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Introduction

Thoracic endovascular aneurysm repair (TEVAR) is now 
a preferred therapeutic approach for acute complicated 
Stanford type B aortic dissection and specific chronic 
aortic dissection, which has replaced traditional open 
surgery and has obvious advantages (1). Evidence has also 
demonstrated long-term benefits of TEVAR over optimal 
medical treatment (2). The main approach of TEVAR 
treatment for type B aortic dissection is generally to seal 
the proximal entry tear only to achieve true lumen (TL) 
expansion, promote false lumen thrombosis (FLT) and 
avoid paraplegia caused by spinal cord ischemia. However, 

approximately 30% of patients simultaneously presenting 
with additional distal tears will need reinterventions due 
to the enlargement of the false lumen (FL) by continuous 
blood flow perfusion (3). Although the incidence of further 
expansion with uncovered distal entry tears was reported to 
be less than 20% after TEVAR in follow-up, failure of FLT 
is still an ongoing Achilles’ heel of TEVAR in the treatment 
for type B aortic dissection (4). Occasionally, the incomplete 
thrombosed FL with persistent flow may consume large 
amounts of coagulation material and fibrinogen, resulting 
in disseminated intravascular coagulation (DIC) and 
other complications (5). DIC is an uncommon and fatal 
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postoperative complication of TEVAR and has been 
associated with endoleak after endovascular intervention 
repairs (5-11).  Patients often exhibit unexplained 
subcutaneous ecchymosis after aortic dissection diagnosis or 
TEVAR, and the blood tests show decreased fibrinogen and 
elevated D-dimer. It was proposed that properly selective 
exclusion of the remaining distal tears is a feasible approach 
for promoting FLT post-TEVAR (12). The aim of this 
study is to present two cases of DIC caused by Stanford type 
B aortic dissection and described the radical endovascular 
repair treatment method to manage DIC.

Surgical techniques

Case 1

A 73-year-old man complaining of back pain with chest 
wall hematoma for 6 days was admitted to our hospital. 
He received TEVAR for Stanford type B aortic dissection 
8 years ago. The latest follow-up computed tomographic 
angiography (CTA) showed no obvious abnormalities, 
except for a slightly delayed dilation of the FL observed 
2 years ago. Other histories included high blood pressure 
(HBP), coronary heart disease (CHD, receiving PCI 
treatment 4 months ago) and atrial fibrillation for more 
than 10 years. Physical examination found a large area of 

hematomas within the right chest wall accompanied by 
tenderness. Laboratory examination showed the fibrinogen 
level was 99 mg/dL (normal range, 200–400 mg/dL), 
D-dimer was 11,410 ng/mL (normal range, 20–800 ng/mL)  
and platelets were 91×109/L (normal range, 125–350×109/L), 
while the liver function test results were all in the normal 
threshold. CTA demonstrated no significant endoleak in 
the stent segment but showed contrast perfusion of the FL 
through multiple tears near the visceral artery area (Figure 1).

Due to the local puncture drainage of non-coagulated 
blood, this patient was highly suspected of progressive 
bleeding (Figure 2), and thus emergency endovascular 
reintervention was carried out. Briefly, after the bilateral 
femoral artery was preloaded with double Perclose 
ProGlide (Abbott Laboratories, Abbott Park, IL, USA), 
distal tears were found in the distal portion of the 
descending aorta above the celiac trunk near the previous 
stent-graft, as well as in the abdominal aorta below the 
left renal artery and in the bilateral iliac arteries through 
the pre-procedure angiogram. The right renal artery 
originated from the FL. A 45 mm × 45 mm × 200 mm 
C-TAG stent-graft (W.L. Gore and Associates, Flagstaff, 
AZ, USA) was deployed with the proximal end partially 
overlapped with the previous stent through right femoral 
access to seal the distal tears above the celiac trunk. A 28 
mm × 28 mm × 80 mm Endurant stent-graft (Medtronic, 

Figure 1 CTA of the type B aortic dissection after TEVAR at the 8-year follow-up. (A) Three-dimensional volume rendering image 
demonstrates the perfusion into the FL through multiple tears near visceral branches, accompanied with partial thrombosis of the FL 
(B); mass of pleural effusion (C) and subcutaneous hematomas of the right chest wall (D) were also observed in CTA. CTA, computed 
tomography angiography; TEVAR, thoracic endovascular aneurysm repair; FL, false lumen.
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Figure 2 Physical examination found that (A,B) massive areas of subcutaneous ecchymoses within the right wall and back were present at 
8 years after TEVAR; (C,D) non-coagulated blood was aspirated from the subcutaneous hematoma within the right chest wall. TEVAR, 
thoracic endovascular aortic repair.

