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Background: Pre-operative hypoxemia (HO) is a serious complication occurring in acute type A aortic
dissection (AAD) patients.

Methods: This was a retrospective study of 505 patients who underwent Stanford type A acute aortic
dissection surgery in Anzhen hospital, Beijing, China, between January 2015 to February 2018. Patients
were divided into a HO(+) group (PaO,/FiO, <300) and a HO(-) group (PaO,/FiO, >300) according
to preoperative arterial blood gas (ABG) analysis. The incidence of preoperative hypoxemia in patients
undergoing surgery for AAD was calculated as the main outcome. Multivariable binary logistic regression
analysis was used to identify independent prognostic factors of HO.

Results: Preoperative HO occurred in 46.5% (235/505) of patients. Mean patient age was
47.8+9.6 years, and 189 (80.4%) were male. Multivariable logistic regression analysis showed a correlation
between preoperative serum level of fibrinogen [95% confidence interval (CI), 0.95-0.99], white blood cell
count (WBC) (95% CI, 1.07-1.18), systolic blood pressure (95% CI, 0.98-1.00), history of smoking (95%
CI, 1.05-2.11) and pleural effusion (95% CI, 1.14-2.71) with preoperative HO. The HO(+) group had a
significantly higher mortality than the HO(-) group (8.1% vs. 5.9%, P=0.38). The median of intubation time
(P<0.01), the length of stay in the intensive care unit (P<0.01) and the length of hospital stay (P<0.01) were
significantly longer in patients with HO. The activity of daily living scale score was significantly lower in the
HO(+) group (P<0.01).

Conclusions: AAD patients were easy to have pre-operative HO, which had a higher morbidity than those
without HO. Altered fibrinogen, WBC, systolic blood pressure levels, positive smoking history, and pleural
effusion were associated with the presence of HO. More monitoring and treatment should be given to these
patients.
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Introduction

About 2.6 to 3.5/10" individuals develop acute type A aortic
dissection (AAD) every year. Affected patients experience
acute onset and rapid progression necessitating emergency
surgical treatment (1). The in hospital mortality rate in
aortic dissection patients is 34% in a recent study (2).
AAD is often accompanied by several severe systemic
pathophysiological changes, of which hypoxemia (HO)
is the most common. Patients with HO have an oxygen
index (P,0,/FiO,, OI) <300 mmHg resulting from damage
to alveolar epithelial and capillary endothelial cells (3).
Patients with AAD and preoperative HO are at increased
risk for postoperative acute lung injury (ALI) and acute
respiratory distress syndrome (ARDS). Affected patients
have prolonged intubation times and/or increased mortality
rates after surgery (4,5).

We previously reported our findings in a small group of
AAD patients. Among them, 53.8% of AAD patients had
ALI at initial presentation, and elevated levels of several
inflammatory cytokines were found in these patients (6).
While risk factors for poor outcome in AAD patients have
been identified, the role of preoperative HO in determining
postoperative HO has not been evaluated. We now report
the findings in a larger group of patients, with greater
power to detect factors associated with HO, including
preoperative HO.

Methods

Approval by the Institutional Research Ethics Board of
Beijing Anzhen Hospital was obtained to conduct this
prospective, single-center, observational study (No.
2013027). Individual patient consent was waived by the
Research Ethics Board due to the observational nature of
the study.

Study design

This retrospective study reviewed the charts of all AAD
patients who underwent surgical treatment in Beijing
Anzhen Hospital, China, between January 2015 and
February 2018.

Patients

All patients diagnosed with AAD were included in this
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study. Inclusion criteria were patients: (I) diagnosed with
AAD confirmed by CT angiography of aorta that (II)
underwent surgical treatment. Exclusion criteria were (I)
no arterial blood gas analysis (ABG) performed before the
initial skin incision; (II) immune system disease, chronic
obstructive pulmonary disease, chronic renal failure, end-
stage liver disease, connective tissue diseases, or malignant
disease; and (III) missing data in the case database (Figure I).

Grouping

The HO(+) group of patients had a preoperative Ol
<300 mmHg on ABG. Patients with ABG OI greater than
300 mmHg formed the HO(-) group.

Data collection

Information regarding patient gender, age, history of
hypertension (yes/no), type 2 diabetes (yes/no), body mass
index (BMI), pleural effusion (yes/no), pericardial effusion
(yes/no), time since surgery, coagulation tests, and ABG
analysis were collected from the case database.

