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!e descending thoracic aorta begins at the aortic isthmus between the origin of the left subclavian 

artery and the ligamentum arteriosum, at the lower border of the 4th thoracic vertebra, and ends 

at the aortic hiatus in the diaphragm, at the lower border of the 12th thoracic vertebra.1 Aortic 

aneurysms and dissections are the principal diseases of the descending thoracic aorta, and occur 

most commonly in the sixth and seventh decade of life. !ese thoracic aortic pathologies are rare, 

but the incidence is increasing, which is likely the result of the increasing age of the population, 

the rising prevalence of hypertension, and improved diagnostic modalities.2-4

Morbidity and mortality from untreated thoracic aortic aneurysms mainly depend on 

complications such as aneurysm rupture and aneurysm dissection. !e #ve-years survival of 

patients with untreated thoracic aortic aneurysm larger than 6 cm is only 20% to 54%,5-7 which 

is primarily the result of aneurysm rupture. !e risks of aneurysm rupture and dissection increase 

with increasing aortic diameter, and for thoracic aortic aneurysms larger than 6 cm, the yearly 

rate of rupture, dissection and/or death is 15%.6,8 Other aortic emergencies of the descending 

thoracic aorta include aortobronchial and aortoesophageal #stulas, and traumatic thoracic aortic 

injury. 

 

�oracic Aortic Aneurysm Rupture and Dissection 

!oracic aortic aneurysm rupture is an aortic catastrophe, with an estimated incidence of 5.0 

per 100,000 people per year.9 Approximately 30% of all ruptured thoracic aortic aneurysms 

are localized at the descending thoracic aorta (rDTAA), remaining aneurysms are found at 

the ascending aorta and aortic arch.9 !e prognosis of patients with ruptured thoracic aortic 

aneurysms is poor, the overall mortality rate is thought to exceed 90% and only 41% of patients 

are alive on arrival at the emergency department.9 Although patients that are alive at admission 

have a more realistic prognosis, the outcomes remain poor and the overall in-hospital mortality 

of rDTAA in the United States between 1988 and 2002 was 45%.10  

Acute aortic dissection is another thoracic aortic catastrophe, with an incidence of 2.9 to 

3.5 per 100,000 people per year.3,11,12 !e most commonly used classi#cation system for aortic 

dissection is the Stanford classi#cation, although the DeBakey classi#cation is still being used as 

well.13 Stanford Type A dissections involve the ascending aorta and aortic arch, while Stanford 

Type B dissection arise from the descending aorta. In the absence of complications, acute type 

B aortic dissections (ABAD) can be managed with medical treatment only, which is associated 

with low in-hospital mortality rates, between 0% and 7%.14-18 However, patients su'ering from 

acute type B dissections associated with complications, such as aortic rupture or malperfusion 

syndromes, typically have very poor outcomes and require immediate intervention.15,16,18-21 
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�oracic Aortic Fistulas

Rarely, #stulas arise between the descending thoracic aorta, and the esophagus or lungs.22-24 !e 

etiology of aortoesophageal #stulas (AEF) and aortobronchial #stulas (ABF) is often related to 

previous thoracic aortic intervention,22-24 but #stulas can also be associated with thoracic aortic 

disease such as aortic aneurysms or dissections. Patients with AEF and ABF typically present 

with hematemesis or hemoptysis, but the presentation is frequently complicated by hypovolemic 

shock or infective complications.22-24 ABF and AEF are lethal if left untreated, and immediate 

repair of the #stula is required, usually followed by intensive antibiotic treatment. Due to the low 

incidence of ABF and AEF, only small case series have been reported, and little is known about 

the optimal management of these aortic emergencies.  

Traumatic �oracic Aortic Injury

Trauma is the leading cause of death among people younger than 45 years in the United States, 

and traumatic thoracic aortic injury (TTAI) is the second most common cause of death among 

trauma patients worldwide.25-27 !e majority of traumatic aortic injuries are caused by major 

blunt trauma such as motor-vehicle accidents, and these aortic injuries are typically localized 

at the aortic isthmus distal to the left subclavian artery.28-30 Patients with TTAI usually have 

multiple associated injuries, and typically su'er from substantial blood loss or hypovolemic 

shock. Approximately 80% to 90% of patients with traumatic thoracic aortic injury expire at 

the scene of the accident.31,32 Patients that are admitted alive usually are more stable and this 

is associated with a better prognosis,33,34 however, mortality and morbidity remain high due to 

complications related to the aortic injury and associated injuries.   

Management of the Descending �oracic Aortic Catastrophes

Immediate intervention is typically indicated for patients su'ering acute thoracic aortic disease. 

Open surgical repair has been the traditional treatment of descending thoracic aortic catastrophes 

since the early #fties.31,34-36 Surgical repair of thoracic aortic pathologies typically occurs through 

a left posterolateral thoracotomy, followed by resection of the aortic defect and interposition 

of the descending aorta using an aortic graft. However, open surgery of acute thoracic aortic 

disease is a very invasive treatment for patients that are already in a critical condition, resulting in 

high mortality rates. In addition, surviving patients often su'er from devastating complications 

including stroke and permanent paraplegia.10,37

In the early nineties, Juan Parodi and coworkers introduced endovascular aortic repair for 

the management of abdominal aortic aneurysm (AAA).38 Michael Dake and colleagues from 

Stanford University soon applied thoracic endovascular aortic repair (TEVAR) for the treatment 

of descending thoracic aortic aneurysms.39,40 TEVAR is less invasive than open surgery, avoiding 

thoracotomy and aortic cross-clamping, and is associated with less blood loss and shorter 

operating times compared with open surgery.41 
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!oracic aortic disease is less common than abdominal aortic aneurysmal disease,3,42,43 and the 

current literature describing the outcomes of endovascular repair of thoracic aortic catastrophes is 

limited. It remains therefore unclear if an endovascular approach for the management of rDTAA, 

complicated ABAD, TTAI, ABF and AEF is associated with reduced morbidity and mortality 

rates. Furthermore, factors that a'ect the outcomes after TEVAR for thoracic aortic emergencies 

are currently unknown as well. 

Endograft-related complications 

Although the early outcomes of endovascular repair of abdominal and thoracic aortic pathologies 

are encouraging, the endovascular approach is associated with endograft-related complications 

such as endoleak, endograft migration and collapse.44-51 Endoleak is diagnosed in 5% to 40% 

of patients treated with TEVAR,51-55 and the majority consist of type 1 endoleaks,51,53-55 which 

require immediate re-intervention. 

Adequate endograft sizing is thought to be essential for minimizing risks of these 

complications after endovascular repair of abdominal and thoracic aortic disease, and satisfying 

long-term results.56,57 Most endograft manufacturers recommend that endografts are oversized 

between 10% to 20% during TEVAR for a proper #xation and seal. Extreme oversizing could 

theoretically lead to infolding and collapse of the endograft,58 while relative undersizing may 

result in an incomplete seal and inadequate #xation, and subsequent type 1 endoleaks or 

endograft migration. 

Endograft sizing in Patients with �oracic Aortic Catastrophes 

!oracic aortic catastrophes are often associated with considerable blood loss, or even hypovolemic 

shock. Although peripheral vasoconstriction is a well known physiologic response to hypovolemic 

shock, in order to maintain adequate perfusion of vital organs such as the brain and heart, it 

is currently unknown how the aorta responds to hypovolemia.59-61 Temporary changes in the 

aortic diameter during blood loss could lead to incorrect aortic measurements on pre-operative 

CTA, inadequate endograft sizing and increased risks of endograft-related complications after 

TEVAR for thoracic aortic emergencies. A better understanding of the aortic physiology during 

hypovolemic shock could therefore help improve long-term outcomes of TEVAR.

Outline of the �esis

!e trends and outcomes of open treatment and endovascular repair of traumatic aortic injuries 

will be investigated in Chapter 2 using the administrative database of the New York State. 

Pooled outcomes of open repair and endovascular repair of ruptured thoracic aortic aneurysms 

will be compared in a meta-analysis of the literature in Chapter 3. !e mortality, stroke and 

paraplegia rates after open surgery and endovascular repair of ruptured thoracic aortic aneurysms 

will be further investigated in a multi-center study in Chapter 4. Long-term outcomes after 
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TEVAR for ruptured thoracic aortic aneurysms as well as predictors of 30-day mortality will be 

explored in Chapter 5, while predictors of procedure-related stroke will be discussed in Chapter 

6. !e importance of refractory pain and hypertension in uncomplicated acute type B aortic 

dissection will be discussed in Chapter 7. !e impact of age on the management and outcomes 

of complicated acute type B aortic dissections will be investigated in Chapter 8. Endovascular 

management of aortobronchial and aortoesophageal #stulas will be evaluated in Chapter 9, while 

published outcomes of TEVAR for these #stulas will be analyzed in Chapter 10. !e changes in 

aortic diameter in trauma patients admitted with hemodynamic instability will be explored in 

Chapter 11. !e exact impact of blood loss and hypovolemic shock on the aortic diameter will 

be further investigated in an experimental porcine model in Chapter 12. !e causes and timing 

of endograft collapse after endovascular management of thoracic aortic disease will be explored in 

Chapter 13, using a systematic review and meta-analysis of the literature. !e summary of this 

thesis can be found in Chapter 14, and the summary in Dutch in Chapter 15.        
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ABSTRACT

Objective: 

Traumatic thoracic aortic injury (TTAI) is associated with high mortality rates. Data supporting 

thoracic endovascular aortic repair (TEVAR) to reduce mortality and morbidity for TTAI is 

limited to small series and meta-analyses. In this study, we evaluated the trends and outcomes of 

open surgery and TEVAR for TTAI in New York State.

Methods: 

All cases of TTAI in New York State between 2000 and 2007 were extracted from the New 

York Statewide Planning and Research Cooperative System (SPARCS) database. A diagnosis by 

International Classi#cation of Diseases, 9th Revision coding of TTAI was required for inclusion. 

Results: 

We identi#ed 328 patients with TTAI who underwent surgical repair in New York State between 

2000 and 2007; mean age of the cohort was 39.3 years ±18 years; 80% were male. Open repair 

of TTAI was performed in 79.6% and 20.4% underwent TEVAR. Open repair was performed 

for all cases of TTAI until the introduction of TEVAR in 2005; TEVAR exceeded the use of open 

repair for TTAI in 2006 and 2007. Additional major injuries were present in 71.7% in the open 

repair group vs. 91.0% of the TEVAR group (p=0.001). !e overall in-hospital mortality rate for 

the eight year period was signi#cantly increased after open repair of TTAI compared to TEVAR: 

17% vs. 6%, (OR 3.19, 95% CI: 1.11 - 9.23, p=0.024). After controlling for the signi#cant 

covariates, TEVAR independently reduced the risk of death following surgical intervention for 

TTAI compared to the open procedure (OR 3.8, 95% CI: 1.28 - 10.99, p=0.010). Respiratory 

complications were the most common postoperative morbidity, and were signi#cantly increased 

after open repair: 38% vs. 24% (OR 1.95, 95% CI: 1.05 - 3.60, p=0.032). !ere were no 

signi#cant di'erences in cardiac complications, acute renal failure (ARF), paraplegia or stroke. 

Endoleak and distal embolization each occurred in 9% of patients after TEVAR. 

Conclusions: 

!ere has been a shift towards endovascular management of patients with TTAI. !is change 

in surgical strategy has been associated with less post-operative mortality and fewer pulmonary 

complications in patients su'ering from TTAI. TEVAR is associated with signi#cant device-

related complications.
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INTRODUCTION

Traumatic thoracic aortic injury (TTAI) is the second most common cause of death in trauma 

patients, accounting for about 8.000 deaths per year in the United States.1,2 TTAI is typically 

caused by blunt trauma and occurs in approximately 0.3% of all trauma admissions and in 

1.2% of all motor-vehicle accidents.3,4 Up to 90% of patients with TTAI will die at the scene 

of an accident.5,6 A considerable number of patients expires after admission as well, although 

the in-hospital mortality of patients with TTAI has decreased signi#cantly over time.7,8 Reasons 

for improved outcome of TTAI are increased use of passengers restraints, development of 

trauma centers, institution of β-blockers, improvement in mechanical circulatory support, and 

introduction of novel surgical procedures and technologies, such as endovascular repair.4,7   

Open surgical repair with thoracotomy and interposition of an aortic graft has been the 

traditional method of treating TTAI. In-hospital mortality of open surgery for TTAI is about 

20%.9,10 In addition, there is signi#cant morbidity such as paraplegia in up to 15% of patients.11 

Recently, thoracic endovascular aortic repair (TEVAR) has been established as a safe and feasible 

technique for treatment of thoracic aortic pathologies.12,13 TEVAR allows quick exclusion of the 

aortic lesion and is less invasive than open surgery, which is particularly desirable in patients with 

TTAI and multiple associated injuries. TEVAR appears to lower mortality and morbidity rates 

in patients with TTAI.9-11 Nevertheless, TEVAR is still associated with a number of considerable 

complications such as endoleak, graft fracture and graft migration, necessitating life-long 

surveillance. 

Due to the low incidence of TTAI, the current literature consists mainly of case series with 

limited numbers. For the present study, we evaluated all cases of TTAI in New York State from 

2000 to 2007 treated with open surgery and TEVAR and the impact of endovascular repair on 

the in-hospital outcomes of TTAI was investigated.

METHODS

Discharge data for patients who were admitted with TTAI between 2000 and 2007 were extracted 

from the New York State Statewide Planning And Research Cooperative System (SPARCS) 

database. Legislatively mandated in the 1970s, this system has been collecting hospital discharge 

data for more than 30 years (http://www.health.state.ny.us/statistics/sparcs/index.htm). !e New 

York Department of Health maintains the database, which includes 225 hospitals in the State 

of New York (the third largest state by population in the United States). !e database contains 

individual demographic and clinical information of every patient discharged from an acute-care 

nonfederal hospital, which must be submitted by the hospital within 60 days after the month of 

the patient’s discharge. Since the introduction of SPARCS, this dataset has been used to support 

many research projects.
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We extracted all patients with TTAI from the SPARCS database on the base of diagnosis codes. 

All patients with the diagnosis code 901.0 (injury to the thoracic aorta) were included. !ose 

with the ICD-9 codes pertaining to ruptured and non-ruptured thoracic aneurysms (441.1, 

441.2) and aortic dissection (441.0) were excluded. !e type of surgical repair performed 

was identi#ed with ICD-9 procedure codes. Patients treated with open surgery had the ICD-

9 procedure codes 38.45 (resection of thoracic aorta with replacement) or 38.55 (ligation of 

thoracic aorta). Patients who received TEVAR were identi#ed with the ICD-9 procedure code 

39.73 (endovascular implantation of graft in the thoracic aorta). 

!e following baseline characteristics were extracted for all patients in open repair and 

TEVAR groups: age, gender, year of diagnosis, co-morbid diseases, including diabetes mellitus 

(DM), hypertension, chronic obstructive pulmonary disease (COPD), peripheral vascular disease 

(PVD), chronic renal insu>ciency (CRI), cerebrovascular disease (CVD), hyperlipidemia, and 

associated injuries including cerebral injury (intracranial hemorrhage, subarachnoid hemorrhage, 

subdural hemorrhage, extradural hemorrhage), lung injury, cardiac injury, liver injury, spleen 

injury and pelvic fracture. Additionally, the admission type (emergency, urgent or elective) was 

determined for all patients. Data regarding the year of each surgical procedure for TTAI were 

used to demonstrate the trend in operative management. 

!e following outcomes were compared between patients treated with open surgery and 

TEVAR: in-hospital mortality, in-hospital complications, including cardiac complications, 

pulmonary complications, paraplegia, stroke, acute renal failure (ARF), bleeding, infection, 

mesenteric ischemia, urinary complications, distal embolization and endoleak. !e mean length 

of stay and the disposition after discharge (home, acute care, nursing home, home services, 

rehabilitation) were compared between both treatment groups. 

 

Statistical analysis

All data were analyzed with SAS system software (SAS Institute, Cary, NC). !e Cochran-

Armitage trend test was used to investigate the trend in aortic interventions. Categorical variables 

were compared between patients that were treated with open surgery and TEVAR, using univariate 

analysis and the chi-square test. Fisher’s exact test was used if the expected count was less than 

5. Continuous variables with a normal distribution were compared between the open surgery 

group and the TEVAR group using Students t-test. Outcome results are expressed as both p 

values and 95% con#dence intervals (95% CI). P values ≤0.050 were considered signi#cant in 

our univariate analysis, and signi#cant variables were evaluated using simple regression analysis. 

Variables obtained using simple logistic regression analysis, with a level of signi#cance ≤0.25, 

were included in a multiple logistic regression analysis. !is multivariable regression model 

examined the dichotomous outcome (dead/alive), and associated risk factors. Only variables with 

P value ≤0.05 were included in the #nal model. Independent variables that were signi#cantly 

correlated with both the outcome: death, and the predictor of interest: type of surgery (TEVAR 
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vs. open) were strati#ed and examined individually. Clinical reasoning determined the choice for 

inclusion between independent variables that signi#cantly correlated with each other.

RESULTS

Incidence of TTAI and trends in operative management

In total, 659 patients admitted with traumatic thoracic aortic injury (TTAI) in New York State 

between 2000 and 2007 were identi#ed. !e annual incidence of TTAI increased slightly over 

the study period, the mean annual incidence during this period was 82.4 patients (#gure 1). 

Overall, 49.8% (n=328) underwent surgical repair, and this subset of patients was the object of 

our analysis. !e balance of patients underwent conservative therapy or expired before surgical 

intervention could be performed. !e majority of patients received open surgical repair (n=261, 

79.6%); remaining patients underwent TEVAR (n=67, 20.4%). Four additional patients 

underwent both an endovascular and an open surgical procedure and were excluded from further 

analysis. Open repair was performed for all cases of TTAI until 2005, when endovascular repair 

was introduced in New York State (Figure 2). TEVAR rapidly became the preferred technique for 

TTAI by 2006. With the advent of TEVAR in 2005, the proportion of admitted TTAI patients 

that underwent an aortic intervention signi#cantly increased (#gure 3, Cochran-Armitage trend 

test: p=0.043). 

Baseline characteristics

Mean patient age of the TEVAR cohort was 41.6 years and 38.7 years in the open cohort; 79.6% 

were male. !ere were no signi#cant di'erences in the mean age, gender or rates of pre-admission 

co morbidities between the open repair and TEVAR groups (table 1). Additional injuries to a 

major organ system were identi#ed in 76% (n=248) of TTAIs. Overall, 91.0% (n=61) of patients 

in the TEVAR group vs. 71.7% (n=187) of the open repair group had any of these injuries 

(p=0.001). Admitted patients treated with TEVAR su'ered more frequently from cerebral injury 

(22.4% vs. 8.8%, p=0.002), lung injury (79.1% vs. 53.6%, p<0.001), spleen injury (40.3% 

vs. 16.1%, p<0.001) and pelvic fracture (38.8% vs. 23.4%, p=0.011) compared with patients 

treated with open repair (table 1). Admissions in the open repair of TTAI were more frequently 

coded as emergent than admissions in the TEVAR group; 90.8% (n=237) vs. 80.6% (n=54), 

p=0.019 (table 1). 
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Table 1. Admission characteristics 
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DM diabetes mellitus, COPD chronic obstructive pulmonary disease, CAD coronary artery disease, PVD 
peripheral vascular disease, CRI chronic renal insu>ciency, CVD cerebrovascular disease, SD standard 
deviation 
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Figure 1. Annual rate of admitted patients with TTAI in New York State 

Figure 2. Aortic interventions for TTAI in New York State 
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Figure 3. Trend in proportion of patients with TTAI receiving aortic intervention
With the advent of TEVAR in 2005, the proportion of admitted TTAI patients that underwent an aortic 
intervention signi#cantly increased (Cochran-Armitage trend test: p=0.043).

Patient outcomes

Overall, the in-hospital mortality was 14.6% (n=48) among patients that underwent intervention 

for TTAI, compared with 24.8% (n=81) in the TTAI patients that did not receive intervention 

(p=0.001). In our univariate analysis, an increased in-hospital mortality rate for the eight year 

period was signi#cantly associated with open repair of TTAI compared to TEVAR: 16.9% (n=44) 

vs. 6.0% (n=4), OR 3.19 (95% CI 1.11 – 9.23, p=0.024). 

Of all deaths, 90% (n=43) occurred in patient admitted with an additional injury to a major 

organ system and 10% (n=5) in patients without additional injuries. In our analysis strati#ed by 

the presence of an additional injury, controlling for this likely confounder, 91% (n=39) of the 

deaths occurred in the open group and 9% (n=4) in the TEVAR group. !e in-hospital mortality 

for the cohort with additional major injuries was 20.9% (39/187) for patients treated with 

open repair vs. 6.6% (4/61) for patients treated with TEVAR (p=0.010). We did not identify a 

signi#cant di'erence in the rates of death comparing open surgery to TEVAR in the population 

admitted without additional injury.

Emergent admission designation within the SPARCS database was signi#cantly correlated 

with the presence of an additional injury to a major organ system, and was therefore not included 

in our regression models. Age, gender and co morbidities were not signi#cant predictors of 

death in regression analysis. Type of surgery however, was a signi#cant predictor of death after 

controlling for the presence of additional injury. !e patient cohort admitted with additional 
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injuries was 3.8 times (95% CI: 1.28 - 10.99) as likely to die if they underwent an open procedure 

compared to TEVAR. 

Respiratory complications were the most common post-operative morbidity, and were 

signi#cantly associated with open repair of TTAI compared with TEVAR: 37.9% (n=99) vs. 

23.9% (n=16), OR 1.95 (95% CI: 1.05 – 3.60, p=0.032). Rates of postoperative bleeding were 

similar after both open repair and TEVAR: 24.5% (n=64) vs. 17.9% (n=12), p=0.253. !ere 

were no signi#cant di'erences in cardiac complications, acute renal failure (ARF), stroke or 

paraplegia between both groups (table 2). Endoleak and distal embolization occurred each in 

9.0% (n=6) after TEVAR (p<0.001). 

Table 2. In-hospital outcomes of open repair and TEVAR for TTAI
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Mean hospital length of stay was slightly increased after open repair compared with TEVAR, 

22.9 days vs. 19.3 days (p=0.085). Most patients were discharged home after repair of TTAI: 

29.1% (n=76) of the open repair group and 32.8% (n=22) of the TEVAR group (not signi#cant). 

Patients who received open repair went more frequently to acute care facilities after discharge, 

while patients treated with TEVAR were more often discharged to a rehabilitation center or a 

nursing home (table 3). 
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Table 3. Discharge characteristics after open repair and TEVAR for TTAI
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LOS length of stay, SD standard deviation

DISCUSSION

About eighty patients with traumatic thoracic aortic injury are admitted to hospitals in New York 

State every year. Recently, there has been a major shift away from open surgery to endovascular 

management of these patients. !is trend has been associated with decreased mortality and 

postoperative pulmonary complications.

!e diagnosis and management of TTAI have undergone several major changes in the last 

decades. !e rapid advancement of computed tomography availability, with its less invasive 

nature and its sensitivity and speci#city, has resulted in its almost complete replacement of 

aortography for the diagnosis of TTAI.8 !ere also have been several developments in treatment 

strategies. !e majority of patients with TTAI still die at the scene of the accident, but for those 

patients who live to be admitted to hospital, there has been a shift from early to delayed de#nitive 

repair.8 !e optimal timing for de#nitive repair of TTAI is not known, traditionally early repair 

was preferred in all patients. Generally, patients with TTAI are categorized as “unstable”, in 

whom survival is extremely low, and “stable”.14,15 Clearly, immediate intervention is indicated 

in unstable patients, delay to evaluation and the operating room are risk factors for mortality.16 

!e timing of surgical repair has changed in stable patients with TTAI. In selected cases with 

major associated injuries, delayed de#nitive repair has been associated with reduced mortality.17-19 

Antihypertensive therapy with β-blockers can eliminate in-hospital free rupture in these patients, 

resulting in a further decrease of in-hospital mortality.1,15,20 

!e introduction of TEVAR for the treatment of thoracic aortic pathologies,12,13 has further 

changed the management of TTAI. TEVAR allows prompt exclusion of the aortic injury and 

does not require thoracotomy or aortic clamping, which are undesirable in unstable patients with 

multiple associated injuries. Blood loss is reduced and systemic heparinization and perioperative 

lung ventilation are less often necessary. In many centers, endovascular treatment has become 

the procedure of choice for TTAI, even in young patients.8,9 We demonstrated a similar 
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phenomenon in New York State. TEVAR appeared to be preferred in particular for patients with 

multiple associated injuries (table 1). Furthermore, the proportion of admitted TTAI patients 

that received an aortic intervention appeared to increase since 2005 when TEVAR became widely 

available in New York State (#gure 3). 

In our evaluation, the in-hospital mortality after TEVAR was 6% vs. 17% after open surgery 

for TTAI, which was a statistically signi#cant di'erence. After controlling for the signi#cant 

covariates, TEVAR independently reduces the risk of death following surgical intervention for 

TTAI compared to the open procedure. Our #ndings are similar to a recent meta-analysis by 

Tang et al, which demonstrated a 30-day mortality of 7.6% and 15.2% after TEVAR and open 

surgery, respectively.21 Other meta-analyses and large series have shown results comparable to the 

in-hospital mortality in New York State.9-11,22-24 !e only large evaluation that did not support the 

superiority of TEVAR for TTAI, was the study of Arthurs et al, that found a 30-day mortality of 

19% and 18% after open repair and TEVAR, respectively.3 However, in their nation-wide analysis 

of patients with blunt TTAI, they evaluated the results of open and endovascular repairs between 

2000 and 2005. !erefore, the endovascular devices utilized in their evaluation represent the 

initial experience with custom-made devices or o'-label use of aortic cu's.3 !is may explain the 

increased mortality after TEVAR in their analysis compared with our results and the literature.

In addition, pulmonary complications were signi#cantly reduced with TEVAR. An increased 

incidence of pneumonia after open repair of TTAI compared with TEVAR has been described 

previously;11 particularly in patients with associated major extra-thoracic injuries.9 Paraplegia is 

probably the most devastating complication of thoracic aortic interventions, and its incidence 

is increased after open surgery. Paraplegia occurs in approximately 5.6% to 7% of patients after 

open surgery, compared to less than 1% after TEVAR.21,23,24 Demetriades et al demonstrated 

that procedure-related paraplegia after open surgery for TTAI has signi#cantly decreased from 

8.7% to 2.9% during the last decade.8 !is improved outcome could be the result of better 

resuscitation and a more controlled environment during delayed repair of TTAI.8,19 Furthermore, 

shorter aortic cross clamp time and adjuncts for distal aortic perfusion during open TTAI repair, 

might have contributed to the observed decrease in the incidence of paraplegia,25,26 although some 

question the bene#ts of these such bypass techniques in this patient group.9,16,27 In our evaluation, 

permanent paraplegia occurred in less than 1% after open repair and not at all after TEVAR. 

!e reported rate of postoperative stroke, another neurological complication, is decreased after 

TEVAR compared with open surgery for TTAI as well.21 Our data did not con#rm this #nding.

Although the initial results of endovascular treatment for TTAI are encouraging, there 

continues to be concern about device-related complications. Endoleak and distal embolization 

were each identi#ed in 9% in the patients undergoing TEVAR. Since TTAI typically occurs at 

the aortic isthmus, coverage of the left subclavian artery is required in up to 66% of patients for 

adequate proximal seal.11,28 Coverage of the left subclavian artery may lead to brachial ischemia, 

and without revascularization, it may be a risk factor for paraplegia and stroke.29,30 Furthermore, 
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thrombosis of the subclavian and brachial arteries, iliac rupture, stent-graft migration, fracture 

and collapse have all been reported.24 Unfortunately, limitations in coding prevent us from 

evaluating these speci#c complications in the SPARCS data-set. 

!e experience with TEVAR for TTAI is still very limited and long-term outcomes of TEVAR 

for TTAI are unknown to date. !erefore, life-long surveillance is indicated after TEVAR. 

Computed tomography with angiography is the preferred imaging method for surveillance after 

endovascular treatment, but this would result in a considerable radiation exposure among young 

trauma patients overtime. !e mean age of patients that received TEVAR for TTAI was 39 

years in our evaluation, which is considerably younger than patients undergoing endovascular 

treatment for aortic aneurysms. 

For the present study, we investigated the outcomes of a large cohort of patients that received 

surgical repair for TTAI. Still, there are several potential limitations of our analysis. First, patients 

in the present study were not randomized by repair type. Since this was an observational study, 

the open repair and TEVAR groups were not completely identical. TEVAR patients had more 

additional major injuries while admissions in the open repair of TTAI were more frequently 

coded as emergent (table 1). !ese factors may a'ect the outcomes; therefore, multivariable 

regression analysis was performed, which con#rmed that TEVAR was independently associated 

with improved in-hospital mortality. 

Management of complications such as endoleak after TEVAR could not be extracted from 

SPARCS, and long-term patient outcomes were not available as well, while these are essential, 

particularly in patients that received TEVAR. Another limitation is that the ICD-9 procedure 

code for endovascular repair was initiated in 2005. Although the utilization of thoracic stent-

grafts for the treatment of thoracic aortic disease in the United States was approved by the FDA in 

2005 as well, some TTAI patients in New York State may have received TEVAR before 2005. It’s 

di>cult to determine how these TEVAR patients were coded. If some of these TEVAR patients 

were included in the open repair group, the in-hospital mortality of the open repair group may 

be underestimated, since TEVAR appeared to reduce the in-hospital mortality in our analysis. 

Furthermore, although the data were prospectively collected in the SPARCS database, there 

may be a variation in reporting precision and coding errors. Data extracted from administrative 

databases like SPARCS usually provide reliable information, but co-morbid diseases may be 

underreported.31,32 !e in*uence of this potentially confounding factor is thought to be small, 

since there were no substantial di'erences in co-morbidity between the open surgery group and 

the TEVAR group and the prevalence of pre-existing co-morbidities is thought to be relatively 

low in trauma patients. Moreover, our #ndings regarding the mortality rates in both repair groups 

are supported by previous reports.9-11,21-24 
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CONCLUSION

Management of traumatic thoracic aortic injury has undergone major changes recently. In 

many centers in New York State, endovascular treatment has become the procedure of choice, 

in particular in case of additional major injuries. !is trend is associated with decreased in-

hospital mortality and postoperative pulmonary complications in patients su'ering from TTAI. 

However, TEVAR is also associated with signi#cant device-related complications. 



Chapter 2

30

REFERENCES

 1.  Fabian TC, Davis KA, Gavant ML et al. Prospective study of blunt aortic injury: helical CT is 

diagnostic and antihypertensive therapy reduces rupture. Ann Surg 1998; 227:666-676.

 2.  Schumacher H, Bockler D, von Tengg-Kobligk H et al. Acute traumatic aortic tear: open versus 

stent-graft repair. Semin Vasc Surg 2006; 19:48-59.

 3.  Arthurs ZM, Starnes BW, Sohn VY et al. Functional and survival outcomes in traumatic blunt 

thoracic aortic injuries: An analysis of the National Trauma Databank. J Vasc Surg 2009; 49:988-

994.

 4.  Michetti CP, Hanna R, Crandall JR et al. Contemporary analysis of thoracic aortic injury: 

importance of screening based on crash characteristics. J Trauma 2007; 63:18-24.

 5.  Parmley LF, Mattingly TW, Manion WC et al. Nonpenetrating traumatic injury of the aorta. 

Circulation 1958; 17:1086-1101.

 6.  Dosios TJ, Salemis N, Angouras D et al. Blunt and penetrating trauma of the thoracic aorta and 

aortic arch branches: an autopsy study. J Trauma 2000; 49:696-703.

 7.  Cook J, Salerno C, Krishnadasan B et al. !e e'ect of changing presentation and management 

on the outcome of blunt rupture of the thoracic aorta. J !orac Cardiovasc Surg 2006; 131:594-

600.

 8.  Demetriades D, Velmahos GC, Scalea TM et al. Diagnosis and treatment of blunt thoracic aortic 

injuries: changing perspectives. J Trauma 2008; 64:1415-1418.

 9.  Demetriades D, Velmahos GC, Scalea TM et al. Operative repair or endovascular stent graft in 

blunt traumatic thoracic aortic injuries: results of an American Association for the Surgery of 

Trauma Multicenter Study. J Trauma 2008; 64:561-570.

 10.  Riesenman PJ, Farber MA, Rich PB et al. Outcomes of surgical and endovascular treatment of 

acute traumatic thoracic aortic injury. J Vasc Surg 2007; 46:934-940.

 11.  Chung J, Owen R, Turnbull R et al. Endovascular repair in traumatic thoracic aortic injuries: 

comparison with open surgical repair. J Vasc Interv Radiol 2008; 19:479-486.

 12.  Dake MD, Miller DC, Semba CP et al. Transluminal placement of endovascular stent-grafts for 

the treatment of descending thoracic aortic aneurysms. N Engl J Med 1994; 331:1729-1734.

 13.  Nienaber CA, Fattori R, Lund G et al. Nonsurgical reconstruction of thoracic aortic dissection 

by stent-graft placement. N Engl J Med 1999; 340:1539-1545.

 14.  Lee RB, Stahlman GC, Sharp KW. Treatment priorities in patients with traumatic rupture of the 

thoracic aorta. Am Surg 1992; 58:37-43.

 15.  Mattox KL, Wall MJ, Jr. Historical review of blunt injury to the thoracic aorta. Chest Surg Clin 

N Am 2000; 10:167-82, x.

 16.  Whitson BA, Nath DS, Knudtson JR et al. Is distal aortic perfusion in traumatic thoracic aortic 

injuries necessary to avoid paraplegic postoperative outcomes? J Trauma 2008; 64:115-120.



Endovascular and Open Treatment for Traumatic !oracic Aortic Injury

31

2

 17.  Nagy K, Fabian T, Rodman G et al. Guidelines for the diagnosis and management of blunt aortic 

injury: an EAST Practice Management Guidelines Work Group. J Trauma 2000; 48:1128-1143.

 18.  Maggisano R, Nathens A, Alexandrova NA et al. Traumatic rupture of the thoracic aorta: should 

one always operate immediately? Ann Vasc Surg 1995; 9:44-52.

 19.  Hemmila MR, Arbabi S, Rowe SA et al. Delayed repair for blunt thoracic aortic injury: is it really 

equivalent to early repair? J Trauma 2004; 56:13-23.

 20.  Holmes JH, Bloch RD, Hall RA et al. Natural history of traumatic rupture of the thoracic aorta 

managed nonoperatively: a longitudinal analysis. Ann !orac Surg 2002; 73:1149-1154.

 21.  Tang GL, Tehrani HY, Usman A et al. Reduced mortality, paraplegia, and stroke with stent graft 

repair of blunt aortic transections: a modern meta-analysis. J Vasc Surg 2008; 47:671-675.

 22.  Buz S, Zipfel B, Mulahasanovic S et al. Conventional surgical repair and endovascular treatment 

of acute traumatic aortic rupture. Eur J Cardiothorac Surg 2008; 33:143-149.

 23.  Xenos ES, Abedi NN, Davenport DL et al. Meta-analysis of endovascular vs open repair for 

traumatic descending thoracic aortic rupture. J Vasc Surg 2008; 48:1343-1351.

 24.  Ho'er EK, Forauer AR, Silas AM et al. Endovascular stent-graft or open surgical repair for blunt 

thoracic aortic trauma: systematic review. J Vasc Interv Radiol 2008; 19:1153-1164.

 25.  Jahromi AS, Kazemi K, Safar HA et al. Traumatic rupture of the thoracic aorta: cohort study and 

systematic review. J Vasc Surg 2001; 34:1029-1034.

 26.  Fabian TC, Richardson JD, Croce MA et al. Prospective study of blunt aortic injury: Multicenter 

Trial of the American Association for the Surgery of Trauma. J Trauma 1997; 42:374-380.

 27.  Mattox KL. Red River anthology. J Trauma 1997; 42:353-368.

 28.  Day CP, Buckenham TM. Endovascular repair of the thoracic aorta: predictors of 30-day 

mortality in patients on the New Zealand !oracic Aortic Stent Database (NZ TAS). Eur J Vasc 

Endovasc Surg 2009; 37:160-165.

 29.  Buth J, Harris PL, Hobo R et al. Neurologic complications associated with endovascular repair 

of thoracic aortic pathology: Incidence and risk factors. a study from the European Collaborators 

on Stent/Graft Techniques for Aortic Aneurysm Repair (EUROSTAR) registry. J Vasc Surg 2007; 

46:1103-1110.

 30.  Fattori R, Nienaber CA, Rousseau H et al. Results of endovascular repair of the thoracic aorta with 

the Talent !oracic stent graft: the Talent !oracic Retrospective Registry. J !orac Cardiovasc 

Surg 2006; 132:332-339.

