 
was present; (III) optimization of fluid management; and 
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(IV) fiberoptic bronchoscopy examination if necessary.

iNO therapy and administration

Despite conventional management, certain patients still 
presented with refractory hypoxemia that was defined as 
a persistent PaO2/FiO2 ratio ≤100 mmHg within 6 hours 
of admission to the CSICU. These patients who were not 
responsive to conventional therapy received 5 ppm iNO 
therapy.

iNO was delivered through a gas flow-rate control system 
(NOD-200, LIHUA Science and Technology Co., Ltd., 
Hangzhou, China) using a bleed-in adapter placed in the 
inspiratory limb of the circuit, just distal to the humidifier. 
NO was supplied from tanks containing 1,000 ppm, with 
nitrogen used as the balance gas (FULIAN Gas Company, 
Suzhou, China). A high-purity, corrosion-resistant 
regulator with a very low flowmeter (25 to 200 mL/min, 
PARKER Veriflo, USA) was used to regulate the flow rate. 
NO and NO2 concentrations were continuously measured 

2016.01–2017.10
265 patients with TAAD admitted in CSICU

12 patients without surgical treatment

25 patients excluded:
• 6 died within 24 hours after operation;
• 12 with postoperative stroke;
• 7 with postoperative spinal cord injury.

Routine algorithm:
• Clinical examination;
• Chest radiograph;
• Lung ultrasound.

Conventional treatment aimed at pathogenesis 
within 6 hours after operation: 

• Optimization of mechanical ventilatory setting;
• Thoracic drainage if pleural effusion or PTX;
• Optimization of fluid administration;
• Fiberoptic bronchoscopy examination if necessary.

253 patients underwent cardiovascular surgery

228 patients enrolled

150 patients with postoperative hypoxemia
(PaO2/FiO2 ≤200 mmHg)

Refractory hypoxemia (PaO2/FiO2 ≤100mmHg)
53 patients

Figure 1 Flow diagram showing the patient enrollment and group selection. TAAD, acute type A aortic dissection; CSICU, cardiac surgery 
intensive care unit; PTX, pneumothorax.

Figure 2 Chest radiographs and lung ultrasound images from a postoperative patient. A 52-year-old male underwent surgery of the 
ascending aorta and total aortic arch replacement concomitant with a stent elephant trunk procedure for the descending aorta. Upon arrival 
to the CSICU, the patient suffered from severe hypoxemia (PaO2/FiO2 ratio =78.6 mmHg). Left panel: chest radiograph. There are no 
specific findings in both lungs. Right panel: lung ultrasound. The image shows the absence of pulmonary edema, lung consolidation, or 
pleural effusion.
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with an electrochemical sensor (Exidyne Instrumentation 
Technologies, Exton, PA, USA). A low dose of 5 ppm NO 
was administered to patients in this study (12).

iNO was weaned if the PaO2/FiO2 ratio was as high as 
150 mmHg after a total time of 2 to 6 hours from iNO 
withdrawal. In this study, iNO was administered to patients 
who received mechanical ventilation during inspiration, and 
patients who were successfully extubated could still receive 
iNO through a noninvasive ventilation (NIV) mask or nasal 
cannulae if necessary (7). Patients were discharged from the 
CSICU after weaning from mechanical ventilation and iNO.

Criteria for extubation

For all patients, standard mechanical ventilation practices 
were carried out, such as a daily spontaneous breathing 
trial (SBT), chlorhexidine mouth hygiene, head of the 
bed elevation, and daily sedation interruptions. The SBT 
was performed with continuous positive airway pressure 
or a pressure support model, with a pressure support of  
5 cmH2O and a PEEP of 5 cmH2O, lasting 30 to 60 minutes. 
The extubation criteria were described in our previous 
study: clear consciousness, stable hemodynamics, adequate 
oxygenation, and successful SBT (13). During the SBT, 
the patient was monitored for evidence of weaning failure. 
Patients were extubated if none of the following signs were 
observed: breathing frequency >35 breaths/min, SpO2 
<90%, rapid shallow breathing index (respiratory rate/
tidal volume) >105, 20% increase or decrease from the 
baseline heart rate or blood pressure, abdominal paradoxical 
movement, substantial agitation, anxiety, and/or diaphoresis.

Clinical outcomes

The primary endpoint of the study was the effect of iNO 
therapy on oxygenation (PaO2/FiO2), with special regard 
to changes over time. Secondary endpoints included the 
duration of invasive mechanical ventilation support, NIV 
support requirements, ICU mortality, length of ICU and 
hospital stays and postoperative complications [such as 
infections, incidence of acute kidney injury (AKI) and renal 
replacement therapy]. 

