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Background: The thoracic endovascular aortic repair (TEVAR) has become popular due to its favorable immediate outcome. 
However, the outcome in longer duration is still questionable. The aim of the present study was to analyze the incidence 
and risk factors associated with 90 days mortality after TEVAR.
Material and Method: After the Siriraj Institutional Review Board, Thailand approved and waived the need for the informed 
consent, the database that included 160 consecutive patients having TEVAR procedures between December 2006 and 
December 2010 was examined. Patients’ characteristics, including operative procedures and anesthesia techniques were 
studied. The mortality and complications were extracted and analyzed. Major adverse events and the others factors were 
analyzed to determine the risk factors. Other complications such as bleeding, endoleak, infection, and reintervention were 
examined and analyzed.
Results: One hundred sixty patients underwent TEVAR. They included 118 male (74%) and 42 female (26%) with mean age 
of 65. Perioperative mortality (within 24 hours postoperatively) was 1(0.6%), 30 days mortality was 7 (4.4%) and the overall 
90 days mortality was 10 (6.25%). Causes of death included sepsis [4 patients (2.5%)], multi-organ failure [3 patients 
(1.9%)], ischemic heart disease [1 patient (0.6%)], uncontrolled bleeding [1 patient (0.6%)], and graft ruptured [1 patient 
(0.6%)]. The risk factor related to mortality was postoperative neurological morbidity (OR 6.77, 95% CI = 1.08-42.36,         
p = 0.4). General anesthesia with endotracheal tube was used in the majority of the patients (92.5%), with no statistical 
significance in anesthesia-related mortality. Major adverse events including pneumonia 11.9%, cardiac arrhythmia 11.3%, 
graft infection 7.5%, neurological complication 7.0% (ischemic stroke 9 and paraplegia 1), renal failure 3.8%, and myocardial 
ischemia 0.6%.
Conclusion: The incidence of 90 days mortality after TEVAR was 6.25% (10 from 160). The risk factor associated with 
mortality was the development of neurologic complication postoperatively.
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 Thoracic endovascular aortic repair (TEVAR) 
is a part of changing trends to less invasive medical 
procedures. The use of aortic stent graft in thoracic 
aortic diseases has been accepted and expanded in the 
recent years after the promising early outcome was 
established(1,2). The morbidity and mortality have been 
constantly declining since the introduction of the 
device in 2005. However, the mid-term and long-term 
outcomes in patients after this procedure are somehow 
varied(3).
 The initial experiences of TEVAR in Siriraj 
hospital had high success rate with low early morbidity 
and mortality, compared to opened surgical repair(4). 

Therefore, the aim of the present study was to evaluate 
the mid-term outcome, including 90 days mortality, 
and major adverse events, as well as risk factors 
associated with mortality after TEVAR.

Material and Method
 The Siriraj Institutional Review Board, 
Bangkok, Thailand had approved the study protocol, 
and waived the need for the informed consent because 
of retrospective review. The database that included all 
patients that had thoracic aortic stent-graft procedures 
between September 2005 and December 2010 was 
analyzed.
 Patients’ characteristics, including operative 
procedures were studied. The mortality and complications 
were extracted and analyzed. Major adverse events 
were defined as death, stroke, myocardial infarction, 
renal failure, spinal cord ischemia and the others factors 
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that related to death. These major adverse events        
were analyzed to find the perioperative risk factors. 
Anesthetic technique was recorded to identify 
anesthesia related death including fluid replacement, 
blood transfusion, hemodynamic changes, and spinal 
drainage. Other complications such as bleeding, 
endoleak, infection, and reintervention were examined.
 Sample size was calculated, based on the 
literature that the average mortality rate is 9%, to     
detect an accepted variation of 0.045 with a type I        
error of 0.05.
 Statistical analyses were performed using 
SPSS 15.0 for windows. Continuous data were 
presented as mean and SD. The risk factors related      
to mortality and categorical data were analyzed                
by Chi-square test. Multivariate stepwise logistic 
regression analysis was used to determine predictors 
of death, while p<0.05 was considered statistically 
significant.

