
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(7):4006-4016jtd.amegroups.com

Original Article

Changes in coagulation factor XII and its function during 
aortic arch surgery for acute aortic dissection—a prospective 
observational study

Jiachen Li1,2,3,4#, Xinliang Guan1,2,3,4#, Ou Liu1,2,3,4, Xiaolong Wang1,2,3,4, Yuyong Liu1,2,3,4, Haiyang Li1,2,3,4, 
Feng Lan2,3,4, Ming Gong1,2,3,4, Hongjia Zhang1,2,3,4

1Department of Cardiac Surgery, Beijing Aortic Disease Center, Beijing Anzhen Hospital, Capital Medical University, Beijing 100069, China; 
2Beijing Institute of Heart Lung and Blood Vessel Diseases, Beijing 100029, China; 3Beijing Lab for Cardiovascular Precision Medicine, Beijing 

100029, China; 4Beijing Engineering Research Center of Vascular Prostheses, Beijing 100069, China

Contributions: (I) Conception and design: H Zhang, M Gong; (II) Administrative support: L Sun, J Zhu , Y Liu, F Lan; (III) Provision of study 

materials or patients: X Wang, Y Liu, H Li, O Liu; (IV) Collection and assembly of data: J Li, X Guan; (V) Data analysis and interpretation: J Li, X 

Guan; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Hongjia Zhang; Ming Gong. Department of Cardiovascular Surgery, Beijing Anzhen Hospital, Capital Medical University, Beijing 

Institute of Heart Lung and Blood Vessel Diseases, Beijing Aortic Disease Center, Beijing Lab for Cardiovascular Precision Medicine, and Beijing 

Engineering Research Center of Vascular Prostheses, No. 2 Anzhen Street, Chaoyang District, Beijing 100029, China. Email: hongjia722@outlook.com; 

gongming817@hotmail.com.

Background: Changes in the intrinsic coagulation pathway during aortic arch surgery in patients with 
acute aortic dissection (AAD) have not yet been reported. The aim of this study is to describe the changes in 
intrinsic coagulation factor XII, explore its function and find a new target for the treatment of coagulopathy 
during surgery.
Methods: Eighty-eight patients undergoing emergent surgery for AAD were enrolled. Changes in the 
intrinsic and extrinsic coagulation pathways were evaluated at 5 different timepoints during the perioperative 
period by measuring intrinsic coagulation factor XII, extrinsic coagulation factor VII and some intrinsic 
upstream stimulating factors. The 88 patients were also divided into two groups according to whether 
reoperation for coagulopathy was required after surgery.
Results: Both coagulation factors XII and VII demonstrated a significant and similar change during the 
perioperative period. These factors decreased significantly during hypothermia circulation arrest (P<0.001) 
and recovered to normal levels by 24 hours after surgery. Among the intrinsic upstream stimulating factors, 
bradykinin (BK) demonstrated a similar changing trend with coagulation factors XII and VII, while other 
stimulating factors did not. However, compared with factor VII, factor XII demonstrated a greater decline 
during surgery. The proportion of decline of factor XII from anesthesia induction to hypothermia circulation 
arrest was 42%, whereas the proportion of decline of factor VII during the same period was 20% (P<0.001). 
Moreover, factor VII recovered to preoperative levels 4 hours after surgery with a relatively faster speed 
(P<0.001) while factor XII had not recovered (P=0.010). The independent t-test and Wilcoxon test showed 
that coagulation factor XII levels during hypothermia circulation arrest (P=0.002), total dosage of fibrinogen 
(P=0.027), total dosage of packed red blood cells (PRBCs) (P=0.006) and total dosage of fresh frozen plasma 
(FFP) (P=0.022) during the perioperative period were significantly different between the patients who did 
or did not require reoperation for coagulopathy. Multivariable logistic regression analysis suggested that 
the factor XII level during hypothermia circulation arrest was an independent risk factor for reoperation for 
coagulopathy [odds ratio (OR): 1.342, 95% confidence interval (CI): 1.058–1.570; P=0.012]. 
Conclusions: Factor XII levels are more influenced by surgery and require a longer period of time to 
recover to preoperative levels compared with factor VII, and the level of factor XII during hypothermia 
circulation arrest might be an independent risk factor for reoperation for coagulopathy. Therefore, 
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Introduction

