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ABSTRACT

Background: Acute type A aortic dissection (ATAAD) 
has a high risk of perioperative bleeding and often requires 
extensive blood product infusions. Analysis of the changes in 
coagulation and fibrinolysis is both helpful for proper treat-
ment and an improved prognosis. The present study investi-
gated the changes in the coagulation and fibrinolysis systems 
during the perioperative period of ATAAD.

Methods: Twenty-two patients with ATAAD were 
included in this study. After diagnosis, all patients under-
went ascending aorta replacement, aortic arch replacement, 
and implantation of a special stented endovascular graft. The 
control group included 25 patients undergoing elective aortic 
surgery. Baseline preoperative, intraoperative, and postopera-
tive data were collected in both groups. Venous blood sam-
ples of all subjects were collected at five time points, after 
admission (T1), before surgery (T2), after protamine reversal 
(T3), postoperative 6 h (T4), and postoperative 24 h (T5), 
measuring the concentrations of platelet factor 4 (PF4), pro-
thrombin fragment 1 + 2 (F1+2), tissue factor (TF), tissue 
factor pathway inhibitor (TFPI), plasminogen activator (PA), 
plasminogen activator inhibitor-1 (PAI-1) and thrombin anti-
thrombin complex (TAT) by enzyme-linked immunosorbent 
assays (ELISAs).

Results: The average age of the ATAAD group was 
49.9±12.5 years old, while that of the control group was 
57.0±12.1 years old. There were more patients with a smok-
ing history, and the cardiopulmonary bypass time, aortic 
cross-clamp time, and preoperative left ventricular ejection 
fraction were higher in the ATAAD group than in the control 
group (P < 0.05). Additionally, preoperative fibrin degrada-
tion products (FDP) and preoperative D-dimer were higher 
in the ATAAD group than in the control group (P < 0.05). 
However, time from onset to operation, intraoperative core 
temperature, preoperative B-type natriuretic peptide (BNP), 
and left ventricular end-diastolic diameter in the ATAAD 

group were lower than those in the control group (P < 0.05). 
In contrast, however, the proportion of abnormal bicuspid 
aortic valves in the control group was higher (P < 0.05). TF 
in the ATAAD group was significantly higher at T1 (7.9±3.7 
ng/mL versus 0.9±0.7 ng/mL, P < 0.05). The TFPI in the 
ATAAD group was higher than that in the control group at 
T1 and T2 (P < 0.05). Additionally, PA in the ATAAD group 
was higher than that in the control group at T1, T2, T3, and 
T5 (P < 0.05), while PA in the control group was significantly 
higher at T3 than at T1 (P < 0.05). There was no significant 
difference in PAI-1 between the two groups before surgery (P 
> 0.05). Nevertheless, both groups reached their peak value at
T3. The platelet count and fibrinogen (FBG) in the ATAAD
group decreased significantly from T1 to T2 and continued
to decrease after cardiopulmonary bypass. F1+2 and TAT in
the ATAAD group were higher than in the control group (P
< 0.05); however, they peaked at T3. The PF4 in the ATAAD
group slightly increased at T1, while PF4 at T3 was signifi-
cantly higher than at T1 (P < 0.05).

Conclusion: The changes in coagulation and fibrinolysis 
in the ATAAD group before surgery were very significant, 
which caused a large amount of fibrinogen and platelet con-
sumption. Cardiopulmonary bypass (CPB) and a lower intra-
operative core temperature exacerbated the coagulation and 
fibrinolysis disorder, and the pro-coagulant function of the 
platelets was activated after surgery. Maintaining the normal 
concentration of fibrinogen was helpful to correct the coagu-
lation function disorder.