Results
 One hundred sixty consecutive patients,          
118 male, 42 female, with a mean age of 65.4 (range 
19-89 years) underwent 167 TEVAR procedures. 
Baseline characteristics were given in Table 1. The 
majority of the cases were elective (n = 112, 70%), 
whilst 30% (n = 48) were emergency cases. The 
underlying pathology was aortic aneurysm (n = 95, 
59.4%), acute aortic dissection (n = 23, 14.4%), chronic 
aortic dissection (n = 16, 10%), traumatic aortic 
disruption (n = 14, 8.8%), penetrating atherosclerotic 
ulcer of the aorta (n = 10, 6.2%), and others such as 
endoleak (n = 2, 1.2%) as shown in Fig. 1. Adjuvant 
extra-anatomic bypass was employed in 65 patients 
(40.6%). Two patients were converted to open 
procedures, one immediate in the operating theater       
and the other on postoperative day 11 due to aorto 
esophageal fistula.
 One patient (0.6%) had intraoperative 
mortality from uncontrolled bleeding; hence we 
excluded this case from the risk factor analysis. There 
was no mortality within 24 hours postoperatively.      
One patient (0.6%) died at 48 hours postoperatively 
from multi-organ failure. She was diagnosed with 
intramural hematoma of the descending aorta and stent 
insertion failed due to severe tortuous aorta. She had 
conversion to open graft interposition procedure with 
unstable hemodynamics and developed severe hypoxic 
brain injury and multi-organ failure in 48 hours. The 
30 days mortality was 4.4% (n = 7) and the overall        
90 days mortality was 6.25% (n = 10). Causes of           

death were sepsis [4 patients (2.5%)], multi-organ 
failure [3 patients (1.9%)], ischemic heart disease          
[1 patient (0.6%)], uncontrolled bleeding [1 patient 
(0.6%)], and graft ruptured [1 patient (0.6%)].
 When divided the patients into the group of 
TEVAR alone and TEVAR with adjuvant extra-
anatomic bypass or hybrid TEVAR, the overall 
mortality rate was 1.9% and 5% respectively.
 Major adverse events including pneumonia 
11.9%, cardiac arrhythmia 11.3%, graft infection 7.5%, 
neurological injury 7.0% (ischemic stroke 9 and 
paraplegia 1), renal failure 3.8%, and myocardial 
ischemia 0.6%.
 Of the 137 patients (84.6%) with descending 
aortic lesion, CSF pressure monitor and drain were 
inserted in 27 patients. None of these developed 
paraplegia. However, one patient patient had paraplegia 
without CSF drain, he had traumatic aortic disruption 
with thoracolumbar spine fracture and cord compression 
prior to TEVAR. Nine patients developed stroke,          
six had permanent neurologic injury and three died. 
Amongst nine patients who developed stroke, one had 

Table 1. Baseline characteristics

Variables Values
Age     65.414.2 (19-89)
Body weight (Kg)     61.913.0 (35.0-100.0)
Height (cm)     162.38.3 (140.0-187.0)
ASA physical status
 Class 3
 Class 4

 
              134 (83.8%)
                26 (16.2%)

Euroscore         4.71.3 (2-8)
Co-morbidities
 Hypertension
 Chronic kidney diseases
 Coronary artery diseases
 Pulmonary diseases
 Cerebrovascular diseases
 Diabetes mellitus

 
              119 (74.4%)
                70 (43.8%)
                49 (30.6%)
                23 (14.4%)
                19 (11.9%)
                17 (10.6%)

Preoperative Hb (g/dL)       11.52.0 (6.7-16.3)
Preoperative serum Cr         1.41.3 (0.4-11.5)
Anesthetic time (minute) 268.1134.6 (90.0-780.0)
Operative time (minute) 200.6131.2 (40.0-695.0)
Length of ICU stay (days)         3.45.7 (0-41)
Hospital stay (days)     16.914.4 (2-102)
Aneurysm diameter (cm)         6.01.6 (2-10.7)

ASA = American Society of Anesthesiologist; Hb = 
hemoglobin; Cr = creatinine; ICU = intensive care unit
Data presented in mean  SD (min-max) or n (%)
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pathology at 1/3 proximal descending aorta, one had 
aortic arch lesion, and six received extra-anatomic 
bypass operation.
 General anesthesia was the technique used in 
the majority of the patients (n = 150, 93.75%) with 
both endotracheal tube and laryngeal mask airway. 

Other techniques were intravenous anesthesia and 
sedation (n = 8, 5%) and combined general and epidural 
anesthesia (n = 2, 1.25%). Fifty-six patients (36.3%  
of general anesthesia group) were immediately 
extubated in the operating theaters and the others 
required mechanical ventilation in intensive care       
unit. Seventy-nine patients (91.9% from the remaining 
86 patients) can be extubated within 72 hours 
postoperatively. There was no statistical significant       
in anesthesia-related mortality.
 Logistic regression analysis was used to 
determine predictors for risk factor in the patients      
with mortality. The only strong predictor was 
neurological morbidity (OR 6.77, 95% CI = 1.08-42.36, 
p = 0.4) as shown in Table 2.