Patients who suffer from acute aortic dissection (AAD) 
involving the ascending aorta (type A, according to the 
Stanford classification) require urgent surgical treatment 
to avoid sudden death and serious complications (1). 
However, the complex surgical methods and long 
operating time associated with this treatment can result in 
bleeding due to the coagulopathy that is associated with 
cardiopulmonary bypass (CPB) and moderate hypothermia 
circulation arrest (MHCA). Therefore, aortic surgery is 
associated with several complications, resulting in a worse 
prognosis compared with other cardiac surgeries (1). 
Many studies have focused on changes in the coagulation 
system during the perioperative period by monitoring key 
elements including platelets, thrombin and fibrinogen, and 
these studies have achieved definitive results (2,3). The 
extrinsic pathway protein factor VII has been proven to be 
an important clotting element, and its synthetic biological 
agent has also been applied in the clinic with tangible 
effects (4,5). 

The intrinsic coagulation pathway, despite being an 
important part of the coagulation system, has not received 
enough attention with regard to this disease. The intrinsic 
coagulation pathway includes initiating factor XII, two 
intermediate factors, XI and IX, and other upstream 
stimulating factors such as prekallikrein (PK), bradykinin 
(BK) and high-molecular-weight kininogen (HMWK). 
In a signaling cascade, factor XI is stimulated by factor 
XII, which then activates factor IX and other coagulation 
pathway proteins (6,7). Our present study aims to describe 
changes in the intrinsic coagulation pathway during the 
perioperative period, to investigate whether the pathway is 
activated during aortic dissection surgery, and to identify 
a new target for the treatment of coagulopathy during 
the perioperative period that might reduce hemorrhage-
related complications and required blood transfusions. To 
achieve this goal, we measured relative biomarkers of the 

coagulation system using enzyme-linked immunosorbent 
assays (ELISA) and standard laboratory tests.

Methods

Study population

We continuously recruited 152 patients who were clinically 
proven by CT scan to have acute Stanford type A AAD and 
who underwent emergency aortic arch surgery involving 
MHCA at our institution from January 2014 to September 
2015. Patients who were pregnant or who had congenital or 
acquired coagulative disorders, liver disease, previous cardiac 
surgical history, stroke or myocardial infarction within 
two months before the surgery, those who were on dialysis 
or diagnosed with sepsis, who used oral anticoagulant or 
antiplatelet treatment within one week before the surgery, 
or those who had used human recombinant coagulation 
factor VII during the perioperative period were excluded. 
All aortic arch replacements with or without aortic valve 
replacement were eligible for inclusion in our study. With 
the inclusive and exclusive criteria above, 88 patients were 
finally enrolled in a consecutive basis.

Study design

In this single-center prospective study, we analyzed the 
standard laboratory test results and biomarkers of the 
intrinsic and extrinsic coagulation pathways in 88 patients 
who underwent aortic arch surgery. All surgical procedures 
were performed by a single surgeon (X.L.W.). The Ethics 
Committee at the Anzhen Hospital approved the study 
protocol (Institutional Review Board File 2014019), and 
consent was obtained from the patients or their relatives. 
The primary endpoint of this study was to evaluate the state 
of the intrinsic coagulation pathway at hospital admission, 
during the operation, and in the postoperative period 
among patients with AAD.

supplementation of coagulation factor XII and its upstream stimulating factors might be a promising 
therapeutic modality in the future.
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Surgical procedures

Standard  anesthet ic  management  was  used  wi th 
endotracheal intubation. The procedures were performed 
via a median sternotomy. The right axillary artery was used 
for arterial cannulation, and the right atrium was cannulated 
with a single atriocaval cannula. A left ventricular drain 
was inserted through the right upper pulmonary vein. 
After systemic heparinization (300 U/kg bodyweight 
and maintaining an activated clotting time longer than  
480 seconds),  CPB was established. During CPB, 
temperature-adjusted flow rates of 2.5 L/(min·m2) were 
used, and the mean arterial pressure was generally 
maintained between 50 and 70 mmHg. Our institutional 
preference was to perform total arch replacement using a 
tetrafurcate vascular graft combined with the implantation 
of a specific stented graft into the descending aorta. Right 
axillary arterial cannulation for antegrade cerebral perfusion 
[5–15 mL/(kg·min)] has been previously performed in our 
hospital. Our policy was to completely excise the primary 
tear based on the extent of disruption in each case. The 
arch was explored under MHCA at a nasopharyngeal 
temperature between 19 and 26 ℃. After completing the 
distal anastomosis, CPB was reinstituted, and the patient 
was gradually rewarmed to a normal temperature after 
a 5-minute period of cold reperfusion for free radical 
washout. Proximal anastomosis was then performed.