INTRODUCTION

Acute type A aortic dissection (ATAAD) is the most seri-
ous, urgent, and life-threatening type of aortic disease, and it 
often requires surgical treatment to avoid cardiac tamponade 
or sudden death. Bleeding is a common and severe compli-
cation during the perioperative period. After the blood flow 
enters the false lumen through the endometrial rupture, it 
leads to consumption coagulopathy [Geirsson 2018]. With 
the impairment of deep hypothermic circulatory arrest 
(DHCA), bleeding complications seriously affect the survival 
of patients. It has been reported that 20% of hospital mor-
tality during the perioperative period of aortic dissection is 
related to coagulation [Zindovic 2015]. Postoperative bleed-
ing, blood product transfusions, and surgical reoperations 
for persistent bleeding are the most prevalent and severe 

The Heart Surgery Forum 2020-3503 
24(2), 2021 [Epub February 2021] 
doi: 10.1532/hsf.3503

Changes in Coagulation and Fibrinolysis Systems During the Perioperative Period 
of Acute Type A Aortic Dissection

Chu-zhi Zhou,1,2 Yan-zhen Li,2 Ya-lan Yan,1 Dong-jie Feng,1 Min-xin Wei,2 Jun-min Wen1

1Department of Critical Care Medicine ICU, Fu Wai Hospital, Chinese Academy of Medical Sciences, Shenzhen, Shenzhen, 
Guangdong, China; 2Graduate School of Tianjin Medical University, Tianjin, China

Received November 30, 2020; accepted January 5, 2021

Correspondence: Min-xin Wei, Graduate School of Tianjin Medical University, 
Tianjin, 300070, China (e-mail: 239196788@qq.com); Jun-min Wen, 
Department of Critical Care Medicine ICU, Fu Wai Hospital, Chinese 
Academy of Medical Sciences, Shenzhen, Shenzhen, Guangdong, China 
(e-mail: 1029013908@qq.com).

Online address: http://journal.hsforum.com



The Heart Surgery Forum #2020-3503

E224

complications encountered [Paparella 2011]. A study by Guan 
et al. has identified activation of the coagulation system and 
consumption coagulopathy after ATAAD surgery, but their 
study lacks clinical applicability [Guan 2016]. We selected 
a group of patients undergoing elective ascending aorta or 
aortic root surgery for comparison, and at the same time, we 
tested and compared the changes before, during, and after 
surgery. The objective of the present study was to explore the 
changes in coagulation, fibrinolysis, and platelet activation 
during the perioperative period of ATAAD.

MATERIALS AND METHODS

Design and participants: This study was designed as a sin-
gle-center prospective observational study comparing ATAAD 
patients with patients in a control group (referred to as the 
control group) who underwent ascending aorta or aortic root 
surgery under mild hypothermic cardiopulmonary bypass.

The inclusion criteria for the ATAAD patients included 
age ≥18 years old, ethics committee approval (Institutional 
Review Board File 201710), signed the clinical research 
informed consent, a clinically confirmed diagnosis (acute type 
A aortic dissection) by contrast-enhanced computed tomog-
raphy (CT) within 48 hours after its onset, and a surgical pro-
cedure performed under deep hypothermia circulatory arrest. 
The exclusion criteria for the ATAAD patients included 
patients with previous liver disease (congenital and acquired 
coagulopathy), those who had taken anticoagulant drugs and 
platelet inhibitors within seven days before the surgery, aortic 
intermural hematoma, and hybrid surgery patients.

The inclusion criteria for elective aortic surgery in the 
control group included age ≥18 years old, ascending aortic 
aneurysm (undergoing ascending aortic replacement), or 
aortic root replacement.

