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Background: Previous retrospective study suggested that acute lung injury (ALI) is frequent (78.49%) in
patients undergoing aortic dissection surgery, and accompanied by a number of untoward consequences, and
even induces death.

Methods: This prospective single-center cross-sectional study, registered in the ClinicalTrials.gov
(Identifier: NCT01894334), assessed the preoperative clinical variables and serological results from 130 adult
patients scheduled for Stanford type-A acute aortic dissection (AAD) surgery at Beijing Anzhen Hospital
between January 2013 and July 2014. Exclusion criteria included patients with coronary heart disease, severe
heart failure, severe cardiac tamponade and severe nervous system abnormalities. Preoperative ALI was
identified according to oxygenation index (OI) calculated by PaO,/FiO, ratio after anesthesia induction, and
all the patients were divided into two groups: non-ALI (OI >300 mmHg) and ALI (OI <300 mmHg). The
primary endpoint was the incidence of preoperative ALI. The secondary endpoints were the independent
factors affecting the occurrence of preoperative ALL

Results: The incidence of preoperative ALI was 53.8%. With adjusted multiple logistic regression
analysis, age [odds ratio (OR) 1.14, confidence interval (CI), 1.06-1.22; P=0.0002], body mass index (BMI)
(OR 1.31, CI, 1.09-1.56; P=0.0033), preoperative diastolic blood pressure (DBP) (OR 0.94, CI, 0.89-0.99;
P=0.0109), interleukin-6 (IL-6) (OR 1.03, 95% CI, 1.01-1.06; P=0.0053), and prostaglandin I,/thromboxane
B, (PGL/TXB,) ratio (OR 0.25, 95% CI, 0.09-0.67; P=0.0055) were significantly related to the occurrence
of preoperative ALL The decreased risk of ALI was related to the preoperative DBP value up to 44 mmHg
(OR 0.935, 95% CI, 0.895-0.978; P=0.0033). Interactions analysis revealed that serum lactic acid mediated
the relationship between DBP and ALI before Stanford type-A AAD surgery.

Conclusions: In adults undergoing Stanford type-A AAD surgery, the incidence of preoperative ALI was
53.8%, and age, BMI, preoperative DBP, IL-6, and PGI2/TXB2 ratio were independent factors related to
the occurrence of pre-operative ALIL Trial Registration: Clinical Trials.gov, Identifier: NCT01894334.
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Introduction

Acute aortic dissection (AAD) is a serious life-threatening
cardiovascular disease (1,2) that frequently results in
multiple organ failure, including acute lung injury
(ALI) (3,4). The increased risk of ALI in patients with
AAD is likely due to a high prevalence of postoperative
hypoxemia, as multiple studies have shown that a decreased
baseline PaO,/FIO, ratio is an independent risk factor for
postoperative hypoxemia (5-7). Preoperative hypoxemia
can not only lead to poor clinical outcomes, but also
may postpone surgery to prevent the occurrence of
postoperative severe lung injury or acute respiratory
disease syndrome (ARDS). Thus, a better understanding
of the pathophysiology on the preoperative ALI in
patients with AAD can improve clinical prophylaxis and/or
treatments. To the best of our knowledge, however, there
is no prospective study having assessed the incidence of
preoperative ALI and its independent determinants before
Stanford type-A AAD surgery in adult patients. In this
single-center cross-sectional clinical trial, we observed the
incidence of preoperative ALI in adult patients undergoing
Stanford type-A AAD surgery and hypothesized that
preoperative ALI could be related to clinical and
experimental variables.

Methods
Trial design

A single-center cross-sectional clinical trial was used
to determine the incidence and factors associated with
preoperative ALI in adult patients undergoing Stanford
type-A AAD surgery. The study was a prospective single-
center registration study and conducted in accordance
with a previously described protocol (8), and it has
been registered at ClinicalTrials.gov (Identifier:
NCT01894334). The study was conducted in accordance
with the Declaration of Helsinki, and written informed
consent was obtained from all patients and/or immediate
relatives.

Ethics

Ethical approval for this study (Identifier: 2012013) was
provided by Beijing Anzhen Hospital’s Clinical Research
Ethics Committee, Beijing, China (Chairperson Prof. Fang
Chen) on August, 1%, 2012.
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Study population

The patients with Stanford type-A AAD (1,9) were eligible
if they were between 18-75 years of age, and were suitable
for emergency surgery. In the recruitment period between
January 2013 and July 2014, patients undergoing Stanford
type-A AAD surgery at Beijing Anzhen Hospital were
enrolled in this study. All of the patients had normal hepatic
and renal function. Exclusion criteria included patients with
coronary heart disease, severe heart failure, severe cardiac
tamponade and severe nervous system abnormalities.
Patients prescribed non-steroidal anti-inflammatory drugs
or corticosteroids before or after admission were also
excluded [available in the inclusion and exclusion criterion
in a previously described protocol (8)].

Trial procedure (10,11)

As previously described in the protocol (8), after routine
anesthesia and intubation, ALI was identified according to
oxygenation index (OI) calculated by PaO,/FiO, ratio (12),
and all the patients were divided into two groups: non-ALI
(OI >300 mmHg) and ALI (OI <300 mmHg).