Minneapolis, MN, USA) was placed from the left renal 
artery level to the abdominal aortic bifurcation to seal all 
multiple distal tears in this segment. Crossing the FL, 
the right renal artery was cannulated and followed with 
a 7 F × 70 cm sheath (Cook Medical, Bloomington, IL, 
USA) from the left femoral artery, and a 6 mm × 100 mm  
Viabahn (W.L. Gore and Associates, Flagstaff, AZ, USA) 
was advanced into the right renal artery from the TL 
and deployed. Then, the MPA catheter and glide wire 
were cannulated into the FL through the distal tears in 
the iliac artery and exchanged into a Lunderquist wire 
(Cook Medical, Bloomington, IL, USA) with an 18F 
Gore sheath from the left side. A 26 mm × 26 mm × 
100 mm C-TAG stent-graft was deployed in the FL to 
induce FLT formation and exclude the perivisceral tears 
from outside. Afterwards, 6 Nest coils (Cook Medical, 
Bloomington, IL, USA) were placed on the top of the 
C-TAG densely, as a “mushroom head”, to promote 
thrombosis formation in the FL. Furthermore, a 16 
mm × 120 mm Excluder iliac extension (W.L. Gore and 
Associates, Flagstaff, AZ, USA) and a 10 mm×50 mm 
Viabahn were deployed in the left and right iliac arteries, 
respectively. The final angiogram demonstrated good 
position of all the grafts and no endoleak during the delayed 
phase. Laboratory evaluation demonstrated that the levels 
of fibrinogen and platelets increased to normal 2 and 5 days  
after the procedure, respectively. In addition, the D-dimer 

level also decreased to 4,220 ng/mL when discharged. 
The patient recovered well and was discharged 1 week 
postoperatively. At the 6-month follow-up, the patient had 
no symptoms of DIC. CTA demonstrated total thrombosis 
of the FL without endoleak (Figure 3).

Case 2

A 74-year-old man presenting with back pain for 1 week 
was referred to our emergency room. The admission CTA 
revealed that the primary tear of the dissection was located 
just distal to the left subclavian artery. All the visceral 
arteries were patent. Among them, the celiac trunk, the 
superior mesenteric and the left renal arteries originated 
from the TL, while the right renal artery was from both the 
TL and FL. The patient denied a history of HBP and CHD. 
Physical examination showed that a subcutaneous hematoma 
was on the right chest wall with an area of approximately 
20 cm × 30 cm. Laboratory evaluation demonstrated a 
platelet count of 69×109/L (normal range, 125–350×109/L),  
fibrinogen level of 118 mg/dL (normal range, 200–
400 mg/dL), and D-dimer level of 22,910 ng/mL  
(normal range, 20–800 ng/mL). CTA showed a partial 
thrombosed FL filled with contrast. Based on these findings, 
the patient was diagnosed with DIC secondary to the aortic 
dissection. Given the high risk of open surgery in the 
setting of DIC, the patient was offered radical endovascular 
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intervention repair. In addition to excluding the primary 
entry tears by a Captivia stent-graft (32 mm × 32 mm × 200 mm, 
Medtronic, Minneapolis, MN, USA), an Endurant cuff  
(28 mm × 28 mm × 80 mm) was also used to cover 
the tears of the abdominal aorta below the left renal 
artery. A 6 mm × 50 mm Viabahn for the right renal 
artery and a 13 mm × 50 mm Viabahn for the right iliac 
artery were deployed to seal all distal tears. A 34 mm ×  
34 mm × 150 mm C-TAG stent-graft was deployed in 
the FL to promote thrombosis formation. The fibrinogen 
increased to a normal range of 307 mg/dL after 2 days. The 
last laboratory assessment in wards demonstrated that the 
platelet count increased to 165×109/L, fibrinogen increased 
to a normal value of 395 mg/dL and D-dimer decreased to 
4,930 ng/mL. The patient recovered uneventfully and was 
discharged 5 days after the procedure. The changing trend 
of the typical DIC indexes peri-operatively is shown in the 
Figure 4. At the 3-month follow-up after the intervention, 
the patient was also free of any symptoms of DIC, and 
the CTA revealed full expansion of the TL, completed 
thrombosis formation in the FL and no endoleak.