 31.  Humphries KH, Rankin JM, Carere RG et al. Co-morbidity data in outcomes research: are 

clinical data derived from administrative databases a reliable alternative to chart review? J Clin 

Epidemiol 2000; 53:343-349.

 32.  Powell H, Lim LL, Heller RF. Accuracy of administrative data to assess comorbidity in patients 

with heart disease. an Australian perspective. J Clin Epidemiol 2001; 54:687-693.



Chapter 2

32



Chapter 3

Meta-analysis of Open versus Endovascular 

Repair for Ruptured Descending !oracic 

Aortic Aneurysm

Journal of Vascular Surgery 2010;51:1026-1032

Frederik H.W. Jonker,1 MD, 

Santi Trimarchi,2 MD, 

Hence J.M. Verhagen,3 MD, PhD, 

Frans L. Moll,4 MD, PhD, 

Bauer E. Sumpio,1 MD, PhD, 

Bart E. Muhs,1 MD, PhD.

1 Section of Vascular Surgery and Interventional Radiology, Yale University School of Medicine, 

New Haven, CT
2 Section of Vascular Surgery, IRCCS Policlinico San Donato, Milan, Italy 
3 Section of Vascular Surgery, Erasmus University Medical Center, Rotterdam, the Netherlands 
4 Section of Vascular Surgery, University Medical Center Utrecht, the Netherlands



Chapter 3

34

ABSTRACT

Introduction:

Ruptured descending thoracic aortic aneurysm (rDTAA) is associated with high mortality rates. 

Data supporting thoracic endovascular aortic repair (TEVAR) to reduce mortality compared 

with open repair is limited to small series. We investigated the contemporary outcomes of open 

and endovascular repair in the literature.

Methods:

!e authors systematically reviewed all studies describing the outcomes of rDTAA treated with 

either open repair or TEVAR since 1995 using MEDLINE, Cochrane Library CENTRAL, and 

Embase databases. Case reports, or studies published before 1995 were excluded. All articles were 

critically appraised for relevance, validity and availability of data regarding treatment outcomes. 

All data were systematically pooled and meta-analyses were performed to investigate 30-day 

mortality, myocardial infarction, stroke and paraplegia rates after both repair types.

Results: 

Original data of 224 patients with rDTAA treated with either TEVAR (n=143, 64%) or open 

repair (n=81, 36%) were identi#ed. Mean age of the cohort was 70 ±5.6 years and 70% were 

male. !e 30-day mortality was signi#cantly lower in patients treated with TEVAR for rDTAA 

compared to patients treated with open repair: 19% vs. 33% (OR 2.15, p=0.016). !e 30-day 

occurrence rates of myocardial infarction (11.1% vs. 3.5%, OR 3.70, p< 0.05), stroke (10.2% 

vs. 4.1%, OR 2.67, p=0.117) and paraplegia (5.5% vs. 3.1%, OR 1.83, p=0.405) were increased 

after open repair compared with TEVAR, but for stroke and paraplegia this failed to reach 

statistical signi#cance. In the TEVAR group, #ve additional patients died of aneurysm-related 

causes after 30 days during a median follow-up of 17 ±10 months, follow-up data after open 

repair was insu>cient. !e estimated aneurysm-related survival at 3 years after TEVAR was 

70.6%.

Conclusion: 

Endovascular repair of rDTAA is associated with a signi#cantly lower 30-day mortality compared 

with open surgical repair. TEVAR was associated with a considerable number of aneurysm-

related deaths during follow-up.
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INTRODUCTION

!e annual incidence of ruptured aneurysm of the thoracic aorta is around 5 per 100,000, which 

makes it less common than ruptured abdominal aortic aneurysms.1,2 Approximately 30% of all 

ruptured thoracic aortic aneurysms are localized at the descending thoracic aorta, remaining 

ruptured aneurysms are found at the ascending aorta and arch.1 Overall mortality rates of 

ruptured thoracic aortic aneurysms of up to 97% have been reported and a minority of patients 

survive transport to the emergency department.1 

!e traditional treatment of intact and ruptured aneurysms of the descending thoracic aorta 

has been open surgical resection of the aneurysm and replacement with an interposition graft, 

which was #rst performed by Lam and Aram in 1951.3 Open surgical repair of descending 

thoracic aortic aneurysms allows inspection of the ruptured aneurysm and possible aortic 

branches. However, this approach requires thoracotomy, aortic cross clamping, and in some cases 

cardiopulmonary bypass. Successful endovascular management of a ruptured descending thoracic 

aortic aneurysm (rDTAA) was #rst reported by Semba et al in 1997.4 !oracic endovascular 

aortic repair (TEVAR) is less invasive than open repair and may result in quick exclusion of the 

aneurysm without thoracotomy or aortic clamping. 

Recent non-randomized trials have demonstrated 30-day mortality rates of 1.9% to 2.1% 

after elective endovascular repair of thoracic aortic aneurysms compared with 5.7% to 11.7% after 

elective open repair.5-7 In addition, endovascular repair has been associated with improved operative 

mortality rates for ruptured abdominal aortic aneurysms8,9and traumatic thoracic aortic ruptures.10,11 

However, the exact role of TEVAR for the management of rDTAA still has to be better de#ned, as 

a result of the low incidence of rDTAA. !e purpose of the present study was to perform a meta-

analysis evaluating the outcomes of endovascular vs. open repair for the management of rDTAA.  

METHODS 

Literature search

Medline, Embase and Cochrane Library CENTRAL were searched until June 29th, 2009. 

!e following search string was used for Medline: (“rupture”[tiab] OR “ruptured”[tiab] OR 

“ruptures”[tiab] OR emergen*[tiab] OR “acute”[tiab] OR perforat*[tiab]) AND (“thoracic”[title] 

OR “descending”[title]) AND (“aorta”[title] OR “aortic”[title]) AND (“aneurysm”[tiab] OR 

“aneurysms”[tiab] OR “aneurysmatic”[tiab]) !is resulted in 846 articles. A similar search string 

was used for Embase, resulting in 1390 articles. !e Cochrane library CENTRAL database was 

browsed manually and did not reveal any relevant articles. After removal of duplicate articles, 

1743 articles remained. No language or publication date restrictions were applied.
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Selection of articles 

All titles and abstracts were read by two independent investigators (FHJ and BEM). Inclusion 

criteria were: (1) articles describing patients with rDTAA treated with TEVAR or open repair, 

(2) the following patient outcomes were described: 30-day mortality (required), and 30-day 

complications including stroke, paraplegia and myocardial infarction (preferably). Aneurysm 

rupture was de#ned as fresh blood outside the aortic wall on imaging or during surgery. Exclusion 

criteria included: (1) articles published before 1995, to guarantee that the report represents 

contemporary practice, (2) case reports (3) thoracic aortic pathologies other than rDTAA, such 

as ruptured thoraco-abdominal aneurysms, aneurysms of the ascending aorta or arch, penetrating 

aortic ulcers, (4) no clear description of outcomes of TEVAR or open repair, and (5) no original 

data presented in the article. 

Studies that evaluated other thoracic aortic pathologies besides rDTAA were excluded, unless 

treatment outcome variables were described separately for the di'erent pathologies. In this 

manner, many studies had to be excluded for analysis. Other articles written by identical authors 

and/or institutions were studied in detail and excluded if necessary to prevent inclusions of 

duplicate cases. Reports from administrative databases were not included, because administrative 

data is thought to be less reliable and may be published before in other included reports. In total, 

28 relevant articles were identi#ed and included in our #nal selection.4,12-38     

Data extraction 

Two independent investigators analyzed the identi#ed articles (FHJ and BEM). !e following 

characteristics were extracted: age and gender of patients; co-morbidities: aneurysm characteristics 

such as diameter, contained or free rupture, associated dissection; presence of hypovolemic shock 

at admission; time interval between diagnosis and aneurysm repair; repair type; consideration for 

preferred repair type; cerebrospinal *uid drainage; anesthesia type; endograft details including 

brand, diameter, length and number of stent-grafts used; successful aneurysm exclusion; 30-day 

mortality; mortality after 30 days; time interval between aneurysm repair and death; cause of 

death; permanent paraplegia; stroke; myocardial infarction (MI); endograft-related complications, 

including endoleak, graft migration and fracture; need for vascular re-intervention within 30 

days; length of stay in days, and length of follow-up in months. All extracted information was 

subsequently systematically entered in one database. Totally, original data regarding 224 patients 

with rDTAA treated with open repair or TEVAR were identi#ed. Availability of the studied 

variables in the evaluated reports is depicted in table 1. 

Statistical analysis 

Statistical analyses were performed by FHJ, using SPSS 15.0 software and Comprehensive Meta-

analysis V2 software. In all cases, missing data were not defaulted to negative, and denominators 

re*ect only cases reported. Levene’s test for equality of variances was used to assess the variance 
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of the 30-day mortality, paraplegia, stroke and MI rates among the evaluated studies. Equal 

variances were con#rmed for all evaluated outcome variables. Contingency tables with chi-square 

test were used to compare categorical outcome variables, such as 30-day mortality, paraplegia, 

stroke and MI occurrence rates, between patients treated with open repair and TEVAR. 

Continuous variables were compared between both repair groups using Student’s t-test. !e 

estimated aneurysm-related survival during follow-up was demonstrated using Kaplan-Meier life 

table analysis. Di'erences were considered statistically signi#cant if the P value was less than .05. 

RESULTS

Baseline characteristics

In total, 28 articles describing 224 patients with rDTAA were identi#ed, including 143 patients 

(63.8%) treated with TEVAR, and 81 patients (36.2%) treated with open repair. Mean age of 

patients with rDTAA was 70.0 ±5.6 years, and 69.9% (65/139) of the cohort were male (table 2). 

Ruptured aneurysms treated with TEVAR tended to be more frequently contained rather than a 

Table 1. Availability of data in the evaluated reports 
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free rupture, 75 of 135 (55.6%) vs. 24 of 56 (42.9%), p=0.110. However, these data were only 

available for 85% of patients (table 1).

Aneurysm repair was performed within 24 hours in 147 of177 patients (83.1%). 

Considerations for o'ering open repair were: institution’s standard treatment in 42 patients 

(51.9%), no endovascular repair available in 28 patients (34.6%, in particular before 1999), or 

unsuitable anatomy for endovascular repair in the remaining 11 patients (13.6%). TEVAR was 

preferred over open repair because of: emergency in 82 patients (57.3%), co-morbidities in 53 

patients (37.1%), and TEVAR was simply the institution’s standard treatment for all descending 

thoracic aortic pathologies in the remaining 8 patients (5.6%). 

Early mortality

!e 30-day mortality was signi#cantly lower in patients treated with TEVAR for rDTAA 

compared to patients treated with open repair: 27 out of 143 patients (18.9%) vs. 27 out of 

81 patients (33.3%), OR 2.15 (95%CI: 1.15-4.01, p=0.016). Data regarding the cause of 30-

day mortality were available in 42 of 54 deaths (78%, table 1). Most frequent causes of 30-day 

mortality after open repair were exsanguination, cardiac complications or stroke, which were 

each responsible for 5 of 18 deaths (27.7%, #gure 1). Besides these causes of death, multi-organ 

failure (MOF) and infectious complications were common death causes in the TEVAR group. 

Table 2. Baseline characteristics of patients with rDTAA
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Figure 1. Causes of 30-day mortality
Other causes of death included iatrogenic dissection with abdominal mal perfusion after TEVAR (n=1), 
superior mesentery artery infarction after TEVAR (n=1), and acute renal failure after open repair of rDTAA

Early complications

Myocardial infarction was reported in 5 of 45 patients (11.1%) after open repair and in 5 of 142 

patients (3.5%) after TEVAR (OR 3.5, p=0.047, table 3). Stroke occurred in 6 of 59 patients 

(10.2%) in the open repair group vs. 5 of 123 patients (4.1%) in the TEVAR group (OR 2.67, 

p=0.117). In most cases, these complications resulted in death. Permanent paraplegia was 

reported in 4 of 73 (5.5%) after open repair and in 4 of 130 (3.1%) after TEVAR (OR 1.83, 

p=0.405).   

Vascular reinterventions within 30 days were described in 11 of 121 patients (9.1%) after 

TEVAR vs. 1 of 44 patients (2.3%) after open repair (OR 0.23, p=0.169). Interventions after 

TEVAR included repair of a lacerated common iliac artery, external iliac artery or femoral 

artery in #ve patients, conversion to open repair because of proximal endoleak in two cases, 

additional TEVAR because of type 1 endoleak twice, and carotid-carotid bypass once because of 

overstenting of the left carotid artery. Re-exploration for bleeding after open repair of rDTAA 

was reported once. Endoleak was reported in 10 of 90 patients (11.1%) at some point during 

follow-up after TEVAR, which included type I endoleak in nine cases and type II endoleak in 

one case. Endograft migration was reported once.
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Mortality during follow-up

Reliable data regarding mortality during follow-up were available for 107 of the 116 TEVAR 

patients (92%) that were alive after 30 days, and for only 9 of 52 patients (17%) in the open repair 

group. Median follow-up was 17 ±10 months for the TEVAR group and 36 ±13 months for the 

open repair group. In the TEVAR group, #ve patients died of aneurysm-related causes after 30-

days; the median time interval until death was 139 days (range 87 to 1080 days). Exsanguination 

due to rupture of the stented aneurysm or the adjacent aortic segment was the cause of death in 

four patients. Untreated type 1 endoleak caused the rupture in two cases, perforation of the aortic 

wall by the bare portion of the stent-graft occurred once, and an infected stent-graft led to aortic 

rupture in the last patient. !e #fth aneurysm-related death during follow-up after TEVAR was 

the result of sepsis due to an aortobronchial #stula. !e estimated aneurysm-related survival for 

patients treated with TEVAR was 70.6% after 3 years (#gure 2). No aneurysm-related mortality 

was reported in the open repair group during follow-up.

Figure 2. Aneurysm-related survival in patients treated with TEVAR for rDTAA
!e estimated aneurysm-related survival at 3 years after TEVAR was 70.6%. !e dashed line indicates 30 
days after the endovascular procedure. Survival estimates were not performed for patients treated with open 
repair, since the follow-up data was not available for 83% of patients. 

Table 3. �irty-day outcomes of open repair and TEVAR for rDTAA
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DISCUSSION

 

In this review of the available literature, thoracic endovascular aortic repair (TEVAR) of ruptured 

descending thoracic aortic aneurysms (rDTAA) was associated with a signi#cantly lower 30-day 

mortality rate compared with open repair.  

!e #ve-year survival rate of patients with untreated thoracic aortic aneurysms (TAA) is only 

20% to 54%,39,40 which is primarily the result of aneurysm rupture. Risk factors for rupture of 

thoracic aortic aneurysms are increasing age, female gender, COPD, and, most importantly, 

increasing aneurysm diameter.40-43 For TAA greater than 6 cm in diameter, risks of dissection, 

rupture or death are about 15% per year.40,42 Since these risks substantially exceed the risk of 

surgical resection of TAA, elective intervention is generally recommended in aneurysms larger 

than 6 cm.42,44-46 Among patients with ruptured thoracic aortic aneurysms, the overall mortality 

approaches 100%, and just a minority of the patients will be admitted alive to the emergency 

department.1 Although the patients that make it to the hospital are thought to have a more 

realistic outcome, a large part of this group will not survive the operation either.47 

!e traditional treatment of rDTAA has been open surgical resection of the aneurysm and 

replacement with an interposition graft. Since the introduction of endovascular techniques 

for the management of abdominal and thoracic aortic disease, this less invasive technique has 

shown to improve the operative mortality rates of both elective and emergency interventions 

compared with open surgical repair.5-11,48 For rDTAA, signi#cant bene#ts of endovascular repair 

have not yet been reported, which likely is the result of the relatively low incidence of this disease. 

Additionally, studies often combine results of rDTAA, traumatic aortic injuries, penetrating 

aortic ulcers and type B dissections, while these are completely di'erent pathologies.   

In this evaluation, the 30-day mortality of open repair of rDTAA was 33%, compared with 

19% after TEVAR. Open repair of rDTAA is a more invasive procedure than TEVAR, and 

patients treated with open repair appeared to su'er more frequently from myocardial infarction, 

stroke and paraplegia during or shortly after the operation. Myocardial infarction and stroke 

were important causes of death after open repair. TEVAR does not require thoracotomy, aortic 

clamping or cardiovascular bypass, and o'ers prompt exclusion of the ruptured aneurysm which 

minimizes additional blood loss. !ese advantageous characteristics of endovascular management 

of rDTAA appear to result in superior short term outcomes compared to open repair of rDTAA, 

and TEVAR may therefore be the treatment of #rst choice in patients with rDTAA.

!e cause of concern with endovascular repair of aortic disease remains its durability and 

the development of endograft-related complications.49 Endoleak was present in at least 11% 

after TEVAR, and during a median follow-up of 17 months, 5 of the 107 TEVAR patients with 

available follow-up data had died of endograft-related complications and the estimated aneurysm-

relate survival at 3 years was 71%. Rupture of the stented aneurysm or the adjacent aorta was 

the main cause of death in these patients, and was caused by type 1 endoleak, perforation of the 
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aortic wall by the bare portion of the stent-graft, or an infected stent-graft. Risks of endograft-

related complications may be increased after emergency procedures. In the emergency setting, 

physicians can only use those endografts that are available on the shelf stock, and urgent situations 

may not allow optimal endograft sizing and deployment. Furthermore, hypovolemic shock may 

result in an decreased aortic diameter, which may contribute to inadequate endograft sizing 

as well.50 !erefore, continued surveillance using computed tomography angiography (CTA) 

after TEVAR, and further improvement of endovascular techniques and endografts design is 

required.21,49 

Meta-analyses such as the present study have several limitations, the most important 

disadvantage is that the data is limited to information provided by the original articles. !is 

can result in incomplete data, such as the follow-up data that was unavailable for the majority 

of the patients treated with open repair. Furthermore, ruptured aneurysms treated with TEVAR 

tended to be more frequently contained rather than a free rupture. Blood loss may be more 

extensive in case of free rupture which could result in hemodynamic instability and poorer 

outcomes. However, data regarding this variable were missing in 15% as well. In addition, some 

complications or even deaths may have been underreported in the evaluated studies. Articles in 

which the description of the outcome variables was unclear were therefore excluded from the 

meta-analysis. !e present study does represent the largest evaluation of patients with rDTAA 

treated with TEVAR and open repair, and it may o'er the best evidence that is currently available 

regarding the management of this life-threatening disease.   

CONCLUSION

Endovascular repair of rDTAA is associated with a signi#cantly lower 30-day mortality 

compared with open surgical repair in the literature. Furthermore, complications like myocardial 

infarction, stroke and paraplegia appear to be lower after endovascular repair of rDTAA. 

However, endovascular repair was associated with a considerable number of aneurysm-related 

deaths during follow-up, mainly caused by late rupture after TEVAR. Continued surveillance 

after TEVAR, and further improvement of the design of endografts is required to decrease the 

endograft-related complications and deaths during follow-up.
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ABSTRACT

Background 

Ruptured descending thoracic aortic aneurysm (rDTAA) is a cardiovascular catastrophe, 

associated with high morbidity and mortality, which can be managed either by open surgery 

or thoracic endovascular aortic repair (TEVAR). !e purpose of this study is to retrospectively 

compare the mortality, stroke, and paraplegia rates after open surgery and TEVAR for the 

management of rDTAA.         

Methods

Patients with rDTAA treated with TEVAR or open surgery between 1995 and 2010 at seven 

institutions were identi#ed and included for analysis. !e outcomes between both treatment 

groups were compared; the primary endpoint of the study was a composite endpoint of 

death, permanent paraplegia and/or stroke within 30 days after the intervention. Multivariate 

logistic regression analysis was used to identify risk factors for the primary endpoint. 

Results

A total of 161 patients with rDTAA were included, of which 92 were treated with TEVAR and 69 

with open surgery. !e composite outcome of death, stroke or permanent paraplegia occurred in 

36.2% of the open repair group, compared with 21.7% of the TEVAR group (OR 0.49, 95% CI 

0.24-0.97, p=0.044). !e 30-day mortality was 24.6% after open surgery compared with 17.4% 

after TEVAR (OR 0.64, 95% CI 0.30-1.39, p=0.260). Risk factors for the composite endpoint of 

death, permanent paraplegia and/or stroke in multivariate analysis were increasing age (OR 1.04, 

95% CI 1.01-1.08, p=0.036) and hypovolemic shock (OR 2.47, 95% CI 1.09-5.60, p=0.030), 

while TEVAR was associated with a signi#cantly lower risk of the composite endpoint (OR 

0.44, 95% CI 0.20-0.95, p=0.039). !e aneurysm-related survival of patients treated with open 

repair was 64.3% at 4 years, compared with 75.2% for patients treated with TEVAR (p=0.191).  

Conclusions

Endovascular repair of rDTAA is associated with a lower risk of a composite of death, stroke 

and paraplegia, compared with traditional open surgery. In rDTAA patients, endovascular 

management appears the preferred treatment when this method is feasible. 



Open Surgery vs. Endovascular Repair of Ruptured !oracic Aortic Aneurysms

49

4

INTRODUCTION

!oracic aortic aneurysm rupture is a cardiovascular catastrophe with an estimated incidence 

of 5.0 per 100,000 people per year.1, 2 !e yearly rate of aortic rupture, dissection and/or death 

for aneurysms larger than 6 cm is around 15%,3-5 and only a small fraction of all patients 

with ruptured thoracic aortic aneurysms is admitted alive to the emergency department.1 !e 

prognosis of patients with ruptured thoracic aortic aneurysms that make it to the hospital and 

undergo intervention is thought to be more realistic, however, mortality and morbidity rates in 

this sub group remain substantial.6-8 

!e traditional treatment for ruptured descending thoracic aortic aneurysms (rDTAA), 

which account for approximately 30% of all ruptured aneurysms of the thoracic aorta,1 has been 

for decades open surgical resection followed by interposition of a Dacron graft.6, 7 Open surgical 

repair of rDTAA is associated with high mortality rates, and a considerable number of surviving 

patients su'er from disabling complications such as permanent paraplegia or stroke.6-9 !oracic 

endovascular aortic repair (TEVAR) recently o'ers a less invasive alternative for the management 

of descending thoracic aortic pathologies.10-12 Although TEVAR is increasingly being used for 

the management of acute thoracic aortic disease,13-16 it remains unclear if endovascular repair 

reduces the mortality and morbidity of rDTAA, due to the low incidence of this emergency. 

!e purpose of this multicenter study is to compare the mortality, stroke, and paraplegia rates 

between patients with rDTAA treated with open surgery and TEVAR.      

METHODS

Study population

!e following referral centers participated in this project: Yale New Haven Hospital (New Haven, 

Connecticut), Baylor College of Medicine (Houston, Texas), Christine E. Lynn Heart and 

Vascular Institute (Boca Raton, Florida), Policlinico San Donato IRCCS (San Donato Milanese, 

Italy), St. Antonius Hospital (Nieuwegein, the Netherlands), Erasmus University Medical 

Center (Rotterdam, the Netherlands) and the University Medical Center Utrecht (Utrecht, the 

Netherlands). !e study was approved by the institutional review committee at all participating 

institutions. Patients with rDTAA treated with TEVAR or open surgery between 1995 and 2010 

were identi#ed and included for analysis. Ruptured aneurysm was de#ned as any disruption of 

the aneurysmal aortic wall with an extravascular collection of blood. !e anatomic extent of the 

aneurysm was located between the left subclavian artery and the celiac axis in all cases. 
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Surgical Techniques

At present, the participating hospitals have established a protocol for admitted patients with 

rDTAA in which endovascular repair has become the preferred treatment. All endovascular 

procedures were performed in the operating room under general anesthesia by vascular and/

or cardiothoracic surgeons. !e following endovascular devices were used: Gore TAG® (Gore 

Medical, Flagsta', AZ), Medtronic Talent® (Santa Rosa, CA), or Medtronic Valiant® (Santa 

Rosa, CA). !e endograft diameter was oversized compared with the native aortic landing 

zone diameter by 10% to 20% as recommended by the manufacturer. To ensure an adequate 

landing zone, overstenting of the left subclavian and/or celiac artery was required in some cases. 

Routine revascularization of the left subclavian artery was not performed, this depended on 

the preference of the surgeon, the vertebrobasilar circulation, and the condition of the patient. 

Contra-indications for TEVAR have changed over the years and may di'er between the di'erent 

participating institutions and physicians. Current contra-indications typically include no 

proximal or distal aortic neck, or an aortic diameter that is too wide for commercially available 

thoracic endografts. 

Open surgical procedures were typically performed by cardiothoracic surgeons through 

a posterolateral thoracotomy in the 4th to 6th intercostal space using extracorporeal perfusion 

support, with a simple clamp technique or hypothermic circulatory arrest (HCA). Indications 

for HCA included the need to extend the resection into the distal aortic arch or the entire 

descending thoracic aorta, or if the aortic pathology precluded the use of aortic cross clamping. 

Reimplantation of intercostal arteries depended on surgeon’s preference. Prophylactic CSF 

drainage during open surgery or TEVAR was only performed if the patient was stable enough, 

and was thought to have an increased risk for spinal cord ischemia.    

Endpoints and Statistical Analysis

!e primary endpoint of the study was a composite endpoint of death, permanent paraplegia 

and/or stroke within 30 days after the intervention. We de#ned stroke as a new central 

neurologic de#cit within 30 days after the aortic intervention, con#rmed as an ischemic or 

hemorrhagic lesion on computed tomography or magnetic resonance imaging of the brain. 

!e individual components of the primary endpoint were analyzed as secondary endpoints. 

Secondary endpoints also included other complications, aortic re-intervention within 30 days, 

hospital length of stay, and aneurysms-related survival during follow-up. Categorical variables 

were investigated using the chi-square test or the Fisher’s exact test, continuous variables using 

the Student’s t-test or Mann-Whitney U test. Multivariate logistic regression analysis was used 

to investigate independent e'ects of baseline and operating characteristics on the primary 

composite endpoint, and 30-day mortality. Variables with a P value <0.2 in univariate analysis 

were integrated in the multivariate regression model. Kaplan Meier survival analysis was used 

to investigate the aneurysm-related survival during follow-up after TEVAR and open surgical 

repair. Aneurysm-related death was de#ned as death within 30 days, or death after 30 days due 
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to complications related to the aneurysm and/or intervention. Statistical analysis was performed 

using SPSS 15.0 software, a P value < 0.05 was considered statistically signi#cant.

RESULTS

Overall, 161 patients with rDTAA between 1995 and 2009 were identi#ed, of which 57.1% 

(n=92) underwent TEVAR and 42.9% (n=69) open surgical repair. Prior to 2000, all admitted 

patients underwent open surgery (#gure 1), compared with 57.4% of patients between 2000 and 

2004, and 10% of patients admitted from 2005 (p<0.001). After the #rst endovascular repair of 

rDTAA in 2001, the utilization of TEVAR for rDTAA rapidly increased (#gure 1).  

!e mean age of patients treated with TEVAR was 69.4 years, compared with 64.8 years for 

patients treated with open surgery (p=0.016, table 1). !ere were no signi#cant di'erences in 

gender or pre-existing co-morbidities between the TEVAR and open repair groups. !e mean 

aneurysm diameter of patients that received TEVAR was signi#cantly smaller than those receiving 

open surgery (55.5 mm vs. 69.5 mm, p<0.001, table 1). Aneurysm repair was performed within 

24 hours in 89.4% of the open repair group, and in 85.4% of the TEVAR group (p=0.49). 

Coverage of the left subclavian artery was needed in 35.9% after TEVAR and coverage of the 

celiac artery in 5.4%. Left carotid-subclavian bypass was performed in three of the patients in 

which the left subclavian artery was covered. Cerebrospinal *uid drainage was performed in 

similar rates in both treatment groups during the intervention (15.9% vs. 18.7%, p=0.65).     

Figure 1. Trends in management and 30-day mortality of ruptured DTAA
!e 30-day mortality of rDTAA decreased over the years from 32.4% before 2000, to 21.4% between 2000 
and 2004, and 15.0% between 2005 and 2009 (p=0.109).
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Early Outcomes

Overall, the 30-day mortality of rDTAA decreased over the years from 32.4% before 2000, to 

21.4% between 2000 and 2004, and 15.0% between 2005 and 2009 (p=0.109, #gure 1). Among 

the patients treated with open repair, the 30-day mortality was 24.6% (n=17), compared with 

17.4% (n=16) among patients treated with TEVAR (OR 0.64, 95% CI 0.30-1.39, p=0.260). 

!e composite outcome of death, stroke or permanent paraplegia occurred in 36.2% (n=25) of 

the open repair group, compared with 21.7% (n=20) of the TEVAR group (OR 0.49, 95% CI 

0.24-0.97, p=0.044). Permanent paraplegia occurred in 8.7% after open surgery, compared with 

2.2% after TEVAR (p=0.059, table 2). !e death, stroke and/or paraplegia rates did not di'er 

signi#cantly between the participating institutions.  

Postoperative pulmonary complications (31.9% vs. 17.4%, p=0.032) and acute renal failure 

(24.6% vs. 8.7%, p=0.006) were signi#cantly increased in patients treated with open surgery 

compared to TEVAR (table 2). Endoleak was diagnosed in 17.4% within the #rst 30 days after 

TEVAR (type 1A in 7 patients, type 1B in 3 patients, type 2 in 5 patients and type 3 once). !e 

median hospital length of stay for surviving patients was 22 days (interquartile range 26 days) in 

the open repair group, compared with 8 days (interquartile range 10 days) in the TEVAR group 

(p<0.001).

Table 1. Baseline characteristics
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CAD coronary artery disease, COPD chronic obstructive pulmonary disease, CRI chronic renal insu!-
ciency, Prior aortic repair consisted of 29 prior abdominal aortic interventions and 16 prior thoracic aortic 
interventions; one patient had undergone both a prior abdominal and thoracic aortic intervention.
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Multivariate analysis of endpoints

Independent risk factors for the primary endpoint of death, stroke or permanent paraplegia 

in multivariate analysis were increasing age (OR 1.04, 95% CI 1.01-1.08, p=0.036) and 

hypovolemic shock (OR 2.47, 95% CI 1.09-5.60, p=0.030), while TEVAR was associated with 

a signi#cantly lower risk of the composite endpoint (OR 0.44, 95% CI 0.20-0.95, p=0.039). 

!e risk of death, stroke and/or permanent paraplegia tended to increase after prior aortic repair 

(OR 2.15, 95% CI 0.95-4.86, p=0.065) (table 3). Independent predictors of 30-day mortality 

were hypovolemic shock at admission (OR 2.63, 95% CI 1.03-6.70, p=0.044) and a prior aortic 

repair (OR 2.65, 95% CI 1.08-6.47, p=0.033) (table 4). 

Table 3. Independent predictors of death, stroke or permanent paraplegia
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Table 2. Early outcomes
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�e median hospital length of stay is shown with the interquartile range, and was calculated for patients that 
were discharged alive. Among the 7 patients that su�ered of stroke after open surgery, 6 had an anterior 
circulation stroke and one patient had a stroke of the posterior circulation. Among the 7 patients that 
developed a stroke after TEVAR, 4 had an anterior circulation stroke while 3 patients had a posterior 
circulation stroke.
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Aneurysm-related survival during follow-up

 e median length of follow-up of patients that were alive at 30-days was 34.5 months in the open 

repair group and 13.5 months in the TEVAR group. After the "rst 30 days, 7 additional patients 

in the open repair group died of complications related to the aneurysm and/or intervention, and 

5 patients in the TEVAR group. Causes of death in the open repair group were poor general 

condition and/or congestive heart failure related to surgical intervention (n=3), multi-organ 

failure (n=2), sepsis (n=1), and unable to be disconnected from the respirator (n=1). Causes of 

death in the TEVAR group were an infected endograft and/or sepsis (n=3), aortic rupture (n=1) 

and a poor general condition (n=1).  e aneurysm-related survival of patients treated with open 

repair was 64.3% at 4 years, compared with 75.2% for patients treated with TEVAR (p=0.191, 

"gure 2).

Re-interventions during follow-up

In the TEVAR group, aortic re-interventions were required in 11 patients during follow-up, 

because of type 1 endoleak in 8 patients, an aortoesophageal "stula in one patient, and aneurismal 

dilatation of the thoracic aorta without endoleak in two patients. Aortic re-interventions after 

TEVAR consisted of deployment of an additional endograft in 9 patients, coiling in one patient, 

and surgical resection of a type III thoracoabdominal aortic aneurysm once. In addition, a thorax 

drain was placed in 22 patients, an esophagostomy was performed in three patients, and one 

patient required a thoracotomy to release trapped lung tissue and evacuate a clotted hemothorax.    

In the open surgery group, aortic re-interventions were required in 3 patients during follow-

up, which consisted of repair of the distal anastomosis because of leakage in two patients and 

evacuation of an abscess around the aortic graft in one patient. Other re-interventions included a 

tracheostomy because of respiratory insu#ciency (n=10), a pneumonectomy (n=1), necrotectomy 

and debridement (n=1), and a laparotomy because of visceral ischemia (n=1).    

Table 4. Independent predictors of 30-day mortality
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Figure 2. Aneurysm-related survival during follow-up after open repair and TEVAR
 e aneurysm-related survival of patients treated with open repair was 64.3% at 4 years, compared with 
75.2% for patients treated with TEVAR (p=0.191).

DISCUSSION

TEVAR has revolutionized the management of thoracic aortic disease. Advantages of a minimally 

invasive endovascular approach are the avoiding of thoracotomy and aortic cross-clamping, 

reduced operating times and minimal additional blood loss, which are particularly important 

in rDTAA patients in critical condition. TEVAR is emerging as the preferred treatment for 

patients with rDTAA at our institutions, although there is currently no strong evidence that an 

endovascular approach improves survival compared with traditional open surgery. 

In the present multi-center analysis, we observed a trend towards reduced 30-day mortality 

for patients treated with TEVAR (17.4% vs. 24.6%), in accordance with previous reports of 

experienced centers, in which early mortality rates typically range between 11.4% to 18.9% 

after TEVAR,16-18 compared with 22.2% to 33.3% after surgical repair.9, 18-21 In the United States 

between 1988 and 2003, the overall in-hospital mortality after open surgical repair of rDTAA 

was 45%,6 and the “real world” mortality rate after intervention for rDTAA may therefore be 

underestimated in the literature.  e lower mortality rate after open repair in our evaluation 

compared to this population-based study,6 may be related to the fact that the participating 

institutions in our study were tertiary referral centers, and mortality rates of rDTAA may be 

reduced in referral and/or large-volume hospitals.22, 23 Furthermore, referred rDTAA patients 

that survived transport and received a surgical intervention may have been relatively more stable, 

which may have contributed to improved outcomes as well.  
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Improved survival after an endovascular approach compared with open surgery has been 

observed as well for other thoracic aortic catastrophes including traumatic aortic injuries or 

complicated type B aortic dissections.13, 15, 24, 25 Although mortality is a very important outcome 

measure, the quality of life of surviving patients is also essential when determining the preferred 

treatment. In descending thoracic aortic interventions, the most feared nonfatal complication is 

postoperative paraplegia due to interruption of the blood supply to the spinal cord. In this study, 

the incidence of the composite primary endpoint of death, stroke or paraplegia was signi"cantly 

reduced after TEVAR, and we observed a trend towards a lower incidence of permanent 

paraplegia in this group. Previous studies have shown a reduced paraplegia rate after TEVAR 

for non-ruptured DTAA compared with open surgery.26, 27  eoretic explanations for reduced 

risks of paraplegia after an endovascular approach are no aortic cross clamping during TEVAR, 

fewer periods of peri operative hypotension due to blood loss or hemodynamic shifts, and slow 

thrombosis of the aneurysm sac compared with acute occlusion of critical vessels during surgical 

repair.27

Hypovolemic shock at admission was an independent predictor of both 30-day mortality 

as the composite endpoint of death, stroke and paraplegia. Hypovolemic shock is a strong 

predictor of death in most acute aortic syndromes,16, 28-30 and hypovolemia may also lead to 

inadequate perfusion of the spinal cord and brain, resulting in increased risks of neurologic 

de"cits. Aneurysm rupture, long cross-clamp duration, and intra operative hypotension have 

been previously correlated with increased risks of spinal cord ischemia and stroke during open 

thoracic aortic surgery.8, 31 Several reports have suggested a similar relation between emergency 

procedures, blood loss or peri operative hypotension, and the occurrence of spinal cord ischemia 

after TEVAR.32-35 Prior aortic repair was associated with an increased risk of 30-day mortality as 

well. Patients that have undergone prior aortic repair may have had a long history of atherosclerotic 

disease, and a poor general condition, resulting in increased risks of postoperative mortality 

and morbidity. In addition, open or endovascular repair of rDTAA may be more di#cult in a 

previously reconstructed aorta. 