OI collection

After intubation, mechanical ventilation with a FiO,
of 100% oxygen and 5 cmH,O positive end-expiratory
pressure was administered for 10 minutes. End-tidal carbon
dioxide pressure was maintained at 35 to 45 mmHg by
adjusting tidal volume to 6 to 8 mL/kg and respiratory rate
to 10 to 15 min™". OI was then measured by ABG analysis.

Serologic examination

Routine blood tests and biochemical, markers of myocardial
damage were monitored for 24 hours before surgery. The
results obtained closest to surgery were recorded for this
study.

Anesthetic management

Patient vital signs were regularly monitored after hospital
admission. Systolic blood pressure was maintained at
<120 mmHg (1 mmHg =0.133 kPa). All patients received
standard anaesthesia including 10 mg morphine i.v. before
entering the operating room, and 5-lead ECG, pulse
oximetry (SpO,), blood pressure, central venous pressure
(CVP) and bispectral index (BIS) monitoring. Anesthesia
was induced using midazolam (3 to 5 mg), etomidate
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surgical treatment between 2015.1-2018.2

1,059 patients were diagnosed aortic dissection and received

407 patients’ symptom onset more than 14 days

\ 4

652 patients were diagnosed AAD

67 patients received surgery more than 14 days

5 patients complicated with immune system disease

» 3 patients had received lung surgery

51 patients data collection had vacancy in case database
21 patients got arterial blood gas analysis after skin incision

\

505 patients were selected to this study

\

The result of blood gas analysis: Ol <300 mmHg

HO(-) group:
270 (53.5%)

HO(+) group:
235 (46.5%)

Figure 1 Patients selection of preoperative hypoxemia in acute type A aortic dissection patients.

(150 to 300 pg/kg), sufentanil (1 to 3 pg/kg), and cis-
atracurium (0.2 mg/kg) for muscle relaxation. Patient
hemodynamics including systolic pressure, CVP and heart
rate were maintained and fluid replenished as needed
during induction. Sufentanil (0.5 to 1.5 pg/k), propofol (2 to
5 mg/kg /h) and cis-atracurium (0.11 mg/kg) were
administered to maintain a BIS value of 45-55%.

Primary outcome and secondary outcome

Our primary outcome was the incidence of preoperative
hypoxemia in patients undergoing surgery for AAD. Our
secondary outcomes included measurement of factors
related to preoperative HO, postoperative mortality,
extubation time, ICU duration, and activity of daily living
scale score.

© Journal of Thoracic Disease. All rights reserved.

Statistical analysis

SPSS Statistics Desktop (version 21.0.0 for Mac OS, IBM,
Armonk, NY, USA) was used for statistical analysis. Mean =
standard deviation was used to express continuous data, and
frequencies were used to express categorical data. Normally
distributed continuous variables were compared using a
two-tailed Student’s z-test. Wilcoxon rank sum testing was
used for inter-group comparisons when parametric data
were not normally distributed. y° testing was performed
to compare categorical variables. Multivariable binary
logistic regression analysis was used to identify independent
prognostic factors. A P value less than 0.05 indicated a
significant difference. Receiver operating characteristic
(ROC) curves were used to determine the power of the

multivariable logistic regression model for HO. The area
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under the ROC curve (AUROC) was calculated to assess
the discriminative ability of the identified factors for HO.
The sample size was calculated using a 1-sample, 1-sided
test with a power of 0.99 and 0<0.05. Formulas used are
shown in Figure S1 and Table S1.

Results
Baseline characteristics

A total of 1,059 patients were diagnosed with aortic
dissection (AD) during the study period. Four hundred and
seven of these patients had symptoms for more than 14 days,
leaving 652 with AAD. A total of 147 additional patients
were excluded (67 received surgery more than 14 days prior
to evaluation, 5 had a compromised immune system disease,
3 also underwent lung surgery, 51 had missing data, and
21 had their first ABG analysis after the start of surgery).
Five hundred and five cases were evaluable for this study
(Figure I).

The result of primary outcome and secondary outcome

"Two hundred and thirty-five (46.5%) patients were HO(+).
One hundred and eighty-nine (79.1%) were male, and
their average age was 47.8 years. Their average OI was
371.8+57.5 mmHg. The average OI of the HO(-) group
was 230.2+47.1 mmHg. The duration of postoperative
mechanical ventilation, ICU stay and hospital stay was
all longer in HO(+) patients, compared to that of HO(-)
patients (P<0.01 for all comparisons) (Z7able 1). The HO(-)
group had higher activity of daily living scale scores than
the HO(+) group (P<0.01; Table 1).

