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Background: The Stanford type A acute aortic dissection (AAD) carries a high risk of mortality and
morbidity, and patients undergoing AAD surgery often bleed excessively and require blood products
and transfusions. Thus, we studied how xenon alters coagulation using thromboelastography (TEG)
and conventional hemostatic tests for patients with AAD undergoing aortic arch surgery involving
cardiopulmonary bypass (CPB)/deep hypothermic circulatory arrest (DHCA).

Methods: This prospective single-center nonrandomized controlled clinical trial, registered in the Chinese
Clinical Trial Registry (ChiCTR-ICR-15006435), assessed perioperative clinical variables and serological
results from 50 subjects undergoing pulmonary static inflation with 50% nitrogen/50% oxygen from
January 2013 to January 2014 and 50 subjects undergoing pulmonary static inflation with 50% xenon/50%
oxygen from January 2014 to December 2014 during CPB for Stanford type A AAD. Repeated measures
ANOVA were used to identify the effects of xenon on coagulation after surgery. The primary endpoint was
perioperative changes in coagulation and fibrinolysis after intubation and 10 minutes, and 6 hours after the
operation. The secondary endpoint was to assess the perioperative changes in serum level of tissue factor
(TF), tissue factor pathway inhibitor (TFPI) and tissue plasminogen activator (tPA) after intubation and
10 minutes, and 6 hours after the operation.

Results: Mean prothrombin time (PT), activated partial thromboplastin time (APTT), international
normalized ratio (INR), median fibrinogen degradation product (FDP), and D-dimer peaked and then
decreased over 6 hours after surgery. TEG followed a similar trend. From the start to the end of surgery and
until 6 h after surgery, mean TF decreased in controls (B -2.61, P<0.001 and B -2.83, P<0.001, respectively),
but was maintained relatively stable in xenon group (B -0.5, P<0.001 and p -0.96, P<0.001, respectively).
Conclusions: Deterioration of coagulation function and activated fibrinolysis was confirmed by
conventional tests and TEG analysis after Stanford type A AAD repair. Pulmonary static inflation with 50%
xenon attenuates decline in TF in patients undergoing Stanford type A AAD repair.
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Introduction

Stanford type A acute aortic dissection (AAD) carries a
high risk of mortality and morbidity and may require
surgical correction to avoid cardiac tamponade and sudden
aortic rupture (1,2). Often, patients undergoing surgery
for AAD bleed excessively and require blood products and
transfusions (3-5). Thus, early diagnosis and coagulation
correction may improve patient prognosis. Recently, volatile
anesthetics have been studied for their negative effects on
platelet aggregation (6,7). Xenon as an inhaled anesthetic
is under study, and animal and human data suggest that
it has a lack of organ toxicity, allows for rapid recovery,
and has cardiovascular-stabilizing effects (8-11). Abraini’s
group (12) reported that xenon inhibits tissue plasminogen
activator (tPA) using molecular modeling and iz vitro and in
vivo studies. de Rossi’s group (13) reported that xenon did
not affect unstimulated or agonist-induced human platelet
function in vitro, and Horn and his team (14) reported that
xenon monoanesthesia did not cause pathological alterations
in coagulation factors in healthy pigs. The effect of xenon
on physiopathology and mechanisms of AAD and surgery-
induced coagulopathy have not been studied preoperatively
or during and after surgery. Thromboelastography
(TEG) (15) is commonly used to assess whole blood
coagulation and to provide information about platelet
function and fibrinolysis. Thus, we studied the effects
of xenon on coagulation using TEG and conventional
hemostatic tests for patients with AAD undergoing aortic
arch surgery with cardiopulmonary bypass (CPB)/deep
hypothermic circulatory arrest (DHCA).