Blood samples and coagulation assays

To examine the effects of aortic dissection and surgery 
on the activation of intrinsic coagulation factors, blood 
samples were obtained from all participants at five different 
timepoints as follows: anesthesia induction (T1), lowest 
nasopharyngeal temperature (T2), protamine reversal 
(T3), 4 hours after surgery (T4) and 24 hours after surgery 
(T5). The first 5 mL of blood drawn was discarded to 
eliminate the dilution effect of the saline. The sample was 
stored in a citrated blood collection tube. Blood was taken 
from the central venous catheter or peripheral vein and 
anticoagulated with sodium citrate to measure coagulation 
factors. Blood samples were centrifuged for 15 minutes 
at 3,500 rpm at 4 ℃ and frozen at −80 ℃ until they were 
assayed. White blood cells, hemoglobin, hematocrit, platelet 
count and fibrinogen concentration were assayed using an 
automated blood coagulation analyzer. Activation of the 
intrinsic and extrinsic coagulation pathways was assessed 
using the ELISA technique. Activation of the intrinsic 

coagulation pathway was evaluated by assessing the levels of 
coagulation factor XII (FXII; normal range: 55–95 U/mL), 
activated factor XII (FXIIa; normal range, 600–1200 U/L) 
and other intrinsic upstream stimulating factors, including 
PK (PK; normal range, 480–600 pg/mL), BK (BK; normal 
range, 4.0–6.0 ng/mL) and HMWK (HMWK; normal 
range, 8.5–12.0 µg/mL). The levels of factor VII (FVII; 
normal range, 3.37–5.50 IU/mL) and activated factor VII 
(FVIIa; normal range, 2.23–3.87 IU/mL) were assayed as 
markers of the extrinsic coagulation pathway. All ELISAs 
were performed twice, and the mean value was used for 
analysis.

Statistical analysis

Data were presented as the mean ± standard deviation 
(SD) for continuous data with a normal distribution, as the 
median (25th percentile, 75th percentile) for continuous 
data with a non-normal distribution, or as a number and 
percentage for categorical values. Differences between 
time points were analyzed using analysis of variance with 
repeated measures. Differences between two groups within 
the same timepoint were analyzed using the independent 
t-test, the Wilcoxon test and Pearson chi-square test for 
continuous data with a normal distribution, continuous data 
with a non-normal distribution and count data, respectively. 
Multivariable logistic regression was used to analyze 
independent risk factors. Statistical significance was defined 
as P<0.05 using two-tailed distributions. All statistical 
analyses were performed using computer software (SPSS 
22.0, SPSS, Inc., Chicago, IL, USA).

Results

Patients grouping situation

Eighty-eight patients were divided into two groups 
according to whether underwent reoperation for 
coagulopathy after the emergency surgery. Of all the 12 
patients who underwent reoperation for bleeding, 10 
patients underwent reoperation because of coagulopathy, 
the other two patients underwent reoperation because of 
retrosternal active hemorrhage. The following criterion of 
reoperation was used: the 200 mL/h postoperative drainage 
lasting for 4–6 hours; 1,500 mL postoperative drainage 
in 12 hours; the postoperative pericardial tamponade, 
including unstable circulation fluctuated with breathing, 
poor peripheral circulation, high CVP and oliguria or 
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anuria, and low systolic pressure and pulse pressure that 
could not be effectively managed by inotropic therapy.

Baseline characteristics

The majority of the patients with AAD had chest pain 
(95%) as the predominant preoperative symptom. Among 
all the patients, 75% were diagnosed with hypertension, 
and most of the patients had blood pressure that was 
difficult to control. All patients were admitted within 14 

days of AAD onset with an average duration of 48 hours 
[25–75% interquartile range (IQR), 24–168 hours]. Routine 
preoperative assays demonstrated that patients with AAD 
had very high D-dimer levels and increased white blood 
cell counts. Other important baseline characteristics of the 
patients from the two groups are depicted in Table 1.