Surgical management: A median incision was performed 
under general anesthesia with tracheal intubation. Selective 
cerebral perfusion was achieved via arterial cannulation of 
the right axillary artery. The cardiopulmonary bypass proce-
dure started after the systemic heparinization (heparin dosage 
300 U/kg and maintaining ACT at more than 480 s). DHCA 
began when the nasopharyngeal temperature dropped to 20 
to 25 degrees Celsius. Our institutional preference for these 
patients is to perform aortic arch replacement with a graft with 
four branches, and a particular stented endovascular graft is 
implanted in the true lumen of the descending thoracic aorta. 
When the artificial four-branch blood vessel is connected, a 
catheter can be intubated to restore the perfusion of the lower 
half of the body. Two branches of the artificial endograft are 
anastomosed with the left common carotid artery and the left 
subclavian artery. After the blood oxygen saturation rises above 
85%, rewarming is started, and the proximal quadrant artery is 
then anastomosed. After completing the graft anastomosis for 
the two major aortic vessels, the ascending aorta is then incised 
to complete the procedure by anastomosing the innominate 
artery with the fourth endograft branch vessel. The lowest 
intraoperative core temperature averaged 24.7±0.5°C.

The procedures of the control group: A total of 15 cases 

of Bentall procedures, three cases of Wheat procedures, five 
cases of David procedures, and two cases of ascending aorta 
replacement procedures made up the control group. All pro-
cedures were performed under mild hypothermia (30.9±1.2) 
and cardiopulmonary bypass.

The transfusion of allogeneic blood during the periopera-
tive period in the study strictly adhered to the experts' consen-
sus on blood management of patients undergoing cardiovas-
cular surgery in our institution [Hu 2012]: When hemoglobin 
(Hb) is <80 g/L, Hb <60 g/L during CPB or there is clear evi-
dence of organ ischemia, red blood cells (RBCs) can be trans-
fused. When the platelet count is <50×109/L and there is a 
risk of bleeding, platelets (Plt) can be transfused. Fresh frozen 
plasma (FFP) can be infused when the prothrombin time 
(PT) is >1.5 times the normal value, or the absolute value is 
>17 s. FFP also can be infused when the international normal-
ized ratio (INR) and the activated partial thromboplastin time 
(APTT) are >1.6 and >2 times the normal value, respectively, 
combined with bleeding. Fibrinogen can be transfused when 
there is bleeding, massive blood transfusions, or FBG<1 g/L.

Indicators and methods: We collected the patient base-
line data, including gender, age, body mass index (BMI), 
history of hypertension, smoking history, time from onset 
to operation, preoperative PaO2/FiO2, hyperlipidemia, a 
history of stroke, chronic kidney disease, fibrin degradation 
products (FDP), D-dimer (D-dimer), CPB time, aortic cross-
clamp time, DHCA time, postoperative mechanical ventila-
tion time, and postoperative ICU stay time. At five different 
time points: After admission (T1), before surgery (T2), after 
protamine reversal (T3), postoperative 6 h (T4), and postop-
erative 24 h (T5), we monitored the Plt count, FBG, throm-
bin antithrombin complex (TAT), prothrombin fragment 1+2 
(F1+2), plasminogen activator (PA), plasminogen activator 
inhibitor-1(PAI-1), platelet factor 4 (PF4), tissue factor (TF), 
and tissue factor pathway inhibitor (TFPI).

Blood collection: Venous blood samples of all subjects 
were collected with sodium citrate anticoagulation tubes at 
five time points: After admission (T1), before surgery (T2), 
after protamine reversal (T3), postoperative 6 h (T4), and 
postoperative 24 h (T5). The venous blood samples were cen-
trifuged for 10 minutes at 3000 rpm. The supernatant was 
preserved at −80°C until analysis, when we measured the con-
centrations of TAT, F1+2, PA, PAI-1, PF4, TF, and TFPI by 
enzyme-linked immunosorbent assays (ELISAs).