Methods
Study design

We studied perioperative clinical variables and serological
results from 50 subjects who underwent pulmonary static
inflation with 50% nitrogen/50% oxygen from January 2013
to January 2014 and 50 subjects who underwent pulmonary
static inflation with 50% xenon/50% oxygen from January
2014 to December 2014 during CPB for Stanford type A
AAD in a single center clinical trial. Some data came from
previously published statistics (11). Investigators were not
blinded to experimental groups but patients and technicians
who performed assays were blinded to groups. The clinical
trial was registered in the Chinese Clinical Trial Registry
(ChiCTR-ICR-15006435) and approved by the Beijing
Anzhen Hospital Clinical Research Ethics Committee
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(identifier: 2013027). A diagnosis of AAD was confirmed
for all patients by history, chest radiography, transthoracic
ultrasound, and contrast-enhanced computed tomography
(CT) or magnetic resonance imaging (MRI). Dissection was
considered AAD if the time from the onset of symptoms to
surgery was 14 days or less. This study only included type A
AAD according to the Stanford classification (2,16). Medical
quality 50% xenon was provided by Wuhan Newradar
Special Gas Co. LTD (Wuhan, China).

Subjects

Patients, aged 18-70 years-of-age, with acute type A AAD
undergoing emergency surgery with CPB/DHCA in our
hospital were enrolled. Exclusion criteria were coronary
heart disease; heart failure; severe cardiac tamponade;
unstable hemodynamics; nervous system abnormalities;
clinically apparent malperfusion (17) including severe
malperfusion in the lower limb, brain, heart, and kidney;
visceral ischemia; and lack of written informed consent.
In brief, all patients were class Aa according to the Penn
Classification (18), which is the absence of branch vessel
malperfusion or circulatory collapse. No patient was
prescribed nonsteroidal anti-inflammatory drugs or
corticosteroids before or after admission. After written
informed consent, 100 patients were blinded to receiving
either 50% xenon/50% oxygen (xenon group, n=50) or 50%
nitrogen/50% oxygen (control group, n=50) during CPB.

Trial procedure

Demographic and hemodynamic data were recorded
immediately after admission. To avoid aortic rupture,
systolic blood pressure was controlled between 100 and
120 mmHg with oral B-blockers and infusion of vasodilators
(e.g., nitroprusside) before surgery. In all cases, total
intravenous anesthesia was performed with sufentanil and
propofol, and BIS was maintained at 45-55. After CPB, the
aorta was cross-clamped and mechanical ventilation was
stopped, lungs were inflated with 50% xenon/50% oxygen
(xenon group) or 50% nitrogen/50% O, (control group)
to maintain an airway pressure of 5 cmH,O. Pulmonary
static inflation with 50% xenon or 50% O, was stopped
15 min before aortic de-clamping and cardiac resuscitation.
After CPB, tranexamic acid, lyophilized human fibrinogen
and lyophilized human prothrombin complex concentrate
were used to improve coagulation according to TEG
and conventional hemostatic tests. Blood products were
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transfused to maintain a post-CPB Hb >7 g/L and to
correct coagulopathy after normalizing TEG with fresh
frozen plasma and platelets. Coagulation and fibrinolysis
were measured prior to surgery and 10 min and 6 hours
postoperatively.

Endpoint

The primary endpoint was to assess the perioperative
changes in coagulation and fibrinolysis after intubation and
10 minutes, and 6 hours after the operation. The secondary
endpoint was to assess the perioperative changes in serum
level of tissue factor (TF), tissue factor pathway inhibitor
(TFPI) and tPA after intubation and 10 minutes, and
6 hours after the operation.

Cardiac operation

Surgical procedures described by Sun were used (19,20). In
brief, all patients underwent CPB with DHCA and unilateral
selective antegrade cerebral perfusion (USACP). When the
nasopharyngeal temperature reached 20-25 °C, circulatory
arrest was established and a stent graft was implanted.
Then, a four-branch prosthetic graft was used for arch
replacement. Valve-sparing root resection (aortic valve
plasty, Valsalva sinus plasty, or the David procedure) or
composite valve graft replacement was performed according
to the subtype of the aortic root (A1, A2, or A3).

Blood samples

Venous blood (10 mL) was drawn from the central
vein catheter immediately after intubation, and 10 min
and 6 hours after surgery. After rapid centrifugation,
plasma was obtained and immediately stored at -70 °C
for analysis. Prothrombin time (PT), PTA, activated
partial thromboplastin time (APTT), median fibrinogen
degradation product (FDP), international normalized
ratio (INR), fibrinogen, D-dimer, leucocytes, hemoglobin,
hematocrit and platelet counts were measured using
standard assay techniques and an automated blood
coagulation analyzer. TEG-R, TEG-K, TEG-angle and
TEG-MA were assayed with a hemostatic analyzer (TEG
5000 hemostasis analyzer, Haemoscope Corporation, CITY
MISSING, IL, USA). TFE, TFPI, and tPA were assayed
using an ELISA (Multiskan MK3, Thermo Fisher Scientific,
CITY MISSING, MA, USA).
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Statistical analysis