Statistical analysis

Categorical variables are described using frequencies and 
percentages, whereas continuous variables are described 
using the mean ± standard deviation. Patient demographics 

and clinical characteristics and the outcomes of patients who 
received iNO versus those who did not were compared using 
the chi-squared test or Fisher’s exact test (when the count 
in any cell of a contingency table was less than required) for 
categorical variables and a two-sample t-test to compare the 
means of normally distributed data for continuous variables. 
All tests were two-tailed, and a P value less than 0.05 was 
considered statistically significant. SPSS for Windows 19.0 
(Chicago, IL, USA) was used for the statistical analysis. 

Results

Patients

From January 2016 to October 2017, 265 patients 
with TAAD were admitted to the CSICU. Twelve 
patients developed aortic rupture, preoperative cardiac 
arrest or multiorgan malperfusion and did not receive 
surgical intervention. Six patients died within 24 hours 
postoperatively. The causes of death included uncontrolled 
bleeding in four patients, low cardiac output in one patient, 
and multiorgan malperfusion syndrome in one patient. 
Twelve patients developed stroke, and seven patients 
developed spinal cord injury, all of which required prolonged 
mechanical ventilation. In the remaining 228 patients 
undergoing surgical reconstruction for TAAD, 150 (65.79%) 
patients developed postoperative hypoxemia (PaO2/FiO2 
ratio ≤200 mmHg). After comprehensive evaluation and 
interventions, 53 (23.25%) patients developed refractory 
hypoxemia (PaO2/FiO2 ratio ≤100 mmHg). Based on 
grouping, 26 patients received iNO therapy (iNO therapy 
group), and the remaining 27 patients received conventional 
therapy (conventional group) (Figure 1).

Basic characteristics and preoperative, intraoperative, and 
postoperative parameters

No significant differences in age, sex, body mass index 
(BMI), past medical history, comorbidities, aortic dissection 
complications (including pericardial effusion, ischemic stroke, 
lower limb ischemia, aortic regurgitation and mesenteric 
ischemia), preoperative laboratory examination findings, 
oxygenation (PaO2/FiO2), frequency of tracheal intubation 
and the time from onset to operation were found between the 
two groups (Table 1). The patients in the conventional group 
had a higher preoperative left ventricular ejection fraction 
(LVEF) (65%±4% vs. 63%±4%, P=0.036, Table 1) than the 
patients in the iNO therapy group.
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Table 1 Preoperative demographic and clinical characteristics