Although TEVAR was associated with improved outcomes, a cause for concern is the 

occurrence of endograft-related complications.36, 37 Endoleak was diagnosed in 17% within 

the "rst 30 days, and aortic re-interventions were required in about 8% of all patients during 

the "rst month. Furthermore, several patients expired due to infected endografts and/or aortic 

rupture during follow-up after TEVAR.  ese "ndings underline the need for close radiologic 

surveillance during follow-up after endovascular repair of rDTAA, which may be initiated already 

before discharge of the patient. Nevertheless, in the open repair group a considerable number of 

patients died as well after the "rst 30 days, due to multi organ failure or a poor general condition.
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An important limitation of the present study was the retrospective observational study design. 

However, due to the rarity of this condition and its emergent nature, it will be very di#cult to 

ever realize a large randomized study comparing the outcomes of TEVAR versus open surgery of 

rDTAA. Moreover, because of the superior results of TEVAR for the management of acute thoracic 

aortic disease in multiple observational studies, including the present evaluation, conducting 

such a randomized study may be not ethical. Due to the non-randomized observational study 

design, baseline di$erences existed between the treatment groups, including an older mean age 

and a smaller aneurysm diameter in the TEVAR group.  e older age of the TEVAR patients 

may be explained by the increasing life-expectancy of the population, and surgical interventions 

may have been refused to very elderly patients with rDTAA prior to the endovascular era.  ere 

may be several theoretical explanations for the smaller mean aneurysm diameter in the TEVAR 

group.  e proportion of patients with aneurysms > 5.5 cm undergoing elective thoracic aortic 

repair has increased over the years, due to increased detection rates of thoracic aortic aneurysms, 

and improved treatment modalities and outcomes.38, 39  is may have resulted in a lower 

occurrence of rupture of very large aneurysms, and therefore a relative increase in the occurrence 

of aortic rupture of aneurysms smaller than 5.5 cm. In addition, very large aneurysms may be 

more often unsuitable for an endovascular approach, due to inadequate landing zones. In a 

recent comparative analysis of Patel and colleagues, patients treated with TEVAR for thoracic 

aortic rupture were signi"cantly older and had a smaller mean aortic diameter as well, when 

compared to patients treated with open surgery.16 Another limitation of the study is that most 

open surgical interventions were performed before 2000, while all endovascular procedures were 

performed after 2000 in our evaluation, and the outcomes of open surgery for rDTAA may have 

improved slightly over the years. However, due to the low incidence of rDTAA and the increasing 

utilization of TEVAR, it is very di#cult to obtain a considerable number of rDTAA patients 

treated with open surgery in more recent years. 

CONCLUSIONS

 ere has been a shift towards endovascular management of patients with rDTAA at our 

institutions. We observed a lower rate of the composite endpoint of death, stroke and paraplegia, 

for the rDTAA patients treated with TEVAR compared with traditional open surgery. 

Furthermore, there was a trend towards lower risks of permanent paraplegia and improved 

aneurysm-related survival after TEVAR. In rDTAA patients, endovascular management appears 

the preferred treatment when this method is feasible. 
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ABSTRACT

Background: 

 oracic endovascular aortic repair (TEVAR) o$ers a less invasive approach for the treatment of 

ruptured descending thoracic aortic aneurysms (rDTAA). Due to the low incidence of this life-

threatening condition, little is known about the outcomes of endovascular repair of rDTAA and 

the factors that a$ect these outcomes.

Methods and results: 

We retrospectively investigated the outcomes of 87 patients that underwent TEVAR for rDTAA 

at 7 referral centers between 2002 and 2009.  e mean age was 69.8 ±12 years and 69.0% were 

male. Hypovolemic shock was present in 21.8% of patients, and 40.2% were hemodynamically 

unstable.  e 30-day mortality was 18.4%, and hypovolemic shock (OR 4.75, 95% CI 1.37-

16.5, p=0.014) and hemothorax at admission (OR 6.65, 95% CI 1.64-27.1, p=0.008) were 

associated with increased 30-day mortality after adjusting for age. Stroke and paraplegia occurred 

each in 8.0%, and endoleak was diagnosed in 18.4% of patients within the "rst 30 days after 

TEVAR. Four additional patients expired due to procedure-related complications during a 

median follow-up of 13 months, the estimated aneurysm-related mortality at 4 years was 25.4%. 

Conclusion: 

Endovascular repair of ruptured descending thoracic aortic aneurysm is associated with 

encouraging results.  e endovascular approach was associated with considerable rates of 

neurologic complications and procedure-related complications such as endoleak. 
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INTRODUCTION

 

Ruptured thoracic aortic aneurysm is rare and the reported annual incidence is only 5 per 

100,000.1 Increasing age, female gender, and increasing aortic diameter have been associated with 

increased risk of thoracic aortic aneurysm rupture.1-4 Ruptured thoracic aortic aneurysm is a life-

threatening condition, and the overall mortality rate is thought to exceed 90%.1  e traditional 

treatment of ruptured aneurysms of the descending thoracic aorta (rDTAA), which account for 

about 30% of all ruptured thoracic aortic aneurysms,1 has been open surgical resection of the 

aneurysm and replacement with an interposition graft. More recently, thoracic endovascular 

aortic repair (TEVAR) has o$ered a less invasive alternative for the treatment of rDTAA.5 

Although endovascular management has been shown to improve the survival of patients with 

ruptured abdominal aortic aneurysm,6,7 which is more common than rDTAA,1,8 the outcomes 

of endovascular repair of rDTAA remain unclear.  e current literature is limited to small series 

of rDTAA managed with endovascular repair, and these studies often combined the results of 

rDTAA, traumatic aortic injuries, penetrating aortic ulcers and acute type B aortic dissections,9-15 

while these are completely di$erent pathologies.  

In the present study, we evaluated the in-hospital and follow-up results of patients with 

rDTAA managed with endovascular repair at 7 referral centers in the United States and Europe. 

 e in&uence of patient and procedural characteristics on outcomes after endovascular repair 

was investigated.   

METHODS

Study population

We identi"ed all patients that were treated with endovascular repair for ruptured aneurysms 

of the descending thoracic aorta at seven referral centers in the United States and Europe 

between January 2002 and July 2009.  e following institutions participated in this project: 

Yale New Haven Hospital (New Haven, Connecticut), Baylor College of Medicine, (Houston, 

Texas), University of Florida (Gainesville, Florida), Policlinico San Donato IRRCS (San Donato 

Milanese, Italy), St. Antonius Hospital (Nieuwegein, the Netherlands), Erasmus University 

Medical Center (Rotterdam, the Netherlands) and the University Medical Center Utrecht 

(Utrecht, the Netherlands).  e study was approved by the institutional review committee at all 

participating institutions. 

All participating institutions have established a protocol for admitted patients with ruptured 

descending thoracic aortic aneurysm, in which endovascular repair is the preferred treatment. 

Contra-indications for TEVAR include no proximal or distal aortic neck, or an aortic diameter 

that is too wide for commercially available thoracic endografts. Tortuous, calci"ed or small iliac 
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arteries do typically not preclude for TEVAR since an iliac conduit can be used for vascular access 

in these patients. If a patient with rDTAA is unsuitable for an endovascular approach, open 

surgery is o$ered, or treatment is refused. 

For the present study, ruptured aneurysm was de"ned as any disruption of the aneurysmal 

aortic wall with an extravascular collection of blood and/or mediastinal hematoma, hemothorax, 

or esophageal penetration as documented by preoperative computed tomography angiography 

(CTA), or transesophageal echocardiography (TEE). Contained rupture was de"ned as 

descending thoracic aortic aneurysm with only a contained mediastinal hematoma. Ruptured 

dissected aneurysms were included only if the aneurysm diameter was larger than 50mm. Patients 

that were treated with aortic arch replacement besides endovascular repair (e.g. elephant trunk 

technique) were excluded.

Surgical technique

All endovascular procedures were performed in the operating room under general anesthesia by 

vascular and/or cardiothoracic surgeons. Preoperative imaging usually consisted of CTA of the 

chest and abdomen. Intravascular ultrasound (IVUS) and intraoperative TEE were occasionally 

used to augment the other imaging modalities. 

 e endograft diameter was oversized compared with the native aortic landing zone diameter 

by 10% to 20% as recommended by the manufacturer.  e endograft was advanced into the 

desired position and carefully deployed after veri"cation of the correct position using contrast 

angiography. Proximal and distal landing zones of 20 mm of normal aorta were required to 

minimize risks on endoleak or endograft migration, coverage of the subclavian and/or celiac 

artery was required in some cases to ensure an adequate landing zone. Final endograft position 

and endoleaks were assessed using contrast angiography. All patients were observed at the 

intensive care unit (ICU) for at least 24 hours postoperatively. Routine CTA of the chest and 

abdomen was obtained in all patients before discharge. 

Statistical Analysis

Data are shown as frequencies and percentages, and mean + standard deviation or as a median 

and interquartile range. Predictors of 30-day mortality were explored using logistic regression 

analysis. Multivariable regression analysis was not performed since the study population and the 

expected number of events were thought to be too small for this analysis. Instead, we adjusted for 

age in our bivariate regression analysis of predictors of 30-day mortality, since increasing age is an 

important risk factor for mortality. To correct for multiple comparisons, statistical signi"cance 

was de"ned as a P value < 0.02. Time of freedom from aneurysm related death and/or thoracic 

aortic re-intervention was demonstrated using Kaplan-Meier survival curves. Aneurysm-related 

death was de"ned as death within 30 days, or death after 30 days due to complications related 

to the aneurysm and/or endovascular procedure. Statistical analysis was performed using SPSS 

15.0 software.
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RESULTS

Patient and Operating Characteristics

Eighty-seven patients underwent TEVAR for rDTAA, the mean age was 69.8 ±12 years and 

69.0% were male.  e mean aneurysm diameter was 54.3 ±20 mm. Hypovolemic shock was 

present in 21.8% of patients, and 40.2% were hemodynamically unstable (table 1). A contained 

rupture was diagnosed in 36.8%, and hemothorax was present in 41.4% of patients (table 1). 

Endovascular repair was performed within 24 hours in 85.1% (table 2). All patients that 

were treated after 24 hours had a contained rupture and were hemodynamically stable.  ese 

patients were monitored closely at the ICU while the endovascular procedure was planned.  e 

common femoral artery was used for vascular access in 89.7%. Femoral access was not possible 

in 10.3% because of severe occlusive disease of the iliac arteries, and an iliac conduit (n=8) or 

the distal abdominal aorta (n=1) was used for vascular access in these patients.  e mean graft 

diameter was 37.5 ±3.7 mm and the total graft length was 115.6 ± 114 mm. Coverage of the left 

subclavian artery was required for an adequate landing zone in 37.9% and overstenting of the 

celiac artery was performed in 5.7% (table 2).    

Early outcomes

 e ruptured aneurysm was successfully excluded during TEVAR in 95.4%.  e 30-day 

mortality was 18.4% (n=16), the median time interval between TEVAR and 30-day death was 

11 days (interquartile range 14; limits 1 to 29 days). Multi-organ failure (MOF) and cardiac 

complications were together responsible for 50.0% (n=8) of the deaths within the "rst month.  

 e most common post-operative morbidities were respiratory complications which occurred 

in 18.4% (n=16) of patients (table 3). Peri-procedural stroke occurred in 8.0% (n=7), including 

4 patients (4.6%) that died of stroke.  e incidence of postoperative paraplegia was 8.0% (n=7). 

One of these patients had received cerebrospinal &uid (CSF) drainage during TEVAR. After 

diagnosis of paraplegia, CSF drainage was started immediately in all patients, for a median 

duration of 3 days (limits 1 to 4 days). Two patients (2.3%) su$ered from permanent paraplegia, 

while 5 patients (5.7%) had transient paraplegia which resolved during follow-up.

Endoleak was diagnosed on the completion angiogram and/or computed tomography in 

18.4% (n=16) within the "rst 30 days after TEVAR, and consisted of type 1 in 10 patients, type 

2 in 5 patients and type 3 once. Type 1 endoleak was detected in 2 additional patients after 30 

days.
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Table 1. Demographics, Patient history and Presentation
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Table 2. Operating characteristics
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Table 3. �irty-day outcomes 
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Predictors of 30-day mortality 

After adjusting for age, which was a risk factor for 30-day mortality (OR 1.11, p=0.024), the 

following variables were signi"cant predictors of 30-day mortality (p<0.02): hypovolemic 

shock (OR 4.75, 95% CI 1.37-16.5, p=0.014) and hemothorax at admission (OR 6.65, 95% 

CI 1.64-27.1, p=0.008) (table 4).  ere was a trend towards higher 30-day mortality among 

hemodynamically instable patients (OR 3.99, 95% CI 1.07-14.9, p=0.039), and patients that 

had underwent a prior aortic intervention (OR 3.32, 95% CI 0.92-11.99, p=0.067), while more 

recent endovascular procedures tended to be associated with reduced 30-day mortality (OR 0.74, 

95% CI 0.54-1.01, p=0.059). 

        

Follow-up outcomes

 e median follow-up of patients that were alive at 30 days was 13 months (interquartile 

range 33; limits 1 to 72 months). Four additional patients expired after the "rst month due to 

complications related to the ruptured aneurysm and/or endovascular procedure.  e "rst patient 

died after 46 days due to heart failure and a poor general condition that she had developed 

after TEVAR.  e second patient died of sepsis due to a persistent aortoesophageal "stula at 

Table 4. Logistic regression analysis of predictors for 30-day mortality, adjusted for age
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!e logistic regression results were adjusted for age, which was a signi"cant risk factor for 30-day mortal-
ity (OR 1.11, p=0.024), CAD coronary artery disease, COPD chronic obstructive pulmonary disease, CRI 
chronic renal insu#ciency, LSA left subclavian artery, CSF cerebrospinal $uid, OR odds ratio, CI con"-
dence interval.
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3 months after TEVAR for rDTAA with aortoesophageal "stula.  e last two patients were 

re-admitted with an infected endograft and died of sepsis at 4.5 and 6 months after the initial 

endovascular procedure. CTA imaging demonstrated that the infection was due to a new 

aortoesophageal "stula in the latter patient, the cause of sepsis was unclear in the other case. 

 e estimated aneurysm-related mortality at 4 years was 25.4% ("gure 1). For patients admitted 

with and without hemothorax, the aneurysm-related mortality at 3 years was 43.9% and 12.2%, 

respectively (p=0.001, "gure 2). Twelve patients died during follow-up of causes unrelated to 

the ruptured aneurysm and/or endovascular procedure, including myocardial infarction (n=5), 

stroke (n=2), sepsis after resection of a sarcoma (n=1), and unknown (n=4).      

Figure 1. Aneurysm-related survival after endovascular repair of rDTAA 
Four additional patients expired after the "rst month due to complications related to the ruptured aneurysm 
and/or endovascular procedure.  e estimated aneurysm-related mortality at 4 years was 25.4%.  e 
number of patients lost to follow-up (FU) includes all patients that expired after 30-days due to unrelated 
causes, those that underwent TEVAR recently and have a FU < 48 months, and those that were lost to 
follow-up. 
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Figure 2. Aneurysm-related survival for patients admitted with and without hemothorax 
 e aneurysm-related mortality for patients admitted with and without hemothorax at 3 years was 43.9% 
and 12.2%, respectively (log-rank test: p=0.001).    

 oracic aortic re-interventions were required in 11 patients. Median time interval between 

initial TEVAR and the re-intervention was 17 days (interquartile range 148 days; limits 1 day 

to 4 years). Aortic re-intervention was indicated because of type 1 endoleak in 8 patients, an 

aortoesophageal "stula in one patient and aneurysmal dilatation of the thoracic aorta without 

detectable endoleak in two patients.  e re-intervention consisted of deployment of an 

additional thoracic endograft in 9 patients, coiling in one patient and open resection of a type 

III thoraco-abdominal aortic aneurysm once. Freedom from aneurysm-related death and aortic 

re-intervention at 4 years was 54.9% ("gure 3). 
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Figure 3. Freedom from aneurysm-related death or thoracic aortic re-intervention 
Freedom from aneurysm-related death and aortic re-intervention at 4 years was 54.9%. 
!oracic aortic re-interventions include all re-interventions that were required for complications related to the 
aneurysm and/or initial endovascular procedure such as endoleak, aneurysmal dilatation and development 
of aortic "stulas.

DISCUSSION

 oracic endovascular aortic repair has changed the management of elective and emergency 

thoracic aortic intervention. TEVAR has shown to improve the operative mortality rates of intact 

descending thoracic aortic aneurysm,16 complicated type B aortic dissections17 and traumatic 

thoracic aortic injuries.18,19 For ruptured descending thoracic aortic aneurysms, which is less 

common than these pathologies, endovascular management has become the treatment of choice 

at many institutions, although evidence supporting the superiority of TEVAR is lacking. We 

evaluated the outcomes of endovascular repair of rDTAA in a multicenter analysis, and attempted 

to investigate factors that a$ect these results.  

 e vast majority of patients that su$er from rDTAA will expire before they reach the hospital.1 

Although the patients that make it to the emergency department are thought to have a much 

better prognosis, a large part of this group will not survive the hospitalization as well. Traditional 

surgical repair of rDTAA is still associated with high mortality rates, despite improved treatment 

strategies and peri-operative care. Specialized centers have reported mortality rates between 25% 

and 30% after open repair of rDTAA,20-23 but this number may be even underestimated and many 
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institutions will not operate on these patients. In a population-based analysis, Schermerhorn and 

colleagues found an in-hospital mortality rate of 45% after open repair of rDTAA.24 

Endovascular repair allows quick exclusion of rDTAA without cardiovascular bypass, aortic 

clamping, or thoracotomy. In this evaluation, the 30-day mortality after TEVAR was 18.4% and 

endovascular repair therefore appears to lower the 30-day mortality rate considerably compared 

with results of conventional open surgical repair in the literature. Studies describing outcomes 

of endovascular repair of rDTAA are scarce, available series have reported early mortality rates 

between 10% and 21% after TEVAR for di$erent acute thoracic aortic pathologies.9-15 A recent 

comparative study of Patel and colleagues showed a 30-day mortality of 11.4% after TEVAR 

compared with 26.5% after open repair of ruptured thoracic aortic dissections and aneurysms.9 

 ese results suggest a paradigm shift, with TEVAR emerging as the therapy of choice for rDTAA.  

Logistic regression analysis showed several risk factors for 30-day mortality after adjusting for 

age. Hypovolemic shock typically results in poor outcomes, and patients with such admission 

characteristics had increased 30-day mortality in our evaluation as well. Hemothorax at 

presentation was a strong predictor of mortality as well, which was more surprising. Hemothorax 

is a marker for excessive blood loss, and blood in the pleural space may result in respiratory 

insu#ciency and infection in this already critically-ill subset of patients. Prompt drainage of the 

hemothorax, closely monitoring of the vital functions and respiratory support if needed, may 

therefore be crucial in these patients.         

Endovascular repair of rDTAA was associated with considerable rates of stroke and permanent 

or temporary paraplegia, which occurred each in 8% of patients. For endovascular repair of intact 

descending thoracic aortic aneurysms, incidence rates of paraplegia and stroke usually range 

between 1.3% to 6.6% and 2.5% to 5%, respectively.25-29 Risks of neurologic complications 

may be increased after endovascular repair of rDTAA, since the emergency setting often does 

not allow optimal spinal cord protection, and the hypovolemic state of patients may contribute 

to insu#cient cerebral and spinal cord perfusion. However, only 2.3% of patients su$ered from 

permanent paraplegia, and the incidence of paraplegia and stroke after conventional surgical 

treatment of rDTAA may be as high as 12.5% and 25%, which further supports the endovascular 

approach of rDTAA.20,21 

A reason for concern regarding the endovascular management of rDTAA is the occurrence 

of endograft-related complications during follow-up. Four patients died after 30 days of 

complications related to the endovascular procedure, including three patients that died of sepsis 

due to an infected endograft and/or development of aortoesophageal "stula. Aortoesophageal 

"stulas are associated with high mortality rates, and de"nitive esophageal repair is required after 

endovascular management of an aortoesophageal "stula, to prevent recurrent infections.30,31 

However, two of three patients that died of an infected endograft with sepsis, did not have an 

aortoesophageal "stula at the initial admission. Risk of infective complications may be increased 

after emergency TEVAR, since urgent situations may not allow optimal sterility and planning of 
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the procedure. Continued surveillance using computed tomography (CTA) and a high suspicion 

for these infective complications is therefore required after endovascular repair of acute thoracic 

aortic disease. 

Another important observation in this evaluation was the high rate of endoleak, which was 

detected in 18.4% of patients within the "rst month.  e majority of the endoleaks consisted 

of type 1 endoleak, which is generally associated with adverse outcomes.32-35 Although some 

endoleaks resolved spontaneously, aortic re-intervention was required in 8 patients with endoleak 

and the estimated freedom from aneurysm-related death or intervention was only 54.9% at 4 

years. Further improvement of endovascular techniques and endografts design is required to 

reduce the occurrence of endoleak and the need for re-intervention after TEVAR for rDTAA.12,36  

Limitations

 e multicenter design of this study allowed us to investigate the largest available series of 

patients treated with endovascular repair of rDTAA, a rare but highly lethal disease. However, 

several considerations are important when interpreting the results of the present study. First, the 

sample size of 87 patients may be relatively small for investigating risk factors of 30-day mortality 

after endovascular repair of rDTAA.  erefore we have not performed multivariable regression 

analysis, but we did adjust for age in the bivariate regression analysis of 30-day mortality.  ough 

these analyses showed several signi"cant predictors, unknown confounders may have a$ected 

the results. In addition, data were collected retrospectively and subject to incomplete or missing 

reporting of events. Furthermore, the seven centres that participated were tertiary referral sites 

that have signi"cant expertise and experience in the endovascular management of patients with 

thoracic aortic pathologies, thus limiting the applicability to centres that lack such capability.

CONCLUSION

Endovascular repair of ruptured descending thoracic aortic aneurysm is associated with 

encouraging results, and a preferential endovascular approach for the management of this 

emergency seems appropriate. However, endovascular repair of ruptured descending thoracic 

aortic aneurysms was still associated with considerable rates of neurologic complications and 

procedure-related complications such as endoleak. Continued surveillance after successful 

endovascular management is required, and further improvements of current endovascular devices 

are needed to reduce the endograft-related complications and deaths during follow-up.
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ABSTRACT

Objective:

 oracic endovascular aortic repair (TEVAR) is a valuable tool in the treatment of ruptured 

descending thoracic aneurysm (rDTAA). A major complication of this procedure is stroke. We 

investigated the incidence and risk factors for stroke following TEVAR for rDTAA.

Methods:

We retrospectively evaluated the outcomes of all patients that were treated with TEVAR for 

rDTAA at seven institutions between 2002 and 2009. Ninety-two patients were identi"ed, with 

a mean age of 69.4 ±11 years and 67% were male. Multivariable logistic regression analysis was 

used to investigate risk factors for stroke, including demographics, co-morbidities, aneurysm and 

procedural details. 

Results:

 e 30-day mortality was 17.4% (n=16), and 7.6% (n=7) su$ered from procedure-related 

stroke. Four out of seven patients with stroke (57.1%) expired within 30 days compared with 

14.1% (n=12) of the patients without stroke (OR 8.11, p=0.004). Increasing age was associated 

with an increased risk of stroke (OR 1.38, 95%CI 1.08 - 1.76, p=0.010), while more recent 

procedures were associated with a reduced risk of stroke (OR 0.52, 95%CI 0.28 - 0.97, p=0.039) 

in multivariable regression analysis.  e aneurysm-related survival at 1 year after TEVAR was 

42.9% for patients that su$ered from stroke, and 77.6% for those without stroke (p=0.006).

Conclusions:

Endovascular repair of rDTAA is associated with a considerable risk of stroke, and stroke is 

an important cause of 30-day mortality in this patient group. Particularly older patients are 

at risk for developing stroke after endovascular repair of rDTAA.  e risk of stroke decreased 

signi"cantly over time in this evaluation.
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INTRODUCTION

Ruptured thoracic aortic aneurysm is a rare but life-threatening condition, requiring immediate 

intervention.1,2 Open surgical repair of the aneurysm has been the traditional treatment, 

however, this approach is associated with high mortality and morbidity, especially neurologic 

complications.1-5 Procedure-related stroke is a devastating complication, and its incidence after 

acute thoracic aortic surgery may be as high as 15% to 25%.5-7  oracic endovascular aortic 

repair (TEVAR) is a minimally invasive technique that results in quick exclusion of the aortic 

lesion, which are desirable characteristics when managing acute thoracic aortic pathologies. 

TEVAR appears to improve the outcomes of elective and emergent thoracic aortic repair,8-14 and 

the endovascular approach is emerging as the preferred method for the management of ruptured 

descending thoracic aortic aneurysm (rDTAA).11  ough TEVAR does not require thoracic 

aortic clamping, emboli caused by manipulation of the endovascular device in the diseased 

aortic arch may result in stroke.15  e incidence of stroke may be increased during endovascular 

repair of rDTAA, since urgent situations may not allow optimal endovascular management and 

hypovolemia may attribute to inadequate cerebral perfusion.     

Due to the low incidence of rDTAA, the exact signi"cance of procedure-related stroke during 

endovascular repair of rDTAA remains unclear. For this study, we investigated the incidence and 

risk factors of stroke among patients treated with TEVAR for rDTAA at seven institutions in the 

United States and Europe.   

METHODS

Patient selection

We retrospectively evaluated the outcomes of all patients treated with TEVAR for ruptured 

aneurysms of the descending thoracic aorta at seven referral centers in the United States and 

Europe between January 2001 and July 2009.  e following institutions participated in this 

project: Yale New Haven Hospital (New Haven, Connecticut), Baylor College of Medicine, 

(Houston, Texas), University of Florida (Gainesville, Florida), Policlinico San Donato IRRCS 

(San Donato Milanese, Italy), St. Antonius Hospital (Nieuwegein, the Netherlands), Erasmus 

University Medical Center (Rotterdam, the Netherlands) and the University Medical Center 

Utrecht (Utrecht, the Netherlands). 

Endovascular repair has become the preferred approach for the treatment of ruptured 

descending thoracic aortic aneurysms at all participating institutions. For the present study, 

ruptured aneurysm was de"ned as any disruption of the aneurysmal aortic wall with extravascular 

collection of blood as documented by preoperative imaging. Ruptured dissected aneurysms were 

included only if the aneurysm diameter was larger than 50mm. Stroke wad de"ned as a new 
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central neurologic de"cit within 30 days after TEVAR, con"rmed as an ischemic or hemorrhagic 

lesion on computed tomography (CT) or magnetic resonance (MR) imaging of the brain.  e 

study was approved by the institutional review committee at all participating institutions.

Surgical technique

All endovascular procedures were performed in the operating room under general anesthesia 

by vascular and/or cardiothoracic surgeons.  e following endovascular devices were used: 

Gore TAG® (Gore Medical, Flagsta$, AZ), Medtronic Talent® (Santa Rosa, CA), or Medtronic 

Valiant® (Santa Rosa, CA).  e endograft diameter was oversized compared with the native aortic 

landing zone diameter by 10% to 20% as recommended by the manufacturer. Proximal and 

distal landing zones of 20 mm of normal aorta were required to minimize risks on endoleak or 

endograft migration, coverage of the subclavian artery was required in some cases to ensure an 

adequate proximal landing zone. Prophylactic CSF drainage was only performed if the patient 

was stable enough, and had risk factors for spinal cord ischemia such as previous abdominal 

aortic intervention or extensive aortic coverage.    

Statistical Analysis

Data are shown as frequencies and percentages, and mean + standard deviation or as a median and 

interquartile range. Categorical variables were investigated using the chi-square test and Fisher’s 

exact test when the expected cell count was less than 5; the age of the patients with stroke and 

without stroke was compared using the Student’s t-test. Predictors of procedure-related stroke 

were explored using univariate logistic regression analysis. Variables with a P value <0.02 in 

univariate analysis were integrated in a multivariable regression model to investigate independent 

predictors of stroke. Kaplan-Meier life table analysis was used to demonstrate aneurysm-related 

survival of patients with and without stroke. Statistical analysis was performed using SPSS 15.0 

software, a P value < 0.05 was considered statistically signi"cant.

RESULTS

Patient and Procedural Characteristics

We identi"ed 92 patients that underwent TEVAR for rDTAA between 2001 and 2009.  e 

utilization of TEVAR for rDTAA increased over time, especially from 2004 ("gure 1).  e mean 

age was 69.4 ±12 years, 67% were male and the mean aneurysm diameter was 55 ±20 mm. Pre-

existing hypertension was present in 52%, coronary artery disease in 41%, and 14% of patients 

had a history of unilateral or bilateral carotid disease (table 1). TEVAR was performed within 24 

hours in 85%. Coverage of the left subclavian artery (LSA) was required in 36% for an adequate 

proximal landing zone. Cerebrospinal &uid (CSF) drainage was performed in 19% of patients 

during the endovascular procedures.   
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Figure 1. Distribution of TEVAR cases by year

Table 1. Demographics, Patient history, Presentation and Procedural Details
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Procedure-Related Stroke

 e 30-day mortality was 17.4% (n=16), procedure-related stroke occurred in 7.6% (n=7) of 

all patients, and temporary or permanent paraplegia in 7.6% (n=7) as well (table 2). Patients 

su$ering from stroke were older than those that did not develop stroke, 79.7 years vs. 68.6 years 

(p=0.012). Four out of seven patients that developed stroke were female, and the stroke rate 

was 13.3% in women compared with 4.8% in men (p=0.150). Among the 13 patients with a 

ruptured dissected aneurysm, 2 patients su$ered from stroke (15.4%), compared with 5 out of 

79 patients without associated dissection (6.3%, p=0.257). Procedure-related stroke occurred 

in 12.1% (n=4) of the endovascular procedures before 2006, compared with 5.1% (n=3) in the 

cases performed from 2006 (p=0.222).

Ischemic stroke was present in 6 out of 7 patients, and hemorrhagic stroke occurred once. 

Four out of seven patients with stroke (57.1%) expired within 30 days compared with 14.1% 

(n=12) of the patients without stroke (OR 8.11, p=0.004). Out of the three stroke patients 

that were alive at 30 days, two patients had permanent neurologic de"cit, while the neurologic 

symptoms completely resolved in the last patient.

Risk factors of Procedure-Related Stroke 

 e variables that signi"cantly a$ected the risk of stroke in univariate logistic regression analysis 

(table 3) were increasing age (OR 1.28, p=0.007) and the year of TEVAR (OR 0.65, p=0.045). 

 ere was a trend towards higher risks of stroke among females (OR 3.03, p=0.166), or among 

patients with CAD (OR 3.26, p=0.174). After integrating these variables in a multivariable 

regression model (table 4), increasing age (OR 1.38, 95%CI 1.08 - 1.76, p=0.010) was still a risk 

factor for stroke, while more recent procedures were associated with a reduced risk of stroke (OR 

0.52, 95%CI 0.28 - 0.97, p=0.039).  

A history of carotid disease (p=0.917), hypovolemic shock (p=0.571) or coverage of the LSA 

(p=0.750), did not appear to a$ect the occurrence rate of procedure-related stroke after TEVAR 

for rDTAA (table 3). 

Table 2. Early Outcomes
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ARF acute renal failure, Paraplegia was permanent in two patients and transient in �ve patients.



Predictors of Procedure-Related Stroke

83

6

Follow-up outcomes 

 e median follow-up of patients that were alive at 30 days was 13 months (interquartile range 

33; range 1 to 72 months). Four patients expired after the "rst month due to complications related 

to the ruptured aneurysm and/or endovascular procedure, including an infected endograft with 

sepsis (n=3) and congestive heart failure (n=1). None of the three patients with stroke that were 

alive at 30 days, died of aneurysm-related causes during follow-up, and the aneurysm-related 

survival at 1 year after TEVAR was 42.9% for patients that su#ered from stroke, and 77.6% for 

patients without stroke (p=0.006, "gure 2). 

Table 3. Univariate Analysis of Risk Factors for Stroke
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!e variable Hospital volume had an ordinal scale, from high volume towards low volume. CAD coronary 
artery disease, COPD chronic obstructive pulmonary disease, LSA left subclavian artery, CSF cerebrospinal 
"uid drainage, OR Odds ratio, CI con#dence interval

Table 4. Multivariate Regression Analysis of Risk Factors for Stroke
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Figure 2. Aneurysm-related survival for patients with and without stroke
 e aneurysm-related survival at 1 year after TEVAR was 42.9% for patients that su#ered from stroke, and 
77.6% for patients without stroke (p=0.006).

DISCUSSION

Procedure-related stroke is a devastating complication of endovascular repair of thoracic aortic 

pathologies.  e most common mechanism of stroke during or after TEVAR is thought to be 

cerebral embolization of atherosclerotic plaque during manipulation of catheters, guide wire, 

or endografts in the diseased aortic arch. Other potential etiologies for procedure-related 

stroke include air emboli, or pre-existing cervical carotid disease and vertebral-basilar disease. 

All patients in our evaluation appeared to have embolic or ischemic stroke, except for one 

patient who developed a hemorrhagic stroke. Due to the low incidence of ruptured thoracic 

aortic aneurysms, the exact risk of stroke after endovascular repair of this emergency is relatively 

unclear. After evaluating the outcomes of TEVAR for rDTAA at seven referral centers, we found 

an overall occurrence rate of 7.6%, and this incidence may be even underestimated since there 

may have been asymptomatic and/or undiagnosed strokes.         

 e stroke rate after endovascular repair of rDTAA appears to be slightly increased compared 

with occurrence rates after elective TEVAR, which typically range between 2.5% and 5.8%.8-

10,15-18  ere are several theoretic explanations for this inferior result after endovascular repair of 

rDTAA. Urgent situations may not allow optimal pre-operative planning and screening of classic 

risk factors for stroke, such as atherosclerotic disease of the arch and supra-aortic arteries. 



Predictors of Procedure-Related Stroke

85

6

During emergency endovascular procedures, physicians may be less cautious as well compared 

with elective interventions, because the main goal is to exclude the ruptured aneurysm as soon 

as possible to save the patient. Hypovolemia due to blood loss may contribute to insu$cient 

cerebral perfusion as well.  

We identi"ed several factors that appeared to a#ect the risk of stroke. Advanced age was 

associated with an increased occurrence of stroke, and patients su#ering from stroke were on 

average 11 years older than those that did not develop stroke. Elderly patients may have more 

extensive atherosclerotic disease in the arch and/or carotids, resulting in higher risk of cerebral 

embolization during manipulation with endovascular instruments.  e EUROSTAR investigators 

also found that patients with stroke after TEVAR for various aortic pathologies were signi"cantly 

older than the remaining patients, and age was a borderline signi"cant predictor of stroke in 

their multivariable regression analysis.17 Independent predictors of procedure-related stroke in 

the EUROSTAR registry were duration of the procedure ≥ 2 hours, and female gender.17 We 

observed a trend towards a higher stroke rate among female patients as well, which was 13.3% 

compared with 4.8% in men.  e higher incidence in women may be attributed to smaller 

peripheral arteries in women, and more advanced atherosclerosis.17 Generally, male gender is a 

risk factor for the development of atherosclerosis, however, outcomes of cardiovascular disease 

are typically inferior in women.19-23        

 ough we observed a high overall stroke rate, this adverse e#ect appeared to be lower in the 

more recent endovascular procedures. In the early Stanford experience, the occurrence rate of 

stroke after elective TEVAR was 7%,24,25 probably secondary to the use of older, large sti# sheath 

and dilator delivery systems, which required excessive manipulation.26 Results using newer 

devices are notable for a marked reduction in risks of stroke and death compared with the "rst-

generation systems.26  e increasing utilization of TEVAR for the management of rDTAA ("gure 

1) and subsequent improved operator experience may have contributed to the lower stroke rates 

over time as well.

