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Abstract

Background: Acute type A aortic dissection(ATAAD) is life-threatening and requires immediate surgery. Sudden chest pain

may lead to a risk of misdiagnosis as acute coronary syndrome and may lead to subsequent antiplatelet therapy. We used the

Chinese Acute Aortic Syndrome Collaboration Database (AAS) to study the effects of antiplatelet therapy (APT) on clinical

outcomes. Methods: The AAS database is a retrospective multicentre database where 31 of 3092 had APT with aspirin or

clopidogrel or both before surgery. Before and after propensity score matching, the incidence of complications and mortality

was compared between APT and non-APT patients by using a logistic regression model. The sample remaining after PSM

was 30 in the APT group and 80 in the non-APT group. Results: The sample remaining after matching was 30 in the APT

group and 80 in the non-APT group. We found 10 cases with percutaneous coronary intervention in the APT group(33.3%).

The APT group received more volume of packed red blood cell (RBC), 8.4±6.05 units; plasma, 401.67±727 ml, and platelet

transfusion(14.07±8.92 units). The drainage volume was much more in the APT group( 5009.37±2131.44ml, P=0.004). Mortality

was higher in APT group(26% vs 10%, P=0.027). The preoperative APT was independent predictor of mortality(OR 6.808,

95% CI1.554-29.828, P = 0.011). Conclusion: APT prior to ATAAD repair was associated with more transfusions and higher

early mortality. The timing of surgery should be carefully considered based on the patient’s status and the surgeon’s experience.

Introduction

Acute type A aortic dissection(ATAAD) is a life-threatening disease. It has been reported that ATAAD
patients die at a rate of 1% to 2% per hour on the first day of onset if they do not undergo surgery imme-
diately[1]. Operation should be performed once the AD is confirmed[2]. However, when patients suffer from
some special conditions, such as branch vessel malperfusion, cerebral hemorrhage, etc., the timing of surge-
ry remains controversial[3,4]. Antiplatelet therapy (APT) is sometimes used in patients with ATAAD who
are misdiagnosed as acute coronary syndrome(ACS) in the emergency department, both of which represent
typical clinical manifestations of sudden chest pain. Dual antiplatelet therapy is the first line of treatment
in CAD patients, especially for those received percutaneous stent implantation(PCI) , and it consists of
acetylsalicylic acid (ASA) and a P2Y12 antagonist, e.g. clopidogrel, prasugrel or ticagrelor. Aspirin and
clopidogrel are commonly used in emergency departments in China. Oral antiplatelet therapy before cardiac
surgery might increase the risk of postoperative bleeding, transfusion and re-exploration for bleeding[5]. It
is commended that patients should stop APT for 3-7 days before non-emergent cardiac surgery in order to
reduce blood loss. When discussing prognosis of patients with AD who mistaken of APT, the timing of opera-
tion and clinical outcomes still remain controversial. Some studies have found that preoperative use of APT
increases perioperative mortality [6,7], while other studies have different results [8,9]. A recent study found
that APT before repair of acute aortic dissection is associated with increased bleeding and transfusion, but
not mortality[10]. However, different types and doses of APT may lead to different clinical outcomes. Asians
have different platelet antigens than Europeans and Americans[11]. There is surprisingly little information
that can be used to predict these clinical outcomes from Asia.
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In order to study the impact of preoperative APT on the clinical outcome of Chinese ATAAD patients, we
conducted this study by extracting data from the Chinese Acute Aortic Syndrome Collaborative (AAS).

Methods:

The Chinese Acute Aortic Syndrome Collaborative(AAS,http://139.129.128.68:8080/AASCN/index.shtml
), a network of aortic surgeons across China, complied a comprehensive database of consecutive aortic
surgery cases. There are 10 cardiovascular centers with a total of 3931 cases in the database, including 3,092
cases (78.6 %) Stanford A aortic dissection and 839 cases (21.4%) of Stanford B aortic dissection. Each
cardiovascular center obtained local ethics approval from their respective institutional review boards. After
giving their written informed consent, patients underwent aortic surgery urgently or emergently depending on
different centers’ protocol. The detailed information of patients diagnosed with type A acute aortic dissection
was extracted from our database, including preoperative status, surgical treatment, postoperative course and
survival.

We found 31 patients who received APT before aortic operation in Stanford A group. All patients discon-
tinued less than 12 hours before receiving surgery and deep hypothermic circulatory arrest(DHCA). Other
patients(3061 cases) with Stanford A aortic dissection were not treated with any platelet inhibitor before sur-
gery. We excluded 693 cases with missing information(baseline characteristics) in the non-APT group, 1020
patients without DHCA. Remaining patients (1379 cases) with Stanford A aortic dissection were enrolled in
the non-APT group.