The result of Univariate analysis and Multivariable
binary logistic regression

BMI, systolic blood pressure, smoking, pleural effusion,
pericardial effusion, platelet count (PLC), white blood
cell count (WBC), troponin I (TNI), activated partial
thromboplastin time (APTT), fibrinogen, and D-dimer
levels were associated with the presence of preoperative HO
(Tuble 1).

Multivariable binary logistic regression identified
fibrinogen (OR, 0.972; 95% CI, 0.953-0.991; P<0.01),
WBC (OR, 1.131; 95% CI, 1.068-1.197; P<0.01), systolic
blood pressure (OR, 0.992; 95% CI, 0.985-0.998; P=0.017),
smoking history (OR, 1.542; 95% CI, 1.025-2.319;
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P=0.038), and pleural effusion (OR, 2.103; 95% CI, 1.267-
3.492; P<0.01) as related factors for HO (Tuble 2). The
AUROC of this multivariable binary logistic regression
analysis was 0.731 (95% CI, 0.686-0.777) (Figure 2).

The relationship between OI and the duration of symptoms

OI was negatively related to the duration of symptoms
(R’°=0.01; P=0.02) in AAD patients with an onset of
symptoms less than 4 days before surgery. The average
condition of OI on the fourth day (258.1+86.7 mmHg) was
significantly lower than it on the first day (307.5+88.0 mmHg,
P<0.01) in these patients (Figure 3).

Discussion

AAD is the most frequent and catastrophic manifestation
of aortic syndrome with a high associated morbidity and
mortality (7). Preoperative ALI occurred in 46.5% (235/505)
of AAD treated patients similar to other studies [Xudong,
53.8% (6); Sugano 51.0% (8)].

AAD can occur after a medial intima tear and formation
of a false lumen. This collection of blood in the aortic
wall contributes to an inflammatory response (9). The
progression of local AAD related inflammation can trigger
systemic inflammation and adversely affect multiple organs
(10-12). Pathologic findings observed with activation of
the inflammatory system are similar to those found in our
AAD patients. Secondary activation of the thromboplastin
system results in consumptive coagulopathy (13). Activation
of the fibrinolytic system degrades fibrinogen into fibrin
with thrombus and microemboli formation. Microemboli
obstructs pulmonary capillaries and affect lung ventilation.
Patients with aortic dissection often have increased D-dimer
levels, leading to further lung injury (14). Pro-inflammatory
factors such as TXA, can be released with the development
of coagulopathy (14). Patients treated had a negative
correlation between platelet count and TXA, levels (r=-0.22,
P=0.02), compatible with the described related pathological
findings. Serum D-dimer levels were significantly higher in
the HO(+) group, compared to the HO(-) group, similar
to the findings of Vieira (15). Together, these findings
contribute to the abnormalities found in HO(+) patients
with AAD.