Details of the perioperative period

Overall, with the exception of two patients who underwent 

Table 1 Preoperative clinical characteristics according to study groups

Variables
Acute type A aortic dissection (n=88)

P
Group 1 (n=10) Group 2 (n=78)

Age, year 50.9±14.2 48.1±10.9 0.459

Weight, kg 78.2±21.0 75.9±14.1 0.640

Male 6 (60%) 56 (72%) 0.442

Hypertension 8 (80%) 58 (74%) 0.698

Diabetes mellitus 1 (10%) 2 (3%) 0.222

Bicuspid aortic valve 1 (10%) 1 (1%) 0.082

Previous cerebral infarction 2 (20%) 4 (5%) 0.079

Coronary artery disease 1 (10%) 5 (6%) 0.672

Smoking history 4 (40%) 32 (41%) 0.950

Alcoholism 1 (10%) 12 (15%) 0.651
a
Creatinine, mg/dL 77.2 (61.8, 96.2) 79.5 (64.9, 96.4) 0.528

a
Admission TnI, ng/mL 0.01 (0.00, 0.03) 0.02 (0.00, 0.08) 0.112

a
AST, U/L 20.5 (18.8, 23.5) 24.0 (18.0, 36.3) 0.298

Aortic root size, mm 43.1±7.2 41.1±9.0 0.504

Ascend aorta size, mm 45.2±8.5 45.9±7.4 0.773

LVEDD, mm 52.0±8.3 50.4±7.6 0.531

LVEF, % 61.9±5.6 62.6±6.2 0.735

Cardiac tamponade 3 (30%) 20 (26%) 0.887

White blood cells, 103/μL 9.59±5.05 10.85±3.95 0.363

Hemoglobin (g/dL) 134.40±18.54 137.03±18.16 0.669

Platelet, 103/uL 182.70±55.18 179.72±72.99 0.901
a
D-dimers, ng/mL 1,096.0 (352.0, 4,187.0) 1,085.5 (590.5, 2,593.8) 0.979

a
FDP, mg/L 18.3 (4.2, 41.5) 15.1 (5.9, 32.9) 0.930

Values are mean ± SD, n (%), or 
a 

median
 
(25

th
 percentile, 75

th
 percentile). Group 1, the patients who underwent reoperation for 

coagulopathy after the emergency surgery for acute aortic dissection; Group 2, the patients who did not undergo the reoperation. AST, 
Aspartate transaminase; FDP, fibrinogen degradation product; LVEDD, left ventricular end-diastolic dimension; LVEF, Left ventricular 
ejection fraction; SD, standard deviation; TnI, troponin I. 
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Wheat’s (ascending aorta and aortic valve replacement 
with a reserved autologous aortic sinus) or David (aortic 
root replacement with a reserved aortic valve) surgery, the 
vast majority of patients underwent composite graft or 
ascending replacement with total arch replacement using a 
tetrafurcate vascular graft combined with implantation of a 
specific stented graft into the descending aorta. As expected, 
patients with AAD required a longer duration of surgery 
(7.9±1.7 hours), longer duration of CPB [208 minutes 
(25–75% IQR, 107–456 minutes)] and longer aortic cross 
clamp time (131.1±31.5 minutes in Group 1 & 122.0± 
45.3 minutes in Group 2) (Table 2) compared with other 
cardiac surgeries. The average time of MHCA was 29.0± 
9.7 minutes in Group 1 & 27.7±10.1 minutes in Group 2  
(Table 2), and all surgeries were performed by a single 
surgeon. Among all the patients who were included in our 
study, 9 patients died because of various complications (the 
in-hospital mortality was 10.3%), and the mean length of 
stay in the ICU was 6.9 days. Fourteen patients (15.9%) 
suffered from uncontrollable sepsis, 19 patients (21.6%) 
suffered respiratory failure of different degrees, 18 patients 
(20.5%) underwent postoperative dialysis, and postoperative 
cerebral infarction or hemorrhage was observed in 8 
patients (9.1%). Furthermore, patients with AAD had high 
rates of postoperative bleeding and blood transfusions. 
Twelve patients (13.6%) required reoperation for bleeding, 
including ten patients (11.4%) who required reoperation 
for coagulopathy, and two patients (2.2%) who received 
reoperation because of retrosternal active hemorrhage. 
The intraoperative blood loss was 1,400 mL and the total 
postoperative drainage was 2,240 mL. The total dosage of 
packed red blood cells (PRBCs) was 900 mL during the 
perioperative period, and the total dosage of fresh frozen 
plasma (FFP) was 400 mL. The total dosage of platelet 
concentrate was (PC) 1.0 IU (1.0 IU PC approximately 
equals 250 mL). The total dosage of fibrinogen was 2.0 g, 
the total dosage of prothrombin complex was 800 IU, the 
total dosage of protamine was 500 mg, and the total dosage 
of heparin was 240 mg. Other detailed information of the 
two groups during surgery are described in Table 2.