Variables Conventional group (n=27) iNO group (n=26) P value

Baseline characteristics

Age, mean ± SD (years) 53±10 50±8 0.345

BMI, mean ± SD (kg/m2) 26.41±3.45 27.71±4.01 0.212

Male gender, n (%) 20 (74.07) 22 (84.62) 0.344

Current smoking, n (%) 15 (55.56) 17 (65.38) 0.465

Hypertension, n (%) 21 (77.78) 18 (69.23) 0.481

Diabetes, n (%) 2 (7.41) 1 (3.85) 1.0

Pericardial effusion, n (%) 3 (11.11) 5 (19.23) 0.409

Ischemic stroke induced by AAD, n (%) 2 (7.41) 2 (7.69) 0.969

Lower limb ischemia, n (%) 0 (0) 1 (3.85) 0.491

Aortic regurgitation, n (%) 13 (48.15) 9 (34.62) 0.318

Mesenteric ischemia, n (%) 1 (3.70) 1 (3.85) 1.0

Laboratory tests

cTnT, mean ± SD (ng/mL) 0.87±0.18 0.23±0.20 0.079

BNP, mean ± SD (pg/mL) 500.39±1134.10 444.22±442.57 0.815

Cr, mean ± SD (μmol/L) 83.76±33.29 80.92±21.32 0.715

BUN, mean ± SD (mmol/L) 6.86±3.03 6.48±2.11 0.597

ALT, mean ± SD (U/L) 38.11±40.51 43.81±32.33 0.575

AST, mean ± SD (U/L) 40.67±40.79 43.50±42.37 0.805

TBil, mean ± SD (μmol/L) 19.26±8.91 21.86±13.25 0.404

D-Dimer, mean ± SD (μg/L) 8.38±11.42 7.20±4.82 0.819

Lactate, mean ± SD (mmol/L) 1.75±1.02 1.37±0.48 0.431

Preoperative ejection fraction, mean ± SD (%) 65±4 63±4 0.036

Preoperative tracheal intubation, n (%) 2 (7.41) 1 (3.85) 1.0

Preoperative PaO2/FiO2, mean ± SD (mmHg) 256.45±88.88 288.18±127.25 0.457

Time from onset to operation, mean ± SD (h) 22.62±23.49 25.20±23.57 0.697

iNO, inhaled nitric oxide; BMI, body mass index; AAD, acute aortic dissection; cTnT, cardiac troponin T; BNP, brain natriuretic peptide; Cr, 
serum creatinine; BNU, blood urea nitrogen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBil, total bilirubin; PaO2, 
arterial partial pressure of oxygen; FiO2, inspiratory fraction of oxygen; NA, not applicable.

The intra- and postoperative data are summarized in 
Table 2. There was no statistically significant difference in 
terms of the operative time, cardiopulmonary bypass (CPB) 
time, clamping time and deep hypothermic circulatory arrest 
time. When patients were admitted to the CSICU, their 
acute physiology and chronic health evaluation (APACHE) 
II scores, European System for Cardiac Operative Risk 
Evaluation (EuroSCORE), hemodynamic parameters, 

ventilator parameters, vasoactive drug infusion rates, and 
hemoglobin and lactate levels were comparable (Table 2).

Improvement in oxygenation

Oxygenation throughout the first 6 hours of admission 
to the CSICU did not significantly change in the 
conventional group (89.08±13.36 vs. 88.93±13.22 mmHg, 
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Table 2 The intraoperative and postoperative characteristics of patients undergoing surgery

Variables Conventional group (n=27) iNO group (n=26) P value

Intraoperative conditions, mean ± SD

Operation time (min) 451.30±82.05 456.15±76.63 0.825

CPB time (min) 191.11±31.70 205.19±30.83 0.107

Aortic cross-clamping time (min) 113.74±28.15 119.50±21.23 0.406

DHCA time (min) 29.48±9.89 29.38±8.90 0.970

Transfusion volumes of RBCs (U) 6±4 5±3 0.131

Postoperative conditions on arrival to the ICU, mean ± SD

APACHE II scores 9±5 9±6 0.812

EuroSCORE 6±3 6±4 0.653

HR (/min) 91±17 85±16 0.202

MAP (mmHg) 70±10 74±9 0.126

CVP (mmHg) 13±3 12±4 0.368

Dose of norepinephrine (μg∙kg−1∙min−1) 0.24±0.13 0.29±0.17 0.488

Dose of dobutamine (μg∙kg−1∙min−1) 0.40±0.06 0.34±0.10 0.239

Blood Hb (g/L) 99.7±13.2 99.5±12.9 0.972

Tidal volume (mL) 506±20 507±20 0.860

PEEP (cmH2O) 6±1 6±1 0.793

PaO2/FiO2 (mmHg) 89.08±13.36 90.85±24.75 0.778

Lactate (mmol/L) 4.1±4.0 4.3±3.0 0.896

iNO, inhaled nitric oxide; DHCA, deep hypothermic circulatory arrest; CPB, cardiopulmonary bypass; RBC, red blood cell; APACHE II, 
acute physiology and chronic health evaluation; EuroSCORE, European System for Cardiac Operative Risk Evaluation; HR, heart rate; 
MAP, mean arterial pressure; CVP, central venous pressure; Hb, hemoglobin; PEEP, positive end expiratory pressure; PaO2, arterial partial 
pressure of oxygen; FiO2, inspiratory fraction of oxygen.

P=0.457) or in the iNO therapy group (90.85±24.75 
vs. 84.54±11.99 mmHg, P=0.314). The comparison 
between the two groups revealed that oxygenation was 
also comparable at the time of admission (90.85±24.75 vs.  
89 .08±13.36 mmHg, P=0.778)  and 6  hours  a f ter 
conventional therapy (84.54±11.99 vs. 88.93±13.22 mmHg, 
P=0.645). With continuous NO inhalation, a higher PaO2/
FiO2 ratio was observed in the iNO therapy group than in 
the conventional therapy group at 12, 24, 36, 48, 60 and 
72 hours after admission to the CSICU (116.70±28.99 
vs.  92.75±18.66 mmHg, P=0.003; 118.79±38.20 vs.  
85 .43±17 .66  mmHg,  P=0 .001 ;  143 .71±44 .10  v s . 
107.46±19.56 mmHg, P=0.002;  166.46±49.21 vs . 
115.19±23.63 mmHg, P=0.000;  176.70±45.21 vs . 
128.01±20.25 mmHg, P=0.000; and 169.31±59.44 vs. 
136.38±20.26 mmHg, P=0.021, respectively) (Figure 3). The 

mean duration of iNO treatment was 79.96±31.83 hours.