The sample size was selected to detect differences in
perioperative TF values between the two groups. Sample
allocation ratio was 1, and time- points were 3, and test for
two means in a repeated measures design was used. With
a 5% (two-sided) type I error rate, based on preliminary
experiments, 50 patients per treatment group were needed
to detect a 0.8 difference between two groups, assuming a
standardized deviation of 1.5. The power was from 90-93%
as an autocorrelation from 0.4 to 0.5 accordingly. The final
sample size was 100 patients (50 patients/group) (Power
Analysis and Sample Size, PASS v11.0, NCSS, LLC;
Kaysville, UT, USA).

All data were analyzed using a commercially available
statistical software package (SPSS for Windows, v18.0;
Chicago, IL, USA). Quantitative variables are presented as
means = SD or medians (interquartile range) and categorical
variables were presented as frequencies or percent.
Normally distributed continued variables were compared
using a two-tailed Student’s #-test. When parametric data
were not normally distributed, Wilcoxon signed rank sum
tests were used for intergroup comparisons. Categorical
data were compared using the Pearson’s chi-squared test
or Fisher’s exact test, as appropriate. Coagulation and
fibrinolysis were analyzed using generalize additive mixed
model (GAMM), which grouped as treatments or controls
and time was a within-subject factor. Nonparametric and
parametric tests were applied to demographics [age, sex,
body mass index (BMI), smoking history, hypertension,
diabetes], clinical (hemodynamics, onset of symptoms to
surgery, aortic diameter, left ventricular ejection fraction
(LVEF), left ventricular end diastolic diameter (LVEDJ),
EuroSCORE], surgical (surgery time, duration of surgery,
intravenous colloid and crystalloid and transfusion), and
postoperative variables [intravenous fluids (colloid or
crystalloid), blood transfusions, urine volume, seroma
drainage, in-hospital mortality]; P<0.05 were considered
statistically significant.

Results

All patients underwent total arch replacement combined
with frozen elephant trunk implantation. A modified
Bentall procedure was performed in 54 patients with severe
aorticre gurgitation. Demographics and preoperative
clinical characteristics for subjects are presented in Table 1.
Preoperative platelet counts below 100x10°/L was found

J Thorac Dis 2018;10(7):4368-4376



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

Table 1 Demographics and perioperative clinical characteristics for patients with AAD
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Variables Total (n=100) Control group (n=50)  Xenon group (n=50) P
Preoperative
Age (year) 47.3+11.1 45.7+11.1 48.9+10.8 0.137
Males, n [%)] 71 [71] 40 [80] 32 [64] 0.077
Height (cm) 170+8 170+8 169+8 0.691
Weight (kg) 74.8+12.8 74.2+11.7 75.5+13.9 0.547
BMI (kg/m?) 25.8+3.5 25.6+3.3 26.1+3.6 0.326
History of smoking, n [%)] 49 [49] 28 [56] 21 [42] 0.164
History of hypertension, n [%] 74 [74] 34 [68] 40 [80] 0.254
History of DM, n [%] 3[3] 11[2] 2 [4] 0.558
Time from onset of symptoms to surgery (days) 2(1.0,4.3) 2(1,5) 2(1,4) 0.685
Preoperative SBP (mmHg) 112+18 113+19 11117 0.563
Preoperative DBP (mmHg) 54+11 55+11 54+10 0.605
Aortic diameter (mm) 50.7+7.6 51+8 50+7 0.164
LVEF (%) 62+9 62+11 62+5 0.899
LVEDd (mm) 51+9 52+11 51+7 0.709
HB (g/L) 12.6+1.3 12.8+1.2 12.5+1.4 0.280
PLC (10°/L) 177+69 179+70 175469 0.778
WBC (10°/L) 9.6+3.6 9.8+4.2 9.5+2.9 0.609
During surgery
B+ S, n[%] 54 [54] 30 [60] 24 [48] 0.158
A+ S, n[%] 46 [46] 20 [40] 26 [52] 0.176
Duration of surgery (min) 456+100 457191 455+109 0.921
Duration of CPB (min) 195+49 191+39 199+58 0.412
Duration of aortic cross-clamping (min) 115437 11334 118+40 0.519
Lowest rectal temperature during CPB (°C) 25.7+1.8 25.8+1.9 25.6+1.7 0.681
Intravenous colloid and crystalloid (mL) 1,970+913 1,953+1,059 1,987+751 0.854
Allogeneic red blood cells (units) 2 (0, 4) 2(0, 4) 2 (0, 4) 0.408
Allogeneic blood plasma (mL) 600 (400, 800) 600 (400, 800) 400 (350, 800) 0.576
Allogeneic blood platelet (units) 0(0, 1) 0(0, 1) 0(0, 1) 0.617
Urine volume during surgery (mL) 1,470+792 1,408+718 1,5633+862 0.433
HB (g/L) (end of surgery) 10.1£1.9 10.3£1.9 9.9+2.0 0.271
PLC (10°/L) (end of surgery) 110+48 115+53 106+43 0.336
WBC (10°%/L) (end of surgery) 11.3+4.4 11.1£4.9 11.4+£3.9 0.757