Standard laboratory tests

The results of standard laboratory tests are shown in Table 3.  
Preoperative routine assays demonstrated that white blood 
cells, hemoglobin, hematocrit, and platelet counts were 
significantly decreased compared with baseline values 
(P<0.01) during CPB. White blood cells recovered to a 

similar level compared with preoperative measurements 
within 24 hours after surgery. However, hemoglobin, 
hematocrit, and platelet counts remained at low levels for 
24 hours after surgery (P<0.01). In this study, all patients 
exhibited hypofibrinogenemia, and their fibrinogen levels 
frequently decreased to <1.5 g/L during CPB. After 
hemostatic therapy, the fibrinogen level increased gradually 
and returned to baseline values within 24 hours after surgery. 

Coagulation tests

The intraoperative blood loss (P=0.008) and total 
postoperative drainage (P=0.016) between the two groups 
were significantly different, which was reasonable according 
to the grouping. The level of coagulation factor XII at T2 
(P=0.002), the total dosage of fibrinogen (P=0.027), the 
total dosage of PRBCs (P=0.006) and the total dosage of 
FFP (P=0.022) during the perioperative period showed 
significant differences between the two groups (Table 2).

Factor XII, which is the core element of the intrinsic 
coagulation pathway, remained within a normal range 
before the operation. During MHCA, this  factor 
dramatically dropped to a low level and gradually recovered 
to preoperative levels within 24 hours (P<0.001) (Figure 1A).  
Activated factor XII was also measured in our experiment, 
and it demonstrated a significantly gradual activating state 
(P<0.001) (Figure 1B). Meanwhile, factor VII, which is part 
of the extrinsic coagulation pathway, showed changes similar 
to factor XII, but it showed less of a decline during MHCA 
and recovered to a level above preoperative levels within 
four hours after surgery (P<0.001) (Figure 1C). Activated 
factor VII increased until the end of CPB, and within  
24 hours after surgery, it showed a gradual decline (P<0.001) 
(Figure 1D). The preoperative level of BK was lower than 
the normal range and reached its lowest level during 
hypothermic circulatory arrest then gradually increased 
above preoperative levels and finally returned to the normal 
range 4 hours after surgery (P<0.001) (Figure 1E). Other 
stimulating factors, including PK, HMWK and histone-
DNA-complex, did not show a significant change during 
surgery (P>0.05). Compared with factor VII, intrinsic 
coagulation factor XII demonstrated a higher proportion of 
decline during the operation (its proportion of decline from 
T1 to T2 was approximately 42%, while the proportion of 
decline from T1 to T2 for factor VII was approximately 
20%, P<0.001). Moreover, factor XII underwent an intense 
reduction from T1 to T3, followed by a gradual increasing 
trend; however, it still did not return to preoperative levels 
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Table 2 Surgical procedures and postoperative data

Variables
Acute type A aortic dissection (n=88)

P
Group 1 (n=10) Group 2 (n=78)