Clinical management

The definition of acute aortic dissection was surgery within 14 days of presentation of symptoms. Penn class
[12] was defined as A: no ischaemia; B: localized ischaemia; C: generalized ischaemia; and B and C: both
localized and generalized ischaemia. All complications were recorded during the time between surgery and
discharge from the hospital.

Patients were routinely operated on at the involved centers. In general, median sternotomy was performed,
cardiopulmonary bypass and hypothermic cardiac arrest with or without cerebral perfusion were used(see
Video 1). Axillary cannulation and femoral cannulation was preferred in our department. Retrograde per-
fusion cannula was inserted through the coronary sinus. The total arch replacement was performed if the
arch was involved. DHCA is established when the nasopharyngeal temperature is below 20-24 ° C. Unila-
teral selective cerebral perfusion was performed through the right axillary artery at a flow rate of 5-10 mL
/ kg per minute. Standard frozen elephant truck operation was performed using a stent graft(Microport,
Shanghai,China) and a four-branch graft vessel(Maquet. Inc., Germany). Blood transfusion protocols were
implemented in all centers, but the final decision on whether to perform blood transfusion, including plasma,
platelet and cryoprecipitate, was always the clinical decision made by the responsible physician. The practice
of routine administration of prohaemostatic drugs (such as anti-fibrinolytic agents, fibrinogen concentrates
and activated factor VII concentrates) varied with center and time.

Statistical analysis

Summary statistics are presented as frequencies and percents for categorical values and as mean values with
standard deviation(SD) for continuous values.

A propensity score (PS) matching was performed using 15 variables including medical history and the status
at presentation(preoperative variables such as age, gender, hypertension, renal dysfunction, preoperative ce-
rebral complications, history of smoking, , preoperative platelet count, LVEF, aortic diameter, BSA; surgical
variables, such as Cardiopulmonary bypass time, Cross-Clamp time, DHCA time, nadir temperature during
DHCA, and operating time). Matching was performed one-to-three with a caliper width of 0.03 of logit of
the propensity score[13]. The sample remaining after PSM was 30 in APT group and 80 in non-APT group.
A logistic regression model with APT as the outcome variable was carried out. The standardized mean
difference(SMD) was provided before and after matching. Further details on the PSM are presented in the
Supplementary Material. Distribution of PSM is shown in figure 2. The matched groups were analyzed by
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means of logistic regression, and the results were presented as odds ratio (OR) with 95% confidence interval
(CI). To compare patients with and without APT, chi-square and Student t tests were used. Wilcoxon rank-
sum test was used for continuous non-parametric variables and presented as mean values with the median.
All tests were conducted at a 0.05 significance level. All statistical analyses were performed by a professio-
nal statistician using the STATA Software version 14.0(StataCorp LP, College Station, Tex) and SPSS 23.0
software(SPSS, Chicago, IL ).

Results:

The parameters of APT group and non-ATP group before and after matching were shown in Table 1.
Only about 1% of patients undergoing ATAAD surgery received APT before surgery. The mean age of
the APT group was similar to that of the non-APT group( 53.87 vs 53.54). In the APT group, renal
dysfunction, smoking, and chronic obstructive pulmonary disease (COPD) were similar with non-APT group.
The incidences of cardiac malperfusion and cerebral malperfusion were similar in both groups. We found more
cases with percutaneous coronary intervention(PCI) in the APT group(33.3% vs 0%). The other preoperative
parameters are similar between both groups.

Among patients receiving APT preoperatively, 5 patients were prescribed with aspirin for 10 to 30 months,
2 with clopidogrel for 10 and 20 months, 5 with aspirin and Plavix between 10 and 53 months, and 19 with
aspirin and clopidogrel less than 12 hours in the emergency department before surgery. One patient with
both aspirin and Plavix was excluded after matching. Surprisingly, Ticagrelor was not used for patients in
our database. Due to data limitation of APT group, we did not perform subgroup analysis.

The operation time, cardiopulmonary bypass(CPB) time, cross-clamp time and DHCA time were
213.07±71.61 minutes, 120.90±50.50 minutes, and 21.50±12.65 minutes, respectively. There was no dif-
ference in surgical characteristics between the two groups.

Perioperative blood transfusion and postoperative drainage volume were crucial in this study. The blood
transfusion measures in APT group were as follows: packed red blood cell(RBC), 8.40±6.05 units; plasma,
401.67±727.0 ml; cryoprecipitate, 5.77±9.17 units, and platelet transfusion, 14.07±8.92 units(see Figure 1B).
The APT group received more volume of RBC , plasma, and platelet transfusion. We also measured the
total drainage(including thoracic drainage) volume. The drainage volume was much more in the APT group(
5009.37±2131.44ml,P =0.004).