After intubation, the patient’ lungs were mechanically
ventilated 10 minutes with a FiO, 100% oxygen, a 5-cmH,O
positive end-expiratory pressure (PEEP) and the end-tidal
carbon dioxide pressure was maintained at between 35
and 45 mmHg by adjusting tidal volume of 6 to 8 mL/kg
and respiratory rate of 10 to 15 beats/min. Then, OI was
calculated by arterial blood gas analysis.

Data collection

All of the evaluations were performed and interpreted by
an independent expert investigator who was blinded to
the initial ALI adjudication. This study protocol was also
blinded to patients, serum measurement inspectors, and
data statisticians. The data were collected by investigators
using collection plans noted in a previously described
protocol (8).

Demographic, etiology, hemodynamic, and
echocardiogram data were recorded upon admission or after
induction. Serum samples of patients in two groups were
drawn from a central vein catheter after induction. Plasma
levels of interleukin-6 (IL-6), interleukin-10 (IL-10), tissue
factor (TF), tissue factor pathway inhibitor (TFPI), human
leukocyte elastases (HLE), tumor necrosis factor o (INF-a),
vascular endothelial growth factor (VEGF), prostaglandin
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I, (PGI,), and thromboxane B, (TXB,) were assayed by
enzyme-linked immune absorbent assay according to
the manufacturer’s specification (MULTISKAN MK3
Automatic microplate reader, Thermo Fisher Scientific
Inc., Waltham, MA, USA). Methane dicarboxylic aldehyde
(MDA), myeloperoxidase (MPO), total antioxidation
capacity (TAOC), and total superoxide dismutase (T'SOD)
were determined by ultraviolet spectrophotometry (UV-
VIS spectrophotometer, Shanghai Jinghua Technology
Instruments Co., Ltd., Shanghai, China). The platelet
count, hemoglobin (Hb), white blood cells (WBC), lactic
acid (LAC), troponin, fibrinogen (FIB), and fibrinogen
degradation product (FDP) were determined by standard
quantitative assay techniques in the Clinical Laboratory
Center of Beijing Anzhen hospital.

Endpoints

The primary endpoint was the protocol-defined incidence of
preoperative ALI (8) in before Stanford type-A AAD surgery.
The secondary endpoints were independent factors relating to
the occurrence of preoperative ALI in adult padents with AAD,
which included any necessary factors, such as demographics,
etiology, and preoperative assessment of patients.

Statistical analysis

All the data analysis was performed with Empower Stats
software (www.empowerstats.com, X&Y Solutions, Inc.
Boston, MA, USA) and R software (http://www.R-project.
org). Quantitative variables are presented as mean =
standard deviation or median (interquartile range, IQR)
and categorical variables as frequencies or percentages. The
normally distributed continuous variables were compared
by the two-tailed Student t test. Wilcoxon rank sum tests
were used for intergroup comparison when parametric data
were not normally distributed. The categorical data were
compared using Pearson Chi-squared test or Fisher’s exact,
as appropriate. Correlations were assessed using Pearson
correlation or Spearman’s rank correlation. Variables
associated with pre-ALI, which had a P value <0.10, were
selected for univariate analysis. Univariate and multiple
logistic regression analyses were used to determine the
independent factors of preoperative ALI, and estimate the
odds ratios and their corresponding 95% CI. Smoothing
spline plots of independent factors related to preoperative
ALI were created and the threshold effect analysis of
independent factors on ALI was performed. P<0.05 was
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considered to be statistically significant. Receiver operating
characteristic (ROC) curves were used to determine
the power of multivariable logistic regression model for
pre-ALI, and the area under the ROC curve (AUROC)
was calculated to assess the discriminative ability of the
identified factors for pre-ALL

Results
Basic characteristics

Flow diagram was present in Figure S1. According to
inclusion and exclusion criteria, a total of 130 patients
undergoing Stanford type-A AAD surgery were ultimately
included in this study. The mean age of patients was
46.8 years (ranging from 21 to 72 years), and the majority of
patients were male (75.4%). According to the preoperative
OI, ALI was identified in 70 patients and the incidence
of preoperative ALI was 53.8%. Basic characteristics of
patients with and without preoperative ALI are presented in
Table 1. The ALI patients were older (OR 1.062, 95% ClI,
1.024-1.102; P=0.001), had a higher BMI (OR 1.156, 95%
CI, 1.034-1.293; P=0.011), and a lower preoperative DBP
(OR 0.961, 95% CI, 0.931-0.992; P=0.013).

Serum measurements

The plasma TFPI and IL-10 levels were significantly lower
in the ALI patients than in the non-ALI patients. Plasma
IL-6 and TXB, levels were significantly increased in the
ALI patients compared with the non-ALI patients (Table 1).
There were not significant differences in reactive oxygen
species (ROS) between the groups.