Operation time, hr 8.6±2.1 7.9±1.7 0.232

CPB time, min 219.1±55.2 206.4±55.3 0.517

Aortic cross clamp time, min 131.1±31.5 122.0±45.3 0.538

MHCA, min 29.0±9.7 27.7±10.1 0.697

Lowest CPB temperature, ℃ 23.0±1.9 22.8±1.9 0.815
a
Intraoperative blood loss, mL 1,700 (1,375, 2,000) 1,250 (1,000, 1,600) 0.008

a
Total postoperative drainage, mL 4,250 (2,533, 7,060) 2,170 (1,230, 3,555) 0.016

a
Total PRBCs, mL 2,700 (1,125, 3,825) 675 (600, 1,424) 0.006

a
Total FFP, mL 1,200 (400, 1,550) 400 (50, 800) 0.022

a
Total PC, mL 1.00 (0.25, 4.75) 0.25 (0, 1.75) 0.259

a
Total fibrinogen, g 2.00 (2.00, 2.88) 2.00 (1.00, 2.00) 0.027

a
Total prothrombin complex, IU 800 (600, 950) 800 (100, 800) 0.307

a
Total protamine, mg 500 (412.5, 612.5) 500 (400, 500) 0.565

a
Total heparin, mg 200 (152, 280) 240 (200, 260) 0.438

Coagulation factor XII of T1, U/mL 100.51±13.02 93.80±14.61 0.171

Coagulation factor XII of T2, U/mL 47.63±5.66 55.87±7.93 0.002

Coagulation factor VII of T1, IU/mL 4.75±0.32 4.73±0.38 0.876

Coagulation factor VII of T2, IU/mL 3.91±0.32 3.78±0.55 0.472

Hemoglobin of T1, g/dL 134.4±18.5 137.0±18.2 0.669

Hemoglobin of T2, g/dL 74.6±12.7 77.3±15.5 0.589

Platelet count of T1, 103/μL 187.2±55.2 179.7±73.0 0.901

Platelet count of T2, 103/μL 60.7±28.0 71.8±39.2 0.393

Values are mean ± SD, n (%), or 
a
median

 
(25

th
 percentile, 75

th
 percentile). Group 1, the patients who underwent reoperation for 

coagulopathy after the emergency surgery for acute aortic dissection; Group 2, the patients who did not undergo the reoperation. CPB, 
cardiopulmonary bypass; FFP, fresh frozen plasma; MHCA, moderate hypothermic circulatory arrest; PC, platelet concentrate; PRBCs, 
packed red blood cells; SD, standard deviation.

Table 3 Standard laboratory tests at 5 timepoints

Variable points
Anesthesia  
induction

Lowest nasopharyngeal 
temperature

Protamine  
reversal

4 hours  
after surgery

24 hours  
after surgery

White blood cells, ×10
3 
cells/uL 16.7±4.1 3.7±2.4* 10.8±5.5* 10.8±4.7* 15.1±6.2

Hemoglobin, g/dL 136.7±18.1 77.0±15.1* 89.2±15.1* 97.4±21.6* 91.4±18.7*

Hematocrit, % 39.5±4.8 22.9±4.4* 26.2±4.3* 28.7±6.4* 26.9±5.5*

Platelet counts, ×10
3 
cells/uL 180.1±70.9 70.5±38.1* 97.8±45.7* 91.9±64.8* 87.6±56.2*

Fibrinogen, g/L 3.5±1.6 1.3±0.6* 2.0±1.0* 2.6±1.2* 3.5±1.3*

The data above within 24 hours after surgery were unavailable for 3 patients. Values are mean ± SD or median (IQR). *P<0.01 compared 
with anesthesia induction. IQR, interquartile range.
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Figure 1 The figure of perioperative changing trend of coagulation factors. (A) The mean ± SD of intrinsic coagulation factor XII (U/mL);  
(B) activated intrinsic coagulation factor XII (U/mL); (C) extrinsic coagulation factor VII (IU/mL); (D) activated extrinsic coagulation 
factor VII (IU/mL); (E) BK (ng/mL) in AAD patients during the perioperative period; the data within 24 hours after surgery were lost in 3 
patients. The results were analyzed by analysis of variance with repeated measures (*P<0.001 compared with T1). T1, anesthesia induction; 
T2, lowest nasopharyngeal temperature; T3, protamine reversal; T4, four hours after surgery; T5, twenty-four hours after surgery. BK,  
bradykinin; AAD, acute aortic dissection. 
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at T4 (P=0.01). In contrast, although factor VII exhibited a 
similar trend from T1 to T3, it recovered to preoperative 
levels at T4 fairly quickly (P<0.001). 