Clinical outcomes

There was no statistically significant difference in mortality 
between the groups: the mortality rate was 7.41%  
(2/27 patients) in the conventional therapy group and 3.85% 
(1/26 patients) in the iNO therapy group. The duration 
of invasive mechanical ventilation in the iNO therapy 
group was significantly decreased compared with that in 
the conventional therapy group (69.19 vs. 104.56 hours, 
P=0.003). There were no significantly different outcomes 
with respect to the overall duration of ICU stay (9.88±3.08 
vs. 12.36±5.22 days, P=0.059), hospital stay (16.88±3.33 vs. 
20.76±9.36 days, P=0.060), or postoperative complications 
[such as infections, occurrence of AKI or renal replacement 
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therapy] (14) (Table 3).

Discussion

In this study, the results indicated that iNO therapy in 

patients with refractory hypoxemia after surgery for TAAD 
was associated with improved arterial oxygenation and a 
reduced duration of invasive mechanical ventilation.

Hypoxemia is a common complication following 
cardiothoracic surgery (15). The incidence of hypoxemia 
following cardiothoracic surgery is approximately 7% (16). 
The incidence increases to 50.88% in patients who 
undergo surgery for TAAD (5). Furthermore, prolonged 
mechanical ventilation is generally required in patients with 
postoperative hypoxemia (17). According to previous studies, 
hypoxemia following surgery for TAAD is associated with 
several risk factors, including a long duration of CPB, aortic 
root occlusion, deep circulatory arrest, various types of 
pulmonary injuries and an excessive inflammatory response 
(15,17). In this study, although we tried to optimize the 
settings of mechanical ventilation, 53 patients (53/228, 
23.25%) were unresponsive to conventional therapies 
and developed refractory hypoxemia with no elucidated 
pathogenesis. These patients could not be diagnosed 
with ARDS because they did not have typical radiological 
pulmonary infiltrates. Furthermore, hypoxemia could not 
be relieved by higher PEEP. Few studies have investigated 
the interventions used to treat refractory hypoxemia in 
such patients. To the best of our knowledge, this study is 
the first to analyze the effects of iNO therapy on refractory 
hypoxemia in patients following surgery for TAAD.

Early in the 1990s, iNO emerged as a potential therapy 
for ARDS because it decreased pulmonary vascular 

Table 3 Study outcomes between the two groups of patients

Variables Conventional group (n=27) iNO group (n=26) P value

Mortality, n (%) 2 (7.41) 1 (3.85) 1.0

Duration of invasive mechanical ventilation support, mean ± SD (h) 104.56±42.79 69.19±39.63 0.003

NIV support requirements, n (%) 10 (37.04) 12 (46.15) 0.501

Pulmonary infections, n (%) 1 (3.70) 0 (0) 1.0

Bloodstream infections, n (%) 0 (0) 0 (0) NA

Surgical site infections, n (%)  1 (3.70) 1 (3.85) 1.0

Use of renal replacement therapy, n (%) 9 (33.33) 5 (19.23) 0.244

AKI, n (%) 11 (40.74) 9 (34.62) 0.646

Postoperative drainage within 72 hours, mean ± SD (mL) 1475.93±314.68 1619.62±328.84 0.117

Length ICU stay, mean ± SD (days) 12.36±5.22 9.88±3.08 0.059

Length of hospital stay, mean ± SD (days) 20.76±9.36 16.88±3.33 0.060

iNO, inhaled nitric oxide; NIV, noninvasive ventilation; AKI, acute kidney injury; ICU, intensive care unit; NA, not applicable.