Univariate analysis and multiple logistic regression
analysis for preoperative ALI

In univariate analysis, 10 preoperative variables, including
age, BMI, DBP, platelet count (PLC), TFPI, IL-6, IL-10,
TNF-a, TSOD, and PGI,/TXB, ratio, were associated
with preoperative ALI (Table I). Then, these variables (plus
smoking history and aortic regurgitation) were put into
the multiple logistic regression analysis, and age, BMI,
DBP, IL-6, and PGI,/TXB, ratio were again shown to
be significantly associated with preoperative ALI with or
without adjusting for factors (1able 2). Pre-ALI was also
consistently related to the tertiles of BMI, age, IL-6, and
pre-DBP dose-dependently in the multivariate regression
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Table 1 Basic characteristics and univariate logical analysis for preoperative ALL

Basic characteristics Non-ALlI ALl OR (95% Cl) P
Number (%) 60 (46.2) 70 (53.8)
Age (year) 43.6+10.6 49.7+9.7 1.062 (1.024, 1.102) 0.001
Males, n (%) 48 (80.0) 50 (71.4) 0.625 (0.276, 1.416) 0.260
Height (cm) 170.5+8.7 170.9+7.2 1.008 (0.964, 1.053) 0.738
Weight (kg) 73.8£13.7 78.1£13.2 1.025 (0.997, 1.053) 0.077
BMI (kg/M?) 25.0+3.2 26.6+3.5 1.156 (1.034, 1.293) 0.011
History of smoking, n (%) 28 (46.7) 38 (54.3) 1.392 (0.684, 2.831) 0.361
History of hypertension, n (%) 40 (66.7) 54 (77.1) 1.742 (0.796, 3.813) 0.165
History of DM, n (%) 2(3.3 2(2.9 0.864 (0.113, 6.610) 0.888
Time from onset of symptoms to surgery (d) 2[1, 5] 2[1, 6] 0.990 (0.893, 1.096) 0.841
Preoperative SBP (mmHg) 11420 113+17 1.006 (0.986, 1.028) 0.550
Preoperative DBP (mmHg) 59+13 53+10 0.961 (0.931, 0.992) 0.013
Preoperative HR (beats/min) 77+15 75+15 0.9983 (0.969,1.017) 0.562
Aortic diameter (mm) 52+9 50+4 0.945 (0.869, 1.029) 0.192
Controlled pressure before surgery, n (%) 27 (45.0) 32 (45.7) 1.131 (0.558, 2.311) 0.737
LVEF (%) 62+10 63+6 1.030 (0.968, 1.096) 0.354
LVEDD (mm) 51+8 52+7 1.045 (0.990, 1.103) 0.110
EuroSCORE 5 (5, 5.75) 515, 6] 1.158 (0.825, 1.625) 0.396
Aortic regurgitation
Non-regurgitation n (%) 12 (20.0) 15 (21.4) 1 -
Mild-regurgitation n (%) 29 (48.3) 24 (34.3) 0.6 (0.2, 1.6) 0.341
Moderate-regurgitation, n (%) 9 (15.0) 13 (18.6) 1.2 (0.4, 3.6) 0.804
Severe-regurgitation, n (%) 10 (16.7) 18 (25.6) 1.4 (0.5, 4.3) 0.509
Serum variables
Hb (g/L) 129 (117, 138) 128 (118, 133) 0.967 (0.862, 1.084) 0.562
WBC (10°/L) 9.6 (6.6, 11.7) 9.4 (7.7,10.5) 1.007 (0.892, 1.137) 0.910
Glu (mg/dL) 121 (111, 136) 120 (110, 137) 0.996 (0.980, 1.012) 0.634
LAC (mmol/L) 0.9 (0.8, 1.3) 1(0.8, 1.5) 1.312 (0.658, 2.651) 0.441
Tnl (ug/L) 0.02 (0.01, 0.05) 0.02 (0.01, 0.07) 0.198 (0.748, 1.920) 0.452
Coagulation/fibrinolysis
FIB (g/L) 3.8+1.2 3.9+1.6 1.246 (0.893, 1.737) 0.195
FDP (mg/L) 10.1 (6.7, 18.7) 10.3 (6.7, 18.8) 1.025 (0.968, 1.086) 0.396
D-dimer (uL) 956 [617, 1,877] 999 [564, 2,203] 1.00 (0.999, 1.001) 0.803
APTT (s) 30.5 (28.9, 32.1) 30.3 (28.4, 32.3) 0.963 (0.899, 1.031) 0.280
PT (s) 12.3 (11.7,12.9) 12.5(11.7,13.5) 1.100 (0.754, 1.603) 0.622
TF (ng/mL) 4.16+2.62 3.97+2.55 1.018 (0.869, 1.192) 0.826
TFPI (ng/mL) 16378 132458 0.992 (0.985, 0.998) 0.010

Table 1 (continued)
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Table 1 (continued)
Basic characteristics Non-ALI ALl OR (95% Cl) P
Inflammatory
IL-6 (pg/mL) 57.1+£21.2 65.9+25.6 1.019 (1.002, 1.036) 0.031
IL-10 (pg/mL) 100.2+68.8 78.8+50.4 0.993 (0.987, 1.000) 0.039
HLE (ng/mL) 2.34+1.61 2.38+1.09 1.060 (0.791, 1.421) 0.695
TNF-o (pg/mL) 63.2+38.8 53.3+24.6 0.988 (0.975, 1.001) 0.081
ROS
MDA (nmol/mL) 3.3+0.48 3.3+0.76 1.603 (0.831, 3.091) 0.159
MPO (units/L) 49.4+13.8 44.7£18.3 0.979 (0.955, 1.004) 0.100
TAOC (units/mL) 7.5+£1.7 6.9+2.3 0.885 (0.725, 1.081) 0.231
TSOD (units/mL) 100.7+42.0 116.4+49.9 1.008 (1.000, 1.017) 0.040
Platelets and endothelial cells
PLC (10°/L) 190+69 168+70 0.995 (0.990, 1.001) 0.079
VEGF (pg/mL) 196 [129, 381] 191 [134, 505] 1.001 (0.999, 1.003) 0.431
PGl, (pg/mL) 38.4 (21.4,131.8) 41.8 (23.8, 82.5) 0.997 (0.994, 1.001) 0.152
TXB, (pg/mL) 99.6 (77.5, 162.9) 144.5 (86.5, 208.6) 1.005 (1.000, 1.009) 0.036
PGI,/TXB, ratio 0.36 (0.21, 1.2) 0.28 (0.17, 0.62) 0.409 (0.212, 0.787) 0.098