Statistical analysis: All statistical analyses were performed 
using IBM SPSS software version 23.0 (IBM Corporation, 
USA). All measurement variables were expressed as the mean 
± standard deviation, while a normal distribution test was per-
formed. The comparison of measurement data conforming 
to a normal distribution between groups was performed by 
using a t-test. The rank-sum test was used for comparisons 
between groups that did not conform to the normal distribu-
tion. All count variables were described as the frequency and 
percentage, and comparisons between groups were carried 
out using the chi-square test. The measurement data from 
repeated measures were compared using repeated-measures 
analysis of variance. A P-value <0.05 was considered statisti-
cally significant.
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RESULTS

Baseline characteristics: From March 2018 to March 
2020, 22 patients were enrolled in the ATAAD group, while 
25 patients undergoing elective aortic surgery were assigned 
to the control group. The average age of the ATAAD group 
was 49.9±12.5 years, while the BMI was 25.7±2.5 kg/m2. The 
average age in the control group was 57.0±12.1 years old, 
while the BMI was 23.8±2.9 kg/m2. Notably, the time from 
onset to operation in the ATAAD group was short (3.8±1.6 
days versus 8.5±12.3 days, P < 0.05).

The proportion of the ATAAD group with a smoking 
history, and the cardiopulmonary bypass time, aortic cross-
clamp time, and preoperative left ventricular ejection fraction 
were higher than in the control group (P < 0.05). Routine 
test results before surgery showed that the concentrations of 
FDP and D-dimer in the ATAAD group were significantly 
higher than those in the control group (P < 0.05). The time 
from onset to operation, intraoperative core temperature, 

preoperative BNP, and left ventricular end-diastolic diameter 
in the ATAAD group were lower than those in the control 
group (P < 0.05). Nonetheless, the proportion of bicuspid 
aortic valve malformations in the control group was higher 
(P < 0.05). (Table 1)

Perioperative details: The ATAAD group experienced 
a longer CPB time (187.8±25.2 min), a longer aortic cross-
clamp time (124.4±24.4 min), and more intraoperative blood 
loss (2.0±0.5 L versus 1.1±0.6 L, P < 0.05), but the 24-hour 
chest tube output was, however, similar to that of the control 
group (445.2±211.1 ml versus 408.8±196.8 ml, P > 0.05). The 
blood product transfusions (plasma, packed red blood cells, 
fibrinogen, platelets) in the ATAAD group was higher than 
that in the control group (P < 0.05). In the present study, 
there were no in-hospital deaths in the ATAAD group, and 
there was no statistically significant difference in postopera-
tive complications (renal replacement therapy, stroke, and 
reoperation for bleeding) compared with the control group 
(P > 0.05). (Table 2)