Discussion
 The present study demonstrated the early 
result of our center’s initial experience in TEVAR, 
incorporated 160 patients between 2005 and 2010. The 
perioperative mortality within 30 days was 4.4% and 
the ninety day mortality was 6.25%. This result is 
encouraging and comparable to the recent experiences 
reports by others.
 Several  s tudies  have demonstra ted 
perioperative mortality of TEVAR varied between 2% 
to 26% depending on urgency of the procedures, the 
extent of co-morbidities and operators’ experiences(5). 
However, they have consistently demonstrated lower 
early perioperative morbidity and mortality than 
conventional open surgical procedures(6,7). In our       
study, we found the 30-day mortality of 4.4% and          
90-day mortality of 6.25%, which was reasonably      
low compared to other institutes. Cheng et al found 
30-day mortality rate of 5.8% and 1-year mortality       
rate of 16% in TEVAR patients. In the open surgical 
reconstruction group, their 30-day and 1-year mortality 
rate were 13.9% and 21.9% respectively(8).
 When divided the patients into the group of 
TEVAR only and TEVAR with adjuvant extra-anatomic 
bypass or hybrid TEVAR, the overall mortality rate 
was 1.9% and 5% respectively. While the hybrid 
TEVAR are complicated surgical procedures that 

Fig. 1 Diagnosis.

Fig. 2 TEVAR landing zone.

Fig. 3 Time to extubation.

Table 2. Factors associated with 90-day mortality

Factors OR 95% CI p-value
Preoperative hemodynamic
 instability

7.19 0.68-76.07 0.1

Euroscore 1.70 0.99-2.92 0.5
Neurological morbidity 6.77 1.08-42.36 0.4
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combined endovascular stent and vascular bypass   
graft at the same time(9,10). Our result shown that the 
hybrid procedures lead to longer duration of surgery, 
more blood loss and more blood transfusions, as well 
as increased morbidity and mortality. The hybrid 
procedure may be an important risk factor of death, 
but could not confirm with the statistical analysis in 
the present study. This may be due to the number of 
hybrid cases in our series was limited. Further study 
regarding this concern would be very valuable.
 The regression analysis from the present  
study shown postoperative complication especially 
neurological morbidity was the risk factor of mortality. 
Our results were different from Dillavou’s study, which 
revealed predictors of death for endovascular and open 
aortic aneurysm repair were symptomatic aneurysms 
and male gender(11). This may be due to different 
institutions and different population.
 Anesthetic technique in the majority of the 
patients was general anesthesia with endotracheal 
intubation (92.5%). There was 59% required post-
operative mechanical ventilation, which the hybrid 
procedure was the important factor. Anesthetic 
technique, hemodynamic variation, fluid resuscitation 
and blood transfusion were not the significant risk 
factor of death.
 However, the issue of stroke following 
TEVAR raises several considerations relating to 
operative and anesthetic factors such as hypotension, 
management of the left subclavian artery, athero-
embolism secondary to tracking, and manipulating 
wires, catheters, and large delivery systems across the 
aortic arch, as well as inadvertent coverage of the great 
vessels(12,13). In Patel’s study, strokes were clustered in 
patients with proximal aneurysmal diseases, which  
was not different from our result(13).
 The hybrid procedure was a predisposing 
factor of stroke from our study. Feezor et al found that 
endograft implantation in zones 1 and 2 of the arch, 
covering the left subclavian artery had strong relation 
with stroke particularly in the setting of a dominant 
left vertebral artery, and/or a stenotic, occluded or 
diminutive right vertebral artery(14). Moreover, 
Preventza et al found Paraplegia following thoracic 
endografting appears to be associated with female       
sex, long segment coverage of the thoracic aorta, and 
aneurysmal disease(15). In our result, CSF drainage may 
have benefit in neurological outcome because the 
number of stroke and paraplegia patient decrease in 
CSF drainage group. We believe the efficacy of lumbar 
CSF drainage during TEVAR warrants further study. 

 From the present study, we expected to      
reduce mortality by early resuscitation and stabilized 
hemodynamic of the patient, well controlled comorbid 
disease, considered CSF drainage intervention in high 
risk group, and early detected complication especially 
in neurological complication and pulmonary infection 
will be decrease postoperative mortality.

Conclusion
 Despite the many advances in the field of 
TEVAR, stent-grafting of the thoracic aorta remains in 
a developmental phase. The early outcomes determines 
long-term outcomes, hence require further studies.