Data are provided as numbers, percentages, mean + standard deviation, or median (interquartile range, IQR). OR, odds ratio; Cl,
confidence interval; BMI, body mass index; DM, diabetes mellitus; SBP, upper limb systolic blood pressure; DBP, upper limb diastolic
blood pressure; HR, heart rate; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end diastolic diameter; EuroSCORE,
European system for cardiac operative risk evaluation; PLC, platelet count; Hb, hemoglobin; WBC, white blood cells; Glu, glucosamine;
LAC, lactic acid; Tnl, Troponin; FIB, Fibrinogen; FDP, fibrinogen degradation product; APTT, Active part thrombin time; PT, prothrombin
time; TF, tissue factor; TFPI, tissue factor pathway inhibitor; HLE, human leukocyte elastase; IL-6, interleukin-6; IL-10, interleukin-10;
TNF-a, tumor necrosis factor a; ROS, reactive oxygen species; MDA, methane dicarboxylic aldehyde; MPO, myeloperoxidase; TAOC,
total anti-oxidation capacity; TSOD, total superoxide dismutase; VEGF, vascular endothelial growth factor; PGl,, prostaglandin I,; TXB,,

thromboxane B,.

model (7able 2). Receiver-operator characteristic (ROC)
curve for the multivariable predictive model of preoperative
ALI in patients with AAD was present in Figures S2.

A nonlinear relationship between DBP and ALI was
observed (Figure 1). The morbidity of ALI decreased
with the preoperative DBP levels up to the turning point
(44 mmHg) (OR 0.935, 95% CI, 0.895-0.978; P=0.0033)
(Table S1). Interaction analysis revealed that LAC levels
completely mediated the relationship between DBP and
ALI (P value for interaction, 0.0172). The serum LAC
level <0.8 mmol/L had lower ORs between DBP and ALI
(OR 0.82; 95% CI, 0.71-0.95; P=0.0065) (1able 3, Figure 2).

In sensitivity analysis, main results were not changed
using a computer simulation method. Model discrimination
was estimated by the ROC curve, and calibration was
assessed by bootstrapping with 1,000 replications of
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individuals sampled with the replacement. Total subjects
were divided into two parts, with 75% of cases as modeling
data and 25% of cases as validation data, and the AUC (95%
CI) for validation data was 0.783 (0.607-0.958, P<0.001)
(Table S2). To verify the relationship between blood pressure
and ALI, we replaced DBP with lower limb DBP. There
was a significant difference in the value of lower limb DBP
(58+16 vs. 52«12, P=0.041), but not in the value of lower
limb SBP (100+25 vs. 96+25, P=0.395) between the non-
ALI and ALI groups. Lower limb DBPs were then put into
univariate and multiple logistic regression models (Zable S3).
Our main results were consistent with the results of DBP.

Discussion

In this prospective single-center clinical trial including a

7 Thorac Dis 2018;10(7):4413-4423
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sample of 130 adult patients undergoing Stanford type-A
AAD surgery, the incidence of preoperative ALI was up to
53.8%, indicating that about half of AAD patients experience
preoperative ALIL. This finding is consistent with the
incidence of preoperative ALI in patients in previous reports
(13,14). A retrospective study from Japan showed that
oxygenation impairment occurred in 51% of the patients
with distal type AAD within 24 h from the onset (13),
while a retrospective study from China revealed that
78.49% of the patients undergoing Stanford type-A AAD
surgery had the preoperative hypoxemia (14).

The negative influence of preoperative hypoxemia on
outcomes after AAD surgery was explored in Wang (14) and
colleagues, who reported that preoperative disturbance in
oxygenation (PaO,/FiO, <200 mmHg) was associated with
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Figure 1 A nonlinear relationship between diastolic blood pressure

and preoperative acute lung injury adjusted for aortic regurgitation.
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a 2.682x increase in the risk of postoperative hypoxemia
(PaO,/FiO, €200 mmHg). Postoperative hypoxemia is a
dangerous complication and is usually accompanied by
prolonged ventilation support and prolonged ICU and
hospital stay, which leads to more serious complications
with other organs besides the lungs. Moreover, postponed
surgery due to severe preoperative hypoxemia increases
the risk of aortic rupture, cardiac tamponade, or even
death. Therefore, the prophylaxis and/or treatments of
preoperative ALI induced by AAD are important for the
final outcomes of the patients.