Coverage of the left subclavian artery did not did not appear to a#ect the occurrence rate 

of stroke after endovascular management of rDTAA, in contrast to the "ndings of the Talent 

 oracic Retrospective Registry.18 We did not observe an increased stroke risk in case of a history 

of carotid disease as well, while this was a risk factor after TEVAR in the evaluation of Gutsche and 

colleagues.16 However, some of the rDTAA patients that developed stroke after TEVAR may have 

had undiagnosed carotid disease. Furthermore, the incidence of stroke was not increased among 

patients with hypovolemic shock at admission, while hypovolemia may theoretically attribute 

to inadequate cerebral perfusion. Perhaps the patients that were admitted in hypovolemic shock 

may have been more adequately resuscitated at the moment of the endovascular procedure. In 

addition, a large number of the patients with hypovolemic shock expired shortly after TEVAR, 

and some of these patients may have su#ered from undiagnosed stroke as well. 
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 ough the endovascular repair of rDTAA was associated with considerable rates of post-operative 

neurologic complications, the incidence of stroke after emergent open thoracic aortic surgery 

may be considerably higher, up to 25% in some reports.5-7 Specialized centers have reported 30-

day mortality rates between 25% to 30% after open repair of rDTAA,3-5,27 but Schermerhorn and 

colleagues recently found an in-hospital mortality of 45% in their population-based analysis,2 

which may be a more realistic outcome.  e 30-day mortality in our evaluation was 17.4%, 

substantially lower than the reported results of open repair.  erefore, endovascular repair is 

emerging as the preferred treatment for patients with rDTAA, even though large comparative 

studies are missing in the literature.    

Although this evaluation currently represents the largest available series of patients with 

rDTAA treated with endovascular repair, several limitation need to be acknowledged.  e sample 

size of 92 patients may be relatively small for multivariable regression analysis, and a larger 

cohort may have revealed additional risk factors for stroke. In addition, data were collected 

retrospectively and subject to incomplete or missing reporting of events. Unfortunately, our 

database did not contain anatomical and radiologic data regarding the arch anatomy, or exact 

aneurysm location and extent.  e risk of stroke may have been increased after endovascular 

repair of more proximal aneurysms, as suggested by Gutsche et al.16 Data regarding the length of 

procedure, which may have a#ected the risk of stroke,17 were unavailable as well. Furthermore, 

the seven centers that participated were tertiary referral sites that have signi"cant expertise and 

experience in the endovascular management of patients with thoracic aortic pathologies, and 

the stroke rate after endovascular repair of rDTAA may therefore di#er in centers that lack such 

capability. 

CONCLUSION

Endovascular repair of rDTAA is associated with a considerable risk of stroke, and stroke is 

an important cause of 30-day mortality in this patient group. Particularly older patients are 

at risk for developing stroke after endovascular repair of rDTAA.  e risks of stroke decreased 

signi"cantly over time in this evaluation.  e reported mortality rates and stroke rates after 

open repair of rDTAA are considerably higher than our results, and a preferential endovascular 

approach for the management of this emergency appears appropriate.   

ACKNOWLEDGEMENTS 

We would like to thank Michelle Streukens for the data collection.



Predictors of Procedure-Related Stroke

87

6

REFERENCES

 1.  Johansson G, Markstrom U, Swedenborg J. Ruptured thoracic aortic aneurysms: a study of 

incidence and mortality rates. J Vasc Surg 1995; 21:985-988.

 2.  Schermerhorn ML, Giles KA, Hamdan AD et al. Population-based outcomes of open descending 

thoracic aortic aneurysm repair. J Vasc Surg 2008; 48:821-827.

 3.  Barbato JE, Kim JY, Zenati M et al. Contemporary results of open repair of ruptured descending 

thoracic and thoracoabdominal aortic aneurysms. J Vasc Surg 2007; 45:667-676.

 4.  Girardi LN, Krieger KH, Altorki NK et al. Ruptured descending and thoracoabdominal aortic 

aneurysms. Ann  orac Surg 2002; 74:1066-1070.

 5.  Minatoya K, Ogino H, Matsuda H et al. Replacement of the descending aorta: recent outcomes 

of open surgery performed with partial cardiopulmonary bypass. J  orac Cardiovasc Surg 2008; 

136:431-435.

 6.  Goldstein LJ, Davies RR, Rizzo JA et al. Stroke in surgery of the thoracic aorta: incidence, 

impact, etiology, and prevention. J  orac Cardiovasc Surg 2001; 122:935-945.

 7.  Kawachi Y, Nakashima A, Toshima Y et al. Stroke in thoracic aortic surgery: outcome and risk 

factors. Asian Cardiovasc  orac Ann 2003; 11:52-57.

 8.  Bavaria JE, Appoo JJ, Makaroun MS et al. Endovascular stent grafting versus open surgical repair 

of descending thoracic aortic aneurysms in low-risk patients: a multicenter comparative trial. J 

 orac Cardiovasc Surg 2007; 133:369-377.

 9.  Makaroun MS, Dillavou ED, Kee ST et al. Endovascular treatment of thoracic aortic aneurysms: 

results of the phase II multicenter trial of the GORE TAG thoracic endoprosthesis. J Vasc Surg 

2005; 41:1-9.

 10.  Matsumura JS, Cambria RP, Dake MD et al. International controlled clinical trial of thoracic 

endovascular aneurysm repair with the Zenith TX2 endovascular graft: 1-year results. J Vasc Surg 

2008; 47:247-257.

 11.  Patel HJ, Williams DM, Upchurch GR, Jr. et al. A 15-year comparative analysis of open and 

endovascular repair for the ruptured descending thoracic aorta. J Vasc Surg 2009.

 12.  Fattori R, Tsai TT, Myrmel T et al. Complicated acute type B dissection: is surgery still the best 

option?: a report from the International Registry of Acute Aortic Dissection. JACC Cardiovasc 

Interv 2008; 1:395-402.

 13.  Demetriades D, Velmahos GC, Scalea TM et al. Operative repair or endovascular stent graft in 

blunt traumatic thoracic aortic injuries: results of an American Association for the Surgery of 

Trauma Multicenter Study. J Trauma 2008; 64:561-570.

 14.  Jonker FH, Giacovelli JK, Muhs BE et al. Trends and outcomes of endovascular and open 

treatment for traumatic thoracic aortic injury. J Vasc Surg 2009.

 15.  Sullivan TM, Sundt TM, III. Complications of thoracic aortic endografts: spinal cord ischemia 

and stroke. J Vasc Surg 2006; 43 Suppl A:85A-88A.



Chapter 6

88

 16.  Gutsche JT, Cheung AT, McGarvey ML et al. Risk factors for perioperative stroke after thoracic 

endovascular aortic repair. Ann  orac Surg 2007; 84:1195-1200.

 17.  Buth J, Harris PL, Hobo R et al. Neurologic complications associated with endovascular repair 

of thoracic aortic pathology: Incidence and risk factors. a study from the European Collaborators 

on Stent/Graft Techniques for Aortic Aneurysm Repair (EUROSTAR) registry. J Vasc Surg 2007; 

46:1103-1110.

 18.  Fattori R, Nienaber CA, Rousseau H et al. Results of endovascular repair of the thoracic aorta with 

the Talent  oracic stent graft: the Talent  oracic Retrospective Registry. J  orac Cardiovasc 

Surg 2006; 132:332-339.

 19.  Malenka DJ, O’Connor GT, Quinton H et al. Di#erences in outcomes between women and men 

associated with percutaneous transluminal coronary angioplasty. A regional prospective study of 

13,061 procedures. Northern New England Cardiovascular Disease Study Group. Circulation 

1996; 94:II99-104.

 20.  Mikhail GW. Coronary heart disease in women. BMJ 2005; 331:467-468.

 21.  Bairey MN, Bonow RO, Sopko G et al. Women’s Ischemic Syndrome Evaluation: current status 

and future research directions: report of the National Heart, Lung and Blood Institute workshop: 

October 2-4, 2002: executive summary. Circulation 2004; 109:805-807.

 22.  Norman PE, Powell JT. Abdominal aortic aneurysm: the prognosis in women is worse than in 

men. Circulation 2007; 115:2865-2869.

 23.  Katz DJ, Stanley JC, Zelenock GB. Gender di#erences in abdominal aortic aneurysm prevalence, 

treatment, and outcome. J Vasc Surg 1997; 25:561-568.

 24.  Dake MD, Miller DC, Mitchell RS et al.  e “"rst generation” of endovascular stent-grafts 

for patients with aneurysms of the descending thoracic aorta. J  orac Cardiovasc Surg 1998; 

116:689-703.

 25.  Demers P, Miller DC, Mitchell RS et al. Midterm results of endovascular repair of descending 

thoracic aortic aneurysms with "rst-generation stent grafts. J  orac Cardiovasc Surg 2004; 

127:664-673.

 26.  Svensson LG, Kouchoukos NT, Miller DC et al. Expert consensus document on the treatment of 

descending thoracic aortic disease using endovascular stent-grafts. Ann  orac Surg 2008; 85:S1-

41.

 27.  Estrera AL, Rubenstein FS, Miller CC, III et al. Descending thoracic aortic aneurysm: surgical 

approach and treatment using the adjuncts cerebrospinal *uid drainage and distal aortic 

perfusion. Ann  orac Surg 2001; 72:481-486.



Chapter 7

Importance of Refractory Pain and 

Hypertension in Acute Type B Aortic 

Dissection: Insights from the International 

Registry of Acute Aortic Dissection

Circulation 2010;122:1283-9

Santi Trimarchi, MD

Kim A. Eagle, MD

Christoph A. Nienaber, MD

Reed E. Pyeritz, MD

Frederik H.W. Jonker, MD

Toru Suzuki, MD

Patrick T. O’Gara, MD

Stuart J. Hutchison, MD

Vincenzo Rampoldi, MD

Viviana Grassi, MD

Eduardo Bossone, MD

Bart E. Muhs, MD, PhD

Arturo Evangelista, MD

 omas T. Tsai, MD

Jim B. Froehlich, MD

Jeanna V. Cooper, MS

Dan Montgomery, MS

Gabriel Meinhardt, MD

Truls Myrmel, MD

Gilbert R. Upchurch, MD

 oralf M. Sundt, MD

Eric M. Isselbacher, MD

On behalf of the International Registry of Acute Aortic Dissection (IRAD) investigators 



Chapter 7

90

ABSTRACT

Background

In patients with acute type B aortic dissection (ABAD), presence of recurrent or refractory pain 

and/or refractory hypertension on medical therapy is sometimes used as an indication for invasive 

treatment.  e International Registry of Acute Aortic Dissection (IRAD) was used to investigate 

the impact of refractory pain and/or refractory hypertension on the outcomes of ABAD.

Methods and results

365 patients a#ected by uncomplicated ABAD, enrolled in the IRAD from 1996-2004, were 

categorized according to risk pro"le in two groups. Patients with recurrent and/or refractory pain 

or refractory hypertension (group I, n=69), and patients not presenting clinical complications at 

presentation (group II, n=296) were compared. “High risk” patients with classic complications 

were excluded from this analysis. 

 e overall in-hospital mortality was 6.5 %, and was increased in group I compared to group II, 

17.4 % vs. 4.0%, p=0.0003.  e in-hospital mortality after medical management was signi"cantly 

increased in group I compared with group II (35.6% vs. 1.5%, p=0.0003). Mortality rates after 

surgical (20% vs. 28%, p=0.74), or endovascular management (3.7% vs. 9.1%, p=0.50), did not 

di#er signi"cantly between group I and group II, respectively. A multivariable logistic regression 

model con"rmed that recurrent and/or refractory pain or refractory hypertension was a predictor 

of in-hospital mortality (OR 3.31, 95% CI 1.04-10.45, p=0.041).   

Conclusions

Recurrent pain and/or refractory hypertension appeared as clinical signs associated with increased 

in-hospital mortality, particularly when managed medically.  ese observations suggest that 

aortic intervention, such as via an endovascular approach, may be indicated in this intermediate 

risk group.
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INTRODUCTION

 

Acute type B aortic dissection (ABAD) is associated with various clinical complications which 

a#ect in-hospital outcomes. Currently, surgical or endovascular approaches are often advocated 

for complications of ABAD, including shock, major organ malperfusion, limb ischemia, 

periaortic bleeding, and rapidly expanding false lumen.1-8 Such complications are associated with 

in-hospital mortality rates between 20% and 30% after surgery1,7,9-11 and 10% to 20% after 

endovascular management.7,12-18 However, some clinical conditions, such as recurrent/refractory 

pain or refractory hypertension, may be signs of extending dissection or impending rupture 

but have not resulted in any hemodynamic alteration or organ ischemia.  e optimal approach 

for these patients, either medical, endovascular stenting, or surgery, is still debated.19  oracic 

endovascular aortic repair (TEVAR) is frequently adopted, but the actual evidence to support 

this practice for ABAD patients with recurrent pain and/or hypertension is limited.

In order to better de"ne the importance of refractory pain and/or refractory hypertension in 

ABAD, and the optimal approach for these patients, we performed a comprehensive analysis of 

patients presenting ABAD with only pain or refractory hypertension, but no other complications, 

enrolled in the International Registry of Acute Aortic Dissection (IRAD). In-hospital outcomes 

of medical, endovascular or surgical management were compared between ABAD patients 

presenting with and without pain and/or refractory hypertension.

METHODS

Patient selection 

Patients presenting ABAD enrolled in the IRAD between January 1996 and December 2004 

were investigated. IRAD is an ongoing multi-national multi-center registry that includes enrolled 

patients with acute aortic dissection at 24 large referral centers (IRAD centers; online supplemental 

material).  e rationale and methods used in IRAD have previously been described.20 Acute type 

B aortic dissection was de"ned as any acute aortic dissection involving the descending aorta 

without any entry tear in the ascending aorta and/or in the aortic arch, presenting within 14 

days of symptom onset. Intramural hematoma (IMH) was de"ned as presence of a regionally 

thickened aortic wall in the absence of evidence of a double lumen and/or intimal *ap regardless 

of imaging modality.11 For this analysis, both classic dissection and acute IMH were included in 

the study cohort.  

Patients were categorized according to risk pro"le in two groups. Patients with recurrent/

refractory pain or refractory hypertension but no other clinical complications, were de"ned as 

intermediate risk patients (group I). Patients without any clinical complications at presentation 

were categorized as low risk or uncomplicated (group II). “High risk” patients with one or 
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more of the following complications: shock, periaortic hematoma, spinal cord ischemia, pre-

op mesenteric ischemia/infarction, acute renal failure, limb ischemia were excluded from this 

analysis (n=191). In-hospital outcomes according to presence and type of complication (low risk 

vs. intermediate risk) and method of treatment were analyzed. 

Data collection

Data were collected using a standardized data form of 290 clinical variables including patient 

demographics, history, clinical presentation, physical "ndings, imaging studies, management, in-

hospital mortality and adverse events. Completed data forms were forwarded to the coordinating 

center at the University of Michigan. Data forms were reviewed for internal validity and 

completeness of data, and were then entered into an Access database. For this analysis, 365 

ABAD patients were analyzed, of which 69 met our criteria as intermediate risk.

Statistical Analysis  

Data are shown as frequencies and percentages, and mean + standard deviation or as a median if 

appropriate. Categorical variables were compared between ABAD patients presenting with and 

without refractory pain and/or refractory hypertension using the chi-square test and Fisher’s exact 

test when appropriate. A multiple logistic regression model was "tted adjusting for the known 

predictors of in-hospital mortality for ABAD.8 A P value < 0.05 was considered signi"cant. SAS 

8.1 software (Cary, NC) was used for all analyses.  e authors had full access to the data and take 

full responsibility for its integrity. All authors have read and agree to the manuscript as written. 

RESULTS

Patient population

Between 1996 to 2004, 69 patients (18.9%) with ABAD presenting with refractory pain and/

or hypertension but no other signi"cant clinical complication were identi"ed (group I). During 

the same period, 296 patients (81.1%) with uncomplicated ABAD were observed (group II). 

 e mean age was 63.5 ±14 years, and 32.6% (n=119) were females.  ere were no signi"cant 

di#erences between groups in demographics or patient’s history (table 1), except for pre-existing 

hypertension (89.7% vs. 72.7%, p=0.003) and Marfan syndrome (7.3% vs. 2.1%, p= 0.03) 

which were more frequently present in group I. 

In group I (intermediate risk group), patients presented more frequently with an abrupt onset 

of pain, migrating pain, and radiating pain (table 1). Patients in group I underwent a higher 

number of diagnostic imaging tests (2.34 vs. 1.99; p=0.02), including aortography and magnetic 

resonance imaging (MRI). Complete thrombosis of the false lumen was more frequently detected 

in group II (GI 1.8% vs. GII 15.9%; p=0.005), while patients in Group I tended to have more 

frequently partial false lumen thrombosis. A trend for involvement of arch vessels and abdominal 
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vessels was observed in patients with pain and/or hypertension (table 1). In addition, in group 

I, a larger mean aortic diameter (4.75 cm vs. 4.32 cm; p=0.08), as well as a higher incidence of 

descending thoracic aorta > 6 cm (16.4% vs. 6.7%; p=0.02) were detected (table 2). Patients in 

group II were more likely to have a normal chest X-ray (CXR), while widened mediastinum was 

more often seen in group I. 

In-Hospital Management and Outcomes

In total, 75.9% of patients were managed medically, 13.7% underwent surgery, and 6.5% of 

patients were treated with endovascular methods. Patients in group I were more frequently 

managed with surgery (36.2% vs. 8.4%, p<0.001) or endovascular methods (39.1% vs. 3.7%, 

p<0.001) than patients in group II (table 3). Medical management was more often o#ered to 

patients in group II compared to group I (87.8% vs. 24.6%, p<0.001). In group I, the median 

time interval between onset of symptoms and any invasive treatment was longer compared to the 

low risk group (240 vs. 100 hours, p=0.005), as well as for the interval between diagnosis and 

any invasive treatment (236 vs. 72 hours, p=0.004, table 3). 

Table 1. Demographics, history of patients and clinical presentation
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*****.&36&"*P&5!%& >>@*+;CB<- >@*+CNB=- >??*+;;BA- ?B;>
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Time interval until diagnosis refers to the median time interval from onset of symptoms until the diagnosis 
in hours. SD standard deviation.
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 e overall in-hospital mortality was 6.5 %, but was signi"cantly increased in group I 

compared to group II, 17.4 % vs. 4.0%, p=0.0003 (table 3, "gure 1). Among group I, the in-

hospital mortality rate was 35.6% after medical management, 20% after surgical management 

and 3.7% after endovascular management (p=0.019).  e in-hospital mortality after medical 

management was signi"cantly higher in group I compared with group II (35.6% vs. 1.5%, 

p=0.0003, "gure 2). Among the six patients who expired after medical management in group 1, 

aortic rupture was the cause of death in four cases. Mortality rates after surgical (20% vs. 28%, 

p=0.74), or endovascular management (3.7% vs. 9.1%, p=0.50), did not di#er signi"cantly 

between the two groups (table 3). 

Table 2. Diagnostic imaging studies and �ndings
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tomography, MRI magnetic resonance imaging, SD standard deviation.
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Figure 1. Overall in-hospital mortality rates in the low-risk and intermediate risk groups
 e intermediate risk group consists of ABAD patients with recurrent/refractory pain or refractory 
hypertension but no other clinical complications

Table 3. In-hospital management and mortality 
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Time interval until invasive treatment refers to the median time interval in hours between onset of symptoms 
or diagnosis until invasive treatment.
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Figure 2. In-hospital mortality rates after medical management
 e intermediate risk group consists of ABAD patients with recurrent/refractory pain or refractory 
hypertension but no other clinical complications

We used the multiple logistic regression model to examine the relationship of refractory pain 

and/or refractory hypertension, and mortality after adjusting for the e#ects of known predictors 

of in-hospital mortality in the overall cohort of 365 ABAD patients.  e model suggested that 

recurrent and/or refractory pain or refractory hypertension (intermediate risk group) was an 

independent predictor of in-hospital mortality (OR 3.31, 1.04-10.45, p=0.041). In this cohort, 

age ≥ 70 years (OR 5.11, 95% CI 1.70-15.39, p=0.004) and absence of chest pain at admission 

(OR 3.49, 95% CI 1.01-12.09, p=0.048) were predictors of death as well (table 4). A plot of 

the observed vs. the predicted mortality con"rmed that these three factors discriminate well in 

death prediction and that there was little departure from a good "t with the data; Hosmer and 

Lemeshow Test: Chi-square (5df ) = 5.05, p=0.655 ("gure 3). 

DISCUSSION

Patients presenting with ABAD have traditionally been categorized as uncomplicated, for which 

medical treatment has been accepted as an adequate mode of therapy with mortality rates 

between 1% and 6%, and complicated with features such as rupture, spinal cord ischemia, acute 

renal failure, mesenteric or limb ischemia, all of which typically require surgical or endovascular 

intervention and even with optimal treatment are associated with mortality rates of 20% to 30% 

after sugery1,7,9-11 and 10% to 20% after endovascular management.7,12-18
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Figure 3. Plot of observed versus predicted deaths using the logistic regression model
Hosmer-Lemeshow Chi-sq (5 df ): 5.05, p = 0.655

For those patients in the low risk group, we observed that medical management is associated with 

excellent in-hospital results (mortality rate 1.5%), appearing as the safest in-hospital therapy in 

the absence of classic complications, refractory hypertension and/or pain.  e signi"cance of 

ABAD with refractory hypertension and/or refractory or recurrent pain, in the absence of other 

complications, is currently less well de"ned. Although some authors have suggested that these 

signs/symptoms may not result in poorer outcomes and may be treated with medical management 

and careful monitoring alone,19 others have argued that refractory pain or hypertension are 

foreshadowing impending rupture and adverse outcomes, and therefore should be considered for 

more aggressive intervention.5,11,21 

Table 4. Multivariable logistic regression model for predictors of in-hospital mortality8
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Hosmer and Lemeshow Test: Chi-square (5df ) = 5.05, p=0.655.  
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 e IRAD database o#ers a unique opportunity to analyze the outcomes in large numbers of 

this subset of ABAD patients. In the present analysis, we observed an in-hospital mortality of 

17% among patients with refractory hypertension and/or pain, which was signi"cantly higher 

compared to patients without these symptoms (4%, p=0.0003), but consistently lower than the 

in-hospital mortality of “classic” complicated ABAD.1,7-11 After adjusting for known risk factors,8 

refractory pain and/or hypertension was an independent predictor for in-hospital mortality. 

ABAD patients presenting with refractory hypertension and/or pain symptoms, in the absence 

of other complications, therefore are at intermediate risk for an adverse in-hospital outcome.

We observed several di#erences in patient’s history, presentation and diagnostic imaging 

"ndings that may have contributed to the poor outcomes of the patients with refractory 

hypertension and/or pain which have also been reported by others.8,9,22  ese include a history 

of Marfan syndrome (p=0.03), a larger descending thoracic aortic diameter (p=0.08), partial 

thrombosis of the false lumen (p=0.16), abdominal vessel involvement (p=0.18), and a widened 

mediastinum on CXR (p=0.006). Interestingly, patients in the intermediate risk group also 

presented more frequently with an abrupt onset of pain (p=0.03), and with migrating pain 

(p=0.0008), which on univariate analyses were associated with decreased mortality,8 perhaps 

because such clinical signs led to an earlier diagnosis and a more prompt therapy.

In the present study, more invasive treatment of ABAD with refractory hypertension and/

or pain was associated with improved outcomes, while approximately one third of the patients 

managed medically expired. In these patients, the most common cause of death was aortic rupture. 

In the intermediate risk group, the observed di#erences in mortality between endovascular 

and medical management could re*ect the e#ectiveness of endovascular methods, although a 

selection bias may be present and patients treated with medical management may have had more 

unfavorable characteristics such as a higher age or no chest pain at admission (table 4). Recent 

reports have suggested that endovascular management of complicated ABAD provides a better 

survival than medical treatment or open surgery.7,12-18 Endovascular approaches are increasingly 

becoming the "rst line treatment for complicated ABAD cases, and are increasingly used for 

uncomplicated and chronic dissections as well.7,14  is report would suggest that this trend 

may also be bene"cial for patients in the intermediate risk group presenting with refractory 

hypertension and/or pain. 

Limitations

Several considerations are important when interpreting the results of the present study. IRAD 

is an observational study in which participating centers have di#erent approaches to diagnosis 

and management, creating potential biases in patient selection, which may be minimized in one 

single center series. Patients were not randomized to a predetermined management strategy, and 

the results rather re*ect a retrospective observation. In the absence of large randomized trials, and 

given the rapid evolution of endovascular aortic stent graft therapy for acute aortic syndromes, 
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there remains some uncertainty as to the optimal strategy to manage this subset of patients. 

For this evaluation, we included patients that presented with ABAD between 1996 and 2004. 

Endovascular methods and treatment strategies have advanced in recent years, and current results 

of endovascular management may be improved compared with our results.  is may further 

support an endovascular approach for ABAD patients with recurrent pain and/or hypertension.           

CONCLUSION

In ABAD completely uncomplicated patients, medical therapy was associated with excellent in-

hospital outcomes. Contrariwise, the presence of recurrent pain and/or refractory hypertension 

was associated with increased in-hospital mortality, particularly when managed medically.  ese 

observations suggest that aortic intervention, such as via an endovascular approach, may be 

indicated in this intermediate risk group.
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ABSTRACT

Introduction

Complicated acute type B aortic dissection (ABAD) generally requires urgent intervention.  e 

purpose of this study was to investigate the impact of increasing age on the management and 

outcomes of complicated ABAD.

 

Methods and results

We analyzed the outcomes of 464 patients with complicated ABAD (44.0%) among the 1054 

type B patients enrolled in the International Registry of Acute Aortic Dissection (IRAD) 

between 1996 and 2010. All patients with complicated ABAD were categorized according to age 

by decade and management type (medical, surgical or endovascular treatment), and outcomes 

were subsequently investigated in the di#erent age groups.  e mean age for patients treated 

with surgery was 60.5 years, compared with 62.1 years in the endovascular group, and 66.8 

years in the medical management group (p<0.001).  e utilization of surgery progressively 

decreased with patient age, while the rate of medical management signi"cantly increased with age 

(p<0.001).  e in-hospital mortality rates for complicated patients ≤ 70 years vs. > 70 years were 

7.7% vs. 35.7% for endovascular treatment (p=0.012), 13.5% vs. 32.8% for surgical treatment 

(p=0.001), and 14.6% vs. 26.6% for medical treatment (p=0.036). Predictors of mortality in 

multivariate regression analysis were: age > 70 years (OR 6.6, 95% CI 1.9-22.8), hypotension/

shock (OR 10.0, 95% CI 2.8-36.3), lack of chest/back pain (OR 4.4, 95% CI 1.1-18.1), and 

pre-operative limb ischemia (OR 5.4, 95% CI 1.4-20.9).

 

Conclusions

In complicated ABAD, age has a dramatic impact on the treatment modality chosen, given that 

less invasive management is more frequently o#ered to older patients. Age a#ects the outcome of 

complicated ABAD as well, since the mortality rates signi"cantly increased with age, irrespective 

of the management type. 
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INTRODUCTION

Acute type B aortic dissection (ABAD) is a cardiovascular emergency with considerable mortality 

and morbidity.1-4 In the absence of complications, ABAD is typically managed with medical 

treatment only, which is associated with low in-hospital mortality rates, between 0% and 8%.3-5 

ABAD associated with complications, such as aortic rupture, malperfusion of the lower limbs, 

acute renal failure, or visceral ischemia, is associated with much poorer outcomes, and mortality 

rates usually ranging between 10% to 30%.3-8 Invasive treatment, either surgery or endovascular, 

is indicated in patients with complicated ABAD.3-8 

Elderly patients typically have more pre-existing co-morbidities, and advanced age is a well 

known risk factor for mortality after thoracic aortic intervention, including surgery for acute 

type A and B aortic dissections.5,9,10  e age of a patient should always be taken into account, 

when selecting treatment modality, and for elderly patients with complicated ABAD, medical 

management may serve as an alternative to invasive treatment. Due to the relatively low incidence 

of ABAD, the exact impact of age on the management and outcomes of complicated ABAD 

remains unclear.  e International Registry of Acute Aortic Dissection (IRAD) represents the 

largest cohort of patients with acute aortic dissection, and therefore o#ers a unique opportunity 

to study this cardiovascular emergency. In this study, we used the IRAD Registry to investigate the 

outcomes of complicated ABAD after medical, surgical and endovascular treatment in di#erent 

age groups, in order to gain insight regarding e#ectiveness of current treatment strategies for 

patients with complicated ABAD.      

METHODS

Patient selection 

IRAD is an ongoing multi-center registry that includes patients with acute aortic dissection at 

24 large referral centers, which rationale and methods have previously been described.11 In this 

study, ABAD was de"ned as any acute aortic dissection involving the descending aorta without 

any entry tear in the ascending aorta, presenting within 14 days of symptom onset. 

For the present study, we included all patients with complicated ABAD enrolled in the IRAD 

between January 1996 and February 2010. Complicated ABAD was de"ned as one or more of 

the following complications: shock, periaortic hematoma, spinal cord ischemia, pre-operative 

mesenteric ischemia/infarction, acute renal failure, limb ischemia, recurrent hypertension, 

recurrent and/or refractory pain. Patients with uncomplicated aortic dissection or traumatic aortic 

dissection were excluded, as well as those patients for which data regarding age was unavailable. 
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All patients with complicated ABAD were categorized according to patient age by decade, and 

management type (medical, surgical or endovascular treatment).  e management and outcomes 

were subsequently investigated in the di#erent age groups.  e study was approved by the 

institutional review committee at all participating IRAD institutions.

 

Data collection and Analysis 

Data were collected using a standardized data form of 290 clinical variables including patient 

demographics, history, clinical presentation, physical "ndings, imaging studies, management, 

and in-hospital mortality. Completed data forms were forwarded to the coordinating center at 

the University of Michigan. Data forms were reviewed for internal validity and completeness of 

data, and were then entered into an Access database. 

Summary statistics were presented as frequencies and percentages, mean + standard 

deviation, or as a median and interquartile range. Missing data were not defaulted to negative 

and denominators re*ect only actual reported cases. Nominal variables were compared between 

patients ≤70 years and >70 years, and between medical, surgical and endovascular groups, using 

the Chi-square test or two-sided Fisher exact test.  e mean age of patients treated with medical, 

surgical and endovascular treatment, was compared using the ANOVA test. 

Multivariate logistic regression analysis was performed to investigate independent predictors 

of in-hospital mortality among patients with complicated ABAD. Variables suggestive of an 

unadjusted association to in-hospital mortality (p<0.20) were integrated in a multivariable 

regression model to calculate independent e#ects on mortality. SPSS 17.0 was utilized for the 

analyses, and a P value < 0.05 was considered signi"cant. 

RESULTS

Demographics, Medical History and Presentation

Complicated ABAD was present in 44.0% (n=464) of the 1054 type B patients in IRAD. 

 e mean age of complicated ABAD patients was 63.3 ±14.2 years ("gure 1), 35.8% (n=166) 

of patients were older than 70 years and 64.2% (n=298) were ≤ 70 years.  e mean age of 

patients undergoing surgery was 60.5 years compared with 62.1 years for patients treated with 

endovascular management and 66.8 years for patients with medical management (p<0.001).  e 

younger cohort consisted of more male patients (72.1% vs. 60.2%, p=0.001). 

 e elderly patients with complicated ABAD had more frequently a history of hypertension 

(88.9% vs. 80.2%, p=0.011), diabetes mellitus (15.3% vs. 5.8%, p=0.001), atherosclerosis 

(60.4% vs. 21.7%, p<0.001), and prior aortic aneurysm (29.6% vs. 14.4%, p<0.001). Marfan’s 

Syndrome was diagnosed in 7.2% of patients with complicated ABAD ≤ 70 years (table 1), 

compared with none of the patients ≥ 70 years (p<0.001). 
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Figure 1. Age of patients with complicated ABAD in IRAD
 e mean age of complicated ABAD patients was 63.3 ±14.2 years ("gure 1), 35.8% (n=166) of patients 
were older than 70 years and 64.2% (n=298) were ≤ 70 years.

Presentation and Signs 

An abrupt onset of pain was present in 92.3% of the elderly patients, compared with 86.9% 

of the younger cohort (p=0.085). Patients ≤ 70 years presented more frequently with visceral 

ischemia (15.7% vs. 6.3%, p=0.002), limb ischemia (25.7% vs. 5.7%, p<0.001) and pulse 

de"cits (26.9% vs. 13.4%, p<0.001). Recurrent hypertension was more common in the younger 

Table 1. Demographics and Patient History
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patients as well (11.3% vs. 2.8%, p=0.001). !ere were no di"erences in acute renal failure, 

spinal cord ischemia, shock, or refractory and/or recurrent pain between ABAD patients ≤ and 

> 70 years (table 2).  

Pleural e"usion was observed on chest X-rays in 28.9% of the patients above 70 years, 

compared with 18.7% of the patients ≤ 70 years (p=0.025). Periaortic hematoma, suggesting 

aortic rupture, was more frequently shown by additional imaging in the elderly cohort (41.0% 

vs. 22.5%, p<0.001), while abdominal vessel involvement was less common (23.5% vs. 48.1%, 

p<0.001). !e mean diameter of the descending thoracic aorta was larger in patients above 70 

years (5.1 cm vs. 4.4 cm, p=0.016).

Management 

Invasive treatment was o"ered to 57.5% of the complicated cohort, and consisted of surgery 

in 46.1% and endovascular treatment in 11.4% of all patients. !e remaining 42.5% of the 

complicated cohort received medical treatment alone (table 3). !e number of patients 

undergoing surgery decreased with increasing age, while the proportion of patients that received 

medical treatment alone increased with increasing age (table 4, $gure 2). Surgery was o"ered to 

52.3% of all patients ≤ 70 years, and to only 34.9% of patients older than 70 years (p<0.001). 

Among the patients ≤ 70 years, medical treatment was o"ered to 34.6% of patients, while 56.6% 

Table 2. Presentation, Signs and Imaging Results
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of the elderly cohort was treated medically (p<0.001). !e number of patients undergoing 

endovascular management slightly decreased with increasing age of the ABAD patients ($gure 

2): an endovascular approach was o"ered to 13.1% of the patients ≤ 70 years, compared with 

8.4% of the elderly patients (p=0.131).        

Figure 2. Management of complicated ABAD in di"erent age groups
!e mean age for patients treated with surgery was 60.5 years, compared with 62.1 years in the endovascular 
group, and 66.8 years in the medical management group (p<0.001).

Table 3. In-hospital management and Mortality of ABAD 
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Outcomes 

!e overall in-hospital mortality of complicated ABAD in IRAD was 19.0%. !e mortality 

rate after endovascular treatment of complicated ABAD was 15.1%, and the mortality rates 

after surgical and medical treatment were 18.7% and 20.3% (table 3), respectively (p=0.675). 

!e overall in-hospital mortality rate was 13.1% among patients ≤ 70 years, compared with 

29.5% among patients older than 70 years (p<0.001). For patients ≤ 70 years, there was a trend 

towards lower mortality after endovascular treatment (table 4, $gure 3), while for patients older 

than 70, the mortality was slightly lower after medical management (table 3, 4). !e in-hospital 

mortality signi$cantly increased with increasing age after medical, surgical and endovascular 

treatment (table 3). In particular after the seventh decade, the mortality considerably increased, 

approaching 50% after medical, surgical and endovascular treatment for ABAD patients > 80 

years (table 4, $gure 3).    

Figure 3. In-hospital mortality of complicated ABAD in di"erent age groups
!e overall in-hospital mortality rate after endovascular treatment was 15.1%, and the mortality rates after 
surgical and medical treatment were 18.7% and 20.3%, respectively (p=0.675)

Table 4. Management and Outcomes in di�erent age groups
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Predictors of in-hospital mortality

Multivariate logistic regression analysis showed that age > 70 years was a strong predictor of 

mortality among patients with complicated ABAD (OR 6.6, 95% CI 1.9-22.8) (table 5). Other 

independent predictors of mortality were hypotension/shock at admission (OR 10.0, 95% CI 

2.8-36.3), lack of chest/back pain at presentation (OR 4.4, 95% CI 1.1-18.1), and pre-operative 

limb ischemia (OR 5.4, 95% CI 1.4-20.9).      

DISCUSSION

Our analysis shows that increasing patient age has a dramatic impact on the management 

and outcomes of complicated ABAD. !e rate of surgical repair progressively decreased with 

age, while the rate of medical management signi$cantly increased with age. !ere was a non 

signi$cant trend towards lower mortality after endovascular treatment, but patients older than 70 

years had a signi$cantly increased mortality rate, irrespective of the management type.

Although patients with uncomplicated ABAD have a favorable prognosis, outcomes of 

complicated ABAD are generally poor, and improvements in current treatment strategies for 

these patients are needed. !e proportion of patients with complicated ABAD was 44% in 

IRAD, similar to previous studies in which 30% to 47% of all ABAD patients had complications 

at presentation.3,5,6,8,12,13 Invasive treatment, either surgical or endovascular management, is 

generally indicated in patients with complicated ABAD,3-6,8 in order to treat these complications 

and prevent further decline of the patient’s condition. 