Table 1 (continued)
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Variables Total (n=100) Control group (n=50)  Xenon group (n=50) P
During 24 h following surgery
Intravenous colloid and crystalloid (mL) 3,773+830 3,643+774 3,903+872 0.119
Allogeneic red blood cells (units) 2 (0, 4) 2(0,3) 2 (0.75, 4) 0.148
Allogeneic blood plasma (mL) 200 (0, 400) 200 (0, 400) 200 (0, 400) 0.339
Urine volume (mL) 2,908+955 2,912+950 2,903+970 0.962
Seroma volume of drainage (mL) 664+390 666+430 663+352 0.961
HB (g/L) (6 h after surgery) 10.7+2.0 10.8+1.9 10.6+2.0 0.568
PLC (10°/L) (6 h after surgery) 101155 109+60 94149 0.151
WBC (10°%L) (6 h after surgery) 10.2+3.3 10.4+£3.4 10.1£3.4 0.706
Postoperative LVEF (%) 60+5 59+6 615 0.093
Neurologic deficits, n [%] 5[5] 1[2] 4 18] 0.362
Reexploration for bleeding, n [%] 8 [8] 5[10] 3 [6] 0.516
ICU stay (hours) 34.50 (19.00, 88.00) 28.00 (19.00, 85.12)  42.50 (19.75, 90.25) 0.319
In-hospital mortality, n [%)] 9[9] 5[10] 4 18] 0.357

Data are numbers, percent, means + SD, or medians (IQR). BMI, body mass index; diabetes mellitus; SBP, systolic blood pressure; DBP,
diastolic blood pressure; LVEF, left ventricular ejection fraction; LVEDd, left ventricular end diastolic diameter; PLC, platelet count; Hb,
hemoglobin; WBC, white blood cells; B + S, Bentall + Sun’s procedure; A + S, ascending aorta replacement + Sun’s procedure. Neurologic
deficits: stroke, delayed recovery, or mild disorder of consciousness; AAD, acute aortic dissection.

in 9% (9/100) AAD patients, and preoperative Hb below
10 g/L was found in 2% (2/100) AAD patients. The PT
(>15 s) and APTT (>40 s) were prolonged in 3% (3/100)
and 4% (4/100) patients, respectively. Hypofibrinogenemia
(<2 g/L) was noticed in 5% (5/100) of patients. TEG-
reaction time (R) (>10 min) and TEG-clot kinetic (k) time
(>3 min) was prolonged in 2% (2/100) patients and in 6%
(6/100) patients, respectively. TEG-alpha angle (<50°) was
found to be decreased in 5% (5/100) patients. At the end
of surgery, PT (>15 s) and APTT (>40 s) were prolonged
in 3% (3/100) and 15% (15/100) patients, respectively;
hypofibrinogenemia (<2 g/L) was noticed in 13% (13/100)
of patients. TEG-reaction time (R) (>10 min) and TEG-
clot kinetic (k) time (>3 min) was prolonged in 9% (9/100)
patients and in 9% (9/100) patients, respectively; TEG-
alpha angle (<50°) was found to be decreased in 11%
(11/100) patients. Coagulation and fibrinolysis were noted
between groups and TEG offered similar data for all
patients. Median TEG-R values in the xenon group were
greater than for controls prior to surgery.