The results of this study confirm our hypothesis that
preoperative ALI is related to the clinical and experimental
variables. We first observed the independent factors related
to preoperative ALI in a series of 130 adult patients, which
was helpful in addressing some important underlying
mechanisms of preoperative ALI related to AAD.
Five variables (age, BMI, preoperative DBP, IL-6, and
PGI,/TXB, ratio) were typically present in Chinese adult
patients with preoperative ALL. Our findings were robust
even after adjusting the analyses for several important
potential confounders.

This study showed that older patients had a higher risk of
morbidity due to preoperative ALI after the onset of AAD.
Aging increased the risk of thrombotic and inflammatory
disorders and intrinsic platelet activation, aggregation, and
secretion (15), which were negatively correlated with PLC
(r=-0.261, P=0.003). Obese patients may have alterations
in pulmonary mechanics to develop ARDS (16,17), and
an overproduction of proinflammatory adipokines (18),
which was independently associated with morbidity of
preoperative ALL Our data add to the previous publications

Table 3 Lactic acid levels played an interactive role in the association between DBP and ALI

Pre-DBP (mmHg)

Crude model Adjusted model®

Variables OR (95% Cl); Pvaluefor  OR (95% Cl); P value for
ALl group (n=70) - non-ALI group (n=60) P value interaction P value interaction
Lactic acid (mmol/L) (continuous), tertiles 0.0018 0.0172

Low: 0.4-0.8 (n=39) 50+8.7 (n=21) 63.5+9.4 (Nn=18)

Middle: 0.9-1.1 (n=45) 56.8+11.0 ("=22)  59.0+13.7 (n=23)

High: 1.2-8.4 (n=46)  53.8+11.2 (n=27)  54.1+13.2 (n=19)

0.83 (0.73, 0.94);
0.0034

0.82 (0.71, 0.95);
0.0065

0.99 (0.94, 1.03);
0.5425

0.98 (0.92, 1.05);
0.5260

1.00 (0.95, 1.05);
0.8831

0.94 (0.88, 1.00);
0.0653

“, adjusted for aortic regurgitation, age, body mass index, interleukin-6, prostaglandin I,/thromboxane B, ratio. DBP, diastolic blood

pressure; ALI, acute lung injury.
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Stratified by: lactic acid (mmol/L) (interaction P=0.0128)
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Figure 2 Lactic acid mediated the effects of diastolic blood
pressure on preoperative acute lung injury adjusted for aortic
regurgitation, age, BMI, IL-6, and PGI,/TXB, ratio.

by showing that age and BMI were related to preoperative
ALI in adult patients with AAD.

The AAD mechanism comes from many sources
(1,19,20), and recent research has shown that inflammation
plays an important role in aortic dissection (21-23). Thus,
pulmonary microcirculation is a natural reservoir of
leukocytes (24), and is prone to be injury (25). In our study,
as we mentioned previously, serum IL-6 was significantly
higher in the ALI group, which was an independent factor
associated with preoperative ALI in patients with AAD.
These data clinically demonstrated that systemic activation
of the inflammatory system after AAD plays a key role in
the development of ALL

Platelets also play a crucial role in the pathogenesis
of ALI (26), which is activated by AAD to release pro-
inflammatory mediators, such as TXA2 (27). As previously
reported (3,28,29), Platelets count is reduced in unruptured
abdominal aortic aneurysms, and low platelet counts
on admission can also predict the increased risk of in-
hospital mortality in patients with type A AAD. TXB, is
a stable metabolite of TXA, (30). In this study, PLC was
negatively correlated with TXB, (r=-0.218, P=0.018).
Our results indicated that after the onset of AAD, the
production of TXB, by aggregated platelets was increased
in the ALI group, while the balance of the PGI,/TXB,
ratio was interrupted (31). Therefore, the imbalance of the
PGI,/TXB, ratio was an independent factor associated
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with ALL

In this study, preoperative DBP was also shown as an
independent factor associated with preoperative ALI in
the patients with AAD, which was significantly lower
in the ALI group. After the onset of AAD, as a rule, the
strict control of blood pressure is set by the clinicians
to obviously reduce aortic rupture, because the lower
the systolic pressure is, the smaller the size of the tear in
the false lumen of computational models (1). However,
extremely controlled blood pressure, especially controlled
DBP, can result in the two serious consequences. One is
an increased risk of thrombosis because of lower blood
flow within a false lumen, while the other is increased
tissue and/or organ malperfusion to prompt release of
inflammatory cytokines, which are major factors that
cause ALL In this study, moreover, 77.1% of the patients
in the ALI group had a history of hypertension, and
tissue and/or organ perfusion would further deteriorate
due to induced controlled blood pressure. Therefore, a
lower preoperative DBP indicated a higher morbidity of
preoperative ALI in patients with AAD. Furthermore, our
study also demonstrated that an elevated preoperative DBP
was significantly associated with the decreased odds of ALI
in patients with AAD. Based on spline smoothing plots and
threshold effect analysis of the independent factors on ALI,
however, preoperative DBP was non-linearly correlated to
ALI. When preoperative DBP was above 44 mmHg, the
incidence of preoperative ALI decreased by 6% (according
to Model II) by preoperative DBP increasing 1 mmHg.
According to stratified analysis by tertiles of preoperative
DBP, the incidence of preoperative ALI would decrease to
87% in the patients with preoperative DBP ranging from
60 to 86 mmHg compared to those with preoperative DBP
of less than 50 mmHg (according to Model II). In addition,
unlike other independent factors, such as age, BMI, IL-6,
and PGI,/TXB, ratio, DBP is a unique modifiable factor
that can be modulated by the clinician. It is possible to
believe that the value of DBP moving in rational response
to fundamentals would be independently associated with
the incidence of pre-operative ALIL Our results also raise
the question of whether the clinical extent of controlled
blood pressure in patients with AAD should be adjusted for
the trade-off between the risks of aortic rupture and pre-
operative ALL