Vascular inflammation like that described in AAD is
associated with increased local levels of vascular adhesion
molecules, macrophage-activating cytokines, and
chemotactic factors. Increased secretion of inflammatory
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Table 1 Patients’ demographics and clinical characteristics
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Characteristics HO(-) group HO(+) group OR (95% ClI) P
N (%) 270 (53.5%) 235 (46.5%) - -
General condition
Age (year, mean + SD) 47.2£10.4 47.8+9.6 1.00 (0.99-1.02) 0.67
Male, n (%) 206 (76.3%) 189 (80.4%) 1.28 (0.83-1.96) 0.28
Height (cm) 171.0+7.5 171.3£7.1 1.01 (0.98-1.03) 0.59
BMI (kg-m™) 25.8+3.9 26.6+3.5 1.06 (1.01-1.11) 0.02
Time from symptom onset to surgery (d) 2(1to4) 2(1to4) 0.97 (0.92-1.03) 0.81
Smoking, n (%) 125 (46.3%) 132 (56.2%) 1.49 (1.05-2.11) 0.03
Hypertension, n (%) 194 (71.9%) 173 (73.6%) 1.09 (0.74-1.62) 0.69
Diabetes, n (%) 19 (7.0%) 11 (4.7%) 0.65 (0.30-1.39) 0.35
Preoperative condition
Systolic blood pressure (mmHg) 140.3+29.5 130.3+£32.7 0.99 (0.98-1.00) <0.01
Diastolic blood pressure (mmHg) 66.3+13.8 65.7+16.1 1.00 (0.99-1.01) 0.73
Vasodilators used, n (%) 106 (39.3%) 100 (42.6%) 1.15 (0.80-1.64) 0.45
Heart rate 82.9+17.2 85.4+17.5 1.01 (1.00-1.02) 0.12
Pleural effusion (%) 45 (16.7%) 61 (26.0%) 1.76 (1.14-2.71) 0.01
Pericardial effusion, n (%) 96 (35.6%) 116 (49.4%) 1.76 (1.23-2.52) <0.01
Left ventricular ejection fraction (%) 61.6+7.2 62.4+6.3 1.02 (0.99-1.05) 0.18
Left ventricular terminal volume (mm) 49.1+7.7 50.2+6.5 1.02 (1.00-1.05) 0.09
Aortic regurgitation (n) 89 (33.0%) 67 (28.5%) 1.24 (0.84-1.81) 0.28
Mitral regurgitation (n) 144 (53.3%) 160 (68.1%) 0.91 (0.63-1.31) 0.84
Serum laboratory variable
Hemachrome (g-L™) 13.0+1.6 12.8+1.7 0.93 (0.83-1.03) 0.18
WBC (10° L™ 11.1£3.9 13.0x4.1 1.13(1.07-1.18) <0.01
Monocyte count 0.6 (0.4t0 0.9) 0.7 (0.5t0 1.0) 1.10 (0.89-1.35) 0.17
PLC (10° L™ 168 (138 to 220) 165 (126 to 199) 1.00 (0.99-1.00) 0.04
Glucose (mg-dL™) 138.3+55.4 139.4+43.3 1.00 (1.00-1.00) 0.79
Lactic acid (mmol-L™) 1.2 (0.9 t0 2.0) 1.2(0.9t01.9) 0.93 (0.84-1.02) 0.89
TNI (ug-L™) 0.01 (0.01 to 0.06) 0.02 (0.01 t0 0.12) 1.28 (1.01-1.64) <0.01
PT (s) 12.0+1.3 12.2+1.3 1.07 (0.93-1.22) 0.34
PTA (%) 89.3+14.4 88.1£15.3 1.01 (1.00-1.02) 0.21
APTT (s) 27.4 (1.1 t0 31.6) 29.0 (19.4 to0 31.6) 0.99 (0.98-1.00) <0.01
Fibrinogen (g-L™) 4.1 (2.41026.8) 3.7 (2.4t0 5.6) 0.97 (0.95-0.99) 0.02
D-dimer (ng-mL™) 442 (5to0 1,532) 913 (38 to0 2,357) 1.00 (1.00-1.00) <0.01
Postoperative condition
Mechanical ventilation time (h) 30 (16 to 74) 42 (19 to 119) 1.00 (1.00-1.01) <0.01
ICU stay (h) 44 (22 to 90) 64 (30 to 146) 1.00 (1.00-1.01) <0.01
Hospital stay (d) 12 (9 to 15) 14 (10to 17) 1.02 (0.99-1.04) <0.01
Activity of daily living scale 35 (10 to 50) 20 (0 to 45) 0.99 (0.98-0.99) <0.01
Death, n (%) 16 (5.9%) 19 (8.1%) 2.07 (1.38-3.09) 0.38

HO, hypoxemia; Cl, confidence interval; WBC, white blood cell count; PLC, platelet count; TNI, troponin I; APTT, activated partial

thromboplastin time.
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Table 2 Multivariable analysis of related factors for per-operative HO of AAD (n=497)
Crude analysis Adjust analysis
Variables
OR 95% CI P OR 95% CI P
Systolic blood pressure 0.992 (0.986-0.999) 0.023 0.992 (0.985-0.998) 0.017
(mmHg)
WBC (10° L™ 1.137 (1.075-1.203) <0.001 1.131 (1.068-1.197) <0.001
Fibrinogen (ug-mL™") 0.970 (0.952-0.989) 0.002 0.972 (0.953-0.991) 0.004
Smoking, n (%) 1.561 (1.043-2.335) 0.030 1.542 (1.025-2.319) 0.038
Pleural effusion (%) 2.163 (1.321-3.541) 0.002 2.103 (1.267-3.492) 0.004

Adjust analysis: add TNI, D-dimer, diabetes, age, time from onset, mitral regurgitation, EF into multivariable analysis. HO, hypoxemia; AAD,
type A aortic dissection; Cl, confidence interval; WBC, white blood cell count; TNI, troponin I.

1.0+

o~

/"M( AUC =0.731

95% Cl =0.686 to 0.777

Sensitivity

0.0 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity
Figure 2 Multivariable analysis’ ROC curve (AUC =0.731, 95%
CI: 0.686-0.777). ROC, receiver operating characteristic; CI,

confidence interval.

factors in the lung leads to pulmonary capillary
endothelium edema, an abnormal ventilation-perfusion
ratio, intrapulmonary shunting, and decreased pulmonary
gas exchange (16). These changes lead to alveolar fluid
accumulation, lung injury, and pleural effusion (17).