Acute aortic syndromes are typically associated with signi$cant morbidity and mortality, and 

the risks of surgery are dramatically increased in elderly patients. Advanced age is an important 

predictor of death after intervention for ruptured abdominal aortic aneurysms,14-17 ruptured 

thoracic aortic aneurysms,8,18,19 traumatic thoracic aortic injuries,20 and acute type A and B aortic 

dissections.5,9,10,19,21 !is IRAD report con$rms that age > 70 years is a strong and independent 

Table 5. Independent predictors of in-hospital mortality 
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risk factor for mortality (OR 6.6) among patients with complicated ABAD. Mortality rates 

increased signi$cantly with increasing age, irrespective of surgical, endovascular or medical 

treatment. Elderly patients more frequently have extensive pre-existing co-morbidities, such as 

hypertension, atherosclerosis, and diabetes (table 1), which results in an increased risk of an 

adverse outcome. In the current study, elderly patients had higher rates of aortic aneurysms, 

a measure of advanced atherosclerosis, associated with increased cardiovascular mortality.22,23 

Moreover, periaortic hematoma, suggestive of aortic rupture, was more common in elderly 

patients as well, and this sign is a strong predictor of mortality.24 Another factor that may have 

contributed to adverse outcomes in the elderly patients, is the fact that this cohort consisted of 

relatively more female patients, and women with cardiovascular disease have been shown to have 

inferior outcomes compared with men.25-29  

Because of the increased risks of thoracic aortic surgery in elderly patients, physicians 

appeared to o"er invasive treatment less frequently to complicated ABAD patients. It is also 

plausible that some patients with advanced age refused invasive therapy. !e rate of surgical 

repair progressively decreased with age, while the rate of medical management signi$cantly 

increased with age. Endovascular treatment, which was not yet available in the early years of the 

IRAD, was o"ered in similar rates in the di"erent age categories. On average, the descending 

aortic diameters were larger in patients > 70 years, which may correlate with a higher frequency 

of unsuitable landing zones for an endograft in these elderly patients. Generally, the utilization 

of endovascular management of thoracic aortic emergencies is becoming more widespread due to 

its less invasiveness compared with surgery, which is especially desirable in elderly patients with 

extensive co-morbidities. 

In IRAD, the overall in-hospital mortality of complicated ABAD was 19%, which is 

comparable to the results of other evaluations which typically report mortality rates between 

10% and 30% for complicated ABAD.3,6,8,12,13 We observed a non signi$cant trend towards lower 

mortality after endovascular treatment (15.1%), compared with surgery (18.7%) or medical 

treatment (20.3%). Recent reports have suggested that endovascular management of complicated 

ABAD is associated with lower mortality rates, often between 10% and 20%, compared with 

a more invasive surgical approach.6,30-35 However, randomized controlled trials comparing the 

outcomes of surgery and endovascular treatment of complicated ABAD have not been performed 

to date. 

In the present evaluation of all complicated ABAD patients in IRAD, the largest complicated 

ABAD cohort ever studied, we did not observe a statistically signi$cant improvement in survival 

after endovascular management. !is may be the result of the relatively small number of 

endovascular repairs in IRAD, non-superiority of this approach and/or the fact that IRAD is 

a non-randomized observational database, in which potential bene$t of treatment is hidden by 

selection bias. Patients with complicated ABAD that were o"ered endovascular treatment were 

signi$cantly older than those treated with surgery, and endovascular management may have 



Complicated Acute Type B Aortic Dissections

113

8

served as a last option in some patients in critical condition, which were thought to be un$t for 

open surgery. 

Although invasive treatment is typically recommended for complicated ABAD, 42% 

of all patients with complicated ABAD in IRAD received medical treatment only. Why this 

high percentage of patients did not undergo an intervention remains unclear. Surprisingly, the 

outcomes of medical management of complicated ABAD were acceptable, and the mortality 

rate after medical treatment was slightly lower compared with mortality rates after surgical or 

endovascular treatment among patients older than 70 years. !erefore, medical treatment may 

be a reasonable alternative in the management of complicated ABAD among patients above 

70 years. However, due to the observational characteristics of IRAD, the patients treated with 

medical management may have had less catastrophic complications, such as recurrent pain and/

or hypertension, than those who presented with aortic rupture or ischemic complications which 

were managed with invasive treatment. 

!e $ndings of the present study should be viewed in the light of its limitations. Given 

the observational nature of the registry, patients were not randomized to a predetermined 

management strategy, and therefore a selection bias could have been present. In the absence of 

large randomized trials, there remains uncertainty as to the optimal strategy to manage patients 

with complicated ABAD. Furthermore, use of in-hospital mortality as an endpoint is necessary 

and important to patients; however it is not su&cient for a full evaluation of the outcomes of 

patients with complicated ABAD. In particular, long-term survival and quality of life are critical 

to deciding which the “best” strategy is for an individual patient presenting with aortic dissection. 

CONCLUSIONS

!is study demonstrates that increasing age has a dramatic impact on the management and 

outcomes of complicated ABAD. !e rate of surgical repair progressively decreased with age, 

while the rate of medical management signi$cantly increased with age, which may serve as an 

alternative to invasive treatment in elderly patients. Among patients younger than 70 years, 

a non-signi$cant trend towards lower mortality after endovascular repair was observed, but 

the mortality rate of complicated ABAD signi$cantly increased with age, irrespective of the 

management type. 
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ABSTRACT

Introduction

Aortobronchial $stula (ABF) and aortoesophageal $stula (AEF) are rare but lethal if untreated. 

Open thoracic surgery is associated with high operative mortality and morbidity. In this case 

series we sought to investigate outcomes of thoracic endovascular aortic repair (TEVAR) for 

emergency cases of ABF and AEF.

Methods

We retrospectively reviewed all patients with AEF and ABF treated with TEVAR in three 

European teaching hospitals between 2000 and January 2009. Eleven patients were identi$ed 

including 6 patients with ABF, 4 patients with AEF and one patient with a combined ABF and 

AEF. In-hospital outcomes and follow-up after TEVAR were evaluated.

Results

Median age was 63 years (interquartile range 31); 8 were male. Ten patients presented with 

hemoptysis or hematemesis; 4 developed hemorrhagic shock. All patients underwent immediate 

TEVAR, and three AEF patients required additional esophageal surgery. Five patients died (45%), 

including three patients with AEF, one patient with ABF and one patient with a combined ABF 

and AEF, after a median duration of 22 days (interquartile range 51 days). !e patient with AEF 

that survived had received early esophageal reconstruction. Causes of death were: sepsis (n=2), 

ARDS (n=1), thoracic infections (n=1) and aortic rupture (n=1). Median follow-up of surviving 

patients was 45 months (interquartile range 45 months). Six additional vascular interventions 

were performed in three survivors.

Conclusion

TEVAR does prevent immediate exsanguination in patients admitted with AEF and ABF but 

after initial deployment of the endograft and control of the hemodynamic status, most patients, 

in particular those with AEF, are at risk for infectious complications. Early esophageal repair after 

TEVAR appears to improve the survival in case of AEF. !erefore, TEVAR may serve as bridge 

to surgery in emergency cases of AEF with subsequent de$nitive open operative repair of the 

esophageal defect as soon as possible. In patients with ABF, additional open surgery may not be 

necessary after the endovascular procedure. 
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INTRODUCTION

Fistulas between the thoracic aorta and the esophagus or lungs are rare. Aortobronchial $stula 

(ABF) and aortoesophageal $stula (ABF) usually arise in thoracic aortic disease such as aneurysms 

or after previous thoracic aortic surgery.1-5 ABF has been reported in patients with pulmonary 

diseases like tuberculosis (TBC), intrapulmonary Aspergillus abcess, after bronchial stenting or 

previous lobectomy.6-8 AEF has been associated with esophageal carcinoma, ingestion of foreign 

bodies and even iatrogenic esophageal perforation or Barrett’s esophagus.9-12 Both ABF and AEF 

often present with acute hemoptysis or hematemesis. 

Due to the excessive bleeding, ABF and AEF are lethal if untreated, however, open thoracic 

aortic repair of ABF and AEF is associated with high mortality and morbidity in this critically-ill 

population as well.1-5,13 !oracic endovascular aortic repair (TEVAR) has shown to be an e"ective 

method for treatment of thoracic aortic disease.14-16 TEVAR is less invasive than open thoracic 

aortic surgery and is associated with decreased operative duration. Since the introduction of 

TEVAR, several cases of successful endovascular management of ABF and AEF have been 

reported.6,7,9-11,17 However, it is unclear if these promising reports were exceptional cases. 

Furthermore, several reported cases were performed in subacute settings instead of emergencies, 

and long-term outcomes are often missing. If patients with ABF or AEF are treated with TEVAR 

alone, the esophageal or bronchial defect is not repaired. Lung tissue and the esophagus are non 

sterile cavities in which risks of graft-infections after endovascular treatment for $stulas are likely 

to be permanently increased, which are crucial when considering long-term outcomes. In this 

series, we evaluated the in-hospital and follow-up outcomes of emergency cases of ABF and AEF 

treated with TEVAR, to assess the applicability of endovascular therapy for these rare entities.

METHODS

We retrospectively reviewed all patients with AEF and ABF treated with TEVAR in Policlinico 

S. Donato I.R.C.C.S., Milan, Italy, the University Medical Center Utrecht and the St. Antonius 

Hospital, Nieuwegein, both located in the Netherlands. Approval of the human ethics committee 

was obtained in all institutions. Between 2000 and January 2009, 11 cases treated with TEVAR 

were identi$ed, including 6 patients with ABF, 4 patients with AEF and one patient with a 

combined ABF and AEF. 

!e median age of patients was 63 years (range 30 years to 77 years; interquartile range 31 

years); 8 were male (73%). Causes of the $stula were: previous open thoracic aortic surgery with 

implantation of a Dacron prosthesis (n=4), thoracic aortic aneurysm (TAA) (n=3), previous 

TEVAR (n=2), ingestion of a chicken bone (n=1) and infection of a Dacron graft of the thoracic 

aorta since two months, which was treated by intravenous antibiotic therapy (n=1). All patients 
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showed an acute presentation of symptoms. Ten patients su"ered from progressive hemoptysis 

and/or hematemesis; 4 patients developed hemorrhagic shock due to excessive bleeding. 

Hemorrhagic shock was present in three out of four patients with AEF. !e Classi$cation of 

Hemorrhage from the American College of Surgeons18 was used to assess if patients were in 

hemorrhagic shock on admission. Patients with blood loss ≥1500ml, a pulse rate ≥ 120 beats/

min, respiratory rate ≥30 / minute, and a decreased blood pressure, were classi$ed as admitted in 

hemorrhagic shock (hemorrhage class III or class IV). 

In two other patients, bacteremia was diagnosed by blood cultures. One of these su"ered 

from an infected Dacron prosthesis of the thoracic aorta which was treated with Ceftriaxon 2g/

day. After 2 months the patient developed massive hemoptysis and bronchoscopy revealed ABF 

which was treated by TEVAR. !e other patient was admitted with acute hemoptysis, thoracic 

pain, dyspnea and fever. CTA diagnosed ABF which was treated with TEVAR. Blood cultures 

turned out positive and the patient received Augmentin 4dd1200 mg during 3 months. In both 

patients, there was no evidence of septic shock when TEVAR was o"ered and no vasopressors 

were needed. Cause and presentation of the $stula for the 11 patients are depicted in table 1.

Table 1. Patient characteristics 
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hematemesis, DP dyspnea, F fever, COPD chronic obstructive pulmonary disease, CAD coronary artery 
disease, CRI chronic renal insu"ciency, HT hypertension, TAA thoracic aortic aneurysm
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Ten $stulas were diagnosed using computed tomography angiography (CTA); diagnosis was 

made using bronchoscopy in one patient with ABF. TEVAR was preferred over open thoracic 

aortic surgery at these institutions because of emergency. Operations were performed under 

general anesthesia. !e endovascular device was inserted through the common femoral artery in 

all cases; the angiographic catheter was positioned into the thoracic aorta via a guide wire from 

the right brachial artery in three cases. Patients were treated with the following endografts: Gore 

TAG™ (n=4), Medtronic Talent™ (n=3), Medtronic Valiant™ (n=3) and Gore !oracic Excluder™ 

(n=1). Details regarding diameter, total length and number of endografts used during the initial 

endovascular procedure are depicted in table 2. All patients received perioperative antibiotics 

intravenously. Surviving patients received oral antibiotics after discharge; duration of antibiotic 

therapy ranged from 4 weeks to 3 months. 

!e following outcomes were investigated: successful exclusion of the $stula during initial 

TEVAR, complications, additional open surgery, vascular re-interventions, mortality, hospital 

length of stay and long-term follow up. Mortality after TEVAR was compared between ABF 

and AEF using the Fisher’s exact test; the survival after TEVAR was demonstrated using Kaplan 

Meier life table analysis (SPSS version 15.0).
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RESULTS

Complete exclusion of the $stula was successfully achieved during initial TEVAR in 9 cases 

(82%). In the remaining 2 patients, a second endograft was successfully placed in one patient 

after 2 days because of considerable type 1 endoleak, the last patient died after 2 days due to 

aortic rupture, which was probably caused by endoleak type 1. !e left subclavian artery was 

covered during the endovascular procedures in 6 patients (54%). Median hospital length of stay 

was 15 days (range 2 days to 89 days; interquartile range 15 days).

Table 2. Procedural characteristics 
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All patients received perioperative intravenous (IV) antibiotics; surviving patients were prescribed oral 
antibiotics. PLZ: proximal landing zone, LSCA left subclavian artery, CFA common femoral artery, BA 
brachial artery. 
* #is patient already received antibiotic therapy prior to TEVAR because of infected Dacron prosthesis of 
the thoracic aorta.



Endovascular Management of Aortobronchial and Aortoesophageal Fistulas 

123

9

Additional thoracic surgery

Additional open thoracic surgery was performed in three patients with AEF. A 31-years old male 

(patient 10) su"ered from AEF after ingestion of a chicken bone 8 days earlier. He required 

neck exploration one day after TEVAR to evacuate a large amount of blood and clot which had 

caused respiratory insu&ciency. A few days later, abdominal esophagectomy with gastric tube 

reconstruction was performed. Another patient, a 71-years old female in which the AEF was 

caused by a ruptured TAA received bipolar esophageal exclusion including cervical esophagostomy 

and jejunostomy 18 days after TEVAR (patient 9). !e last patient which received additional 

open surgery was a 65-years old male in which AEF was caused by previous TEVAR (patient 7). 

He had undergone successful TEVAR for AEF but one week after discharge he was readmitted 

with mediastinitis which was treated by drainage of the mediastinum and aneurysm sac, followed 

by esophageal exclusion and jejunostomy. 

Mortality

Four patients died during hospitalization and one patient died shortly after readmission (45%). 

!e median time interval until death was 22 days (range 2 to 89 days; interquartile range 51 

days). Figure 1 depicts the survival after TEVAR for ABF and AEF; no patients died during the 

initial endovascular procedure. Two out of 4 patients which were admitted with hypovolemic 

shock eventually expired after 7 and 89 due to infectious complications (patients 8 and 9). Death 

occurred in 3 patients with AEF, one patient with ABF and one patient with combined ABF and 

AEF, Fisher’s exact test: p=0.133. 

!e patient with the combined ABF and AEF died from delayed aortic rupture 2 days after 

TEVAR (patient 11). A 40-years old female was admitted with hypovolemic shock after recurrent 

AEF, and showed recurrent hemoptysis after TEVAR, followed by development of mediastinitis 

and sepsis. She died one week after TEVAR (patient 8). Another patient which had developed 

ABF after a ruptured TAA, showed type 1 endoleak after 2 days, requiring placement of an 

additional endograft (patient 5). After the re-intervention, the patient developed renal failure 

and ARDS which resulted in death 22 days after initial TEVAR. !e 65-years old male who was 

re-admitted with mediastinitis died 36 days after endovascular exclusion of AEF, due to sepsis. 

!e last patient who died was the 71-years old female which had received bipolar esophageal 

exclusion for AEF. She su"ered from aortic rupture at the proximal endograft neck which was 

treated with placement of a second endograft. !e patient developed respiratory failure due to 

severe thoracic infections, resulting in death after an ICU stay of almost 3 months. !e patient 

with AEF that received early esophageal repair a few days after TEVAR was the only patient with 

AEF that did not expire (patient 10).
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Figure 1. Long-term survival after TEVAR for ABF and AEF
No deaths occurred after 3 months. Median follow-up of surviving patients was 45 months (range 3 months 
to 61 months; interquartile range 45 months)

Follow-up

Median follow-up of surviving patients was 45 months (range 3 months to 61 months; 

interquartile range 45 months). Six additional vascular interventions were performed in three 

survivors during this period. A left sided-carotid subclavian bypass was performed prior to 

TEVAR to extend the proximal landing zone in a 68-years old male with ABF after an infected 

aortic graft prior to TEVAR. Postoperatively the patient su"ered from Horner’s syndrome due to 

damage of the sympathic nerve $bers (patient 6). 

!e patient with AEF after ingestion of a chicken bone needed a repeat TEVAR one day after 

the initial procedure. !e manipulation during the open surgical procedure resulted in severe 

bleeding which necessitated deploying of a longer endograft inside the $rst one. Nine months 

after discharge, he presented with thrombosis of both popliteal arteries which was treated with 

embolectomy. CTA showed infolding of the second endograft and a giant Palmaz stent was 

placed in the second endograft with resolution of the complication. 

!e third survivor which required re-interventions was a 30-years old male (patient 3), which 

had developed TAA with concomitant ABF after open repair of an aortic coarctation. During 

TEVAR the ABF was excluded but coverage of the left subclavian artery was necessary in order to 

have a safe proximal landing zone. Endovascular ballooning was performed 3 days after the $rst 

endovascular procedure because of type 1 endoleak, with immediate good result. After discharge, 

the patient su"ered from brachial claudication which was treated successfully with transposition 
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of the left subclavian artery. !e other 3 survivors did not require re-intervention although one 

su"ered from mild brachial claudication due to coverage of the left subclavian artery during 

initial TEVAR. Outcomes of TEVAR are depicted in table 3.    

DISCUSSION

In this case series, TEVAR prevented immediate exsanguination caused by ABF or AEF; no 

patients died during the initial endovascular procedure. However, 5 out of 11 patients with 

ABF or AEF died of complications between 2 days and 3 months after the initial endovascular 

procedure ($gure 1). 

Aortobronchial and aortoesophageal $stulas are scarce and usually arise in thoracic aortic 

disease or after previous thoracic aortic repair. ABF and AEF regularly present with excessive 

bleeding; repair of the $stula is the only curative treatment.1-5 Adequate management of ABF 

or AEF consists of control of hemorrhage, repair of the bronchial or esophageal defect, control 

of infectious complications and maintenance of su&cient distal perfusion. Traditional surgical 

Table 3. Outcomes of 11 patients undergoing TEVAR for ABF and AEF
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Successful TEVAR was de!ned as complete exclusion of the !stula during initial TEVAR. LOS hospital 
length of stay in days, LSCA left subclavian artery. * #is patient was already hospitalized for 2 months 
because of an infected Dacron prosthesis of the thoracic aorta; he was discharged 14 days after TEVAR.
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repair of ABF usually occurs by a posterolateral thoracotomy, followed by resection of the involved 

aortic area of the !stula and replacement of this part by a prosthetic graft. Bronchial or lung 

surgical repair may consist of primary closure or partial resection of lung tissue. "e bronchial 

segment of the !stula has been treated conservatively in cases in which the exclusion of the 

aortic side of the !stula was considered adequate. In the literature, in-hospital mortality of open 

surgery for ABF ranges from 15% to 24%.1,2 "e most frequently used approach for open AEF 

repair is a left thoracotomy, followed by aortic replacement with a prosthetic or cryopreserved 

homograft, or an extra-anatomic bypass in case of severe mediastinal sepsis.5,19 Open thoracic 

surgery for AEF is, however, associated with a high operative mortality, which is usually caused 

by exsanguination of the patient. 3-5 Precise mortality rates of classic surgery are missing in the 

literature, due to the rare occurrence of AEF. 

TEVAR is less invasive than open thoracic surgery and allows prompt exclusion of thoracic 

aortic !stulas and control of hemorrhage. No patients died of exsanguination during TEVAR 

in our series. However, the follow-up outcomes after TEVAR were poor. Many patients in our 

evaluation developed infectious complications or recurrent bleeding within the !rst 3 months 

after the initial endovascular procedure, which reasonably leaded to death in 5 cases (45%). 

Endovascular treatment of ABF or AEF alone, does not allow debridement of the potentially 

contaminated thoracic cavity. Additionally, the !stula is not repaired and a connection between 

the lungs or esophagus with the endograft, the thoracic aorta and the thoracic cavity is maintained. 

"is results in continued exposure to contaminated contents of the esophagus or lungs and high 

risks of serious infections. "erefore, additional surgical repair of the !stula, which may include 

debridement of the thoracic cavity, supported by broad-spectrum antibiotic therapy for at least 

several months, most likely will improve outcomes after successful endovascular treatment.  

In the literature, numerous cases of endovascular management of ABF6-8,20-22 and AEF9-

11,23-25 have been reported, some with a fatal outcome.22-24 Antibiotic therapy was frequently 

prescribed,6,8,10,11,20,22,24,25 additional open surgical repair was performed in several cases,6,9,11,25 and 

sometimes no additional therapy was o#ered.21,23 Since case reports often represent exceptional 

single cases, it is di$cult to draw valid conclusions regarding the applicability of endovascular 

management of ABF and AEF on the basis of these reports. Larger cases series of TEVAR for ABF 

demonstrated a mortality between 0% to 25% at 3 years after the endovascular procedure.17,26 

Our results are inconsistent with these reports. We have several hypotheses for the inferior 

outcome in our series. A possible explanation for the di#erent outcome, is the indication for 

TEVAR. In the Bockler et al and Wheatley et al series, endovascular management was preferred 

in patients with ABF because of co-morbid diseases and previous thoracotomy.17,26 In our series, 

TEVAR was indicated because of emergency treatment in all patients. "is di#erence could have 

a#ected our results.

Another substantial di#erence with these previous series is that we also evaluated outcomes 

of 4 patients with AEF and one patient with combined ABF and AEF, besides 6 patients with 
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ABF. Deaths in our series included the patient with combined ABF and AEF and 3 out of 4 

patients with AEF; only one of 6 patients with ABF expired. It appears that patients with AEF 

have a worse outcome after TEVAR compared to patients with ABF, although strong conclusions 

cannot be made due to the small sample size of this series. 

Di#erences in outcomes after TEVAR between ABF and AEF have not been described 

previously in the literature. In this series, 3 out of 4 patients with AEF were admitted with 

hemorrhagic shock (table 1), while only one of 6 patients with ABF su#ered from shock. 

Hemorrhagic shock is generally accepted as a risk factor for mortality and the association of AEF 

and shock may have led to poorer outcomes in this series. Two of three patients with AEF and 

shock expired; death was, however, caused by infectious complications instead of exsanguination. 

ABF and AEF are often associated with infections due to the presence of open air and esophageal 

contents in the chest. Exposure to esophageal contents is possibly more virulent than exposure to 

the open air as well, resulting in increased risks of infective complications after TEVAR for AEF 

compared to ABF. 

Although no additional thoracic surgical procedures were performed in case of ABF, three 

out of four patients with AEF received additional esophageal surgical repair. In one case within a 

few days after TEVAR and the remaining two patients underwent delayed repair after more than 

2 weeks (table 2). "e patient in which esophageal surgery was performed a few days after the 

initial endovascular procedure, was the only patient with AEF which did not expire; remaining 

patients died of infectious complications (table 3). "is !nding suggests a more aggressive surgical 

approach of AEF, shortly after initial stabilization by TEVAR.   

Topel et al recently published promising results of a combined approach for management 

of AEF. "ey used TEVAR as a bridging procedure in the acute setting, which was followed by 

in situ repair with cryopreserved homografts and long-term antibiotic therapy.19 "is combined 

approach could be a valuable option for emergency cases of AEF, and, possibly, a more aggressive 

surgical strategy after initial TEVAR could have prevented some lethal complications in our 

series.  

CONCLUSION

Emergency endovascular repair of ABF and AEF is associated with poor results. Patients with 

AEF treated with TEVAR appear to have an inferior outcome compared to patients with ABF. 

TEVAR does prevent immediate exsanguination in patients admitted with AEF and ABF but 

after initial deployment of the endograft and control of the hemodynamic status, most patients, 

in particular those with AEF, are at risk for infectious complications. Early esophageal repair 

appears to improve the survival in case of AEF. "erefore, TEVAR may serve as bridge to surgery 

in emergency cases of AEF with subsequent de!nitive open operative repair of the esophageal 

defect as soon as possible. In patients with ABF, additional open surgery may not be necessary 

after the endovascular procedure. 
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ABSTRACT

Purpose

To analyze the outcomes of thoracic endovascular aortic repair (TEVAR) for aortobronchial 

!stula (ABF) and aortoesophageal !stula (AEF). 

Methods

"e authors reviewed all published cases of ABF and AEF treated with TEVAR indexed in 

the MEDLINE, Cochrane Library CENTRAL, and EMBASE databases. After removal of 

duplicates, 850 articles were scrutinized for relevance and validity. Exclusion criteria included: 

(1) no clear description of the organs involved with the !stula, (2) no description of outcomes 

after TEVAR for ABF or AEF, or (3) no original data presented in the article. In this manner, 

66 relevant articles were identi!ed that included original data on 114 patients (76 men; mean 

age 63±1.5 years) with ABF (n=71) or AEF (n=43). Meta-analyses were performed to investigate 

outcomes of TEVAR for ABF and AEF. 

Results

Patients with AEF presented more frequently with hypovolemic shock [14 (33%) versus 19 

(13%), p=0.012] and systemic infection [15 (36%) versus 6 (9%), p<0.001] compared to 

patients with ABF. In-hospital mortality was 3% (n=2) after TEVAR for ABF and 19% (n=8) 

after TEVAR for AEF (p=0.004). Additional thoracic surgery in the !rst 30 days after TEVAR 

was performed in 3% (n=2) of ABF patients and in 37% (n=16) of AEF patients (p<0.001); 12 

AEF patients who had received esophageal surgery in the !rst month after TEVAR showed lower 

!stula-related mortality during 6 months of follow-up compared to patients who did not receive 

additional esophageal surgery (p=0.018). 

Conclusion

TEVAR is associated with superior outcomes in patients with ABF. Endovascular management of 

AEF is associated with poor results and should not be considered de!nitive treatment. TEVAR 

could serve as a bridge to surgery for emergency cases of AEF only, with de!nitive open surgical 

correction of the !stula undertaken as soon as possible.



Outcomes of TEVAR for Aortobronchial and Aortoesophageal Fistulas

133

10

INTRODUCTION

"e thoracic aorta is located in the posterior mediastinal cavity, where it is closely surrounded 

by thoracic organs. Rarely, !stulas arise between the thoracic aorta and the esophagus 

(aortoesophageal !stula, ABF) or lungs (aortobronchial !stula, ABF), typically due to thoracic 

aortic disease or previous thoracic aortic surgery. ABF and AEF present commonly with 

hemoptysis and hematemesis and are usually lethal if left untreated; open thoracic aortic repair of 

thoracic !stulas is associated with high mortality and morbidity in this critically-ill population. 
1-6 Recently, thoracic endovascular aortic repair (TEVAR) has shown success in exclusion of 

thoracic aortic aneurysms (TAA) and other thoracic aortic pathologies.7-9 TEVAR is less invasive 

than open thoracic aortic surgery and is associated with shorter operating times. However, both 

lung tissue and the esophagus are non-sterile cavities that are contaminated by micro-organisms, 

which present a continuing risk of infection. Hence, these !stulas are relative contraindications 

to endovascular management of thoracic aortic pathologies. Nonetheless, TEVAR could be 

valuable in preventing exsanguination in emergencies or in !stulas patients with signi!cant co-

morbidities. Because TEVAR is a relatively new technique and ABF and AEF have relatively low 

incidences, outcomes of TEVAR for thoracic aortic !stulas are lacking; the current literature is 

limited to case reports and small case series. 

In this study, we reviewed all evidence in the literature regarding mortality and complications 

after endovascular management of patients with ABF and AEF. Clinical di#erences between 

patients with ABF and those with AEF treated with TEVAR were investigated as well.

METHODS

Literature search

Medline, EMBASE, and Cochrane Library CENTRAL were searched until January 29, 2009. "e 

following search string was used for Medline: ((“aorta”[Title/Abstract] OR “aortic”[Title/Abstract] 

OR “aortal”[Title/Abstract] OR “aorta, thoracic”[MeSH Terms] OR “aorta, abdominal”[MeSH 

Terms] OR “aorta”[MeSH Terms]) AND (bronch*[Title/Abstract] OR esophag*[Title/Abstract] 

OR oesophag*[Title/Abstract] OR trachea*[Title/Abstract])) AND (!stul*[Title/Abstract] OR 

“Fistula”[MeSH Terms]) OR (“aortoesophageal”[Title/Abstract] OR “aorta-esophageal”[Title/

Abstract] OR “aorto-tracheal”[Title/Abstract] OR “aortobronchial”[Title/Abstract] OR “aorto-

bronchial”[Title/Abstract]), which resulted in 671 articles. No language or publication date 

restrictions were applied. A similar search string was used for EMBASE, identifying 413 articles. 

"e Cochrane library CENTRAL database was browsed manually and did not reveal any relevant 

articles. After removal of duplicates, 850 articles remained.
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Selection of articles

All titles and abstracts were read by 2 independent investigators (F.H.J and F.J.S). Articles 

were included if they contained data on patients who had undergone TEVAR for ABF or AEF. 

Exclusion criteria included: (1) no clear description of the organs involved with !stula, (2) no 

description of outcomes after TEVAR for ABF or AEF, and (3) no original data presented. Other 

articles written by identical authors and/or institutions were studied in detail and excluded if 

necessary to prevent duplication of cases. All extracted information was entered into a database. 

In this manner, 66 relevant articles were identi!ed for the analysis.     

Data extraction 

Two independent investigators (F.H.J and F.J.S) scrutinized the identi!ed articles to extract 

the following characteristics: age and gender; cause of !stula; presence and/or history of TAA; 

previous aortic intervention and indications; time interval between previous aortic intervention 

and presentation of !stula in months; comorbidity and ASA classi!cation; symptoms of 

the !stula; acute presentation, de!ned by presentation within 3 days after development of 

symptoms, or acute progression of symptoms; presence of hypovolemic shock at admission; 

presence of infection at admission; diagnostic studies performed; results of diagnostic studies; 

contraindications for open repair; time interval between diagnosis and TEVAR in months; type 

of anesthesia; endovascular access site; graft characteristics, including graft length, diameter, 

and model; proximal landing zone; technical success of TEVAR, de!ned by successful exclusion 

of the !stula during the initial endovascular procedure; treatment with antibiotic drugs and 

duration of this treatment; in-hospital and long-term follow-up outcomes, including graft-

related complications (endoleak, stent-graft migration, or stent fracture); non-graft-related 

complications (sepsis and/or mediastinitis, pneumonia, myocardial infarction, paraplegia, 

renal failure, and iliac rupture), open and endovascular re-interventions, time interval until re-

intervention, and mortality; !stula-related mortality, de!ned by death during hospitalization for 

TEVAR and death caused by !stula- or graft-related complications; cause of death; and length 

of follow-up in months, de!ned by the time period between the initial TEVAR and subsequent 

death or the most recent follow-up visit. 

Patient Population

Totally original data were obtained regarding 114 patients (76 men; mean age 63 ±1.5 years, 

range 11–88), of whom 71 had ABF (48 men; mean age 64.0±1.8 years, range 11–88) and 43 

presented with AEF (28 men; mean age 62.0±2.5 years, range 20–87).10-75 "e availability of 

individual data in these cases of ABF and AEF is depicted in table 1, while !gure 1 represents the 

distribution of TEVAR cases for ABF and AEF by publication date of the article that described 

the case. Demographics and data on presentation, symptoms, and diagnosis are given in table 2.
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Figure 1. Number of patients undergoing TEVAR for ABF and AEF by publication date

Table 1. Availability of individual data 
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Statistical analysis 

Contingency tables with the chi-square test or Student t test were used to compare in-hospital 

outcomes of patients with ABF versus patients with AEF. Univariate and multivariate logistic 

regression analyses were performed to study the associations between patient and procedural 

characteristics and in-hospital mortality. Kaplan-Meier life-table analysis was used to compare 

!stula-related death after TEVAR between patients with ABF and those with AEF. Variables were 

examined only if the percentage of missing data was <15%. Statistical analyses were performed 

with SPSS software (version 15.0; SPSS, Chicago, IL, USA); P <0.05 was considered signi!cant. 

RESULTS

AORTOBRONCHIAL FISTULAS

Presentation and diagnosis

"e most common cause of ABF development (!gure 2) was previous thoracic aortic repair (36, 

51%), including 32 open surgical procedures and 4 TEVARs. "e interval between previous 

thoracic aortic repair and the presentation of the ABF and AEF is depicted in !gure 3. Most 

patients presented with hemoptysis (59, 91%); 5 (8%) had dyspnea (table 2). "e majority 

of patients (64, 65%) showed an acute presentation (symptoms or acute progression in <3 

days); hypovolemic shock was present in 9 (13%) and systemic infection (bacteremia, mycotic 

aneurysms, mediastinitis or severe thoracic infections) in 6 (9%). An 11-year-old patient su#ered 

from an intrapulmonary Aspergillus abscess secondary to acute myeloid leukemia, which caused 

an aortobronchial !stula.45 Most patients underwent several imaging studies before the ABF was 

diagnosed; diagnosis was often based on clinical suspicion and !ndings of additional imaging. 

Practically all patients underwent computed tomographic angiography (CTA), which con!rmed 

the diagnosis in 34 (48%). Angiography and bronchoscopy initially diagnosed the ABF in 12 

(17%) and 5 (7%), respectively. 

Operative characteristics 

TEVAR was preferred over open thoracic aortic surgery in 42 (59%) patients because of 

comorbid conditions and in 29 (41%) patients because of required emergency treatment (table 

3). General anesthesia was used for 60 (85%) cases; the endovascular device was inserted through 

the common femoral artery in 51 (72%) patients. Complete exclusion of the !stula during the 

initial TEVAR procedure was successfully achieved in nearly all (64, 90%) patients. Coverage 

of the left subclavian artery (LSA) was required to create a su$cient proximal landing zone in 6 

(8%) cases. Two patients required additional thoracic surgery within 30 days (lung lobectomy 

and thoracotomy for hematothorax, respectively). Antibiotic therapy was prescribed in 30 (42%) 

patients for >2 weeks. 
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Figure 2. Etiology of aortobronchial and aortoesophageal !stulas
Other causes of !stula development include Barret’s esophagus, ingestion of hydrochloric acid with 
suicidal intent, intrapulmonary Aspergillus abscess, pulmonary tuberculosis, previous lobectomy, previous 
esophagectomy, trauma, severe chronic obstructive pulmonary disease with bronchial stents, and resection 
of an intimal sarcoma of the descending aorta. 

Table 2. Demographics and presentation 
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ABF aortobronchial !stula, AEF aortoesophageal !stula, CTA computed tomographic angiography, 
*Including bacteremia, mycotic aneurysms, mediastinitis, and severe thoracic infections. 
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Outcomes 

Median hospital length of stay was 5 days (mean 10, range 2–30); median follow-up was 22 

months (mean 23, range 0.1–108). Two (3%) ABF patients died in-hospital after TEVAR owing 

to sepsis and respiratory failure, respectively (table 4). Seven (10%) patients experienced in-

hospital complications and 11 (16%) had evidence of endoleak. 

Over a median 125 days (mean 184; range 2–750) after TEVAR, 5 patients died of !stula-

related causes (3 cases of sepsis and 2 delayed ruptures; !gure 4). During follow-up, 18 thoracic 

aortic re-interventions were performed in 16 patients, most frequently a repeat TEVAR (n=13). 

Two patients underwent open thoracic aortic surgery. Transposition of the LSA was performed in 

3 cases. Indications for re-interventions were endoleak (n=7), recurrent !stula and/or hemoptysis 

(n=7), brachial claudication after coverage of the LSA (n=3), and delayed rupture (n=1). Median 

time until aortic re-intervention was 1.4 months (mean 11.6; range 1 day to 108 months). 

Table 3. Operative characteristics 
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*In 5 AEF cases, the endograft was replaced by an aortic graft <3 weeks after TEVAR.
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Figure 3. Time interval between previous thoracic aortic surgery or TEVAR and !stula presentation
Previous thoracic aortic surgery caused the development of the !stula in 42 cases of ABF and AEF; 
previous TEVAR was the cause in 5 cases. "e exact time between these procedures and subsequent !stula 
presentation was not described in 8 cases.