Interaction analysis revealed that LAC level played
an interactive role in the association between DBP and
ALIL When serum LAC level was less than 0.8 mmol/L,
a higher DBP would occur and a lower incidence of

F Thorac Dis 2018;10(7):4413-4423
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ALI was noted. Hyperlactatemia is probably a result of
both the higher production and lower clearance of LAC
due to the pathologic process (32,33). The origin of
hyperlactatemia before AAD surgery is multifactorial, and
ischemia and reperfusion are important contributors. A
lower LAC level indicates a balance of tissue oxygen supply
and consumption, in which elevated DBP can improve
pulmonary oxygenation by enhancing tissue perfusion and
decreasing ischemia and systemic inflammatory response.
However, hyperlactatemia indicates a severe unbalance of
tissue oxygen supply and consumption, in which elevated
amount of DBP cannot compensate such severe unbalance.
Our findings suggested that aggressive management to
increase DBP and to maintain nearly normal plasma LAC
level would be related to decreased risk of ALI before AAD
surgery.

In patients with AAD, non-pulmonary factors,
including congestive heart failure, can contribute to poor
oxygenation. In our study, we excluded patients with left
ventricular systolic dysfunction and we also controlled for
aortic regurgitation to rule out the contribution of non-
pulmonary factors in our results, but our findings persisted.
Vasodilators, such as sodium nitroprusside, also reduced
PaO, by increasing ventilation-perfusion mismatching and
shunt fraction. However, sodium nitroprusside was used
to control systolic blood pressure in 45% of the patients in
this study, but both groups were similar in terms of the use
of sodium nitroprusside (45% vs. 45.7%). Thus, the use of
vasodilators was not an independent factor of oxygenation
impairment in this study.

Study limitations

First, this study was only conducted at one medical center,
and the number of cases was comparatively small for a
relatively short period of patient recruitment. Therefore,
a large cohort study is still needed to determine the risk
factors of preoperative ALI in the adult patients undergoing
Stanford type-A AAD surgery. Second, there was the lack
of specificity marker response to lung function, such as the
analysis of exhaled breath condensate or specimen of the
lung. Third, we were not able to obtain highly detailed
information to evaluate the presence of systemic dysfunction
in individual cases that required emergency surgery. Forth,
while lung function may be deteriorated or improved
after mechanical ventilation, OI was calculated based on
the respiratory parameters of intubated patients and the
score might not be in agreement with the real process.
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Lastly, OI was used to be equating to a positive outcome,
whilst this undoubtedly accounts for the high incidence of
‘ALT’ in the study cohort. However, in ALI group, the OI
value of all patients was less than 300 mmHg by having a
PEEP >5 ¢mH,0, which defined as acute lung injury
according to “The Berlin Definition” (12).

Conclusions

In a sample of 130 adults undergoing Stanford type-A AAD
surgery, the incidence of preoperative ALI is 53.8%, and
age, BMI, preoperative DBP, IL-6, and PGL,/TXB, ratio
are independent factors associated with pre-operative ALL
Preoperative DBP at more than 44 mmHg is associated
with a decreased risk of pre-operative ALI, and LAC
mediates the relationship between DBP and ALI before
Stanford type-A AAD surgery.

Acknowledgements

All of the authors would like to thank Dr. Fu-Shan Xue,
Professor in Department of Anesthesiology, Beijing
Friendship Hospital, Capital Medical University, Beijing,
China, for his assistance during the investigation and his
editorial contributions. All authors thank Prof. Jing Liu,
Department of Epidemiology, Beijing Anzhen Hospital,
Capital Medical University, Beijing Institute of Heart Lung
and Blood Vessel Diseases, Beijing, China, for her kind
assistance during the conduct of the statistical analysis and
editorial contributions. We also thank LetPub (www.letpub.
com) for its linguistic assistance during the preparation of
this manuscript.

Funding: This study was supported with the grants from
Beijing Municipal Science & Technology Commission (No.
Z151100004015133 and Z161100000513067), the National
Science and Technology Support Program of China
(No. 2015BAI12B03), and the Beijing Major Science and
Technology Projects from the Beijing Municipal Science
and Technology Commission (No. Z171100001017083).

Footnote
Conflicts of Interest: The authors have no conflicts of interest

to declare.

Ethical Statement: Ethical approval for this study (Identifier:
2012013) was provided by Beijing Anzhen Hospital’s
Clinical Research Ethics Committee, Beijing, China

7 Thorac Dis 2018;10(7):4413-4423



4422

(Chairperson Prof. Fang Chen) on August, 1st, 2012.

References

1.

10.

11.

12.

13.

Golledge J, Eagle KA. Acute aortic dissection. Lancet
2008;372:55-66.