Preoperative HO is a related factor for postoperative
ARDS (18,19). Patients we examined had a correlation
between WBC, fibrinogen levels, SBP, smoking history,
and pleural effusion, and the presence of preoperative HO.
Our patient’s recovery, measured by time to extubation, and
length of ICU and hospital stay, was significantly longer in
patients with HO. These patients also had a lower activity
of daily living scale score, compared to HO(-) patients.
Together, these findings support the previously reported
association between HO and inflammation, ischemia, and
reperfusion injury of the lung (19).

The secretion of inflammatory cytokines mirrors the

© Journal of Thoracic Disease. All rights reserved.

development of AAD symptoms and OI deterioration.
C-reactive protein, an indicator of inflammatory response,
peaks in expression on the third day of symptoms of AAD
and IL-6 (20), another inflammatory cytokine, peaks in
expression on the fifth day of symptoms of AAD. Patients
we treated had a significant downward trend of OI during
the first 4 days of the onset of symptoms of AAD, with the
lowest levels on the fourth day. An upward trend in OI was
seen after the fourth day before surgery.

Several clinical findings were associated with the
development of HO. Increasing patient age and obesity
was associated with ALI in the AAD patients we treated.
Respiratory function is known to decline with increasing
age. Obesity is more frequently associated with hypoxemia,
particularly when hypoventilation syndrome and obstructive
sleep apnea are present (21,22). These findings may have
contributed to ALI in our patients.

Inadequately controlled hypertension is commonly
found in patients with AAD (23). Hypertension can cause
atherosclerosis, adversely affecting pulmonary circulation.
AAD patients we treated with lower systolic blood pressure
were more likely to have low Ol levels. These findings could
result from altered pulmonary circulation and insufficient
tissue perfusion related to low blood pressure.

There were several limitations to this study. This was
a retrospective study that needs independent validation.
Patients evaluated here all underwent surgery. The findings
in similar patients who did not undergo surgery were
unknown. OI was calculated based on the respiratory
parameters of intubated patients. This finding may not be
accurate in patients with underlying lung disease not related
to AAD.

For the protection of preoperative lung injury in patients
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Figure 3 Acute type A aortic dissection patients’ OI level in 7 days.

with AAD, we suggest that patients prone to AAD should
give up smoking and control their weight as soon as
possible. For patients who have been diagnosed with AAD,
preoperative intravenous injection of ustatin and inhalation
of xenon and other anti-inflammatory drugs can inhibit
the inflammatory response (24). In addition, monitoring
and management of AAD patients with HO should be
strengthened.

In conclusion, about 46.5% of the AAD patients we
treated had HO. Their recovery from surgery was slower
than that of patients without HO. Altered fibrinogen, WBC,
systolic blood pressure levels, positive smoking history,
and a pleural effusion were associated with the presence of
preoperative HO. Prospective studies are needed to validate
these findings.
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Supplementary

Calculate Sample Size Needed to Test 1 Proportion: 1-Sample, 1-Sided

This calculator is useful for tests concerning whether a proportion, p, is equal to a reference value, pg. The Null and Alternative hypotheses are

Hy:p=po

Hy:p<po
or

Hy:p=po

Hy:p>po
Formulas

This calculator uses the following formulas to compute sample size and power, respectively:

2
1
Zl—at+ 21-p4 / PI!:EI‘:)))

P—po

A= [po(1—po) ( IP—polv?
1 ﬂ—é( p(l—p) ( p01_p_0.)_ zl—a)))

n = po(1 — po)

where

n is sample size

Po is the comparison value

® is the standard Normal distribution function
&1 is the standard Normal quantile function
ais Type | error

Figure S1 Formulas of calculate sample size needed to test 1 proportion: 1-sample, 1-sided. Confidence intervals for one proportion.

Table S1 Numeric results for one-sided lower-limit confidence intervals for one proportion [confidence interval formula: exact (Clopper-Pearson)]

Variable Confidence Sample Target distance from Actual distance from P Proportion (P) Lower Upper Distance from P to
level size (N) P to lower limit to lower limit P limit limit limit if P=0.5
Outcome 0.999 505 0.073 0.073 0.538 0.465 1.0 0.073

A sample size of 500 produces a one-sided 99.9% lower-limit confidence interval with a distance from the sample proportion to the lower
limit that is equal to 0.073 when the sample proportion is 0.538 (6) which is the incidence of preoperative hypoxemia of our previous study.