Multivariable logistic regression analysis on reoperation 
for coagulopathy

We analyzed the association between clinical variables and 
the risk of reoperation for coagulopathy in the above groups. 
The data indicated that the level of coagulation factor XII at 
T2 was associated with hospital reoperation for coagulopathy, 
with a statistically significant P value on the independent 
t-test (Table 2). In the multivariable logistic regression 
model, we considered these variables and other possible risk 
factors (including age, sex, weight, admission troponin I, 
hemoglobin at T1, platelet count at T1, CPB time, aortic 
cross clamp time, MHCA time, the level of coagulation 
factor XII at T1, the level of coagulation factor VII at T1 
and the level of coagulation factor VII at T2) in the analysis. 
We found that the level of coagulation factor XII at T2 [odds 
ratio (OR): 1.342, 95% confidence interval (CI): 1.058–1.570; 
P=0.012] could independently predict the risk of reoperation 
for coagulopathy in patients with acute type A AAD (Table 4).

Discussion

All of the patients in our research were from Beijing 
Anzhen Hospital, which is one of the largest and most 
authoritative heart and aortic disease centers in China. Our 
study continuously and randomly collected the samples that 
fit the inclusion criteria and comprehensively described 
the total-field activation of key factors of the intrinsic and 
extrinsic coagulation pathways in patients within 24 hours 
after the surgical treatment of AAD. 

Intrinsic coagulation pathway during the perioperative period

As reported above, factor XII expression was within the 
normal range before surgery and displayed marked activation 
and consumption throughout the perioperative period, 
whereas after surgery, it gradually recovered to preoperative 
levels. We also observed that activated coagulation factor XII 
continuously increased at each time point, which reflects the 
activation and consumption of factor XII in vivo. 

The intrinsic coagulation pathway plays an important 
role in the formation of different types of coagulants. 
According to the coagulation cascade theory, coagulation 
factor XII, which is the initiation factor of the intrinsic 
pathway, can be processed into XIIa and can trigger 
downstream factors such as factor XI and IX via a signaling 
cascade; then, with the catalysis of activated factor X, 
prothrombin can transform to its activated form, thrombin. 
Many previous reports have stated that coagulants, such as 
thrombin, fibrinogen and plasminogen, undergo dramatic 
changes during total-arch replacement surgery in AAD 
patients (3). In the present research, our results regarding 
coagulation factor XII were comparable to those previously 
reported experiments, which might demonstrate a causal 
relationship between factor XII and coagulopathy in AAD. 
Among the intrinsic upstream stimulating factors, BK is 
the only factor that significantly synchronously changes 
with factor XII. It can be speculated that BK has a strong 
signaling link with factor XII, and the mechanism behind 
this phenomenon is worthy of further study. 

Intrinsic coagulation pathway and extrinsic coagulation 
pathway

Our research showed that factor XII is more markedly 
affected by AAD surgery, especially during the process of 

Table 4 Multivariate logistic regression model assessing the risks for reoperation for coagulopathy in patients undergoing emergency surgery for 
acute aortic dissection
a
Adjusted risk for reoperation for coagulopathy OR 95% CI P

Coagulation factor XII of T2 1.342 1.058–1.570 0.012

Total fibrinogen 0.232 0.053–1.014 0.052

Total PRBCs 0.999 0.998–1.002 0.133

Total FFP 1.000 0.053–1.014 0.674
a
Adjusted for age, sex, weight, admission troponin I, hemoglobin of T1 and platelet count of T1, CPB time, aortic cross clamp 

time, MHCA time, coagulation factor VII of T1 and T2. T1, anesthesia induction; T2, lowest nasopharyngeal temperature. CPB, 
cardiopulmonary bypass; FFP, fresh frozen plasma; MHCA, moderate hypothermic circulatory arrest; PC, platelet concentrate; PRBCs, 
packed red blood cells.



4014

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(7):4006-4016jtd.amegroups.com

Li et al. Intrinsic coagulation factor XII in AAD

MHCA. Moreover, decreased levels of factor XII during 
MHCA, but not during the perioperative period, is an 
independent risk factor of reoperation for coagulopathy. We 
speculate that factor XII might have a more important role 
in promoting thrombosis during the perioperative period 
for acute type A aortic dissection patients, and dynamic 
monitoring and timely compensation for factor XII during 
surgery might decrease bleeding-related complications and 
reduce the need for blood transfusions. Since recombinant 
human factor VII could have been in use and received 
effective clinical results, factor XII and other relevant 
intrinsic elements should be a focus during follow-up tests 
and in animal experiments, which might aid the development 
of hemostatic adjustment strategies during AAD.