Perioperative coagulation and fibrinolysis data appear
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in Table 2. PT, APTT, INR, FDP, D-dimer increased and
peaked at the end of surgery and then decreased until 6
hours after surgery. TEG also revealed similar change of
perioperative coagulation and fibrinolysis system profile.
Median TEG-R increased and peaked at the end of surgery
and then decreased until 6 hours after surgery. Median
TEG-K increased until 6 hours after surgery, and TEG-
angle and TEG-MA were decreased until that time. TEG
values did not differ between groups at the end of surgery.
There was median maximal increase in TEG-R of 22%
and 45% in the xenon and control groups at the end of
surgery respectively. However, there was no significant
of treatment-time effects for coagulation and fibrinolysis
between two groups.

Perioperative coagulation and fibrinolysis for patients
with AAD was accompanied with TF depression and
decreased tPA at end of surgery and 6 hours later. These
data appear in Table 3. Figure 1 depicts TF changes from
preoperative to postoperative 6 hours time points and xenon
had a significant effect on TF. From preoperative to end of
surgery and from preoperative to postoperative 6 hours, the
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Table 2 Perioperative coagulation and fibrinolysis for patients with acute type A AAD assayed with conventional tests and TEG

Variables Total (n=100) Control group (n=50) Xenon group (n=50) P
Preoperative
PT (s) 12.56+1.23 12.63+1.25 12.49+1.21 0.559
PTA (%) 81.27+13.36 80.74+13.45 81.82+13.38 0.691
APTT (s) 31.31+6.78 32.24+8.92 30.37+3.40 0.169
Fibrinogen (g/L) 3.64+1.29 3.66+1.17 3.62+1.40 0.897
D-dimer (ug/L) 950.00 (616.00-1,874.75) 975.50 (591.25-1,850.75) 945.00 (709.00-1,914.25) 0.396
FDP (mg/L) 10.20 (6.42-18.80) 9.95 (5.12-19.20) 10.70 (7.60-14.88) 0.248
INR 1.10+0.11 1.12+0.11 1.09+0.11 0.173
TEG-R (min) 4.90 (4.10-5.68) 4.40 (4.00-5.03) 5.45 (4.53-6.30) <0.001
TEG-K (min) 1.40 (1.20-1.78) 1.30 (1.10-1.80) 1.45 (1.20-1.78) 0.279
TEG-ANGLE (°) 66.69+11.35 66.48+13.69 66.90+8.60 0.853
TEG-MA (mm) 64.27+9.57 64.85+10.23 63.71+£8.95 0.554
End of surgery
PT (s) 14.10£2.10** 14.32+2.23** 13.88+1.95* 0.298
PTA (%) 72.30+32.03* 72.04+36.55 72.57+26.92* 0.935
APTT (s) 35.12+7.33* 35.14+5.39 35.10+8.92** 0.977
Fibrinogen (g/L) 2.90+0.98** 3.01+1.08** 2.79+0.88** 0.281
D-Dimer (ug/L) 2,125.00 (1,032.50-3,228.00)** 2,058.00 (920.00-3,079.00)*  2,332.00 (1,136.00-3,700.00)** 0.394
FDP (mg/L) 16.65 (8.43-23.45)* 16.50 (8.10-21.00) 17.40 (10.10-29.60)** 0.311
INR 1.22+0.22* 1.26+0.20* 1.18+0.23* 0.069
TEG-R (min) 6.50 (5.20-8.10)** 6.40 (5.20-7.20)** 6.65 (5.23-8.53)** 0.398
TEG-K (min) 1.70 (1.40-2.10)* 1.60 (1.40-2.10)* 1.70 (1.40-2.12)* 0.421
TEG-ANGLE (°) 62.87+11.29* 63.65+11.09 62.08+11.56" 0.496
TEG-MA (mm) 59.37+8.63** 59.87+9.48** 58.85+7.73" 0.565
6 h after surgery
PT (s) 13.18+1.87** 13.12+2.15 13.24+1.55* 0.735
PTA (%) 76.97+20.66* 79.29+22.87 74.60+18.05* 0.267
APTT (s) 32.21+5.42 32.32+6.11 32.11+£4.70* 0.850
Fibrinogen (g/L) 3.17+0.87** 3.19+0.78** 3.15+0.96** 0.830
D-Dimer (ug/L) 1,596.00 (1,010.00-2,462.00)*  1,483.00 (980.00-2,469.00)* 1,716.00 (1,027.00-2,379.00)* 0.509
FDP (mg/L) 15.10 (9.03-24.48)** 14.80 (8.80-24.40)* 17.10 (9.80-24.70)** 0.424
INR 1.16+0.17* 1.16+0.20 1.15+0.13* 0.885
TEG-R (min) 5.55 (4.73-7.30)** 5.20 (4.20-6.00) 6.10 (5.20-8.40)** <0.001
TEG-K (min) 1.80 (1.30-2.40)** 1.70 (1.20-2.20) 1.80 (1.50-2.73)* 0.039
TEG-ANGLE (°) 59.86+14.83** 62.60+12.24 57.06+£16.74** 0.066
TEG-MA (mm) 57.73+11.65* 59.89+10.17** 55.52+£12.72** 0.064