Table 1. Baseline and surgical characteristics of the study population

Characteristics ATAAD group (N = 22) Control group (N = 25) P-value

Age (years) 49.9±12.5 57.0±12.1 0.516

Gender: male, n (%) 3(13.6%) 5(20%) 0.567

BMI (kg/m2) 25.7±2.5 23.8±2.9 0.429

History of hypertension, n (%) 15(68.2%) 11(44.0%) 0.100

History of smoking, n (%) 13(59.1%) 6(24.0%) 0.016

Bicuspid aortic valve, n (%) 0(0%) 5(20.0%) 0.009

DM, n (%) 1(4.5%) 2(8.0%) 0.541

Aortic regurgitation, n (%) 4 (18.2%) 7(28.0%) 0.184

PaO2/FiO2 (mmHg) 232±107.5 331.6±130.2 0.074

Hyperlipidemia, n (%) 1(4.5%) 2(8.0%) 0.500

History of stroke, n (%) 0(0%) 0(0%) 1.000

Chronic kidney disease, n (%) 0 (0%) 1 (4.0%) 1.000

COPD, n (%) 1 (4.5%) 0 (0%) 0.652

Onset to surgery (days) 3.8±1.6 8.5±12.3 0.001

CPB time (min) 187.8±25.2 130.6±39.5 0.036

Aortic cross-clamp time (min) 124.4±24.4 85.2±24.6 0.016

DHCA time (min) 20.4±4.3 0 0.000

Lowest core temperature (˚C) 24.7±0.5 30.9±1.2 0.001

LVEDD (mm) 48.4±10.1 55.6±12.2 0.143

Preoperative LVEF (%) 60.3±1.7 54.4±11.3 0.000

Preoperative NT-proBNP 515.3±110.3 1290.1±797.5 0.001

Preoperative D-dimer (mg/L) 12.9±7.5 0.6±0.4 0.000

Preoperative FDP (µg/mL) 54.4±17.2 2.4±2.3 0.000

BMI, body mass index; DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; DHCA, deep hypothermia circula-
tory arrest; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; NT-proBNP, N terminal pro B type natriuretic peptide
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Coagulation: Changes in the concentration of platelet 
counts, FBG, TAT, F1+2, PA, PAI-1, PF4, TF, and TFPI are 
shown in Table 3 and Figure 1. (Table 3) TF increased signif-
icantly at T1 in the ATAAD group (7.9±3.7 ng/mL), exceed-
ing that in the control group (0.9±0.7 ng/mL) (P < 0.05). 
At T3, TF in the two groups was significantly increased, 
and there was a significant difference compared with T1 in 
both groups, respectively (P < 0.05). TFPI was higher in the 

ATAAD group at T1 and T2 than in the control group (P < 
0.05), and there was no significant concentration change in 
T2, while TFPI in the control group was significantly higher 
at T3 than T1 (P < 0.05). PA was higher in the ATAAD group 
at T1, T2, T3, and T5 than that in the control group (P < 
0.05), while the concentration in the control group was sig-
nificantly higher at T3 than T1 (P < 0.05). There was no sig-
nificant differences in PAI-1 between the two groups [T1 and 

Table 2. Postoperative data of the two groups of patients

Variable ATAAD group (N = 22) Control group (N = 25) P-value

Intraoperative blood loss (L) 2.0±0.5 1.1±0.6 0.001

24 h postoperative drainage (ml) 445.2±211.1 408.8±196.8 0.163

FFP (ml) 304.5±345.3 329.8±125.3 0.665

Platelet concentrate (U) 19.1±6.8 5.0±3.1 0.001

Packed red blood cells (U) 2.3±2.1 1.1±0.5 0.021

Fibrinogen concentrate (g) 1.8±1.2 0.4±0.5 0.001

Mechanic ventilation time (hour) 38.0±26.5 22.6±29.3 0.576

Length of ICU (day) 6.5±4.9 5.3±2.7 0.106

Length of in-hospital (day) 27.5±12.2 26.1±12.3 0.695

RRT, n (%) 3(13.6%) 1(4.0%) 0.243

Postoperative stroke, n (%) 2(9.1%) 0(0%) 0.127

Reoperation for bleeding, n (%) 2(9.1%) 0 (0%) 0.127

In-hospital mortality, n (%) 0 (0%) 0 (0%) 1.000

FFP, fresh frozen plasma; RRT, renal replacement therapy

Table 3. Changes of TF, TFPI, PA and PAI-1 during the perioperative period

Variable Group T1 T2 T3 T4 T5

TF (ng/mL)

ATAAD 7.9±3.7 5.9±4.7 15.0±5.1# 14.4±3.7# 13.7±2.7#

Control 0.9±0.7* 1.9±1.1* 5.5±1.6*▲# 6.5±2.5*# 4.0±1.7*#

TFPI (ng/mL)

ATAAD 149.3±59. 141.5±65.43 163.7±64.7 147.3±62.7 143.0±67.7

Control 90.5±16.6 92.8±21.2* 122.5±26.7# 142.0±29.1 142.9±11.4

PA (ng/mL)

ATAAD 9.5±3.2 9.8±3.4 9.9±4.1 9.3±3.5 9.8±3.7

Control 1.6±0.3* 2.6±1.4* 5.9±1.1*▲# 7.8±1.6# 3.8±0.7*

PAI-1 (ng/mL)