The re-operation rate was similar in both groups(due to bleeding and left ventricular dysfunction). There
was no difference in postoperative renal failure, cerebral accident, post-operative myocardial infarction,
ventilation time. We found the mortality was higher in APT group(26.7% vs 10%, P =0.027,see Figure 1A).

The preoperative antiplatelet therapy was independent predictor of mortality( OR 6.808, 95% CI1.554-29.828,
P = 0.011, see table 2).

Comment:

The main finding of this retrospective study was that mistaken of APT in AD patients could lead to more
postoperative drainage, more transfusion and higher mortality.

Acute chest pain was sometimes diagnosed with acute coronary syndrome(ACS)[14]. The diagnosis of ACS
requires electrocardiogram and cardiac markers. Electrocardiogram showed myocardial ischemia sometimes,
especially in these patients received PCI, but cardiac markers did not increase dynamically. In our study,
33% of patients in APT group received PCI. When symptoms appear, they tend to take antiplatelet drugs at
home or in the emergency department. Therefore, echocardiography and computer tomography are the keys
to the accurate diagnosis and mistaking of antiplatelet therapy. However, in some cases, aortic dissection
progresses to involve the coronary ostia. This belongs to Penn classification c or bc[12]. Myocardial ischemia
on presentation (Penn class c or class bc) was an independent predictor of mortality[23]. Whether these
patients are suitable for APT remains controversial. We did not find higher incidence of postoperative MI
in APT group.
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Bleeding complications and transfusion are harmful. We measure the thoracic and pericardial drainage
totally until the volume was less than 100ml per day, and then pulled out the tube. We found that even
if the reoperation rate is similar, APT may still cause more bleeding. To improve coagulation and stop
bleeding during and after the operation, more plasma and platelet were transfused. Perioperative bleeding
and blood transfusion are well-known risk factors leading to serious consequences for different cardiac and
non-cardiac surgical procedures[15,16]. Hansson [7] found that patients receiving APT had increased bleeding
and increased blood transfusions, which was associated with higher mortality. Our study confirm this
correlation between APT and mortality. However, only 1percent of AD patients received APT was detected
in our database. We speculate that with the improvement of the diagnosis and treatment ability of primary
hospitals, the enhanced CT examination of patients with acute chest pain has improved the diagnosis of AD
in China.

Platelet transfusion can be effective in counteracting APT, albeit with a lesser effect on ticagrelor compared
to clopidogrel-treated patients[17]. In our study, 5 patients were prescribed with aspirin, 2 with clopidogrel,
23 with aspirin and clopidogrel less than 12 hours in the emergency department before surgery. Surprisingly,
ticagrelor, the stronger antiplatelet medicine, was not used. It was impossible to conduct separate analyses
comparing the different antiplatelet medicines. There is a tendency to increase the use of activated factor VII
in APT patients during surgery. The safety of activated factor VII in patients with AD has been previously
reported[18]. Aprotinin is a non-specific serine protease inhibitor with anti-fibrinolytic properties[19], which
is also used by some research centers. The use of aprotinin has been associated with reduced bleeding and
transfusions, but there have also been reports showing an increased risk of myocardial infarction, renal failure,
and death[20]. We did not use aportinin in cardiac surgery. We believe that the surgical control of bleeding
is the most important point, especially in patients received DHCA and longer CPB time. DHCA may
cause severe disorders of the coagulation system, platelet dysfunction, and a high incidence of postoperative
bleeding[21]. We try our best to shorten the DHCA time(20 minutes) to preserve platelet function and
reduce organ ischemia time. Platelet-pheresis is also recommended before DHCA for platelet protection[22].
For each AD patient, we removed platelets from the blood before CPB and retransfused after separation
from CPB. However, AD patients received APT can only benefit little from this technique.

Some authors recommend that all operable AD patients undergo immediate surgery because their mortality
increases over time[24]. Some surgeons may think that delayed surgery should be considered to avoid of
bleeding and transfusions, especially in patients with stable hemodynamics and no malperfusion or tampon-
ade. In our center, unless there is a coma, we will never delay the surgery of AD patients with APT. Platelet
function is measured before surgery in our department nowadays, including ADP-induced platelet aggrega-
tion and arachidonic acid-induced platelet aggregation. We can better understand the coagulation function
of these patients. We make a more careful anastomosis and surgical control of bleeding in these patients,
and prepare more coagulation drugs, just in case. The surgeon understands the challenges facing this patient
cohort and should strike a balance between surgical risks and benefits. Also, a hemiarch may favor over total
arch if the patient had received antiplatelet drugs. When we talk about choosing the type of surgery, DHCA
time and nadir body temperature are crucial. Inexperienced surgeons may benefit from hemiarch surgery
because they can save surgery time and avoid more severe platelet dysfunction due to hypothermia. The
timing and types of surgery for AD patients received APT remains to be further explored.