Data are means + SD or medians (Q1-Q3). *, compared to baseline, P<0.05; **, P<0.001. PT, prothrombin time; PTA, prothrombin time
activity; APTT, active part thrombin time FDP, fibrinogen degradation product; INR, international normalized ratio; R, TEG -reaction time; K,
TEG -clot kinetic time; ANGLE, TEG-alpha angle; MA, TEG-maximum amplitude; AAD, acute aortic dissection; TEG, thromboelastography.
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Table 3 Perioperative serum TF, TEFPI and tPA for patients with acute type A AAD
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Variables Total (n=100) Control group (n=50) Xenon group (n=50) P
Preoperative
TF (ng/mL) 4.15+2.36 5.18+2.59 3.11+1.54 <0.001
TFPI (ng/mL) 158.27 (111.48-196.79) 167.87 (123.15-215.87) 144.61 (98.83-180.17) 0.067
tPA (pg/mL) 108.11+26.26 112.60+£25.99 103.62+26.01 0.087
End of surgery
TF (ng/mL) 2.59+1.67* 2.57+2.25" 2.61+0.74* 0.901
TFPI (ng/mL) 156.91 (114.11-213.50) 173.66 (142.39-216.55) 141.83 (102.45-207.50) 0.066
tPA (pg/mL) 100.04+24.11 106.58+26.38 93.51+19.79* 0.006
6 h after surgery
TF (ng/mL) 2.25+2.52** 2.35+£3.37** 2.14+1.19* 0.684
TFPI (ng/mL) 140.78 (105.19-179.26) 149.44 (125.45-181.33) 126.02 (92.79-176.23) 0.010
tPA (pg/mL) 86.09+21.70** 87.89+24.38** 84.29+18.72** 0.410

Data are means + SD or medians (Q1-Q3). *, compared to baseline, P<0.05; **, P<0.001. TF, tissue factor; TFPI, tissue factor pathway
inhibitor; tPA, tissue-type plasminogen activator; AAD, acute aortic dissection.

6.00 Group

—Control group
—Xenon group

5.00

Means of TF
N
o
o

3.00

2.00 1

Preopelrative End oflsurgery 6h alfter surgery
Time

Figure 1 Xenon attenuates decline in mean TF for patients
undergoing Stanford type A AAD repair. TF, tissue factor; AAD,

acute aortic dissection.

mean level of TF decreased significantly in control group
(B -2.61, P<0.001 and B -2.83, P<0.001, respectively), but
was maintained relatively stable in xenon group (B -0.5,
P<0.001 and B -0.96, P<0.001, respectively).

Discussion

In present study, we noted an inhibition of anticoagulation
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and activation of fibrinolysis during the perioperative period
for AAD patients. A few other reports have focused their
attention to this topic (3-5,21), but none of them described
the state of AAD patients using TEG and conventional
hemostatic tests before and immediately after the emergent
operation. In fact, AAD itself is associated with a high risk
for coagulation disorders before surgery. In our study,
preoperative values of TEG and conventional hemostatic
tests showed a certain level of coagulation disorders. After
surgery, there existed the consumption of clotting factors as
well as the further activation of coagulation and fibrinolysis
system, which was accompanied with TF depression and
decreased tPA at end of surgery and 6 hours later. Thus, at
the end of surgery, coagulation disorders tended to worsen
with course of surgery.