ATAAD 33.7±7.4 35.0±9.5 49.4±9.1▲# 37.6±6.4▲ 37.5±5.9

Control 37.2±5.1 36.6±4.5 47.8±8.6▲# 38.1±6.3▲ 34.8±8.0

Comparison between the two groups, * indicates P < 0.05; comparison with previous time point intragroup, ▲ indicates P < 0.05; Compared with the T1 intra-
group, # indicates P < 0.05
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Figure 1. Box plots illustrating the levels of platelet, fibrinogen, TAT, F1+2, PF4; T1, after admission, T2, before surgery, T3, after protamine reversal, T4, 6 
hours after surgery, and T5, 24 hours after surgery. NOTE: Comparison between groups, * showed P < 0.05; Comparison intragroup, # showed P < 0.05.
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T2 (P > 0.05)], but the concentration in both groups reached 
a peak at T3.

In the ATAAD group, the Plt count and FBG decreased 
significantly from T1 to T2 and it continued to decrease 
after cardiopulmonary bypass. The concentration gradually 
increased after T4, although it rebounded slightly in both 
groups. The Plt count was still lower at T5 relative to T2. 
The concentration of F1+2 in the ATAAD group was signifi-
cantly higher than that in the control group at T1 (P < 0.05). 
The concentration of F1+2 decreased gradually from T1 to 
T2 in both groups (P < 0.05), while it increased from T2 to 
T3 (P < 0.05). The change of TAT was similar to F1+2. PF4 
in the ATAAD group increased slightly at T1, while it was 
significantly higher at T3 than T1 (P < 0.05). (Figure 1)

DISCUSSION

After the intimal tear of acute aortic dissection, the blood 
flow enters the false aortic lumen without endothelial cov-
erage. The blood comes into contact with the subcutaneous 
collagen and the epigastric aortic membrane, and the tissue 
factors are released, presenting clinical manifestations of 
consumption coagulopathy [Cate 1975; Liu 2017]. This pro-
spective observational study, using a control group of patients 
undergoing elective aortic surgery, confirmed that the coagu-
lation and fibrinolysis systems were significantly activated 
before surgery, and cardiopulmonary bypass and hypothermia 
aggravated the disorders of coagulation and fibrinolysis.

Due to the exposure to collagen, subcutaneous tissue factor is 
released, and the aortic middle smooth muscle cells also secrete 
tissue factor. Then, the TF activates the system of coagulation, 
characterized by an increased concentration of TAT and F1+2 
at T1, and the concentrations of D-dimer and FDP also were 
significantly higher than the normal range. These variables 
were all in the normal range in the control group.

We observed that after the destruction of the endothelial 
cells in the aortic intimal, a large amount of TF was released 
(7.9±3.7 ng/mL). Moreover, TF is the most effective catalyst 
for the exogenous coagulation cascade reaction, which would 
promote the formation of a thrombus in the false lumen [Gao 
2019]. The concentrations of platelets and fibrinogen in the 
ATAAD group at T1 were slightly lower than those in the con-
trol group, but there was no significant difference between the 
two groups. However, the significant decrease in the concentra-
tions of platelets and fibrinogen from T1 to T2 indicated that an 
increased consumption of clotting substrates (P < 0.05) and the 
coagulation reaction in vivo continued under the trigger of TF. 
The changes of F1+2, TAT, TF and PF4 from T1 and T2, i.e., 
the concentrations of F1+2, TAT, TF, and PF4, decreased in the 
ATAAD group from onset to preoperation (3.8±1.6 days). The 
resultant changes indicated that coagulation and platelet activa-
tion started the coagulation cascade at the onset of the disease; 
however, it consumed a large amount of coagulative factors.

Nonetheless, this effect gradually slowed down to a new 
steady state. The observed changes also are consistent with 
published reports in the literature [Suzuki 2009]. After surgery, 
the ATAAD patients underwent extracorporeal circulation, 

especially under the influence of DHCA, which showed an 
amplification effect on the production of thrombin and fibrino-
lytic enzymes. TF, TAT, F1+2, and PA were again increased at 
T3. We also observed that the concentration of TFPI and PAI-1 
in the perioperative period (from T1 to T5) changed very little, 
and there was no significant difference between the two groups. 
The above-observed changes, however, showed that the antico-
agulation and anti-fibrinolysis functions of the ATAAD patients 
were simultaneously activated. However, the concentrations of 
TFPI and PAI-1 were inhibited, and their coagulative reactions 
and fibrinolytic concentrations were not increased.