Any form of malperfusion of ATAAD(Penn class b ) will greatly extend the length of hospital stay in the
intensive care unit and double the surgical mortality [25]. The majority of patients enrolling in this study
showed absence of branch vessel malperfusion or circulatory collapse after PSM. There was no difference of
postoperative surgery-related stroke, renal failure. The non-APT group has a longer ICU residence time,
and we speculate that it may be due to the different protocols of different centers. We have measured the
ICU stay time in our department and there is no difference between the two groups.

There are some limitations in the present study. It was a retrospective multiple-centers study and selection
bias may have occurred. However, by using PS matching, we think the results are convincing and significant.
PS matching is still not perfect. There are some factors that could not be matched completely and we have
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to exclude many patients from non-APT group. Although we have no long-term follow-up, the previously
reported long-term results are not related to more bleeding or blood transfusions [10]. Since surgeons and
anesthesiologists were aware of which patients have received APT before surgery, this might also cause
deviations, which may affect the understanding of bleeding during the surgery and the willingness to use
coagulants or tranfusion. We are not sure that due to the limited number of patients, the impact of APT on
mortality is not a type II error. In addition, the current database also includes patients undergoing surgery
to treat AD, and lost information about many patients who refused surgery.

Conclusion

In conclusion, our study has shown that only 1% of ATAAD patients received APT prior to surgery. Pre-
operative APT is associated with increased drainage, more transfusions, and higher mortality. Accurate
diagnosis of ATAAD is important to avoid APT and reduce bleeding risk and mortality. The timing of
surgery should be carefully considered based on the patient’s status and the surgeon’s experience. Further
studies addressing the impact of APT in the high-risk AD patient population are still required, including
separate analyses comparing the different platelet inhibitors and Penn classification.
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(myocardial infarction), RBC (red blood cells).Figure 2. Distribution of propensity score across APT
and non-APT groups. Treated (antiplatelet therapy), untreated (non-antiplatelet therapy),APT (an-
tiplatelet therapy), non-APT (non-antiplatelet therapy). Table 1. Characteristics, operative differences
and outcomes differences between APT group and non-APT group

Before
matching

Before
matching

Before
matching

Before
matching

After
matching

After
matching

After
matching

After
matching

Variables Overall
(%)
N=1379

APT
group (%)
n=31

Non-APT
group (%)
N=1348

Standardized
Difference

P-value APT
group (%)
N=30

non-APT
group (%)
N=80

Standardized
Difference

P-value

Age
(Y) #

51.68±11.3 53.71±11.65 51.63±11.02 0.188 0.300 53.87±11.81 53.54±9.85 0.032 0.883

Males
#

1119(81.1%) 29(93.5%) 1090(80.9%) 0.389 0.074 28(93.33%) 73(91.25%) 0.078 0.723

Hypertension#1092(79.2%) 23(74.2%) 1069(79.3%) 0.121 0.488 22(73.33%) 58(72.5%) 0.019 0.93
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Preoperative
Renal
Dys-
func-
tion
#

42(3%) 3(9.7%) 39(2.9%) 0.291 0.030* 3(10%) 9(11.25%) 0.041 0.851

Smoking
#

312(22.6%) 11(35.5%) 301(22.3%) 0.293 0.070 11(36.67%) 27(33.75%) 0.061 0.774

COPD 6(0.4%) 0(0.00%) 6(0.4%) 0.127 0.710 0(0%) 1(1.25%) 0.224 1.00
LVEF
#

62.30±6.84 61.42±9.18 62.32±6.78 0.132 0.592 61.10±9.16 60.59±8.00 0.061 0.774

Preoperative
platelets
#

209.56±96.34180.68±57.00210.22±96.970.307 0.008* 181.90±57.56169.79±70.260.181 0.401

History
of PCI

65(4.7%) 11(35.5%) 54(4%) 1.145 0.000* 10(33.33%) 0(0%) 1.231 0.000*

Body
Surface
Area(m2)
#

1.72±0.26 1.71±0.44 1.72±0.25 0.039 0.925 1.87±0.35 1.75±0.21 0.470 0.091

Maximum
aortic
diame-
ter(mm)
#

45.31±8.68 43.97±9.48 45.34±8.66 0.158 0.385 44.43±9.27 45.86±8.59 0.163 0.448

Operation
time
(min)
#

436.75±116.87476.39±128.13435.54±116.490.350 0.056 480.30±128.42466.30±105.520.125 0.561