AAD is characterized by the rapid development of
an intimal flap separating the true and false lumen (16),
blood flow through the nonendothelialized false lumen,
tissue damage, and turbulence, which are all triggers for
coagulation activation (22). During surgery, CPB-induced
coagulopathy, platelet activation and dysfunction and
promoted coagulation factor consumption and excessive
fibrinolysis, increasing postoperative blood loss and
blood product transfusion. After surgery, deterioration of
coagulation function and active fibrinolysis was confirmed
by conventional tests and TEG analysis. We noted that TF
was lower at the end of surgery and 6 hours post-surgery,
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tPA was also diminished 6 hours after surgery, and D-dimer
and FDP was evaluated at the end of surgery in AAD
patients. Thus, coagulopathy and excessive fibrinolysis is
associated with postoperative bleeding in AAD patients.

Recently, volatile anesthetics have been studied for their
effects on coagulation, especially platelet aggregation.
Wacker‘s group reported that inhaling low-dose sevoflurane
(<1 vol% end-tidal) delayed agonist-induced granulocyte-
platelet interactions in humans (7). Horn’s group found that
sevoflurane enhanced binding of platelets to lymphocytes,
neutrophils and monocytes, and increased expression of
P-selectin on platelets, especially in stimulated samples,
but desflurane decreased lymphocyte-, neutrophil- and
monocyte-platelet conjugates in unstimulated samples (6).
Yuki and colleagues reported that isoflurane and sevoflurane
reduced activation of the platelet receptor integrin
allbB3 (23). Isoflurane also blocked the platelet ADP
pathway (24).

Xenon anesthesia is associated with more stable
intraoperative blood pressure, lower heart rate, faster
emergence and faster recovery from anesthesia than
volatile and propofol anesthesia (8,9). Previous studies
document that xenon did not affect platelet function in
vitro but inhibited tPA (12-14). In vitro (13), whole blood
was collected from healthy volunteers and was incubated
with 65% xenon did not alter unstimulated or agonist-
induced platelet glycoprotein expression or platelet-
related hemostasis function. Iz vivo (14), 20 healthy pigs
underwent xenon monoanaesthesia (65 vol%), and xenon
monoanaesthesia did not alter significantly any coagulation
parameter. While xenon is an inhibitor of tPA activator in
a rat model of thromboembolic stroke (12). In our study,
pulmonary static inflation with 50% xenon during CPB
halted decreases in TF and also inhibited tPA at the end
of surgery, which may attenuate increase in TEG-R after
surgery for patients undergoing AAD repair.

Although the above-described changes were statistically
significant, none of the clinical parameters such as blood
transfusion or duration of surgery were significant between
groups. Such condition might due to correct coagulopathy
after normalizing TEG with fresh frozen plasma, platelets
and hemostatics (tranexamic acid, lyophilized human
fibrinogen and lyophilized human prothrombin complex
concentrate).

Study limitations

First, our study was limited by being non-randomized, so the
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data are biased. Thus, there were differences in the patient
groups with respect to the levels of TF in the treatment
over control group at baseline. However, such differences
in baseline did not affect the trends of perioperative level
of TF. Second, xenon was given the period of CPB, which
was short, and any potential advantages of xenon with
respect to blood coagulation and fibrinolysis may have been
masked during surgery or with post-operative interventions.
Third, the xenon was applied statically to the lungs during
CPB in which blood flow is specifically diverted from
the pulmonary circulation, and we could not explain how
xenon diffuse into the systemic circulation to affect tPA/
TE. Previously report that might partly account for xenon
effect on tPA/TF by triggering anti-inflammatory responses
and suppressing proinflammatory and oxidative effects (11).
Finally, Stanford type A AAD demonstrated the similar
volume of aortic dissection, however we were not able to
obtain highly detailed information to evaluate the volume of
false lumen and thrombogenesis which significantly affected
coagulation results.

Conclusions

Deterioration of coagulation function and activated
fibrinolysis was confirmed by conventional tests and TEG
analysis after Stanford type A AAD repair. Pulmonary static
inflation with 50% xenon attenuates decline in tissue factor

in patients undergoing Stanford type A AAD repair.
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