250

200

150

100

50

0

P
aO

2/
Fi

O
2 

(m
m

H
g)

48 h 72 h24 h 36 h 60 h

Postoperative times

12 h6 h0 h

Conventional group

iNO group

Figure 3 Course of PaO2/FiO2 for 72 hours after admission to 
the CSICU in the two groups. 0 h: upon arrival to the ICU; 6 h:  
6 hours after admission to the CSICU. The PaO2/FiO2 ratio did 
not significantly change in the two groups throughout the first  
6 hours after admission to the CSICU; after iNO therapy, a higher 
PaO2/FiO2 ratio was observed in the iNO group than in the 
conventional group at a certain time point (*, P<0.05). CSICU, 
cardiac surgery intensive care unit; iNO, inhaled nitric oxide.
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resistance without affecting systemic blood pressure and 
improved oxygenation by redistributing pulmonary blood 
flow toward ventilated lung units in patients with this 
condition (11). Subsequently, numerous investigations 
have shown the value of improving oxygenation in acute 
lung injury (ALI)/ARDS patients (12,18,19) while failing 
to demonstrate improvement in mortality (19-22). These 
prior studies inspired us to explore whether iNO therapy 
might have a potential effect on refractory hypoxemia 
following surgery for TAAD. In the study, we found that 
iNO therapy did produce a sustained improvement in 
oxygenation in patients with refractory hypoxemia after 
surgery for TAAD within 72 hours. Patients treated with 
iNO had a significantly higher PaO2/FiO2 ratio than those 
in the conventional therapy group (Figure 3). Thus far, the 
mechanisms underlying the association between hypoxia and 
surgery for TAAD are unclear. In the population of patients 
with refractory hypoxemia in our study, we ruled out 
common pathological changes associated with hypoxemia, 
such as sputum obstruction, interstitial pulmonary edema 
or extrapulmonary changes, through systemic assessments, 
including clinical observations, radiographs and lung 
ultrasound. Inferentially, the underlying mechanism for 
refractory hypoxemia after TAAD may be attributed to an 
intrapulmonary shunt due to an excessive inflammatory 
response. Furthermore, the clinical effect of iNO therapy 
on patients with refractory hypoxemia in this study might 
indirectly support our hypothesis.

Additionally, we sought to determine whether improved 
oxygenation would translate into a clinically relevant 
endpoint (i.e., the duration of invasive mechanical 
ventilation and ICU stay). Due to the improvement in 
oxygenation, the duration of invasive mechanical ventilation 
was significantly reduced with iNO therapy compared with 
conventional therapy because iNO could be administered to 
patients even after they were extubated and removed from 
the ventilator. Regardless, iNO therapy did not improve the 
outcome of mortality in this study. Similar results were also 
found in patients with acute hypoxemic respiratory failure 
in a meta-analysis (23).

Due to a lack of evidence concerning any beneficial 
effect of iNO therapy on clinical outcomes (19-22), the 
therapeutic applications of iNO in patients with ALI or 
ARDS remain uncertain. Currently, the Food and Drug 
Administration (FDA) has approved inhaled NO only for 
use in the pediatric population for hypoxic respiratory 
failure in term or near-term newborns (7,24). Previously 
described or merely postulated side effects of iNO 

therapy, such as NO2 toxicity (25), increased levels of 
methemoglobin (26), increased risk of renal dysfunction 
(20,27,28), increased bleeding times and inhibited platelet 
aggregation (29,30), were found to be fatal after a massive 
overdose of iNO (500 to 1,000 ppm) (31). Based on previous 
studies on the safety of iNO therapy, all of these side effects 
were associated with high concentrations of iNO (27-29,32-34). 
It should be mentioned that we did not administer higher 
doses of iNO in this study. The clinical efficacy was satisfied 
at low doses of 5 ppm, and no adverse events were found.

This study has some potential limitations. First, this 
was a single center, historically controlled study. The 
retrospective data collection and outcome evaluation might 
have caused a certain inevitable bias. Second, the study 
population was quite small and limited; we did not perform 
calculations to determine the required sample size before 
the study. Therefore, the findings merit future study with 
prospective trials; a larger sample size in a multicenter 
randomized controlled clinical trial would be expected to 
add more weight to these results. Third, several points 
regarding the effect of iNO therapy are lacking and need 
further investigation, such as dose titration of iNO and 
the optimal duration of iNO treatment. Fourth, our study 
also lacked invasive and noninvasive mechanical ventilator 
data, such as the mean airway pressure, plateau pressure, 
total pulmonary compliance changes, and noninvasive 
mechanical ventilation support duration, which could have 
potentially affected the outcomes observed in the study.

Conclusions

This retrospective analysis suggests that the addition of iNO 
may be considered a therapy for patients with refractory 
hypoxemia after surgery for TAAD. This approach may lead 
to sustained improvement in oxygenation and a reduced 
duration of invasive mechanical ventilation. Future research 
to optimize iNO implementation during clinical practice 
and to further elucidate the pathogenesis of hypoxemia 
following surgery for TAAD is warranted.
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