Hagan PG, Nienaber CA, Isselbacher EM, et al. The
International Registry of Acute Aortic Dissection (IRAD):
new insights into an old disease. Jama 2000;283:897-903.
Hasegawa Y, Ishikawa S, Ohtaki A, et al. Impaired lung
oxygenation in acute aortic dissection. ] Cardiovasc Surg
(Torino) 1999;40:191-5.

Ma WG, Zheng J, Dong SB, et al. Sun's procedure of total
arch replacement using a tetrafurcated graft with stented
elephant trunk implantation: analysis of early outcome

in 398 patients with acute type A aortic dissection. Ann
Cardiothorac Surg 2013;2:621-8.

Weiss YG, Merin G, Koganov E, et al.
Postcardiopulmonary bypass hypoxemia: a prospective
study on incidence, risk factors, and clinical significance. ]
Cardiothorac Vasc Anesth 2000;14:506-13.

Nakajima T, Kawazoe K, Izumoto H, et al. Risk factors for
hypoxemia after surgery for acute type A aortic dissection.
Surg Today 2006;36:680-5.

Liu N, Zhang W, Ma W, et al. Risk factors for hypoxemia
following surgical repair of acute type A aortic dissection.
Interact Cardiovasc Thorac Surg 2017;24:251-6.

Cheng Y, Jin M, Dong X, et al. Mechanism and early
intervention research on ALI during emergence surgery
of Stanford type-A AAD: Study protocol for a prospective,
double-blind, clinical trial. Medicine (Baltimore)
2016;95:e5164.

Nienaber CA, Eagle KA. Aortic dissection: new frontiers
in diagnosis and management: Part I: from etiology to
diagnostic strategies. Circulation 2003;108:628-35.

Sun L, Qi R, Zhu J, et al. Total arch replacement
combined with stented elephant trunk implantation: a new
"standard" therapy for type a dissection involving repair of
the aortic arch? Circulation 2011;123:971-8.

Sun L, Qi R, Zhu J, et al. Repair of acute type A
dissection: our experiences and results. Ann Thorac Surg
2011;91:1147-52.

Ranieri VM, Rubenfeld GD, Thompson BT et al. Acute
respiratory distress syndrome: the Berlin Definition. Jama
2012;307:2526-33.

Sugano Y, Anzai T, Yoshikawa T| et al. Serum C-reactive
protein elevation predicts poor clinical outcome in patients
with distal type acute aortic dissection: association with

© Journal of Thoracic Disease. All rights reserved.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

jtd.amegroups.com

Pan et al. Independent factors related to preoperative ALI in 130 AAD adults

the occurrence of oxygenation impairment. Int J Cardiol
2005;102:39-45.

Wang Y, Xue S, Zhu H. Risk factors for postoperative
hypoxemia in patients undergoing Stanford A aortic
dissection surgery. ] Cardiothorac Surg 2013;8:118.
Mohebali D, Kaplan D, Carlisle M, et al. Alterations in
platelet function during aging: clinical correlations with
thromboinflammatory disease in older adults. ] Am Geriatr
Soc 2014;62:529-35.

Hibbert K, Rice M, Malhotra A. Obesity and ARDS.
Chest 2012;142:785-90.

Gong MN, Bajwa EK, Thompson BT, et al. Body

mass index is associated with the development of acute
respiratory distress syndrome. Thorax 2010;65:44-50.
Karnatovskaia LV, Lee AS, Bender SP, et al. Obstructive
sleep apnea, obesity, and the development of acute
respiratory distress syndrome. J Clin Sleep Med
2014;10:657-62.

Nienaber CA, Powell JT. Management of acute aortic
syndromes. Eur Heart ] 2012;33:26-35.

Wu D, Shen YH, Russell L, et al. Molecular mechanisms
of thoracic aortic dissection. ] Surg Res 2013;184:907-24.
Ranasinghe AM, Bonser RS. Biomarkers in acute aortic
dissection and other aortic syndromes. ] Am Coll Cardiol
2010;56:1535-41.

Wen D, Du X, Dong JZ, et al. Value of D-dimer and C
reactive protein in predicting inhospital death in acute
aortic dissection. Heart 2013;99:1192-7.

Del Porto F, di Gioia C, Tritapepe L, et al. The
multitasking role of macrophages in Stanford type A acute
aortic dissection. Cardiology 2014;127:123-9.

Kuebler WM, Goetz AE. The marginated pool. Eur Surg
Res 2002;34:92-100.

Ware LB, Matthay MA. The Acute Respiratory

Distress Syndrome. New England Journal of Medicine
2000;342:1334-49.

Zarbock A, Ley K. The role of platelets in acute lung
injury (ALI). Front Biosci (Landmark Ed) 2009;14:150-8.
Vieira-de-Abreu A, Campbell RA, Weyrich AS, et

al. Platelets: versatile effector cells in hemostasis,
inflammation, and the immune continuum. Semin
Immunopathol 2012;34:5-30.

Sbarouni E, Georgiadou P, Analitis A, et al. Significant
changes in platelet count, volume and size in acute aortic
dissection. Int J Cardiol 2013;168:4349-50.