Perfusion
Cardiopulmonary
bypass
time
(min) #

201.85±64.34212.39±70.51201.60±64.200.168 0.356 213.07±71.61214.09±65.650.015 0.944

Cross-
clamp
time
(min) #

119.97±38.91121.35±49.71119.94±38.650.036 0.842 120.90±50.50125.28±42.470.098 0.649

Hypothermic
circula-
tory arrest
time
(min) #

18.70±7.29 22.39±13.38 18.62±7.08 0.518 0.128 21.50±12.65 20.04±7.0 0.164 0.554

Lowest
tempera-
ture ()
#

23.24±1.94 21.22±1.28 23.28±1.93 1.073 0.001* 21.37±1.00 21.42±1.75 0.32 0.850

Transfusion
pRBC
(unit)

3.26±3.62 8.35±5.94 3.14±3.46 1.474 0.000* 8.40±6.05 2.76±3.64 1.277 0.000*
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Plasma
(ml)

208.19±291.00408.06±715.67203.60±272.540.706 0.123 401.67±727.0135.63±214.980.635 0.004*

Platelet
(unit)

9.82±8.12 13.94±8.8 9.72±8.08 0.521 0.004* 14.07±8.92 9.90±8.47 0.485 0.026*

Cryoprecipitate
(unit)

2.52±4.84 5.9±9.05 2.44±4.68 0.718 0.042* 5.77±9.17 4.07±5.80 0.247 0.350

APTT(s) 41.98±10.02 39.21±11.44 42.05±9.98 0.284 0.118 39.00±11.57 45.67±15.66 0.455 0.036*
Drainage
volume
(ml)

3649.50±2581.684968.74±2107.783619.16±2684.270.505 0.004* 5009.37±2131.443608.38±2294.400.622 0.004*

Re-
operation

38(2.8%) 2(6.5%) 36(2.7%) 0.185 0.204 2(6.67%) 3(3.75%) 0.133 0.612

Cerebralvascular
accident

92(6.7%) 4(12.9%) 88(6.5%) 0.219 0.160 4(13.33%) 8(10%) 0.10 0.617

Postoperative
Renal
failure

195(14.1%) 5(16.1%) 190(14.1%) 0.056 0.748 5(16.67%) 16(20%) 0.086 0.692

Spinal
cord
injury

12(0.9%) 0(0.00%) 12(0.9%) 0.190 0.598 0(0%) 3(0.75%) 0.173 0.561

Postoperative
MI

53(3.8%) 3(9.7%) 50(3.7%) 0.246 0.087 3(10%) 3(3.75%) 0.254 0.342

Ventilation
time
(hours)

92.20±120.0193.25±87.65 92.18±120.680.009 0.961 95.70±88.06 94.73±111.830.009 0.966

ICU
length
of stay
(hours)

190.32±190.47143.87±92.65191.39±192.020.249 0.170 146.27±93.25210.89±160.490.444 0.011*

In hos-
pital
mortality

109(7.9%) 8(25.8%) 101(7.5%) 1.029 0.000* 8(26.67%) 8(10%) 0.442 0.027*

COPD (chronic obstructive pulmonary disease), LVEF (left ventricle ejection fraction), PCI (percutaneous
coronary intervention), APTT (activated partial thromboplastin time), pRBC (packed red blood cells), MI
(myocardial infarction), ICU (intensive care unit). * P<0.05 versus APT group, #, variables using in PS
matching.

Table 2. logistic regression analysis of in hospital mortality with PS matching patients

unadjusted Adjusted*
Odds ratio(95%CI) P-value Odds ratio(95%CI) P-value

Preoperative Antiplatelet therapy 4.294(1.873-9.845) 0.001 6.808(1.554-29.828) 0.011
Adjusted for aortic diameter, DHCA, nadir temperature,operative time, postoperative renal failure, stroke for PS matching data *Adjusted for aortic diameter, DHCA, nadir temperature,operative time, postoperative renal failure, stroke for PS matching data *Adjusted for aortic diameter, DHCA, nadir temperature,operative time, postoperative renal failure, stroke for PS matching data *Adjusted for aortic diameter, DHCA, nadir temperature,operative time, postoperative renal failure, stroke for PS matching data *Adjusted for aortic diameter, DHCA, nadir temperature,operative time, postoperative renal failure, stroke for PS matching data

Figure 1.

Figure 2

.
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