After the endometrial tears of the ATAAD patients, TF was 
released in large quantities and the coagulation cascade reaction 
was initiated, generating a large amount of thrombin with the 
release of F1+2 at the same time. Thrombin acts on FBG to 
produce fibrin, which further interacts with activated platelets to 
promote the formation of thrombosis in the false lumen [Stevic 
2011]. To balance the hypercoagulability state, the plasminogen 
activator will activate plasminogen to produce plasmin, which 
then degrades fibrin and FBG into FDP and D-dimer, named 
secondary hyperfibrinolysis. In addition, the body also will com-
bine its antithrombin with thrombin to produce TAT and TFPI 
to inhibit the exogenous coagulation pathway. In addition, to 
prevent excessive fibrinolysis, vascular endothelial cells synthe-
size and release PAI-1 to achieve the effect of inhibiting PA.

The ATAAD patients were in a contradictory state of sys-
temic upregulated coagulation and fibrinolysis, which were 
inhibited by increased levels of TFPI and PAI-1. The coagu-
lation and fibrinolysis systems were upregulated after onset 
in the ATAAD group; however, the increasing levels of TFPI 
and PAI-1 are not sufficient to completely compensate for the 
rapid increase in the concentration of thrombin and plasmin-
ogen activator, leading to upregulated levels of blood coagu-
lation and fibrinolysis in ATAAD patients.

The activation of the coagulation system simultaneously 
activates platelet function, leading to platelet depletion. The 
platelet count decreased significantly in the ATAAD group 
before and during the operation, and the degree of throm-
bocytopenia has proven to affect the prognosis of ATAAD 
patients after surgery [Guan 2016]. In addition, the process of 
extracorporeal circulation also leads to platelet consumption 
and activation [Paparella 2006]. Hypothermia during ATAAD 
surgery affects platelet activation and aggregation, as well as 
reversible thrombocytopenia caused by the liver and spleen 
[Van Poucke 2016]. Thrombin production is synchronous 
with thrombocytopenia, which is the most prominent factor 
causing platelet activation in vivo [Edmunds 2006]. The pres-
ent study highlighted a trend of decreased platelet count in 
patients with ATAAD before and during the operation, which 
was substantially significantly different from that in the con-
trol group. There was a significant difference between the 
ATAAD group and the control group at T3, indicating that 
the decreased platelet count was associated with extracorpo-
real circulation and the degree of hypothermia. Thrombocy-
topenia also increases the transfusion of platelets and packed 
red blood cells. In the present study, we measured the concen-
tration of PF4, which reflects the degree of platelet activation. 
The results showed that the active function of platelets as 
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reflected by PF4 increased after T3, which was also observed 
in the control group. These results showed that the coagu-
lation ability of platelets was enhanced and not affected by 
the hypothermia. Previous research concluded that a higher 
concentration of PF4 may be related to the biological incom-
patibility, shear stress from the blood flow, heparin, and other 
reasons during CPB [Gupta 2009].

The concentration of fibrinogen in the ATAAD group had 
been significantly reduced before surgery, and the concen-
tration of D-dimer was significantly higher than that of the 
control group before surgery. However, the concentration of 
fibrinogen at T3 in both groups was significantly lower than 
that at T1, especially in the control group, indicating many 
fibrinogen consumptions during surgery. A low concentra-
tion of fibrinogen at admission is considered an independent 
predictor of in-hospital mortality in patients undergoing 
ATAAD surgery [Liu 2018]. Notably, the hemostatic function 
and fibrinogen are markers of systemic reactions in the acute 
phase. After surgery, the concentration of fibrinogen was sim-
ilar between the two groups, but the transfusion of fibrinogen 
in the ATAAD group was significantly higher than that in the 
control group. This suggests that there is still a continued 
fibrinogen consumption in ATAAD patients after surgery, 
possibly due to persistent thrombosis in the false lumen.