Huang B, Tian L, Fan X, et al. Low admission platelet
counts predicts increased risk of in-hospital mortality in
patients with type A acute aortic dissection. Int J Cardiol

F Thorac Dis 2018;10(7):4413-4423



Journal of Thoracic Disease, Vol 10, No 7 July 2018

30.

31.

2014;172:e484-6.

Fontana P, Zufferey A, Daali Y, et al. Antiplatelet therapy:

targeting the TxA2 pathway. ] Cardiovasc Transl Res
2014;7:29-38.

Shao Y, Cheng Z, Li X, et al. Immunosuppressive/
anti-inflammatory cytokines directly and indirectly
inhibit endothelial dysfunction- a novel mechanism for

Cite this article as: Pan X, Lu J, Cheng W, Yang Y, Zhu ],

Jin M. Independent factors related to preoperative acute lung

injury in 130 adults undergoing Stanford type-A acute aortic

dissection surgery: a single-center cross-sectional clinical
study. ] Thorac Dis 2018;10(7):4413-4423. doi: 10.21037/
jtd.2018.06.140

© Journal of Thoracic Disease. All rights reserved.

32.

33.

jtd.amegroups.com

4423

maintaining vascular function. Journal of Hematology &
Oncology 2014;7:80.

Garcia-Alvarez M, Marik P, Bellomo R. Stress
hyperlactataemia: present understanding and controversy.
Lancet Diabetes Endocrinol 2014;2:339-47.
Garcia-Alvarez M, Marik P, Bellomo R. Sepsis-associated
hyperlactatemia. Crit Care 2014;18:503.

7 Thorac Dis 2018;10(7):4413-4423



Supplementary

There were 232 patients who were identified for acute type A aortic dissection

that underwent surgery between Jan 2013 and July 2014.

There were 12 patients with cardiac tamponade, 8 patients with coronary
heart disease, and 3 patients with nervous system abnormalities.

Of the patients, 79 did not have a consent form.

\4

\ 4

There were 130 patients who were included in the final study cohort.

> Of these, 60 patients were without ALI.

\ 4

Of these, 70 patients had ALI.

Figure S1 Flow diagram.
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Figure S2 Receiver-operator characteristic (ROC) curve for the multivariable predictive model of preoperative acute lung injury in patients

with AAD. Area under the ROC curve (AUC) (95% confidence limits, P value) was 0.855 (0.785-0.919, P<0.001).



Table S1 Threshold effect analysis of DBP on ALIL

Exposure DBP (mmHg)*
Model |
One-line slope 0.960 (0.927, 0.995); 0.0270
Model Il
Turning point (K) 44
< K slope 1 1.152 (0.974, 1.363); 0.0983
> K slope 2 0.935 (0.895, 0.978); 0.0033
Slope 2- slope 1 0.812 (0.673, 0.980); 0.0301
Predicted at K 1.076 (0.382, 1.770)
LRT test 0.025
95% Cl of K 36-78

Results in table: B (95% CI); P/OR (95% Cl); P .2, adjusted
for aortic regurgitation. LRT test, Likelihood-ratio test.
DBP, diastolic blood pressure; AL, acute lung injury.

Table S2 Model calibration by bootstrapping with 1,000 replications of individuals sampled with the replacement

Cohort (Exposure/Non-exposure) AUC (%) 95% Cl Sensitivity Specificity
All (70/60)
Model | 0.855 0.789-0.919 0.814 0.783
Model Il 0.855 0.789-0.919 0.814 0.783
Test cohort (59/37)
Model | 0.862 0.784-0.941 0.932 0.676
Model lI 0.862 0.784-0.941 0.932 0.676
Validation cohort (11/23)
Model | 0.783 0.607-0.958 0.909 0.609
Model Il 0.783 0.607-0.958 0.909 0.609

Model |, full model from observed data; Model Il, stepwise selected model from observed data.



Table S3 Multiple logistic regression analysis for preoperative ALL in which lower limb DBP replaced DBP

Exposure

Crude (n=115)

Model | (n=114)

Model Il (h=110)

BMI, per 1 kg/m®

Age, per 1 year

Lower limb DBP, per 1 mmHg

IL-6, per 1 pg/mL
PGI,/TXB,, ratio per 1 ratio

1.30 (1.10, 1.53); 0.0017
1.15 (1.08, 1.23); <0.0001
0.95 (0.91, 0.99); 0.0143
1.03 (1.01, 1.06); 0.0073
0.24 (0.09, 0.66); 0.0055

1.28 (1.07, 1.52); 0.0064
1.16 (1.08, 1.24); <0.0001
0.95 (0.91, 1.00); 0.0406
1.04 (1.01, 1.07); 0.0045
0.28 (0.10, 0.74); 0.0101

1.29 (1.06, 1.57); 0.0115
1.16 (1.08, 1.26); 0.0001
0.95 (0.91, 1.00); 0.0605
1.04 (1.01, 1.06); 0.0104
0.30 (0.11, 0.79); 0.0154

Data are shown as OR (95% CI); P. Odds ratios were derived from multivariate logistic regression analysis. Crude, no adjustment. Model
I, adjusted for gender, history of smoking, and aortic regurgitation. Model |l, adjusted for gender, history of smoking, aortic regurgitation,
TNF-o, TFPI, IL-10, TSOD, and PLC. ALI, acute lung injury; DBP, diastolic blood pressure; PLC, platelet count.