Discussion

These two patients were diagnosed with DIC secondary to 
type B aortic dissection after admission to our emergency 
department. They presented with unexplained chest 

ecchymosis associated with subcutaneous hematoma. CTA 
confirmed that the hematoma was within the chest wall and 
multiple tears were positioned in the aorta which allowed 
blood flow to continuously perfuse the FL. After physical 
examination and laboratory tests, it was found that the 
DIC indicators of fibrinogen and platelets had declined to 
different degrees, while D-dimer increased. It was worthy 
to point out that the follow-up of fibrinogen, D-dimer 
and platelet count values are necessary to identify the DIC 
complication for patients with aortic dissection.

DIC is  a  severe  condit ion involv ing excess ive 
consumption of platelets and coagulation material with 
resultant bleeding, which is usually caused by many risk 
factors, such as infection, surgery, cancer, liver disease, 
pregnancy complication and others (13). Given no history 
of such diseases in these two cases, we postulated that DIC 
was secondary to aortic dissection. However, the exact 
mechanism underlying this complication has not been fully 
elucidated yet. Possible pathophysiological mechanism may 
be that turbulent flow in FL expose denuded endothelium 
and tissue factor, leading to activation of coagulation 
factors, chronic consumption of clotting factors, and 
simultaneous fibrinolysis of the clots (5). In addition, the 
thrombus formation and dissolution constantly occurring 
in the FL can also lead to the consumption and liberation 
of coagulated material. Consequently, abnormal diagnostic 
indexes of DIC and relevant symptoms can be observed. 

Figure 3 CTA at three months after the radical endovascular repair demonstrates (A) FL total thrombosis without endoleak; (B,D) a 6 mm 
× 100 mm Viabahn deployed in the right renal artery through the TL and (C) nest coils in the FL to induce thrombosis formation. CTA, 
computed tomography angiography; FL, false lumen; TL, true lumen.
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For example, subcutaneous bleeding on the chest wall was 
displayed in these two patients. 

Given that the DIC complication mainly resulted from 
the consumption of fibrinogen and coagulation material 
inside the FL, we decided to perform radical endovascular 
repair to occlude all the tears for these two patients. 
Relative studies on sealing distal tears or radical surgery for 
dissection are rare since this therapeutic strategy is not yet 
included in the guidelines. Our technique was proposed to 
cover not only the primary tear but also all the remaining 
distal tears after initial TEVAR or for the primary type B 
dissection, so that the blood flow inside the FL could be 
cut off, which prevented further continuous consumption 
of coagulation components and platelets. In some cases, 
due to the rapid expansion of the distal FL after TEVAR, 
reinterventions were also applied to repair the secondary 
or distal tears. According to the location of the orifices, 
different devices, such as bare stent, Viabahn, Amplatzer 
plugs, multilayer flow modulator, coils and others, were 
selected. The “Knickerbocker” and “candy-plug” techniques 
were also reported to manage the patients with persistent 
FL flow and aneurysm enlargement (14,15). In our study, 
a C-TAG stent-graft was inserted in the FL not only to 
prevent coils from being rushed away but also to occlude 
the orifices from inside of the FL. In addition, the number 
of coils used in the procedure was decreased. In these two 
cases, with multiple stent-grafts coordinating to exclude 
all the tears, the DIC conditions were controlled, and no 
recurrent DIC occurred in the follow-up session. Furthermore, 
FLT formation and no endoleak were demonstrated in  
both cases.

DIC is a severe and rare complication secondary to de 
novo type B aortic dissection or after TEVAR, which is due 
to the continuous consumption of the coagulation factors 
in the FL during the constant process of thrombosis 
formation and dialysis. Based on the satisfactory clinical 
outcomes of these two cases, we concluded that the 
radical endovascular repair to exclude the primary and all 
the secondary/distal tears is a feasible approach to induce 
FLT formation and thus to manage DIC effectively.
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