Figure 4. Fistula-related mortality during the !rst year after TEVAR for ABF and AEF
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AORTESOPHAGEAL FISTULAS

Presentation and diagnosis

TAAs and previous open thoracic aortic surgery caused AEF in 10 (23%) patients (Fig. 2). "e 

interval between previous thoracic aortic repair and presentation of the AEF is presented in !gure 

3. Most patients presented with hematemesis (33, 77%) and thoracic pain (9, 21%). Dysphagia 

was described in 6 (15%). "e majority of patients (41, 95%) showed an acute presentation, 

accompanied by hypovolemic shock in 14 (33%) and systemic infection in 15 (36%). CTA was 

performed in most patients. AEF was initially diagnosed by CTA in 23 (53%) patients, while 

angiography and esophagoscopy were most important for diagnosing the !stula in 9 (19%) and 

5 (12%) patients, respectively. 

Table 4. Outcomes of TEVAR 
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ABF aortobronchial !stula, AEF aortoesophageal !stula. Percentages for events occurring after discharge are 
not given because length of follow-up varied, which resulted in incomplete data.
*Does not include patients who expired during hospitalization. †9 type I and 4 type II.
‡Including replacement for an aortic graft (n=5) and drainage of the aneurysm sac in 2 cases.
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Operative characteristics 

TEVAR was preferred over open thoracic aortic surgery in 27 (67%) emergent cases and in 16 

(33%) patients with comorbid conditions (table 3). General anesthesia was used for 36 (84%) 

procedures, during which the endovascular device was inserted through the common femoral 

artery in 31 (72%). 

Complete exclusion of the !stula during the initial TEVAR procedure was successfully 

achieved in 39 (91%) patients. Coverage of the LSA was required for a su$cient proximal 

landing zone in 6 (14%). "e thoracic endograft was replaced by an aortic graft in 5 (12%) 

AEF patients within 3 weeks after the endovascular procedure; 4 of these patients received a 

cryopreserved homograft.74 Additional thoracic surgery was performed in 16 (37%) patients 

within 30 days, most commonly esophageal surgery (n=12). Antibiotic therapy was prescribed in 

27 (63%) patients for >2 weeks. 

Outcomes

Median hospital length of stay was 19 days (mean 23; range 0–77); median follow-up was 5 

months (mean 10; range 0–80). Eight (19%) patients died in-hospital after TEVAR for AEF 

due to exsanguination (n=4), sepsis (n=3), or pulmonary arrest (n=1). Six additional patients 

died at a median 21 days (mean 38; range 0–102) due to !stula-related disease (4 cases of sepsis 

and 2 exsanguinations after delayed aortic rupture; !gure 4). All patients dying in-hospital after 

TEVAR for ABF and AEF had an acute presentation. Univariate logistic regression analysis 

showed that hypovolemic shock (p=0.040) and previous aortic surgery (p=0.023) increased 

the risk of in-hospital mortality after TEVAR for AEF (table 5). However, multivariate logistic 

regression analysis revealed no signi!cant associations. 

AEF patients who had undergone esophageal surgery within 30 days after TEVAR had a 

signi!cantly lower mortality (p=0.018) during 6 months of follow-up compared to patients 

who did not undergo esophageal reconstruction in the !rst 30 days (!gure 5). A comparison 

of patients with and without open surgical esophageal reconstruction revealed no signi!cant 

di#erences between the 2 groups with regard to the available patient and procedural variables, 

including history of thoracic aortic intervention before TEVAR, presence of hypovolemic shock 

at presentation, or the presence of systemic infection after TEVAR.

In-hospital complications and endoleak occurred in 6 (14%) and 2 (5%) patients, respectively 

(table 4). "oracic aortic re-interventions were performed in 8 patients at a median interval 

of 3 weeks (mean 5 months; range 2 weeks to 18 months). In addition to the 5 endograft 

replacements, 2 patients underwent repeat TEVAR for recurrent bleeding and 1 patient had the 

aneurysm sac debrided during esophageal surgery. 
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Figure 5. Survival of AEF patients with and without additional esophageal surgery within 30 days after 
TEVAR

CLINICAL DIFFERENCES BETWEEN ABF AND AEF

Patients with AEF had di#erent presentations than patients with ABF (table 2). AEF patients 

more frequently had an acute presentation (95% versus 65% for ABF, p<0.001), with higher 

incidences of hypovolemic shock (33% versus 13%, p=0.012) and systemic infection (36% versus 

9%, p<0.001) than patients with ABF. Patients with AEF more frequently underwent emergent 

Table 5. Preoperative variables a�ecting in-hospital mortality after TEVAR for AEF
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Univariate logistic regression analysis of variables that were present in >10% of patients with aortoesophageal 
!stula (AEF). Age, gender, and variables with p<0.2 were integrated in a multivariate logistic regression 
model to calculate independent e�ects on in-hospital mortality, which did not show any signi!cant risk 
factors. OR odds ratio, CI con!dence interval, TAA thoracic aortic aneurysm.
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TEVAR (63%) compared to ABF patients (41%, p=0.023). After the endovascular procedures, 

additional thoracic surgery within 30 days was more frequently performed in AEF patients (37% 

versus 3%, p<0.001). Antibiotic therapy for >2 weeks was prescribed more frequently for AEF 

patients (63% versus 42%, p=0.013). 

In-hospital mortality (table 4) was higher after TEVAR for AEF (19%) compared to AEF 

(3%; p=0.004). Kaplan-Meier life-table analysis showed that !stula-related death was increased 

during the !rst year after TEVAR for AEF compared to ABF (p=0.001; !gure 4). Overall in-

hospital complications and aortic re-interventions performed within 30 days after TEVAR did 

not di#er signi!cantly between ABF and AEF patients (table 4). However, replacement of the 

thoracic endograft was done only in AEF patients (5, 12%), while all endografts were left in situ 

in ABF patients during hospitalization (p=0.003). 

DISCUSSION

"oracic aortic !stulas are often caused by previous thoracic aortic surgery and usually present 

with excessive bleeding. Our analysis demonstrated that TEVAR for ABF is associated with 

acceptable results and low (3%) in-hospital mortality. Patients with AEF, however, showed a 

more acute presentation, with hypovolemic shock or systemic infection, and had a relatively high 

in-hospital mortality rate (~20%) after TEVAR. 

"e largest previously published study of thoracic aortic !stulas undergoing TEVAR described 

8 patients with ABF.51 In our current review, the outcomes of 114 patients who underwent 

TEVAR for ABF and AEF were analyzed, thus representing the largest number of patients 

undergoing TEVAR for these thoracic aortic lesions. Although the unique approach of this study 

allowed us to present in-hospital and follow-up outcomes of TEVAR for ABF and AEF, the 

study design had several limitations. Data were obtained from case reports and case series. Case 

reports regularly present exceptional cases, making these !ndings not necessarily applicable to the 

actual population. "e in@uence of this publication bias may, however, be relatively small in this 

study because every AEF or ABF is a rare disorder and may o#er su$cient new information for 

publication. Furthermore, physicians may be inclined to publish successful cases of TEVAR for 

ABF and AEF rather than unsuccessful cases. Another disadvantage is that our data were limited 

to information provided by the original articles. "ese disadvantages are important to consider 

when interpreting the presented results. 

"oracic aortic !stulas often arise after pseudoaneurysm formation secondary to aortic 

interventions, and several pathophysiological di#erences have been described between ABF 

and AEF. Although both types of !stulas connect the thoracic aorta with unsterile cavities, the 

!rst exposes the circulation to the open air and the latter to esophageal contents, which results 

in di#erent presentations, symptom severity, and prognosis. "erefore, ABF and AEF require 

di#erent management. 
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Aortobronchial !stulas a#ect the left lung more frequently than the right, which can be explained 

by the shorter distance from the descending thoracic aorta. Fistulas between the ascending aorta 

and the right lung are rare.2 Although patients with ABF showed a less acute presentation than 

patients with AEF, ABF is lethal if left untreated, so urgent management is frequently indicated.2 

During open surgical repair of ABF, the thoracic aorta is most frequently approached by a 

posterolateral thoracotomy, followed by resection of the involved aortic area of the !stula and 

replacement of this segment by a prosthetic graft. In the literature, in-hospital mortality of open 

surgery for ABF ranges from 15% to 24%.2,6 "e !rst successful case of TEVAR for ABF was 

performed in 1993 by Campagna et al.72 In the current manuscript, the in-hospital mortality of 

TEVAR for ABF treatment was only 3%. Hence, endovascular management appears to show 

superior perioperative results compared to open thoracic surgery, although several !stula-related 

deaths occurred during follow-up after TEVAR. 

Although aortoenteric !stulas are most commonly located in the duodenum, they have 

been reported in all di#erent portions of the gastrointestinal tract, from esophagus to rectum.4 

Aortoesophageal !stulas allow high-pressure aortic blood to enter the esophagus and unsterile 

esophageal contents to enter the aorta or the mediastinal cavity.4 In 1914, Chiari !rst described 

the clinical triad of AEF: mid-thoracic pain, sentinel hemorrhage, eventually followed by 

exsanguination.76 In our evaluation, AEF was often associated with shock and systemic infection. 

"erefore, immediate repair was often indicated after diagnosis of AEF. 

"e main goals in the management of AEF is to control hemorrhage and to prevent microbial 

contamination of the mediastinum.5 Open surgery allows repair of the involved aortic and 

esophageal components of the !stula, as well as drainage of the infected mediastinum. Open 

thoracic surgery will, therefore, be o#ered to most patients with AEF who are in relatively good 

physical condition. "e most frequently used approach for AEF repair is a left thoracotomy, 

followed by aortic replacement with a prosthetic or cryopreserved homograft, or an extra-

anatomical bypass in case of severe mediastinal sepsis.5,74 Open thoracic surgery is, however, 

associated with high mortality rates as a result of its invasiveness, particularly in patients who 

are in poor condition or are su#ering from hemorrhagic shock. Precise mortality rates of open 

surgery for AEF are missing in the literature due to the rarity of AEF.  

TEVAR is less invasive than open thoracic surgery and allows prompt exclusion of the AEF, 

preventing exsanguination. In this evaluation, the in-hospital mortality of TEVAR for AEF 

was 18%, which is considerably higher than in patients who underwent TEVAR for ABF, but 

mortality of open thoracic surgery for AEF is thought to be even higher.1,4,5 Unfortunately, 

additional thoracic surgery and/or aortic re-interventions were often required after TEVAR, and 

numerous !stula-related deaths occurred after discharge due to sepsis and recurrent bleeding. 

Additional esophageal surgery within the !rst month after TEVAR for AEF was associated with 

lower mortality during the !rst half year after TEVAR in our analysis. "is !nding might be 

partially explained by the fact that some patients who received only TEVAR died before esophageal 
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surgery could be performed. However, several deaths occurred up to 3 months after TEVAR and 

may hypothetically have been prevented by earlier open surgical re-intervention after TEVAR 

(!gure 5). "ese patients who did not undergo additional esophageal surgery continued to be 

exposed to esophageal contents, resulting in ongoing risks on graft infection, mediastinitis, and 

sepsis. "erefore, more aggressive surgical management supported by intensive antibiotic therapy 

may potentially be justi!ed after TEVAR for AEF. TEVAR could serve as a bridge to surgery in 

emergency AEF cases, with de!nitive open operative repair undertaken as soon as possible after 

optimizing the condition of the patient. Topel and colleagues recently demonstrated promising 

results with this combined approach for AEF, using primary endovascular repair followed by 

replacement of the endograft with a cryopreserved homograft.74 

CONCLUSION

TEVAR is associated with superior outcomes in patients with ABF. Endovascular management 

of AEF is associated with relatively high in-hospital and long-term mortality and should not be 

considered de!nitive surgery. TEVAR could serve as a bridge to surgery for emergency cases of 

AEF only, with de!nitive open surgical repair undertaken as soon as possible.
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ABSTRACT

Objectives

To investigate changes in aortic diameter in hemodynamically unstable trauma patients, and the 

implications for sizing of thoracic aortic endovascular repair (TEVAR) in patients with traumatic 

thoracic aortic injury (TTAI).

Methods

We retrospectively evaluated all trauma patients that were admitted with hemodynamic instability 

(mean arterial pressure < 95mmHg, and a pulse ≥100 beats/minute) and underwent computed 

tomography (CT) of the thorax and abdomen both at admission and at another moment (control 

CT scan), at the Yale New Haven Hospital between 2002 and 2009. "e CT examinations were 

reviewed in a blinded fashion and the aortic diameter was measured at 6 di#erent levels by a 

cardiovascular radiologist. Di#erences in aortic diameter between the initial CTs obtained in the 

trauma bay and the control CTs were compared using the paired Student’s t-test. 

Results

Forty-three patients were identi!ed, including 32 males. Mean age was 37±16 years, mean 

injury severity score was 26±15, the mean pulse and blood pressure were 122 beats/min and 

103/63mmHg, respectively. Overall, the mean aortic diameter was signi!cantly larger at the 

control CT examinations compared with the initial CT examinations while hemodynamically 

unstable, at all evaluated levels. Among patients with a pulse ≥ 130/min, the mean increase in 

aortic diameter was most consistent at the level of the mid descending thoracic aorta (DTA, 

+12.6%, p=0.003) and at the level of the infrarenal aorta (+12.6%, p=0.004).

Conclusion

"e aortic diameter decreases dramatically in trauma patients with hemodynamic instability. 

"is decrease in aortic diameter could theoretically lead to inaccurate aortic measurements 

and undersizing of the endograft in hemodynamically unstable TTAI patients requiring 

TEVAR. Further research is needed to better predict the actual aortic diameters in individual 

hemodynamically unstable patients requiring endovascular aortic repair.
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INTRODUCTION

Traumatic thoracic aortic injury (TTAI) is the second most common cause of death in trauma 

patients, accounting for about 8.000 deaths per year in the United States.1,2 "oracic endovascular 

aortic repair (TEVAR) has recently o#ered a less invasive method for the management of TTAI. 

Large series and meta-analyses have shown that endovascular repair of TTAI signi!cantly reduces 

the in-hospital mortality and morbidity compared with conventional open surgical repair,3-7 and 

that a major shift has occurred in favour of endovascular management of TTAI.3,8,9 A substantial 

part of admitted patients with TTAI have multiple injuries with associated hemodynamic 

instability or hypovolemic shock, a leading cause of death in trauma patients worldwide.10 

Hemodynamic forces may result in signi!cant conformation changes of the thoracic aorta.11 

However, currently it remains unclear how the aorta reacts to hemodynamic instability or 

hypovolemic shock. A decrease in the aortic diameter of 30% has been described in an anecdotal 

case report of a hypovolemic patient with TTAI.12 Pre-operative computed tomography 

angiography (CTA) is typically used for endograft sizing in patients requiring TEVAR, and 

considerably decreased aortic diameters in patients undergoing CTA could result in inaccurate 

aortic measurements and undersizing of the endograft. 

In the present study, potential aortic changes were investigated in trauma patients that were 

admitted with hemodynamic instability, in order to better understand the dynamic morphology 

of the aorta, and to optimize endograft sizing in TTAI patients. 

METHODS

Study population

A retrospective trauma registry inquiry (Clinical Data Management, Denver, Co) identi!ed all 

trauma patients that were admitted with hemodynamic instability at the emergency department 

of an ACS veri!ed and state designated level I trauma center, between July 1st 2002 and July 

1st 2009. "e study was approved by the institutional review committee of the Yale University 

School of Medicine. Admission demographics and recorded vital signs were used to select the 

patients su#ering from hemodynamic instability following traumatic injuries. Inclusion criteria 

were: 1) multiple traumatic injuries, 2) a mean arterial pressure ≤ 95 mmHg and pulse ≥ 100 

beats/min, 3) computed tomography (CT) examinations of the thorax and abdomen were 

performed both at admission and at another moment when the patients was thought to be 

hemodynamically stable (control CT scan). Exclusion criteria were: 1) patients younger than 18 

years, 2) incomplete data sets, and 3) a time interval between both CT examinations of more 

than 12 months. 
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Data collection 

All CT examinations were performed on either a General Electric (Milwaukee, WI) 4-slice or 

64-slice Volume Computed Tomography System. "e CT studies were non-gated, and were 

reviewed in a blinded fashion by a cardiovascular radiologist with 5 years of experience. Axial 

CT images were used to measure the aortic diameter at 6 di#erent levels including the ascending 

aorta at the level of the pulmonary artery, the mid aortic arch, the proximal descending thoracic 

aorta (DTA) at the level of the termination of the aortic arch, the mid DTA, the distal DTA 1 cm 

above the celiac axis, and the infrarenal abdominal aorta. If the aorta was angulated, multiplanar 

reformations were used to measure the proper aortic diameter perpendicular to the long axis of 

the aorta. Subsequently, the maximum and minimum diameters of the inferior vena cava (IVC) 

were measured at the level of mid infrarenal IVC halfway between the most superior renal vein 

and the convergence of the common iliac veins. 

Statistical analysis

"e diameter measurements of aorta and IVC were compared in all patients between the CTs 

at admission, and the control CTs. "e paired Student’s t-test was used to investigate potential 

diameter di#erences in the overall cohort, and among patients with a pulse above 130 / minute. 

SPSS software version 15.0 was used for all statistical analyses, a P Value < 0.05 was considered 

statistically signi!cant.

RESULTS

Admission characteristics

Forty-three patients were selected for evaluation. "e median time interval between the 

measurement of the vital signs and the CT examination was 30 minutes (interquartile range 26 

minutes; range 0 to 97 minutes), and the median time interval between the CT examination 

at admission to the emergency department while hemodynamically unstable, and the control 

CT examination was 11 days (interquartile range 28 days, range 1.5 days to 351 days). "e 

mean age was 37.2 ±16 years (range 18 to 90 years), and 74% were male (table 1). Mean pulse 

was 121.6 ±18 beats/min (range 100 to 170), and 27.9% (n=12) had a pulse ≥ 130/min. "e 

mean arterial pressure (MAP) of the cohort was 77.3 mmHg (range 54.3 to 94 mmHg), the 

mean respiratory rate was 21.9 (range 12 to 35), and 16.3% (n=7) were already intubated and 

mechanically ventilated when the !rst vital signs were recorded at the emergency department.
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Changes in aortic diameter

Overall, the mean aortic diameter was signi!cantly larger at the control CT examinations 

compared with the CT examinations at admission while hemodynamically unstable, at 

all evaluated levels (table 2). "e overall mean increase in aortic diameter varied from 3.3% 

(p=0.012) at the level of the ascending aorta, to 11.2% (p<0.001) at the level of the infrarenal 

aorta (table 2). "e increase in aortic diameter varied considerably among individual patients as 

well, and in some cases however, no increase in aortic diameter, or even a smaller aortic diameter 

was observed on the control CT examination (table 2). "e correlation between the MAP of the 

trauma patients while hemodynamically unstable, and the increase in aortic diameter at the level 

of the mid DTA on the control CT is depicted in !gure 1.

"e mean increase in aortic diameter at the di#erent levels appeared to be larger among 

patients admitted with a pulse ≥ 130 (table 3, !gure 2). In this subgroup, the mean increase in 

aortic diameter was most consistent at the level of the mid DTA (+12.6%, p=0.003) and at the 

level of the infrarenal aorta (+12.6%, p=0.004). At the remaining levels, the mean increase in 

aortic diameter failed to reach statistical signi!cance (table 3), most likely due to the small sample 

size (n=12).     

Table 1. Admission characteristics
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Figure 1. MAP of trauma patients while hemodynamically unstable, and increase in aortic diameter at the 
level of the mid DTA on the control CT
MAP mean arterial pressure, DTA: descending thoracic aorta.

Table 2. Mean diameter changes of the aorta and IVC (N=43)
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Figure 2. Mean di!erence in aortic diameter in patients with a pulse ≥ 130/min 
#e mean increase in aortic diameter on the control CT was most consistent at the level of the mid 
descending thoracic aorta (p=0.003) and at the level of the infrarenal aorta (p=0.004), the mean increase in 
aortic diameter failed to reach statistical signi$cance at the remaining levels. 

Table 3. Mean diameter changes of the aorta and IVC in patients with a pulse ≥ 130/min (N=12)
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Conformational changes of the IVC

Overall, the maximum and minimum IVC diameters were 8.5% (p=0.002) and 36.2% 

(p<0.001) larger on the control CT examination compared with the CT at admission while 

hemodynamically unstable. Since the increase in minimum IVC diameter was substantially 

larger than the increase in the maximum IVC diameter, it appears that the shape of the IVC 

changed as well, from an elliptic shape to a more round shape on the control CTs. #e change in 

IVC measurements varied considerably among individual patients, and in some cases no increase 

or even a decrease in the minimum and/or maximum diameter of the IVC was observed on the 

control CT examination (table 2).

#e mean increase in IVC diameters appeared to be larger among patients admitted with a 

pulse ≥ 130 (table 3). In this group, the maximum and minimum IVC diameters increased with 

15.0% (p=0.028) and 40.0% (p=0.016), respectively. 

DISCUSSION

Endovascular repair has shown to reduce the in-hospital mortality and morbidity of TTAI 

compared with conventional open surgical repair,3-7 and a major shift has recently occurred 

from open surgery towards endovascular management of TTAI.3,8,9 However, endovascular 

management of TTAI is still plagued by considerable endoleak rates, typically ranging between 

2.8% to 14.3%.3-6,13-15 #e majority of these endoleaks are proximal type 1 endoleaks, which 

often require re-intervention or even explantation of the endograft.4,14,15 

Several factors may attribute to the relatively high occurrence of endoleak in this patient 

group. Blunt TTAI is typically located at the aortic isthmus distal to the left subclavian artery.4,16-18 

Endografts may conform poorly to the inner curvature of the aortic arch, which may result 

in increased risks of endograft-related complications such as endoleak. #e emergency nature 

may also contribute to high endoleak rates. For emergency TEVAR, physicians can only use 

those endografts that are available as stock. In addition, urgent situations may not allow optimal 

endograft sizing and deployment, which may increase risks of endoleak. 

#e results of this study suggest another factor that may lead to inadequate endograft sizing, 

namely the in&uence of hemodynamic instability on the aortic diameter. A considerable percentage 

of patients with TTAI are admitted with hemodynamic instability and/or in hypovolemic shock as 

a result of associated injuries. We observed that the aortic diameter was signi$cantly smaller, from 

the ascending thoracic aorta to the infrarenal aorta, on the CT examination of hemodynamically 

unstable trauma patients, compared with the control CT. In some cases, the aortic diameter was 

up to 40% larger on the control CT examination compared with the CT examination while 

hemodynamically unstable at admission. A theoretic explanation for this observation may be 

that substantial blood loss led to a shortage in circulating blood volume, which subsequently may 
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have resulted in decreased pressure on the aortic wall, causing the aorta to collapse. However, 

reliable data regarding the circulating blood volume or the resuscitation status of the trauma 

patients were not available for this evaluation, so we cannot con$rm this hypothesis. Van Prehn 

et al have previously described a hypovolemic patient with TTAI that successfully underwent 

TEVAR, but the post-operative CTA showed an increase in aortic diameter of 30%.12 Except for 

this case report, no studies have previously investigated the in&uence of hemodynamic instability 

or hypovolemic shock on the aortic diameter to our knowledge, and the present patient series 

therefore represents the $rst study that has demonstrated signi$cantly decreased aortic diameters 

in hemodynamically unstable trauma patients. 

#ese $ndings may have implications for the endovascular management of acute thoracic 

aortic disease. Pre-operative CTA is typically used for aortic measurements and endograft 

sizing in patients requiring TEVAR. However, considerably decreased aortic diameters in a 

hemodynamically unstable TTAI patient undergoing CTA likely result in inaccurate aortic 

measurements and undersizing of the endograft. #eoretically, an inadequate proximal seal of 

the endograft may lead to increased risks of type 1 endoleaks, although there is currently no 

evidence available that undersizing during TEVAR is associated with type 1 endoleak. Most 

endograft manufacturers recommend oversizing by 10% to 20%. In trauma patients admitted 

with a pulse ≥ 130/minute, we found that the actual DTA diameter was on average about 13% 

larger than measured on the CT at admission. If similar aortic changes would occur in admitted 

TTAI patients with comparable vital signs, a physician could consider to increase the percentage 

of oversizing of the endograft when performing TEVAR on a hemodynamically unstable 

TTAI patient. However, excessive oversizing may increase risks of enfolding or collapse of the 

endograft,19-21 a serious and potentially lethal complication, and further studies are therefore 

needed to con$rm our $ndings, before such a recommendation can be made. 

If the observed decrease in aortic diameter is related to a shortage of circulating volume, 

then an alternative to excessive oversizing of the endograft may be delaying the endovascular 

procedure until adequate resuscitation has been achieved. Recently, there has been a trend 

towards delayed repair of TTAI in more stable patients, which appears to improve survival.2,22-26 

Institution of antihypertensive medication can reduce the risk of aortic rupture in these patients, 

resulting in a further decrease of in-hospital mortality.2,26-28 Delayed repair may allow complete 

resuscitation, and additional CTA imaging can provide more reliable data regarding the actual 

aortic measurements for endograft sizing in these patients. However, this strategy is only possible 

in selected TTAI patients, and delaying TEVAR could be fatal in some hemodynamically 

unstable patients. Moreover, this approach would result in additional radiation exposure and 

treatment costs.

In this evaluation, the increase in aortic diameter on the control CT was not consistent in 

all patients, and in some cases no increase in aortic diameter, or even a slightly smaller aortic 

diameter was seen on the control CT examination. #ere are several theoretic explanations for 
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the inconsistent $ndings. #e few patients in which no decreased aortic diameters were seen on 

the initial CT at the trauma bay, may have been hemodynamically unstable due to other causes 

than blood loss, or may have been more stable during CT examination due to &uid resuscitation. 

#e exact vital signs and adequacy of resuscitation of the patient at the moment of the CT 

examination are di'cult to determine retrospectively, which is an important weakness of the 

present study. #ere may have been inaccurate aortic measurements in some patients, or the 

aorta may have been measured at a slightly di!erent level on the second CT scan by the single 

observer. Additionally, the aorta exhibits signi$cant pulsation with each heart cycle,11,29,30 and the 

aortic diameter is typically larger in systole than in diastole, which may have contributed to the 

relatively wide range of the increase in aortic diameter among individual patients. 

A considerable percentage of patients with ruptured abdominal aortic aneurysms31-33 and 

ruptured thoracic aortic aneurysms34,35 are admitted with hemodynamic instability and/or 

hypovolemic shock, which could result in aortic diameter changes in these patients as well. 

However, potential aortic changes may be less spectacular in hemodynamically unstable patients 

with ruptured aortic aneurysms than in TTAI patients, since patients with aortic aneurysms 

typically are much older and the aorta may be more sti! and calci$ed.

We observed even more remarkable increases of the diameters of the inferior vena cava, 

used as a marker for adequacy of resuscitation. In particular the minimum diameter decreased 

dramatically on the CT examination while hemodynamically unstable, which suggests that the 

inferior vena cava changed shape as well during hemodynamic instability, from an approximately 

round shape to a more elliptic shape. Decreasing diameters of the IVC during hemodynamic 

instability and/or hypovolemic shock has been described before,36-39 and some have opted that 

the IVC diameter is more sensitive than the blood pressure alone for identifying a hypovolemic 

state in trauma patients.36

Limitations

#e $ndings of the present study should be viewed within its limitations. #e median time 

interval between CT and the recorded vital signs was 30 minutes, and due to the retrospective 

design of the study, the exact vital signs and adequacy of resuscitation of the patient at the 

moment of the CT examination are di'cult to determine. Consequently, the increase in aortic 

diameter may be even underestimated. Additionally, the cardiovascular circulation is a complex 

balance. Many factors may a!ect the aortic diameter, including anti hypertensive medication, 

hormones, pre-existing co-morbidities such as atherosclerosis, diabetes mellitus and others which 

may have confounded our results. #erefore, we could only conclude that aortic changes occur 

in hemodynamically unstable trauma patients, but we could not derive a model from our data 

to predict actual aortic diameters in admitted trauma patients. Additional research, preferably 

a prospective multi-center study is needed. ECG-gated CT would be most suitable for such a 

study, since this imaging modality considers the normal aortic dynamics. However, since most 
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trauma patients will not undergo two ECG-gated CT examinations of the thorax and abdomen, 

it may be very di'cult to realize such a study, and an experimental animal study may be more 

practical.

CONCLUSION

We observed that trauma patients that are admitted with hemodynamic instability have 

a signi$cantly smaller aortic diameter on the CT at admission compared with a control 

CT examination. #e decrease in aortic diameter was observed in the entire aorta, from the 

ascending thoracic aorta to the infrarenal abdominal aorta. #is decrease in aortic diameter could 

theoretically lead to inaccurate aortic diameter measurements and undersizing of the endograft in 

hemodynamically unstable TTAI patients requiring TEVAR. Further research is needed to better 

predict the actual aortic diameters in individual hemodynamically unstable patients requiring 

endovascular aortic repair.
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ABSTRACT

Objectives

To investigate the impact of hypovolemic shock on the aortic diameter in a porcine model, and 

to determine the implications for the endovascular management of hypovolemic patients with 

traumatic thoracic aortic injury (TTAI).

Materials and methods

#e circulating blood volume of seven Yorkshire pigs was gradually lowered in 10% increments. 

At 40% volume loss, an endograft was deployed in the descending thoracic aorta, followed by 

gradual &uid resuscitation. Potential changes in aortic diameter during the experiment were 

recorded using intravascular ultrasound (IVUS). 

Results

#e aortic diameter decreased signi$cantly at all evaluated levels during blood loss. #e 

ascending aortic diameter decreased on average with 38% after 40% blood loss (range 24% - 

62%, p=0.018), the descending thoracic aorta with 32% (range 18% - 52%, p=0.018), and the 

abdominal aorta with 28% (range 15% - 39%, p=0.018). #e aortic diameters regained their 

initial size during &uid resuscitation.   

Conclusion

#e aortic diameter signi$cantly decreases during blood loss in this porcine model. If these 

changes take place in hypovolemic TTAI patients as well, it may have implications for TEVAR. 

Increased oversizing of the endograft, or additional CT or IVUS imaging after &uid resuscitation 

for more adequate aortic measurements, may be needed in TTAI patients with considerable 

blood loss.   
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INTRODUCTION

#oracic endovascular aortic repair (TEVAR) o!ers an e!ective treatment for acute thoracic 

aortic pathologies including traumatic thoracic aortic injury (TTAI).1-5 Endovascular repair 

of TTAI is associated with mortality rates between 6.0% to 13.5%, compared with 16.9% to 

23.5% after traditional open surgery,1-5 and the utilization of TEVAR for TTAI has dramatically 

increased during the last decade.1,6,7 TEVAR is, however, still plagued by endoleak in 2.8% to 

14.3% after endovascular repair of TTAI.1-4,8-10 #e majority of these endoleaks are proximal type 

1 endoleaks, and urgent re-intervention is often needed.2,8,10 Adequate endograft sizing using pre-

operative computed tomography angiography (CTA), is thought to be important for minimizing 

risks of endoleak and other endograft-related complications, and improvement of the long-term 

outcomes after endovascular repair.11

TTAI patients are frequently admitted with signi$cant blood loss or hypovolemic shock. 

Although peripheral vasoconstriction is a well known response to hypovolemic shock in order to 

maintain perfusion of the heart and brain,12-14the e!ects of hypovolemia on the aortic dimensions 

remain currently unclear. In a previous study, we found that trauma patients admitted with 

hypotension and tachycardia have smaller aortic measurements on the CT at admission compared 

with a second CT when hemodynamically stable.15 Such changes of the aortic diameter may be 

the result of hypovolemia, and could lead to inadequate aortic measurements on pre-operative 

CTA, and undersizing of the endograft. #e purpose of this study is to investigate the exact 

impact of blood loss on the aortic dimensions in an experimental porcine model.  

METHODS

Study Subjects

Seven healthy male Yorkshire pigs with a mean weight of 34.8 ±6.3 kg (table 1) were obtained 

from the Yale Animal Resources Center (YARC), and housed for at least one week prior to the 

experiment under controlled conditions. #e animals received a standard nonsupplemented diet 

and water until 12 hours before the study, when the animals were fasted and only had access to 

water. #e experimental protocol was approved and regulated by the Institutional Animal Care 

& Use Committee (IACUC) of Yale University. 

Equipment

Prior to the procedure, the exact weight of the subject was measured and the circulating blood 

volume was calculated, which is approximately 65 mL/kg for a Yorkshire pig.16,17 Ketamine 

(2.2 mg/kg IM), Telazol® (4.4 mg/kg IM), Xylazine (2.2 mg/kg IM) and atropine (0.05 mg/kg 

IM) were administered by a veterinarian for induction and intubation, and iso&orane/oxygen 
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1.0%-3.5% was used for maintenance of the anesthesia. #e blood pressure and heart rate 

were constantly recorded during the experiment using an intra arterial line. Other anesthetic 

monitoring included the respiratory rate, pulse oximetry and body temperature. #e aortic 

dimensions were studied using an s5 Intravascular Ultrasound (IVUS) Imaging System (Volcano 

Inc Corp, Rancho Cordova, CA) and a Visions® PV8.2F Catheter (Volcano Inc Corp, Rancho 

Cordova, CA). #e surgical procedures were performed by a team of interventional radiologists, 

vascular and cardiothoracic surgeons, all experienced with IVUS imaging.

Experiment

A midline laparotomy was performed after induction of general anesthesia, and the distal 

abdominal aorta was cannulated. A small (9Fr) sheath was introduced, followed by a dilator 

and a 18Fr working sheath. #e IVUS catheter was inserted through the sheath for baseline 

measurements of the aortic diameter, at the level of the ascending thoracic aorta 2 cm distal to 

the aortic valve, the descending thoracic aorta 2 cm distal to the left subclavian artery, and the 

infrarenal abdominal aorta just distal to the renal arteries. Aortic diameter measurements were 

obtained during the cardiac systole. Subsequently, the circulating blood volume was gradually 

lowered in 10% increments through the sheath using a syringe. #e aortic measurements and 

vital signs were measured at each 10% increment, until the subject had lost 40% of its circulating 

blood volume. 

At 40% volume loss, the descending thoracic aortic measurements at baseline and at 40% 

blood loss were used to select a stent graft size (AneuRx limb, Medtronic Vascular Inc, Santa 

Table 1. Subject characteristics
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Baseline vital signs were obtained after induction of general anesthesia. MAP mean arterial pressure.  
a !e circulating blood volume of a Yorkshire pig is approximately 65 mL/kg. SD standard deviation.
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Rosa, CA). #e stent graft was deployed in the descending thoracic aorta, and IVUS was used 

to assess adequate endograft deployment. Afterwards, the animal received controlled &uid 

resuscitation with normal saline in 10% increments through the sheath using a syringe until 

complete resuscitation was achieved. At the end of the procedure, the subject was euthanized 

using Euthasol® (0.22 mg/kg IV), and autopsy with thoracotomy and aortotomy was performed 

to inspect the aorta and endograft in vivo.  

 

Statistical Analysis

Data are shown as mean + standard deviation and range. #e Wilcoxon test for paired samples 

was used to compare continuous variables such as the aortic diameter at di!erent moments of 

the experiment. #e true aortic diameters were used for statistical analysis, which represent the 

luminal diameter on IVUS imaging (intima to intima). #e relation between blood loss and/or 

vital signs, and the descending thoracic aortic diameter was investigated using linear regression 

analysis of the $ve data points (0%, 10%, 20%, 30%, and 40% blood loss) of the seven subjects. 

SPSS software version 15.0 was used for all statistical analyses, a P value < 0.05 was considered 

statistically signi$cant.       

RESULTS

Aortic dimensions during blood loss

#e mean duration from measurement of baseline aortic measurements until 40% blood loss, 

was 32 minutes (range 24 to 38, table 2). #e aortic diameter decreased signi$cantly at all three 

evaluated levels during blood loss ($gure 1). At the level of the ascending thoracic aorta, the 

mean aortic diameter decreased from 17.7 mm to 10.9 mm after 40% blood loss (p=0.018), 

which represents a mean decrease of 38.2% of its original diameter (range 24.2% - 62.4%, table 

2). At the level of the descending thoracic aorta, the diameter decreased on average with 31.6% 

(range 18.3% - 52.3%), from 14.6 mm to 10.0 mm (p=0.018). #e decrease in descending 

aortic diameter was consistent in all seven subjects, and approximated a linear function ($gure 

2). For the infrarenal abdominal aorta, the mean decrease in diameter was 27.6% (range 15.4% 

- 39.3%), from 10.4 mm to 7.5 mm after 40% blood loss (p=0.018). 
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Figure 1. Aortic diameters during lowering of the blood volume
Error bars represent the 95% con!dence interval of the mean.