What is already known on this topic?
 Thoracic endovascular aortic repair has a 
promising early outcome in Thailand. This technique 
has been widely implemented for less invasive option 
than open repair. However, it has been adopted        
recently with small numbers of patients. The mid-term 
and long-term outcome has never been studied.

What this study adds?
 This study described the 90-day mortality      
for thoracic endovascular aortic repair at Siriraj 
Hospital of 6.25%, which is comparable to the previous 
studies from other countries. The risk factor for 
mortality is development of neurologic complication 
postoperatively.
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อัตราการเสียชีวิตที่ระยะ 90 วันหลังจาก thoracic endovascular aortic repair

กษณา รักษมณี, พรสิริ วรรณดิลก, วรวงศ ศลิษฏอรรถกร

ภูมิหลัง: การทํา thoracic endovascular aortic repair (TEVAR) นั้นไดรับความนิยมมากขึ้นเรื่อยๆ เนื่องจากผลลัพธใน
ระยะเริม่ตนไดผลด ีอยางไรกต็ามผลในระยะยาวยงัมคีวามหลากหลาย ยงัตองมกีารศกึษาเพิม่เตมิตอไป การศกึษานีจ้ดัทาํเพือ่ศกึษา
อัตราการเสียชีวิตที่ระยะ 90 วัน รวมถึงปจจัยเสี่ยงตอการเสียชีวิต
วสัดแุละวธิกีาร: หลงัจากไดรบัการรบัรองจากคณะกรรมการจรยิธรรมการวจิยัในคนของสถาบนั เพือ่ไดรบัการยกเวนการขอความ
ยนิยอมจากผูปวยแลว ขอมลูของผูปวย 160 ราย ที่ไดรบัการทํา TEVAR ตัง้แตเดือนธนัวาคม พ.ศ. 2549 ถงึ ธนัวาคม พ.ศ. 2553 
ไดถูกนํามาศึกษาและวิเคราะห โดยขอมูลที่ศึกษาไดแก ลักษณะพ้ืนฐานของผูปวย การผาตัด และการระงับความรูสึก รวมถึงอัตรา
การเสียชีวิตและภาวะแทรกซอนตางๆ เชน การเสียเลือดมาก ภาวะ endoleak การติดเชื้อ และการตองกลับไปทําหัตถการซํ้า
ผลการศึกษา: จากการศึกษาขอมูลของผูปวย 160 ราย ที่ไดรับการทํา TEVAR เปนเพศชาย 118 ราย (รอยละ 74) เพศหญิง  
42 ราย (รอยละ 26) โดยมีอายุเฉลี่ย 65 ป มีผูปวยเสียชีวิตภายใน 24 ชั่วโมงแรก 1 ราย (รอยละ 0.6) เสียชีวิตภายใน 30 วัน      
7 ราย (รอยละ 4.4) และภายใน 90 วัน 10 ราย (รอยละ 6.25) สาเหตุของการเสียชีวิตไดแกภาวะ sepsis [4 ราย (รอยละ 2.5)] 
multi-organ failure [3 ราย (รอยละ 1.9)] หวัใจขาดเลอืด [1 ราย (รอยละ 0.6)] เสยีเลอืดมากควบคุมไมได [1 ราย (รอยละ 0.6)] 
และกราฟตทะล ุ[1 ราย (รอยละ 0.6)] ปจจยัเสีย่งตอการเสียชวีติคอื การเกิดภาวะแทรกซอนทางระบบสมองหลังผาตัด (OR 6.77, 
95% CI = 1.08-42.36, p = 0.4) การระงับความรูสึกสวนมากเปนการระงับความรูสึกแบบทั้งตัว (รอยละ 92.5) โดยไมพบภาวะ
แทรกซอนจากการระงับความรูสกึเปนปจจยัทีม่นียัสาํคญัตอการเสยีชวีติ ภาวะแทรกซอนหลกัทีพ่บไดแก ปอดตดิเชือ้ รอยละ 11.9 
หวัใจเตนผดิจงัหวะ รอยละ 11.3 การตดิเชือ้ของกราฟต รอยละ 7.5 ภาวะแทรกซอนทางระบบสมอง รอยละ 7.0 ไตวาย รอยละ 3.8 
และกลามเนื้อหัวใจขาดเลือด รอยละ 0.6
สรปุ: อตัราการเสยีชวีติทีร่ะยะ 90 วนั หลงัจาก TEVAR นัน้คอื รอยละ 6.25 ภาวะทีเ่ปนปจจยัเส่ียงตอการเสียชวีติคอื การท่ีผูปวย
เกิดภาวะแทรกซอนทางระบบสมองหลังผาตัด