In summary, it was observed that the postoperative platelet 
count in the ATAAD group was significantly lower than that 
before surgery. However, if an appropriate concentration of 
fibrinogen is correctly maintained within the normal range, 
there will be no significant difference in the incidence of 
reoperations for bleeding and the volume of 24 h postopera-
tive drainage compared with the control group. Fibrinogen 
plays a crucial role in the final formation of clots [Solomon 
2011], and studies also have shown that increasing the fibrin-
ogen concentration can compensate for the damaged plate-
let function [Velik-Salchner 2007]. The importance of an 
early fibrinogen infusion to correct coagulation disorders is 
also highlighted in the European guidelines [Schochl 2011]. 
Therefore, maintaining a normal fibrinogen range becomes 
an essential experience in correcting coagulation disorders in 
the ATAAD group after surgery.

The cardiopulmonary bypass process can cause blood dilu-
tion, a decreased platelet count, decreased coagulation fac-
tors, and a decreased fibrinogen concentration [Cate 1975], 
which also can be observed in the present study. Simultane-
ously, FDP and plasmin anti-plasmin complex (PAP) were 
both increased [Linden 2003].

Additionally, the influence of a low temperature can be 
seen between the two groups. The ATAAD group had a con-
siderable influence of DHCA compared to the mild influence 
of the hypothermia observed in the control group. As shown 
in Table 3 and Figure 1, we observed an interesting phenom-
enon where F1+2, PA, and TAT increased from T2 to T3 in 
the control group compared with the ATAAD group. A lower 
temperature would slow down the coagulation cascade reac-
tion, decrease enzyme activities [Hardy 2004], and impair the 
function of the von Willebrand factor (vWF) [Van Poucke 
2014]. Even if the clotting factor level is normal, lower tem-
peratures can cause coagulation dysfunction.

Changes in the coagulation system in both groups were 
not completely reversed after CPB. This further shows that 
CPB or hypothermia has a nonheparin-dependent deleteri-
ous effect on coagulation and fibrinolysis, which was more 
apparent in the ATAAD group compared with the control 
group. In the present study, intraoperative blood loss was sig-
nificantly increased in patients undergoing ATAAD surgery, 
while postoperative blood loss and the postoperative inci-
dence of reoperations for bleeding did not differ between the 
groups. Nonetheless, the differences may be attributed to the 
fact that ATAAD patients received more fibrinogen, platelets, 
and plasma infusions. Notably, patients undergoing antico-
agulant and dual antiplatelet therapy were excluded from this 
study, which might have ruled out a population of patients at 
a considerably increased risk of bleeding.

Study limitations: In the present study, the data of the two 
groups were not identical at baseline, and they had different 
surgical parameters. There was no strictly standardized blood 
coagulation management. Additionally, the control group had 
no aortic dissection. In addition, the ATAAD patients had a 
lower intraoperative core temperature and a DHCA proce-
dure, both of which would be expected to significantly affect 
the blood coagulation system. Since anticoagulant or anti-
platelet therapy may be required 24 hours after surgery in 
both groups, to avoid interfering with the changes, we only 
observed the process of coagulation, fibrinolysis and platelet 
activation up to 24 hours after surgery.

CONCLUSION

The changes in the coagulation and fibrinolysis system in 
patients with ATAAD before surgery were significant, leading 
to the massive consumption of fibrinogen and platelets. Cardio-
pulmonary bypass and a lower intraoperative core temperature 
exacerbated the disorder of the coagulation and fibrinolysis, 
and the procoagulant function of platelets was activated after 
surgery. Maintaining a normal concentration of fibrinogen was 
helpful to correct the disorder of the coagulation function.
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