Relation blood loss, vitals, and descending thoracic aortic diameter

Linear regression analysis was used to explore the relation between blood loss and/or vitals, and 

the descending thoracic aortic diameter. "e degree of blood loss was strongly associated with a 

decrease of the aortic diameter: regression coe#cient (RC): -1.18, 95% CI: -1.70 - -0.67 (table 

3). "is suggests that in our subjects, the descending thoracic aortic diameter decreases with 1.18 

mm or 8.1%, every time the animal loses 10% of its blood volume. "ere was also a signi!cant 

relation between the systolic pressure (RC 0.07, 95% CI 0.04-0.10), diastolic pressure (RC 0.15, 

95% CI 0.09-0.19), or mean arterial pressure (RC 0.10, 95% CI 0.05 - 0.15) and the diameter 

of the descending aorta (table 3).  

Table 2. Mean aortic diameter during lowering of the blood volume
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Reduction (%) refers to the decrease in aortic diameter after 40% blood loss compared with the initial aortic 
measurements. Time (min) refers to the time interval in minutes between measurement of the baseline 
aortic diameters at the beginning of the experiment, and the aortic measurements at each 10% increment.    
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Figure 2. Descending thoracic aortic diameter in all subjects during blood loss 
!e lines represent the individual descending thoracic aortic diameter of the seven subjects during lowering 
of the blood volume.

Stent graft deployment 

After lowering the blood volume with 40%, a stent graft was successfully deployed in the 

descending thoracic aorta in all subjects, and IVUS did not show any endoleaks or stent graft 

enfolding. !e mean diameter and length of the stent grafts were 14.5 ±1.8 mm (range 12 - 16), 

and 108.0 ±13 mm (range 85 - 185). !e stent grafts were oversized by 47% ±24% (range 25% 

- 80%) compared with descending thoracic aortic diameter obtained after 40% blood loss. 

Table 3. E�ects of blood loss and vital signs on the descending thoracic aortic diameter in linear 
regression analysis
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B,)C%)?;,?<)*%'?,00+?, 6326 636#%%1%%632# 863662

D,)?;%?);, 1636E 16364%%1%%636E 63EE"

 ,0'<?);.?:%?);, 6362 1636"%%1%%6322 63447

Univariate linear regression was used to investigate e�ects on the descending thoracic aortic diameter. 
Multivariate regression analysis was not performed because there is a strong correlation between blood loss, 
blood pressure and heart rate. 
a !e variable blood loss had an ordinal scale, either 0%, 10%, 20%, 30% or 40%. RC: regression coe"cient, 
CI: con#dence interval. 
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Aortic dimensions during stent graft deployment and !uid resuscitation

#e mean duration from stenting until complete &uid resuscitation was 12.8 minutes (table 4). 

#e mean diameters of the ascending aorta, the stented descending aorta, and the abdominal 

aorta increased after stenting (table 4). During &uid resuscitation, the diameter of the ascending 

and abdominal aorta further increased and approximately regained their original size (97.1% 

and 99.0%, respectively, $gure 3). #e lumen of the stented descending thoracic aorta further 

increased during resuscitation as well (11.7 mm to 12.5 mm, p=0.023), which may suggest that 

the stent graft further unfolded during &uid resuscitation (table 4). 

Type 1 endoleak was detected using IVUS imaging in two of the seven subjects during 

resuscitation (29%). In these cases, the diameter of the descending thoracic aorta had decreased 

with 27.9% and 52.3%, and the stent graft was oversized by 50% and 62%, respectively. In 

the $rst case, the endoleak was observed after 30% resuscitation, and in the second subject, a 

large endoleak was seen after 20% &uid resuscitation, and the leakage further increased during 

continued resuscitation ($gure 4).

Table 4. Aortic diameters during stent deployment and �uid resuscitation
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a �e stent graft was deployed after 40% blood loss in the descending thoracic aorta, and from that moment 
the diameter measured by IVUS actually represents the stent lumen. 
Time (min) refers to the time interval in minutes from measurement of the baseline aortic diameters at the 
beginning of the experiment.
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Figure 3. Increase of the ascending and abdominal aortic diameter during resuscitation
!e descending thoracic aorta was not included in this "gure because the stent graft was deployed in the 
descending thoracic aorta, and from that moment the diameter measured by IVUS actually represents the 
stent lumen. Error bars represent the 95% con"dence interval of the mean.

Figure 4. IVUS images of a type 1 endoleak after complete resuscitation
A. In this subject, the descending thoracic aortic diameter decreased from 15.5 mm to 7.4 mm 

(52.3%) after 40% blood loss, and a 12 mm stent graft was deployed (62% oversizing). Black 
arrow: stent graft; white arrow: aortic wall. 

B. !e same subject after complete #uid resuscitation. A large endoleak (yellow arrow) is visible 
between the stent graft (black arrow) and the aortic wall (white arrow). !e leakage was already 
detected after 20% #uid resuscitation, and further increased during continued resuscitation.
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Autopsy 

!e subjects were euthanized after complete #uid resuscitation was achieved in all subjects and 

"nal vital signs and aortic diameters were obtained. Subsequently, autopsy with thoracotomy 

and aortotomy was performed to inspect the aorta and endograft. No abnormalities were found 

during autopsy, and all stent grafts were adequately deployed in the descending thoracic aorta 

and no stent enfolding was observed ("gure 5).         

Figure 5. Descending thoracic aorta and proximal stent graft at autopsy
No abnormalities were found during autopsy, the stent grafts were adequately deployed in the descending 
thoracic aorta, and no stent enfolding was observed.    

DISCUSSION

In this porcine model, we studied the e$ects of blood loss and hypovolemic shock on the aortic 

diameter using IVUS, an accurate imaging method to investigate the aortic morphology.18 !is 

revealed that the aortic diameter dramatically decreases during blood loss and hypovolemic 

shock. !e decrease in diameter already occurred after 10% blood loss at all evaluated levels, 

and the aortic dimensions continued to decrease with decreasing blood volume. !e explanation 
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for these striking observations could be that the shortage in circulating blood volume results in 

decreased pressure on the aortic wall, causing the aorta to collapse. Endogenous production of 

vasoconstrictors during hypovolemia may perhaps contribute to the reduction in aortic diameter 

as well.       

Because of the many anatomical and functional similarities with regard to the cardiovascular 

system between swine and human,16,17 we expect that hypovolemia could also a!ect the human 

aortic dimensions. In a previous study, we observed that the descending thoracic aortic diameter 

was on average about 13% smaller on CTs of trauma patients admitted with a heart rate ≥ 130 

per minute and a mean arterial pressure < 95mmHg, compared with a second CT scan while the 

patients were hemodynamically stable.15 Due to the retrospective design of the study, the exact 

blood loss was di#cult to determine in these trauma patients.15 Taking the observations in the 

trauma patients and the porcine model into account, we assume that hypovolemia in humans 

could lead to a decrease in aortic diameter. Since patients with TTAI are often admitted to the 

emergency department with considerable blood loss or hypovolemic shock, our $ndings may 

have implications for the endovascular management of TTAI. 

Endograft sizing for TEVAR is usually performed using the pre-operative CTA scan, however, 

if the diameter of the descending thoracic aorta is considerably smaller at admission due to blood 

loss, physicians may undersize the endograft. &is mismatch between the aortic diameter and 

the endograft could theoretically result in increased risks of endoleak or other endograft related 

complications such as endograft migration. Most endograft manufacturers recommend that an 

endograft is oversized by 10% to 20% of the normal aortic diameter during TEVAR for an 

adequate seal with the aortic wall. In this porcine model, the mean descending aortic diameter 

was 81% of its original size after lowering the blood volume with 20%. If a similar decrease 

in aortic diameter would occur in a TTAI patient with 20% blood loss (1L for a patient of 

70 kg19-21), an endograft may be oversized on average by 42% (115 / 0.81) of the diameter at 

that moment, to obtain the recommended 15% oversizing of the normal aortic diameter. &e 

required percentage of oversizing would theoretically further increase with increasing blood loss 

($gure 6). 

Naturally, additional research in human subjects is needed, before strong recommendations 

about oversizing of the endograft can be made. &e exact decrease of the descending thoracic 

aorta in human patients with hypovolemic shock remains unclear at this moment, but physicians 

could consider to increase the percentage of oversizing of the endograft when performing TEVAR 

on a hypovolemic patient with TTAI. &e aorta of young trauma patients may be substantially 

smaller than the smallest endograft size currently available. &is often necessitates physicians 

to oversize the endograft by more than 20%, which may be acceptable in hypovolemic TTAI 

patients based on our $ndings. Caution is needed, however, because extreme oversizing of the 

endograft may increase risks of adverse e!ects, such as endograft collapse.22-24
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Figure 6. Descending thoracic aortic diameter and theoretic percentage of oversizing of the endograft 
related to circulating blood volume  
!e red line represents the theoretic percentage of oversizing of the aortic diameter to obtain a 15% 
oversizing of the normal aortic diameter, which is recommended by most endograft manufacturers. Error 
bars represent the 95% con"dence interval of the mean.

In the experiments, the aorta approximately regained its original size after complete #uid 

resuscitation. IVUS demonstrated type 1 endoleak in two subjects when the aortic diameter 

enlarged during resuscitation, despite excessive oversizing of the stent graft ("gure 4), which 

exempli"es the clinical dilemma of aortic endograft sizing in hypovolemic patients. An 

alternative to increased oversizing of the stent graft in hypovolemic patients requiring TEVAR, 

may be delaying the TEVAR procedure until adequate resuscitation has been achieved, followed 

by additional CTA or IVUS imaging for more accurate aortic measurements. Recent reports 

have suggested that delaying TEVAR in more stable TTAI patients is associated with improved 

survival.25-27 However, the strategy to delay the endovascular procedure could be lethal in some 

patients in hypovolemic shock. IVUS o$ers the bene"t of real time sizing during the endovascular 

procedure, when the patient may be better resuscitated than during the CT scan at admission. 

!e aortic measurements on IVUS during endovascular repair may therefore be more reliable, 

and regular use of IVUS during TEVAR of TTAI may be recommended.    

Patients with ruptured aneurysms of the abdominal (rAAA) or thoracic aorta (rTAA) also 

present with an aortic wall defect and associated hemorrhage,28-31 which may result in aortic 

diameter changes in these patients as well. In particular rAAA is more common than TTAI, and 

diameter changes due to blood loss could have implications for endovascular repair (EVAR) of 

rAAA. A few studies have analyzed predictors of type 1 endoleaks after EVAR of abdominal aortic 
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aneurysms, however, these did not investigate the e!ects of aneurysm rupture or hypovolemia 

on the incidence of type 1 endoleak.32,33 TTAI patients typically are much younger than patients 

with aortic aneurysms, which usually have a history of atherosclerotic disease.28-31 Aortic 

compliance decreases with age,34,35 likely due to a loss of elasticity and increased prevalence of 

aortic calci$cation.36-38 &e previously healthy aorta of young trauma patients may therefore be 

more compliant, and potential aortic changes could be more extreme in TTAI patients presenting 

with hypovolemic shock, than in patients with ruptured aortic aneurysms. 

To our knowledge, the present experimental study is the $rst study that has investigated 

the impact of blood loss on the aortic dimensions, which revealed remarkable changes of the 

aortic diameter during lowering of the volume. Still, several limitations are important when 

interpreting the results. Obviously, the current observations in Yorkshire pigs cannot directly be 

extrapolated to human patients with TTAI. Despite many anatomical and functional similarities 

between swine and human,16,17 the $ndings need to be further validated in human subjects, 

before valid recommendations with regard to increased oversizing can be made. However, it is 

di#cult to investigate the aortic dynamics in human patients with hypovolemic shock, because 

these patients are in a critical condition and therefore unsuitable for participation in a prospective 

research study. A di!erent aspect that warrants further research is the impact of shock on the 

aortic distention througout the cardiac cycle. &e aorta is known to expand during the cardiac 

systole,39,40 and the degree of expansion may be a!ected by hypovolemia. &e relatively small 

sample size of seven subjects is a limitation as well, nevertheless, the $ndings were consistent in 

all subjects ($gure 3) and statistically signi$cant at all evaluated levels (table 2).   

CONCLUSIONS

&is study demonstrates that the aortic diameter signi$cantly decreases during blood loss in a 

porcine model. Assuming that these changes in diameter take place as well in humans, this may 

have implications for the endovascular management of patients with TTAI. Increased oversizing 

of the endograft, or additional CT or IVUS imaging after 'uid resuscitation, may be needed in 

TTAI patients admitted with considerable blood loss undergoing TEVAR.   
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ABSTRACT

Purpose

To provide insight into the causes, timing, and optimal management of endograft collapse after 

thoracic endovascular aortic repair (TEVAR).

Methods 

A comprehensive review was conducted of all published cases of endograft collapse after TEVAR 

identi$ed using Medline, Cochrane Library Central, and EMBASE. In total, 32 articles describing 

60 patients (45 men; mean age 40.6 ±17.2 years, range 17–78) with endograft collapse were 

included. All data were extracted from the articles and systematically entered into a database for 

meta-analysis. 

Results

In the 60 cases of endograft collapse, TEVAR had most commonly been applied to repair traumatic 

thoracic aortic injuries (39, 65%), followed by acute and chronic type B aortic dissections (9, 

15%). &e median time interval between TEVAR and diagnosis of endograft collapse was 

15 days (range 1 day to 79 months). On average, the collapsed endografts were oversized by 

26.7%±12.0% (range 8.3%–60.0%). Excessive oversizing was reported as the primary cause of 

endograft collapse in 20%, and a small radius of curvature of the aortic arch was responsible for 

48% of the cases. &e 30-day mortality was 8.3%, and the freedom from procedure-related death 

at 3 years after diagnosis of stent-graft collapse was 83.1% for asymptomatic patients compared 

with 72.7% for patients who had symptoms at diagnosis (p=0.029). 

Conclusion 

Endograft collapse typically occurs shortly after TEVAR, most frequently after endovascular 

repair of traumatic aortic injury. A high level of suspicion for endograft collapse in the $rst 

month after TEVAR, as well as further improvement of current endovascular devices, may be 

required to improve the long-term outcomes of patients after TEVAR. 
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INTRODUCTION

&oracic endovascular aortic repair (TEVAR) has changed the management of descending 

thoracic aortic disease. For aortic emergencies in particular, such as traumatic thoracic aortic 

injuries or complicated acute type B aortic dissections, TEVAR appears to substantially decrease 

the operative mortality rates compared with open surgery.1-6 

&e utilization of TEVAR has dramatically increased in the last decade.2,7-9 Despite the 

encouraging early results of TEVAR, the procedure is also associated with endograft-related 

complications during follow-up.10,11 Endograft collapse, which is probably one of the most 

serious sequelae, can lead to acute aortic occlusion and multiorgan failure due to malperfusion.12 

To improve the long-term prognosis of TEVAR patients, more insight into the causes, 

timing and optimal management of endograft collapse after TEVAR is necessary. &e purpose 

of this study was to investigate the possible causes, presentation, treatment, and outcomes of 

this complication by means of a review of the available data regarding endograft collapse after 

TEVAR. 

METHODS

Literature Search

Medline, EMBASE, and Cochrane Library Central databases were searched until February 

9, 2010. &e following search string was used for Medline: (collapse[tiab] OR collapsed[tiab] 

OR collapses[tiab] OR infolding[tiab] OR infolded[tiab] OR kinking[tiab]) AND (aorta[tiab] 

OR aortic[tiab] OR aortas[tiab]) AND (endovascular[tiab] OR percutaneous[tiab] OR 

transluminal[tiab] OR stent[tiab] OR stents[tiab] OR endograft[tiab] OR endografts[tiab] OR 

stent-graft[tiab] OR stent-grafts[tiab] OR graft[tiab] OR grafts[tiab] OR TEVAR[tiab]). Using a 

similar search string for EMBASE, a total of 384 articles were identi$ed in the 2 databases. &e 

Cochrane database was browsed manually and did not reveal any relevant articles.

Selection of Articles

All titles and abstracts were read by 2 independent investigators (F.H.J. and F.J.S.). Articles were 

selected if the report included patients who had developed endograft collapse after TEVAR. 

Exclusion criteria were: (1) endograft collapse after endovascular abdominal aortic repair, (2) no 

clear description of patient outcomes, and (3) no original data presented in the article. Articles 

written by identical authors and/or institutions were studied in detail and excluded if necessary 

to prevent duplication. In this manner, 32 relevant articles describing 60 patients (45 men; mean 

age 40.6 ±17.2 years, range 17–78) with thoracic endograft collapse were eligible for analysis.1,12-42 
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Data Extraction 

Two independent investigators analyzed the identi$ed articles (F.H.J. and F.J.S.) to extract 

the following data: demographics, incidence, initial procedures, endograft details, percentage 

of oversizing for patients with and without endograft collapse, time interval until endograft 

collapse, cause and symptoms of collapse, treatment details, time interval until treatment, early 

mortality and complications, and follow-up complications. Subsequently, all extracted data were 

systematically entered into a database. Availability of individual variables in the evaluated cases 

of endograft collapse is depicted in table 1. 

Statistical Analysis

Summary statistics were presented as frequencies and percentages, mean ± standard deviation, 

or as a median and interquartile range (IQR). Missing data were not defaulted to negative, and 

denominators re'ect only actual reported cases. Categorical variables were investigated using 

the chi-square test or the Fisher exact test when the expected cell count was <5. Continuous 

variables with an approximately normal distribution were investigated using the Student t test; 

nonparametric continuous variables were explored using the Mann-Whitney U test. Kaplan-

Meier life-table analysis was used to demonstrate the overall freedom from procedure-related 

death during follow-up and to compare the survival rates between symptomatic and asymptomatic 

patients. Procedure-related death was de$ned as all fatalities within 30 days of diagnosis of the 

endograft collapse, as well as deaths after 30 days due to complications related to the endograft 

collapse or other endograft-related complications. P <0.05 was considered statistically signi$cant. 

Statistical analyses were performed with SPSS software (version 15.0; SPSS, Chicago, IL, USA).

Table 1. Availability of individual data
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RESULTS

Initial Procedures and Devices 

In the 60 cases of endograft collapse examined, TEVAR was most commonly applied to repair 

traumatic thoracic aortic injuries (39, 65%), followed by acute and chronic type B aortic 

dissections (9, 15%). Patients with endograft collapse after TEVAR for traumatic aortic injuries 

were signi$cantly younger than those with collapse after TEVAR for di!erent aortic pathologies 

(33.1 versus 50.7 years, p<0.001).

&e Gore TAG endograft was most frequently used during the initial TEVAR, accounting 

for 77% (n=46) of all published endograft collapses. Cook Zenith endografts were used in 

10% (n=6) of the original procedures, and the remaining 13% were performed using various 

commercial or handmade devices (table 2). On average, the collapsed endografts were oversized 

by 26.7%±12.0% (range 8.3%–60.0%, median 23.8%). Oversizing ≥20% was present in 67% 

(n=30) of TEVARs ($gure 1), and the endograft was oversized ≥40% in 16% (n=7) of the cohort. 

&ere was no signi$cant di!erence in oversizing between traumatic lesions and non-traumatic 

lesions (27.1% versus 25.9%, p=0.765). &e mean percentage of oversizing for patients without 

endograft collapse was available in 6 reports describing 150 control patients.13,14,21,22,35,37 &e 

weighted mean percentage of oversizing in these patients was 16.8%±4.2%, which was 

signi$cantly smaller than the mean percentage of oversizing in the patients with endograft 

collapse (26.7%, p<0.001).     

Table 2. Demographics, Aortic Pathology and Initial Procedure
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Figure 1. Percentage of oversizing of the endograft during the initial procedure
In aortic dissections, the normal aortic diameter was used to calculate the percentage of oversizing, and not 
the aortic diameter of the narrowed lumen.

Timing and Presentation of Endograft Collapse

&e median time interval between TEVAR and diagnosis of endograft collapse was 15 days 

(IQR 78, absolute range 1 day to 79 months). Among all cases of endograft collapse, 65% 

(n=34) was diagnosed within the $rst month after TEVAR, and 75% (n=39) within the $rst 3 

months ($gure 2). &e endograft collapse was asymptomatic in 59% (n=33), while 41% (n=23) 

of patients had symptoms related to the collapse at the moment of diagnosis. &e most common 

$nding was no or weak femoral pulses, which was present in 20% (n=11) of all patients. Other 

frequent symptoms of collapse were thoracic pain and acute renal failure, which each occurred in 

13% (n=7) of the cohort (table 3). 

Possible Causes of Endograft Collapse

Excessive oversizing was reported as the primary cause of endograft collapse in 20% (n=12). A 

small radius of curvature of the aortic arch, resulting in inadequate apposition of the proximal 

endograft to the aortic wall (“bird-beak”), was given as the main cause of endograft collapse in 

48% (n=29) of the cases ($gure 3). Maldeployment of the endograft and/or endograft failure was 

responsible for 10% (n=6), and the collapse was thought to be caused by progression of aortic 

disease in 7% (n=4). 
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Figure 2. Time interval between TEVAR and diagnosis of Endograft Collapse 
&e median time interval between TEVAR and diagnosis of endograft collapse was 15 days (range 1 day to 
79 months).

Table 3. Collapse Characteristics and Presentation
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Figure 3. Causes of Endograft Collapse after TEVAR
&e primary cause of collapse describes the reported mechanism that was thought to be the most important 
reason for collapse of the endograft. Percentages were calculated for traumatic and non-traumatic lesions 
separately. Other includes a patient that su!ered from endograft collapse after cardio pulmonary resuscitation.     

Management 

After diagnosis of the endograft collapse, 87% (n=52) of patients were o!ered an intervention 

(table 4). Endovascular methods were used in 68% (n=41) of all patients, primarily deployment 

of an additional endograft (n=36, 60%). Other endovascular methods included dilatation of 

the endograft (n=3) or embolization of the left subclavian artery (n=2) to achieve complete 

thrombosis of the aneurysm sac or false lumen. A surgical intervention was o!ered to 18% 

(n=11) of the cohort; this typically consisted of surgical explantation of the endograft (n=9, 

15%). 

Eight (13%) patients did not undergo an intervention because of patient refusal, physician 

preference for conservative management, or death before an intervention could be o!ered.

Early Outcomes

Five (8.3%) patients died within 30 days of the diagnosis of endograft collapse owing to multiorgan 

failure (n=2), cerebral hemorrhage (n=1), cardiac arrest (n=1), and aortic rupture (n=1). All 

deaths were directly related to thoracic aortic occlusion due to the endograft collapse, except for 

the patient who died of cerebral hemorrhage 7 days after diagnosis and treatment of the collapsed 

endograft (50 days after TEVAR for trauma). &e 30-day mortality among symptomatic patients 

was 21.7% (n=5), while no asymptomatic patients died in the $rst month (p=0.009). Among 
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patients who received an intervention, the 30-day mortality was 3.8% (1 death each in the 

surgical and endovascular groups), while 3 (38%) of the 11 patients without treatment expired 

(p=0.014). An additional 15% of the cohort (n=9) developed complications and/or required 

a second reintervention (table 4). Seven patients required in total nine reinterventions which 

included deployment of an additional endograft (n=5), bowel resection (n=2), embolization 

(n=1) and resection of an aortoesophageal $stula (n=1). 

Follow-up Outcomes

&e median follow-up after diagnosis of endograft collapse was 6.0 months (IQR 14, absolute 

range 1–54 months). During follow-up, 3 additional deaths related to the collapsed endograft 

were reported; the estimated freedom from procedure-related death at 3 years was 77.5% ($gure 

4). One patient expired due to progression of a partial collapse resulting in multiorgan failure 

3 months after diagnosis. Another patient died 3.5 months after diagnosis due to sepsis after 

explantation of an infected endograft. &e third patient su!ered a cardiac arrest after explantation 

of the endograft at 31 months after the diagnosis. &e estimated freedom from procedure-related 

death at 3 years was 83.1% for asymptomatic patients compared with 72.7% for patients who 

had symptoms at diagnosis of endograft collapse (p=0.029, $gure 5).

Table 4. Treatment and Outcomes of Endograft Collapse
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LSA, left subclavian artery. Complications do not include patients that expired. !e number of patients 
that underwent intervention (n=52) was used as the denominator for calculating the percentage of re-
interventions needed, instead of the overall number of patients (n=60). Re-interventions consisted of 6 
endovascular procedures, including deployment of additional second stents (n=5) and embolization (n=1). 
One patient required esophagectomy because of an aortoesophageal "stula.  
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Figure 4. Survival after diagnosis of endograft collapse
&e procedure-related survival at 3 years after diagnosis of endograft collapse was 77.5%

Figure 5. Survival for patients with and without symptoms at diagnosis
At 3 years, the procedure-related survival was 83.1% for asymptomatic patients with endograft collapse, 
compared with 72.7% for patients that were symptomatic at diagnosis of endograft collapse (p=0.029). 
Data regarding symptoms at diagnosis were unavailable for four patients (6.7%).
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DISCUSSION

TEVAR is emerging as the preferred technique for elective or emergent treatment of descending 

thoracic aortic disease. However, the endovascular approach has been plagued by endograft-

related complications such as endograft collapse.10,11 Due to increasing popularity of TEVAR for 

the management of thoracic aortic disease, the number of patients developing endograft collapse 

may increase in the coming years. 

&e majority of the reported cases were diagnosed within the $rst month after TEVAR, 

most frequently after endovascular repair of traumatic injury, so a high level of suspicion for this 

complication may be needed in this particular patient group. Although nearly two thirds of the 

published endograft collapses occurred after endovascular repair of aortic injuries, large series 

suggest that only 6% to 11% of all TEVAR cases are performed for acute traumatic lesions.43-46 

&e relatively high rate of endograft collapse in trauma patients may have several explanations. 

Trauma patients are typically young and may have relatively small aortas, which often necessitate 

excessive stent-graft oversizing. &is mismatch between the endograft and aortic diameter may 

lead to incomplete deployment and infolding of the endograft,47,48 increasing the risk of endograft 

collapse. 

However, endograft oversizing <20% was present in about one third of all cases, so extreme 

oversizing cannot be the only explanation for the occurrence of endograft collapse after TEVAR. 

&e aortic anatomy may be crucial as well in the development of this complication. Young 

patients, especially, often have a small radius to the curve of the aortic arch, which appeared to be 

the most common cause of endograft collapse in trauma patients. &e pathogenesis of endograft 

collapse appears to be multifactorial, and other factors, including the aortic pulsatility and blood 

'ow velocities, may impact the risk of this complication in individual patients as well.15,49    

&e vast majority of published endograft collapses in this analysis occurred after the use 

of the Gore TAG prosthesis. Caution is needed when interpreting this observation because 

the TAG stent-graft was the $rst thoracic endograft approved for market in the United States, 

and it is a popular device in other countries as well. In the beginning of 2009, over 33,500 

Gore TAG devices had been sold,50 so this device may therefore be the most used device since 

the introduction of TEVAR. On the other hand, the relatively weak radial force of the TAG 

endograft22 could make this device more prone to collapse, but this cannot be concluded based 

on the presented data. 

Canaud and colleagues previously investigated the proximal $xation of commercially 

available thoracic endografts as a function of oversizing and increasing aortic arch angulation.47 

During dynamic tests in human cadaveric aortas, they found that the Medtronic Valiant 

endograft remained apposed to the aortic wall at each increment of neck angulation and degree 

of oversizing, while they observed a lack of device-wall apposition for the Gore TAG, Cook 

Zenith, and Bolton Medical Relay endografts during dynamic testing. Increasing the oversizing 
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of these endografts negatively impacted device-wall apposition; however, no endograft collapse 

was seen during their experiments.47 

Most patients with endograft collapse did not have symptoms related to the endograft failure; 

in these patients, the abnormality was detected during standard follow-up imaging, supporting 

the importance of continued surveillance after TEVAR. Patients who had symptoms at diagnosis 

likely had a more severe aortic occlusion than asymptomatic patients; common signs were 

decreased femoral pulses or acute renal failure due to malperfusion. Although these symptoms 

often led to a quick diagnosis, there was an increased mortality among symptomatic patients. 

After diagnosis of the collapse, the majority of patients underwent a reintervention, typically by 

re-stenting of the collapsed endograft. &e few patients who did not receive an endovascular or 

surgical intervention had a signi$cantly higher mortality rate, which may support an invasive 

approach for the management of endograft collapse. A minimally invasive endovascular 

reintervention may be preferred for the management of most cases. Re-expansion of an endograft 

with dilation only may lead to early recurrence of the collapse,13,15,31 so deployment of an additional 

endograft may be a more de$nitive solution. However, in a completely collapsed endograft with 

acute aortic occlusion, surgical explantation of the device may be the only adequate treatment. 

Decision making may be more di#cult in patients without symptoms, and although endovascular 

stenting may prevent further progression of the collapse and future complications, spontaneous 

re-expansion has been reported as well after conservative management.17,23  

As always, prevention is better than cure, and measures should be taken to reduce the 

occurrence rate of endograft collapse. Because the utilization of TEVAR for the management 

of thoracic aortic disease is expected to further increase, improvements in current endovascular 

devices may be necessary to limit the number of cases of endograft collapse. Perhaps a di!erent 

endograft type is needed for trauma patients, with speci$c collapse-resistant characteristics such 

as increased radial strength. Such endografts should also adjust better to an aortic arch with a 

small curvature radius, preventing the endograft from assuming the “bird-beak” con$guration. In 

addition, smaller endograft sizes should be available for physicians at any time to avoid excessive 

oversizing in emergency cases involving small aortas.  

Because endograft collapse after TEVAR is a relatively rare event, the collection of original 

data from a large number of patients with endograft collapse is very di#cult. &e largest group 

of patients with endograft collapse after TEVAR to date that has been reported consisted of 7 

cases collected from 5 centers.12 &e most important disadvantage of a meta-analysis is that the 

data are limited to information provided in the original articles, which can result in inadequate 

or incomplete information. For example, data regarding the exact radius of the aortic arch, which 

was often reported as the main cause of endograft collapse, was available only for a minority of 

the cases. Furthermore, the exact degree of occlusion or compression was often unclear, which is 

likely related to patient symptoms and subsequent outcome. Current risks of endograft collapse 

may be reduced due to better operator experience and the use of newer endografts compared with 
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the $rst-generation devices. However, such data were typically unavailable as well; moreover, the 

number of patients was thought to be too small to stratify according to the year of the procedure. 

Even with these limitations, we believe that the present summary of the published data about 

endograft collapse provides more insights into the possible causes, presentation, management, 

and outcome of this serious complication of TEVAR.

CONCLUSION

Endograft collapse typically occurs shortly after TEVAR, most frequently after endovascular 

repair of traumatic aortic injuries. &e causes of endograft collapse may often be multifactorial, 

and a small radius of curvature in the aortic arch and excessive oversizing are present in most 

cases. Endograft collapse is associated with considerable mortality and morbidity, especially if 

patients are symptomatic at diagnosis. A high level of suspicion for endograft collapse in the $rst 

month after TEVAR and further improvement of current endovascular devices may be required 

to improve the long-term outcomes of TEVAR patients.    
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Descending thoracic aortic catastrophes include a variety of acute pathologies of the descending 

thoracic aorta, which are all associated with high morbidity and mortality, requiring immediate 

intervention. For this thesis, we explored the management and outcomes of several thoracic 

aortic catastrophes, including traumatic thoracic aortic injury, ruptured descending thoracic 

aortic aneurysm, acute type B aortic dissection, and aortobronchial and aortoesophageal $stulas. 

Open surgical repair has been the traditional treatment of these thoracic aortic catastrophes since 

the early $fties.1-4 &oracic endovascular aortic repair (TEVAR) recently o!ers a less invasive 

alternative for the management of elective and acute thoracic aortic disease.5-7 Although the use 

of TEVAR has increased, few studies have compared the outcomes of both treatment modalities 

for the management of thoracic aortic catastrophes, perhaps due to the low incidence of these 

emergencies. 

&is thesis also studied the impact of hypovolemia on the aortic dimensions, and the potential 

implications for the endovascular management of acute thoracic aortic disease. &oracic aortic 

catastrophes are often associated with considerable blood loss and hypovolemic shock.8-10 

Although peripheral vasoconstriction is a well known physiologic response to hypovolemic 

shock, in order to maintain adequate perfusion of the heart and brain, it is currently unknown 

how the aorta responds to hypovolemia. 

PART 1. MANAGEMENT OF THORACIC AORTIC CATASTROPHES

Traumatic !oracic Aortic Injury

Traumatic thoracic aortic injury (TTAI) is the second most common cause of death in trauma 

patients worldwide.11,12 &e trends and outcomes of open and endovascular treatment of TTAI 

were investigated using the New York Statewide Planning and Research Cooperative System 

(SPARCS) database in Chapter 2. Our analysis revealed that a major shift has occurred towards 

endovascular management of TTAI during the last decade. Although patients treated with 

TEVAR had more major additional injuries, the overall in-hospital mortality rate was signi$cantly 

lower after endovascular repair compared with open surgery. After adjusting for major additional 

injuries, the di!erence in survival between both treatment groups was even larger [OR 3.8, 

95%CI 1.3-11.0]. Hence, the minimally invasive characteristics of TEVAR appear especially 

bene$cial for patients with serious associated injuries, which cannot tolerate thoracotomy or 

aortic cross-clamping. Recent meta-analyses and a large evaluation of the American Association 

for the Surgery of Trauma (AAST) supported our $ndings, showing mortality rates between 

7.2% to 8.4% after TEVAR and 15.2% to 23.5% after open surgery,13-16 which seem to justify 

an endovascular approach for the management of TTAI.  

A remaining cause for concern is the occurrence of endograft-related complications such as 

endoleak, which was diagnosed in 9% of the patients in the state of New York. Other evaluations 
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have reported endoleak rates between 5% to 15% after TEVAR for TTAI,13,14,16-18 and the 

majority consist of proximal type 1 endoleaks which usually require re-intervention.13,17,18 

Ruptured Descending !oracic Aortic Aneurysm     

Ruptured descending thoracic aortic aneurysm (rDTAA) is another aortic catastrophe associated 

with high morbidity and mortality.19,20 In Chapter 3, we compared the pooled outcomes of open 

surgery and TEVAR for rDTAA in a meta-analysis of the contemporary literature. &e overall 

30-day mortality was 19% after TEVAR for rDTAA, which was signi$cantly lower compared 

with the pooled mortality rate after open surgery, which was 33% [OR 2.2, 95% CI 1.2-4.0]. 

To further investigate the outcomes after both treatments for rDTAA, a multi-center evaluation 

was performed which is discussed in Chapter 4. &e primary endpoint of the study was of a 

composite endpoint of death, stroke and permanent paraplegia after TEVAR and open surgery. 

After adjusting for signi$cant risk factors including advanced age and hypovolemic shock, we 

found that TEVAR was associated with a reduced risk of this composite endpoint [OR 0.49, 

95% CI 0.24-0.97]. Furthermore, there was a trend towards lower 30-day mortality after 

TEVAR, 17.4% vs. 24.6%, respectively. TEVAR therefore appears to be the preferred treatment 

for rDTAA. However, all participating hospitals were large referral centers and outcomes are 

generally superior in high-volume hospitals with experienced surgeons.21,22 &erefore, our data 

may underestimate the mortality rates after open and endovascular repair of rDTAA. 

In Chapter 5, predictors of 30-day mortality and long-term outcomes after TEVAR were 

explored. Advanced age [OR 1.11], hypovolemic shock [OR 4.75] and hemothorax [OR 

6.65] appeared risk factors for 30-day mortality after TEVAR. While advanced age20,23-26 and 

hypovolemic shock26-28 are well known predictors of a poor prognosis among patients with acute 

thoracic aortic disease, the strong association between hemothorax and 30-day mortality was 

more surprising. Hemothorax is a sign of substantial blood loss, and could increase risks of 

respiratory insu#ciency and infections. Again, the endograft-related complications after TEVAR 

were concerning, endoleak was diagnosed in 18% within the $rst month, and the freedom from 

aneurysm-related death and aortic re-intervention at 4 years was only 54.9%. 

Endovascular management of rDTAA was also associated with a considerable risk of peri-

procedural stroke, which occurred in 7.6% of all patients. Predictors of peri-procedural stroke after 

endovascular repair of rDTAA were analyzed in Chapter 6. &is analysis showed that advanced 

age was an independent risk factor for stroke after TEVAR [OR 1.4, 95% CI 1.1-1.8]. Elderly 

patients may have more extensive atherosclerotic disease in the aortic arch and carotid arteries, 

resulting in higher risk of cerebral embolization during manipulation with instrumentarium. 