The extrinsic coagulation pathway, in comparison with 
the intrinsic pathway, is activated by TF, which forms the 
VIIa-TF complex. In previous research, we found that 
the activation and consumption of thrombin in surgeries 
with CPB and HCA might be the most important cause of 
perioperative bleeding (3). After a more detailed analysis of 
our present research, we observed that XIIa had a similar 
linear upward trend as thrombin during the perioperative 
period, as determined in our previous research (6). In 
contrast, VII presented a similar linear trend from the 
onset of surgery to the hypothermia period. However, 
from 4 to 24 hours after the operation, the level of VIIa 
significantly decreased. There are three potential reasons 
for this phenomenon. First, as the main factor in the 
process of thrombosis, the consumption of factor VII 
before surgery can lead to postoperative insufficiency and 
a decrease in activated factor VII. Second, extrinsic factor 
VII is considered to play an important role in the early 
stages of thrombosis, whereas intrinsic factor XII is more 
likely to function in the maintenance of thrombus stability 
in the false lumen and in preventing postoperative bleeding. 
Third, the influence on the half-life and liver synthesis of 
FXII compared with FVII is also important. The half-life 
of FVII is rather fast, and its fast consumption leads to a 
quick recovery; FXII has a relatively slower half-life that will 
require a slower recovery. At this point, we reached a similar 
conclusion as previous studies in thrombosis research (8) and 
propose the implementation of a more profound study of the 
clinical applications for coagulation factors XII and VII.

Intrinsic coagulation factors, platelets and the 
inflammatory reaction

The intrinsic coagulation pathway is initiated by the 

exposure of collagen after endothelial cell damage (9); the 
aggregation, adhesion and activation of platelets and the 
secretion of various cytokines from platelets are also caused 
by the exposed collagen. In addition, the results from 
previous research suggest that platelets exhibited a similar 
changing trend as clotting factor XII (2). In fact, some 
studies have suggested that there exists a causal relationship 
between the blood coagulation system and platelet 
activation (10,11). Because these two factors play important 
roles in aortic dissection, further research on the interaction 
between the platelet system and the intrinsic clotting 
pathway might be valuable for pathogenesis research and 
for the clinical treatment of aortic dissection during follow-
up studies.

Many  repor t s  have  shown tha t  in f l ammatory 
reactions might occur and persist for some time during 
the perioperative period (12,13); clinical and animal 
experiments have shown the relationship between 
inflammation and MHCA (14,15). As we observed in the 
present study, the white blood cell count and C-reactive 
protein increased to high levels within 24 hours after 
surgery (3). In addition to postoperative infections, dramatic 
changes in the coagulation system lead to the activation of 
inflammatory factors and might be one of the major reasons 
for inflammatory reactions. For example, as an important 
element of the anticoagulation system, antithrombin III (AT 
III) has a powerful inhibitory effect on thrombin and also 
has anti-inflammatory properties (16); lower AT III levels 
identify AAD patients who are at an increased risk for early 
mortality and adverse outcomes (17). Meanwhile, many 
clotting factors, such as factors XII and XI, and stimulating 
factors, such as histone-DNA-complex, kallikrein, PK and 
HMWK in the intrinsic clotting pathway, have proven to 
have powerful effects on inflammatory responses (18). Based 
on these theories, we believe that the relationship between 
the intrinsic coagulation pathway and the postoperative 
inflammatory reaction in aortic dissection patients should 
be considered for an in-depth study. 

Conclusions

Factor XII is more highly influenced by AAD surgery and 
requires a longer period of time to recover to preoperative 
levels compared with factor VII, and the level of factor 
XII during hypothermia circulation arrest might be an 
independent risk factor for reoperation for coagulopathy. 
Therefore, the supplementation of coagulation factor XII 
and its upstream stimulating factors might be a promising 
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therapeutic modality in the future.

Limitations

The major limitation was that the number of patients was 
insufficient, which affected the precision of some analyses, 
especially the number of reoperations for coagulopathy 
group. Therefore, it is advisable that the sample size should 
be expanded in future studies. Another limitation of our 
study was that we had no technical approach to accurately 
evaluate the degree of thrombosis in the false lumen, which 
might affect the coagulation system. 
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