More recent endovascular procedures were associated with a lower risk of stroke [OR 0.52, 95% 

CI 0.28-0.97], which may be related to improvements in operator experience and endograft 

design.29,30 



Summary and General Discussion

203

14

Acute Type B Aortic Dissection 

&e optimal management of patients presenting acute type B aortic dissection (ABAD) was 

investigated using data from the International Registry of Acute Aortic Dissection (IRAD), 

which contains the largest cohort of ABAD patients. ABAD in the absence of complications 

can generally be managed with medical therapy. In Chapter 7, we found that patients with 

uncomplicated ABAD with recurrent pain and/or refractory hypertension had substantially 

increased in-hospital mortality [OR 3.3, 95% CI 1.04-10.5], particularly when managed 

medically. Recurrent pain and/or refractory hypertension may be signs of extending dissection 

or pending aortic rupture, and ABAD patients with these signs may be at intermediate risk 

for an adverse outcome. &ese observations suggest that a more invasive treatment, such as via 

endovascular approach, is indicated in this intermediate risk group. 

An intervention is generally indicated if ABAD is associated with complications, such as acute 

renal failure, visceral ischemia, limb ischemia, paraplegia, or aortic rupture. &e impact of age on 

the management and outcomes of complicated ABAD in IRAD were evaluated in Chapter 8. 

&e utilization of surgery for complicated ABAD progressively decreased with patient age, while 

the rate of de$nitive medical management signi$cantly increased with age, most likely because 

advanced age is a risk factor for mortality and morbidity after thoracic aortic intervention.20,23-26 

&e mortality rates signi$cantly increased with age, irrespective of the management type. For 

patients younger than 70 years, there was a non-signi$cant trend towards lower mortality after 

endovascular treatment, while medical management was associated with a slightly lower mortality 

rate for the elderly cohort. Recent reports have suggested that endovascular management of 

complicated ABAD is associated with lower mortality rates, often between 10% and 20%, 

compared with 20% to 30% after a more invasive surgical approach.31-37 However, these reports 

were not strati$ed according to the age of patients. Based on these studies and the IRAD data, 

TEVAR may be the preferred treatment for patients with complicated ABAD, especially for 

those younger than 70 years.

!oracic Aortic Fistulas

Aortobronchial (ABF) and aortoesophageal (AEF) $stulas are extremely rare entities, with a very 

poor prognosis.38-41 Patients often present with hemoptysis and hematemesis, respectively, which 

will eventually lead to exsanguination if left untreated. Both lung tissue and the esophagus are 

non-sterile cavities that are contaminated by micro-organisms, which present a continuing risk of 

infection. Hence, these $stulas are relative contraindications to deployment of an endograft. In 

Chapter 9, we evaluated the outcomes of all patients with ABF and AEF treated with TEVAR. 

Overall, we identi$ed only 11 cases of endovascular management of ABF and AEF at the 

participating institutions. Although no perioperative deaths occurred, $ve of the 11 patients 

expired due to infective complications within the $rst months after TEVAR, and especially 

endovascular management of AEF appeared to be associated with a low survival rate. 
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To further investigate if TEVAR may serve as a de$nite solution for thoracic aortic $stulas, we 

analyzed all published cases of endovascular management of ABF and AEF in Chapter 10. &e 

in-hospital mortality rate after TEVAR for ABF (3%) was signi$cantly lower than for those 

treated with TEVAR for AEF (19%), and at 6 months after TEVAR, ABF patients still had a 

signi$cantly better survival rate. For patients with ABF, TEVAR appeared as a de$nite treatment, 

associated with lower mortality compared with traditional results of open surgery, which ranges 

between 15% and 24% in the literature.38,39 After TEVAR for AEF, however, additional esophageal 

surgery was often needed to treat the $stula. Patients that did not undergo esophageal repair after 

TEVAR had a signi$cantly increased mortality rate during follow-up, primarily due to infective 

complications from the persistent connection with the esophagus. In AEF patients, TEVAR may 

therefore serve as a bridge to surgery, with de$nite surgical repair of the $stula and/or esophageal 

reconstruction undertaken as soon as possible to prevent infection of the endograft. 

PART 2. IMPROVING THE DURABILITY OF TEVAR

Our studies suggest that TEVAR improves the prognosis of most thoracic aortic catastrophes. 

Randomized studies have shown that the survival advantage for patients treated with endovascular 

aortic repair (EVAR) for non-ruptured abdominal aortic aneurysms (AAA) compared with open 

surgery did not sustain during follow-up.42-44 For most thoracic aortic catastrophes, however, 

we do not expect that the early advantages of TEVAR will diminish completely over time, 

because of the substantial di!erences in mortality and morbidity after both treatments. &e 

endovascular treatment of these acute pathologies is still associated with considerable endograft-

related complications, such as endoleak in 5% to 30%13,14,16-18,28,45,46 and endograft collapse in 

0% to 10%.17,47-49 To further improve the long-term outcomes of patients with thoracic aortic 

catastrophes, reduction of the incidence of endograft failure is needed. Adequate endograft sizing 

is thought to be essential for minimizing risks of these complications after endovascular repair of 

abdominal and thoracic aortic disease, and satisfying long-term results. 

!e Impact of Hypovolemia on the Aortic Diameter

Hypovolemic shock may a!ect the aortic dimensions, which could lead to inadequate endograft 

sizing. &e aortic changes in trauma patients admitted with hemodynamic instability were 

investigated in Chapter 11. &is study revealed that the aortic diameter was signi$cantly larger 

at control the CT examinations, compared with the initial CT examinations when patients were 

hemodynamically unstable. Among those patients admitted with a heart rate ≥ 130, the mean 

di!erence at the level of the mid descending thoracic aorta was 12.6%. Possibly, the decreased 

pressure on the aortic wall due to blood loss, and endogenous production of vasoconstrictors may 

have caused the decrease in aortic diameter. &e increase in aortic diameter on the control CT 
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was not consistent in all patients, in some patients the di!erence in aortic diameter was more than 

40%, while no di!erence was found in a few patients. &e cardiovascular system is a complex 

balance, and many variables may a!ect the aortic compliance and diameter, including the age 

of patients, circulating blood volume, pre-existing co-morbidities such as diabetes mellitus and 

atherosclerosis, and use of anti-hypertensive medication. 

In Chapter 12, we further investigated the impact of blood loss and hypovolemic shock 

on the aortic diameter in a porcine model. &e circulating blood volume of seven Yorkshire 

pigs was gradually lowered in 10% increments. At 40% blood loss, an endograft was deployed 

in the descending thoracic aorta, followed by gradual 'uid resuscitation. Potential changes in 

aortic diameter during the experiment were recorded using intravascular ultrasound (IVUS). We 

observed that the aortic diameter gradually decreased in all subjects, at the level of the ascending, 

descending and abdominal aorta. &e descending thoracic aorta was on average 31.8% smaller 

after 40% blood loss. &e aortic diameters quickly regained their initial size during 'uid 

resuscitation. 

&ese aortic changes could theoretically take place in all patients with considerable blood loss, 

but we expect that these changes will be most extreme in young TTAI patients. Because aortic 

compliance decreases with age50,51 due to a loss of elasticity and increased prevalence of aortic 

calci$cation,52-54we believe that aortic changes may be less dramatic in patients with ruptured 

aortic aneurysms who are typically much older than the average trauma patient. 

Implications for TEVAR of !oracic Aortic Catastrophes

Endograft sizing for TEVAR is usually performed using the pre-operative CTA scan, however, if 

the diameter of the descending thoracic aorta is considerably smaller at admission due to blood 

loss, physicians may undersize the endograft. &is mismatch between the aortic diameter and 

the endograft could theoretically result in increased risks of endoleak or other endograft related 

complications such as endograft migration after TEVAR. Physicians performing TEVAR should 

be aware that changes in aortic diameter due to hypovolemia could take place, and there may be 

two options to adjust for this phenomenon. 

First, because the actual aortic diameter measurements may be larger than observed on pre-

operative CTA, physicians could consider to slightly increase the percentage of oversizing of the 

endograft. Because of the many variables that may a!ect the aortic dimensions, it is di#cult 

to provide a recommendation with regard to the exact percentage of oversizing needed in 

hypovolemic patients. Based on the $nding that the mid descending thoracic aorta of trauma 

patients with a pulse > 130/min and a MAP < 95mmHg was on average 12.6% smaller on the 

CT at admission, physicians could consider to apply on average around 20% to 30% oversizing 

in TTAI patients with similar vital signs, instead of the standard 10% to 20% oversizing. 
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An alternative to increasing the percentage of oversizing could be performing additional imaging 

after 'uid resuscitation for more adequate aortic measurements. Several recent studies have 

suggested that delaying TEVAR for patients with TTAI improves survival,55-58 and our $ndings 

would support this approach. Additional imaging could be performed either using a second CT 

scan or using IVUS during the endovascular procedure. However, some studies suggest that 'uid 

resuscitation should be limited in patients with hemorrhagic shock due to trauma or ruptured 

aneurysm, because 'uid restriction may limit internal bleeding and its associated loss of platelets 

and clotting factors.59-63 

Caution is needed when increasing the percentage of oversizing during TEVAR, because 

some reports suggest that this may increase risks of endograft collapse, an uncommon but serious 

complication of TEVAR.47,49,64 In Chapter 13, we analyzed published data of endograft collapse 

after TEVAR, to provide more insight into the causes and timing of this adverse outcome. &e 

most reported cause of endograft collapse was a small radius of the curvature of the aortic arch, 

resulting in “bird beaking” of the endograft. Excessive oversizing was also reported as a common 

cause of collapse, the collapsed endografts were on average oversized by 26.7%, which is outside 

the instructions-for-use (IFU) criteria of the available thoracic endografts. Interestingly, 65% of 

all published thoracic endograft collapses had occurred after endovascular repair of TTAI, while 

only 6% to 11% of all TEVAR cases are performed for this pathology.65-68 A possible explanation 

for the increased risks of collapse after TEVAR for TTAI is that young trauma patients may have 

relatively small aortas, which often necessitates excessive oversizing using the smallest available 

endograft. In addition, young patients typically have a smaller radius of the curvature of the 

aortic arch. &erefore, increased oversizing of the endograft may be only appropriate for TTAI 

patients with hypovolemia, and not for hemodynamically stable patients. 

 

Future Perspectives  

&is thesis suggests that short-term and mid-term results of endovascular repair of most thoracic 

aortic pathologies are improved compared with traditional open surgery. Our studies all had 

an observational design, while a randomized controlled trial (RCT) is generally the ideal study 

design for comparing two treatment modalities. It will be very di#cult to ever realize RCT’s 

evaluating the results of both treatments for the various thoracic aortic catastrophes due to 

the low incidence of these entities and its emergent nature. Perhaps performing such RCT’s, 

would be unethical as well because current observational data including our studies suggest a 

considerable survival bene$t after TEVAR. 

Long-term follow-up data of TEVAR for these pathologies are unavailable at this moment, 

because this treatment modality has been only available for about a decade. Most patients with 

thoracic aortic aneurysms and dissections are in their sixties or seventies,69,70 with a median 

life-expectancy of less than 10 years. &e mean age of trauma patients, however, is around 40 

years,13-16 and these patients will need to live with a thoracic endograft for more than 30 years 
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on average. &is situation underlines the need for data regarding the longer-term outcomes after 

TEVAR of thoracic aortic catastrophes, especially TTAI. 

&e main disadvantage of TEVAR at this moment is the risk of endograft-related complications 

during follow-up.71,72 Future research should further investigate which patient and procedural 

characteristics a!ect the occurrence of endograft failure, in order to lower its incidence. Our 

studies have shown that hypovolemia a!ects the aortic dimensions and endograft sizing, and 

additional studies may help us to better predict the normal aortic diameters in hypovolemic 

patients requiring TEVAR. Improvements in endograft design could contribute to reduction of 

endograft-related complications as well. 

Currently, only thoracic aortic catastrophes of the descending thoracic aorta can be managed 

with endovascular treatment, while just 30% of ruptured thoracic aortic aneurysms and 30% 

to 40% of all aortic dissections are found at this part of the thoracic aorta.19,69,70 For aortic 

dissections or ruptured aneurysms originating at the ascending aorta and aortic arch, surgical 

resection remains the standard management.69-73 Branched thoracic endografts for the aortic 

arch and supra-aortic arteries are already being used,74,75 but deployment of these experimental 

endografts requires high expertise and is currently associated with considerable operating times, 

making this promising technique at this moment less suitable for the management of thoracic 

aortic catastrophes.

Life-long surveillance using CTA is required after TEVAR, and regular CTA examinations 

will result in substantial radiation exposure and treatment costs over time, in particular for young 

trauma patients with TTAI treated with TEVAR. Future research should therefore focus on new, 

more a!ordable, imaging modalities for surveillance, which avoid the use of contrast agent or 

radiation. Duplex ultrasound appears to o!er a less expensive reliable tool for surveillance after 

endovascular repair of AAA,76-78 and similar imaging methods should ideally be developed for 

surveillance after TEVAR. 

&e shift towards endovascular management of patients with thoracic aortic catastrophes has 

resulted in substantially reduced morbidity and mortality rates. A better understanding of the 

aortic dynamics, as well as advancements in endograft design are likely to result in a reduction 

of endograft-related complications, and further improvements of the prognosis of patients with 

acute thoracic aortic disease. 
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Voor dit proefschrift hebben wij de behandeling en resultaten van diverse acute pathologieën van 

de aorta thoracalis descendens geëvalueerd, waaronder traumatische aortarupturen, geruptureerde 

aneurysmata van de thoracale aorta, acute type B aortadissecties, en aortobronchiale en aorto-

oesofageale $stulae. Open chirurgie is de traditionele behandeling geweest van deze acute 

ziektebeelden van de aorta thoracalis descendens sinds het begin van de jaren vijftig.1-4 &oracic 

endovascular aortic repair (TEVAR) biedt sinds enkele jaren een minimaal invasieve behandeling 

voor pathologieën van de thoracale aorta.5-7 Alhoewel het gebruik van deze endovasculaire 

behandeling is toegenomen in de afgelopen jaren, zijn er tot nu toe maar weinig studies geweest 

die de resultaten van open chirurgie en TEVAR voor de behandeling van deze acute ziektebeelden 

hebben vergeleken, waarschijnlijk als gevolg van de lage incidentie van deze pathologieën. 

Voor dit proefschrift hebben wij ook de invloed van hypovolemische shock op de afmetingen 

van de aorta bestudeerd, alsmede de mogelijke implicaties voor de endovasculaire behandeling 

van acute ziektebeelden van de thoracale aorta. Patienten met dergelijke ziektebeelden hebben 

vaak veel bloed verloren of zijn zelfs in hypovolemische shock.8-10 Hoewel perifere vasoconstrictie 

een bekende respons is op hypovolemische shock, om de bloed'ow naar het hart en de hersenen 

te kunnen waarborgen, is het op dit moment onbekend hoe de aorta reageert op hypovolemie. 

DEEL 1. ACUTE PATHOLOGIEËN VAN DE THORACALE AORTA    

Traumatische Aortarupturen

Traumatische aortaruptuur (TAR) is wereldwijd de op een na meest voorkomende doodsoorzaak 

na trauma.11,12 De resultaten van open chirurgie en TEVAR voor de behandeling van traumatische 

aortarupturen zijn bestudeerd met behulp van de New York Statewide Planning and Research 

Cooperative System (SPARCS) database in Hoofdstuk 2. Onze analyse liet zien dat TEVAR in 

de afgelopen jaren de meest gebruikte behandeling is geworden voor TAR. Hoewel de patiënten 

die behandeld waren met TEVAR over het algemeen meer ernstige letsels hadden dan patiënten 

behandeld met open chirurgie, was de ziekenhuis-mortaliteit signi$cant lager na TEVAR 

vergeleken met open chirurgie. Het verschil in overleving tussen beide behandelingsopties was 

zelfs groter nadat de analyse gecorrigeerd was voor geassocieerde letsels [OR 3.8, 95%CI 1.3-

11.0]. De minimaal invasieve eigenschappen van TEVAR lijken dus vooral voordelig te zijn 

voor de behandeling van zwaargewonde patiënten, welke waarschijnlijk geen thoracotomie of 

aortaklem kunnen verdragen. Andere studies hebben vergelijkbare bevindingen gerapporteerd, 

met een mortaliteit tussen de 7.2% en 8.4% na een endovasculaire behandeling van TAR, 

vergeleken met 15.2% tot 23.5% na open chirurgie.13-16 

Een nadeel van de endovasculaire behandeling van TAR is het optreden van endograft-

gerelateerde complicaties zoals endoleak, welke in 9% van de patiënten in de staat New York 

na TEVAR is gediagnosticeerd. Endoleak wordt typisch in 5% tot 15% van de patienten na een 



Chapter 15

216

endovasculaire behandeling van TAR geobserveerd,13,14,16-18 en vaak betreft dit type 1 endoleaks 

waarvoor normaliter directe re-interventie geïndiceerd is.13,17,18 

Geruptureerde Aneurysmata van de !oracale Aorta

Een geruptureerd aneurysma is een ander acuut ziektebeeld van de aorta thoracalis descendens, 

welke geassocieerd is met hoge morbiditeit en mortaliteit.19,20 Hoofdstuk 3 beschrijft de resultaten 

van een meta-analyse van alle recent gepubliceerde studies naar de uitkomsten van open chirurgie 

of TEVAR voor geruptureerde thoracale aneurysmata. De gepoolde 30-dagen mortaliteit na 

TEVAR was 19%, welke signi$cant lager was dan de gepoolde mortaliteit na open chirurgie welke 

33% was [OR 2.2, 95% CI 1.2-4.0]. Om de uitkomsten na beide operaties verder te bestuderen, 

is er een multi-center studie verricht welke in Hoofdstuk 4 is beschreven. Het primaire eindpunt 

van de studie was een gecombineerd eindpunt van overlijden, permanente paraplegie, en/of 

cerebrovasculair accident (CVA) binnen 30 dagen na de operatie. Dit gecombineerde eindpunt 

trad op in 22% van de patiënten behandeld met TEVAR, vergeleken met 36% van de patiënten 

behandeld met open chirurgie. Na correctie voor andere risicofactoren bleek TEVAR het risico 

op overlijden, permanente paraplegie, en/of CVA signi$cant te verlagen [OR 0.49, 95% CI 

0.24-0.97]. TEVAR lijkt daarom de eerste keus behandeling van geruptureerde thoracale 

aneurysmata. Echter, alle ziekenhuizen die aan de studie meewerkten zijn grote ervaren klinieken, 

en chirurgische resultaten zijn over het algemeen beter in ziekenhuizen met een groot volume 

en ervaren chirurgen.21,22 In ziekenhuizen met minder ervaren chirurgen zou de morbiditeit en 

mortaliteit na een open of endovasculaire behandeling van deze ziekte een stuk hoger kunnen 

uitvallen. 

Risicofactoren voor 30-dagen mortaliteit en langer-termijn uitkomsten na TEVAR zijn 

geanalyseerd in Hoofdstuk 5. Oudere leeftijd [OR 1.11], hypovolemische shock [OR 4.75], en 

hematothorax bleken risicofactoren voor 30-dagen mortaliteit. Hoewel oudere leeftijd20,23-26 en 

hypovolemische shock26-28 vaak geassocieerd zijn met een slechte prognose, is de sterke associatie 

tussen hematothorax en verhoogde mortaliteit meer verassend. Hematothorax is vaak een teken 

van excessief bloedverlies, en zou kunnen leiden tot respiratoire complicaties. Opnieuw was 

er een hoge incidentie van endoleak, welke gediagnosticeerd werd in 18% binnen de eerste 

maand na TEVAR. De endovasculaire behandeling van geruptureerde thoracale aneurysmata 

was ook geassocieerd met een aanzienlijk risico op CVA, wat in 8% van alle patiënten optrad. 

Risicofactoren voor CVA na TEVAR zijn geanalyseerd in Hoofdstuk 6. Deze analyse liet zien dat 

oudere leeftijd een onafhankelijke risicofactor was voor CVA na TEVAR [OR 1.4, 95% CI 1.1-

1.8]. Oudere patiënten hebben waarschijnlijk vaker uitgebreide atherosclerose van de aortaboog 

en carotiden, waardoor er vaker cerebrale embolizatie kan optreden tijdens manipulatie met 

endovasculaire instrumenten. De meer recente endovasculaire procedures waren geassocieerd 

met een lager risico op CVA [OR 0.52, 95% CI 0.28-0.97], wat kan wijzen op toegenomen 

ervaring van de operateurs en verbeterde endovasculaire instrumenten.29,30 
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Acute Type B Aortadissectie 

De optimale behandeling van patiënten met acute type B aortadissecties (ABAD) zijn bestudeerd 

met behulp van de International Registry of Acute Aortic Dissection (IRAD). Patienten 

met ABAD zonder verdere complicaties kunnen over het algemeen behandeld worden met 

medicamenteuze therapie. In Hoofdstuk 7 bleek echter dat patiënten met terugkerende pijn 

of therapieresistente hypertensie een veel hogere mortaliteit hebben [OR 3.3, 95% CI 1.04-

10.5], vooral na medicamenteuze therapie. Terugkerende pijn of therapieresistente hypertensie 

kunnen wijzen op progressie van de dissectie of dreigende aortaruptuur en een meer invasieve 

behandeling, bijvoorbeeld TEVAR, lijkt geïndiceerd in deze patiëntengroep.       

Een interventie is normaal gesproken noodzakelijk indien ABAD is geassocieerd met 

complicaties zoals acuut nierfalen, darmischemie, ischemie van de onderste extremiteiten, 

paraplegie of aortaruptuur. De invloed van de leeftijd van de patiënten op de behandeling en 

uitkomsten van gecompliceerde ABAD zijn bestudeerd in Hoofdstuk 8. Het aantal patiënten dat 

chirurgie onderging nam signi$cant af naarmate de leeftijd van de patiënten toenam, terwijl het 

gebruik van medicamenteuze behandeling toenam met leeftijd, waarschijnlijk aangezien oudere 

leeftijd een risicofactor is voor mortaliteit en morbiditeit na thoracale aortachirurgie.20,23-26 

De mortaliteit van gecompliceerd ABAD nam signi$cant toe, onafhankelijk van de therapie 

die was aangeboden. Voor patiënten jonger dan 70 jaar was de mortaliteit iets lager na een 

endovasculaire behandeling, terwijl medicamenteuze behandeling in een iets lagere mortaliteit 

resulteerde in patiënten ouder dan 70 jaar. Recente studies hebben laten zien dat de endovasculaire 

behandeling van gecompliceerde ABAD is geassocieerd met een verlaagde mortaliteit, vaak tussen 

de 10% en 20%, vergeleken met 20% tot 30% na meer invasieve open chirurgie.31-37 Gebaseerd 

op deze studies en de IRAD data lijkt TEVAR de beste behandeling voor gecompliceerd ABAD, 

vooral voor patiënten jonger dan 70 jaar.

Fistulae van de !oracale Aorta

Aortobronchiale (ABF) en aorto-oesofageale $stulae (AEF) zijn extreem zeldzame ziektebeelden, 

met een erg slechte prognose.38-41 Deze patiënten presenteren zich vaak met hemoptysis of 

hematemesis en patiënten zullen overlijden als de $stula niet behandeld wordt. Zowel longweefsel 

als de oesofagus zijn niet-steriele holtes, welke gecontamineerd zijn met micro-organismen, 

welke een voortdurende risico op infectie vormen. Daarom zijn deze $stulae een relatieve contra-

indicatie voor het plaatsen van een endograft. In Hoofdstuk 9 hebben we de resultaten van 

TEVAR voor ABF en AEF geëvalueerd. Er waren slechts 11 patiënten met ABF en AEF welke 

een endovasculaire behandeling hadden ondergaan. Hoewel er geen peroperatieve sterfgevallen 

waren, overleden 5 van de 11 patiënten vanwege infecties gedurende de eerste maanden na TEVAR 

en vooral de endovasculaire behandeling van AEF leek geassocieerd met een lage overleving. Om 

te bepalen of TEVAR een de$nitieve behandeling zou kunnen zijn voor deze $stulae, werden 

alle gepubliceerde casus over de endovasculaire behandeling van ABF en AEF geanalyseerd in 
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Hoofdstuk 10. De ziekenhuis-mortaliteit was signi$cant lager na TEVAR voor ABF (3%) 

vergeleken met TEVAR voor AEF (19%) in de literatuur. Een endovasculaire benadering leek 

een de$nitieve oplossing voor patiënten met ABF, met een lagere mortaliteit dan traditionele 

open chirurgie welke geschat wordt tussen de 15% en 24%.38,39 Na TEVAR voor AEF, was 

aanvullende oesofaguschirurgie echter vaak nodig om de $stula te behandelen. De patiënten die 

geen aanvullende oesofaguschirurgie ondergingen na TEVAR hadden een signi$cant verhoogde 

mortaliteit, voornamelijk als gevolg van ernstige infecties. Voor patiënten met AEF zou TEVAR 

daarom kunnen fungeren als een “bridge to surgery”, welke zo snel mogelijk gevolgd dient te 

worden door de$nitieve chirurgische correctie van de $stula. 

DEEL 2. HET VERBETEREN VAN DE DUURZAAMHEID VAN TEVAR 

TEVAR lijkt de korter-termijn uitkomsten van de meeste acute ziektes van de aorta thoracalis 

descendens te verbeteren vergeleken met open chirurgie. Gerandomiseerde studies hebben 

laten zien dat de 30-dagen mortaliteit en morbiditeit signi$cant lager is na een endovasculaire 

behandeling van intacte aneurysmata van de abdominale aorta (AAA) vergeleken met open 

chirurgie, maar dat de langer-termijn overleving na een aantal jaar hetzelfde is.42-44 Voor de meeste 

acute pathologieën van de thoracale aorta lijken de korter-termijn uitkomsten na TEVAR echter 

zo veel beter dan die na open chirurgie, dat het onwaarschijnlijk is dat deze winst na TEVAR op 

de langer-termijn geheel zal verdwijnen. 

Een groot nadeel van de endovasculaire behandeling van de thoracale aorta is het optreden 

van endograft-gerelateerde complicaties zoals endoleak in 5% tot 30%13,14,16-18,28,45,46 en collaps 

van de endograft in 0% to 10% van alle patiënten.17,47-49 Reductie van deze endograft-gerelateerde 

complicaties is daarom essentieel om de prognose van patiënten met acute pathologieën van de 

thoracale aorta verder te verbeteren. Een correcte maat endograft lijkt noodzakelijk voor het 

minimaliseren van de risico’s op endoleak en collaps van de endograft. 

 

De Invloed van Hypovolemie op de Aorta

Hypovolemische shock zou de afmetingen van de aorta kunnen veranderen. Mogelijke 

veranderingen van de aortadiameter bij traumapatiënten die zich presenteren met 

hemodynamische instabiliteit zijn onderzocht in Hoofdstuk 11. Deze studie liet zien dat de 

aortadiameter signi$cant groter was op de controle CT scans, vergeleken met de aortadiameter 

bij opname op het moment dat de patiënten hemodynamisch instabiel waren. Het gemiddelde 

verschil in diameter op het niveau van de mid aorta thoracalis descendens was 12.6% bij 

patiënten met een hartslag boven de 130 per minuut. Mogelijke verklaringen voor het afnemen 

van de aortadiameter zijn een verminderde druk op de aortawand door hypovolemie of endogene 

productie van vasoconstrictieve hormonen. Het exacte verschil in aortadiameter tussen beide 
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CT scans varieerde aanzienlijk onder de geïncludeerde patiënten, in sommige patiënten was 

dit verschil groter dan 40%, terwijl in andere patiënten geen verschil werd gemeten. De 

cardiovasculaire circulatie is een complex evenwicht en vele variabelen oefenen mogelijk invloed 

uit op de aortadiameter, waaronder de patiëntenleeftijd, bloedverlies, co-morbiditeiten zoals 

diabetes mellitus en atherosclerose en het gebruik van antihypertensiva.

In Hoofdstuk 12 is de exactie invloed van bloedverlies op de afmetingen van de aorta verder 

onderzocht in een experimentele varkensstudie. Tijdens deze experimenten werd het circulerend 

bloedvolume van 7 Yorkshire varkens geleidelijk in stappen van 10% verlaagd. Na 40% bloedverlies 

werd er een endograft geplaatst in de thoracale aorta, gevolgd door geleidelijke vulling van het 

proefdier. Mogelijke veranderingen van de afmetingen van de aorta werden bestudeerd  met 

behulp van intravasculaire ultrasound (IVUS). We observeerden dat de aortadiameter geleidelijk 

afnam in alle proefdieren, zowel op het niveau van de aorta ascendens als op het niveau van de 

aorta descendens en de abdominale aorta. Na vulling namen de aortadiameters snel weer hun 

oorspronkelijke afmetingen aan.

Deze veranderingen van de aortadiameter zouden theoretisch in elke patiënt met excessief 

bloedverlies kunnen optreden, maar waarschijnlijk zijn deze veranderingen het meest extreem bij 

jonge traumapatiënten met TAR. Aangezien bij oudere patienten de prevalentie van atherosclerose 

hoger is en de elasticiteit van de aorta afneemt,50-54 kunnen potentiele veranderingen van de aorta 

minder uitgesproken zijn bij oudere patiënten met geruptureerde aneurysmata. 

Implicaties voor TEVAR van Acute Pathologieën 

De juiste maat endograft wordt doorgaans bepaald naar aanleiding van de preoperatieve CTA 

scan. Echter, als de diameter van de thoracale aorta aanzienlijk afgenomen is bij opname als 

gevolg van bloedverlies, zou dit kunnen leiden tot “undersizing”, een te kleine maat endograft. 

Deze wanverhouding tussen de ware aortadiameter en de endograft kan theoretisch leiden tot een 

verhoogd risico op endoleak en andere complicaties zoals migratie van de endograft.

Daarom is het belangrijk dat specialisten er rekening mee houden dat de afmetingen van de 

aorta af kunnen nemen gedurende hypovolemie, er zijn twee opties om voor dit fenomeen te 

corrigeren. Ten eerste, aangezien de ware aortadiameter groter kan zijn dan de afmetingen op de 

preoperatieve CTA scan, zouden specialisten kunnen overwegen om het percentage “oversizing” 

te vergroten, dat wil zeggen een relatief grotere maat endograft te gebruiken. Vanwege de vele 

variabelen die de ware aortadiameter beinvloeden, is het moeilijk om een aanbeveling te doen 

met betrekking tot het exacte percentage oversizing dat nodig is. Gezien de bevinding dat de 

diameter van de mid aorta descendens bij trauma patiënten met een hartslag boven de 130/

minuut en een MAP beneden de 95mmHg gemiddeld 12.6% kleiner was bij opname, zou een 

endograft gemiddeld 20% tot 30% oversized kunnen worden bij TAR patiënten met dezelfde 

karakteristieken, in plaats van de standaard aanbevolen 10% tot 20% oversizing.    
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Een alternatief zou kunnen zijn om de beeldvorming te herhalen nadat de patiënt een betere 

vullingstatus heeft, voor meer betrouwbare metingen van de aorta. Uit een aantal recente studies 

lijkt dat het uitstellen van TEVAR bij multi-traumapatienten, zodat andere levensbedreigende 

letsels eerst behandeld kunnen worden, de gemiddelde overleving van patiënten met TAR doet 

toenemen.55-58 Deze vertraging van de endovasculaire behandeling van TAR zou theoretisch ook 

voordelig kunnen zijn voor het bepalen van de correcte maat endograft. Andere studies beweren 

echter dat men de vochtsuppletie moet beperken bij patiënten met hemorrhagische shock als 

gevolg van trauma of geruptureerde aneurysmata, aangezien vochtbeperking verdere interne 

bloedingen en het verlies van bloedplaatjes en stollingsfactoren zou kunnen minimaliseren.59-63 

Een nadeel van het vergroten van het percentage oversizing, is dat dit theoretisch zou kunnen 

leiden tot een verhoogd risico op collaps van de endograft, een niet veelvoorkomende maar 

serieuze complicatie na TEVAR.47,49,64 In Hoofdstuk 13 zijn alle gepubliceerde gevallen van 

collaps van de endograft na TEVAR geanalyseerd, om meer inzichten in deze complicatie te 

verscha!en. Een kleine straal van de aortaboog, resulterend in “bird beaking” van de endograft 

was de meest beschreven oorzaak van collaps van de endograft. Een veel te grote maat endograft 

was ook een vaak beschreven oorzaak en gemiddeld waren de endografts 26.7% te groot voor 

de aorta, terwijl de meeste producenten van thoracale endografts oversizing van 10% tot 20% 

adviseren. Verassend genoeg trad 65% van alle gepubliceerde collapsen op na TEVAR voor TAR, 

terwijl deze aandoening doorgaans in slechts 6% tot 11% de indicatie is voor TEVAR.65-68 Het 

risico op collaps lijkt dus hoger na een endovasculaire behandeling van TAR, wat verschillende 

verklaringen kan hebben. Allereerst zijn traumapatiënten doorgaans jonger en hebben daardoor 

een relatief kleinere aorta, waardoor de kleinst beschikbare maat endograft al vaak veel te groot is 

voor de aorta. Daarnaast hebben jonge traumapatiënten ook vaak een aortaboog met een relatief 

kleine straal. Daarom lijkt het gebruik van een endograft die meer dan 20% groter is dan de 

aortadiameter alleen verantwoord bij TAR patiënten met hypovolemische shock. 

 

Wat brengt de toekomst?

De korter-termijn uitkomsten van de endovasculaire behandeling van de meeste acute thoracale 

pathologieën lijken superieur te zijn ten opzichte van open chirurgie in dit proefschrift. Onze 

studies hadden allemaal een observationeel karakter, terwijl een gerandomiseerde studie over het 

algemeen de beste methode is om twee therapieën te vergelijken. Het is echter onwaarschijnlijk 

dat de uitkomsten van deze twee operaties voor acute ziektes van de thoracale aorta ooit 

vergeleken zullen worden in een gerandomiseerde studie, gezien de extreem lage incidentie van 

deze aandoeningen. Misschien is het onderhand ook onethisch om dergelijke gerandomiseerde 

studies uit te voeren aangezien het verschil in mortaliteit aanzienlijk lijkt in observationele studies. 

Langer-termijn data na TEVAR voor deze pathologieën zijn op dit moment nog onduidelijk, 

doordat deze behandeling pas beschikbaar is gekomen in het afgelopen decennium. Patiënten 

met aneurysmata of dissecties van de thoracale aorta zijn vaak ouder dan 60 jaar,69,70 met 
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een de gemiddelde leeftijdsverwachting van minder dan 10 jaar. De gemiddelde leeftijd van 

traumapatienten is echter rond de 40 jaar13-16 en deze patiënten zullen met een thoracale endograft 

moeten leven voor meer dan 30 jaar. Dit benadrukt het belang van onderzoek naar de langer-

termijn resultaten van TEVAR voor acute ziektebeelden, met name TAR.

Het belangrijkste nadeel van TEVAR op dit moment blijft het risico op endograft-gerelateerde 

complicaties gedurende follow-up.71,72 Toekomstige studies zouden daarom moeten onderzoeken 

welke patiënt- en operatiekarakteristieken het risico op deze complicaties beinvloeden, om 

uiteindelijk het optreden te doen verlagen. Onze studies hebben laten zien dat hypovolemie 

de dimensies van de aorta beïnvloedt, vervolgstudies zouden kunnen worden gebruikt om de 

normale aortadiameter van hypovolemische patiënten die TEVAR ondergaan beter te voorspellen. 

Verbeteringen in het ontwerp van de huidige endografts zou ook kunnen bijdragen aan een 

reductie van endoleak en andere endograft-gerelateerde complicaties. 

Op dit moment kan alleen een gedeelte van de acute ziektebeelden van de aorta thoracalis 

descendens met TEVAR worden behandeld, terwijl slechts 30% van alle geruptureerde thoracale 

aneurysmata en 30% tot 40% van alle aortadissecties uitgaan van dit gedeelte van de thoracale 

aorta.19,69,70 Voor geruptureerde aneurysmata en dissecties uitgaande van de aorta ascendens 

of proximale arcus aortae blijft open chirurgie daarom nog de standaardbehandeling.69-73 De 

zogenaamde “branched endograft”, met stents voor de arteriën van de aortaboogvaten, wordt al 

gebruikt,74,75 maar het plaatsen van deze experimentele stent neemt veel tijd in beslag en vereist 

veel expertise. Deze veelbelovende techniek lijkt daarom op dit moment nog ongeschikt voor de 

behandeling van acute ziektebeelden van de arcus aortae.

Levenslange controle met behulp van CTA scans is op dit moment vereist na TEVAR, wat zal 

resulteren in toenemende behandelingskosten en stralingsbelasting van de patiënten, vooral na een 

endovasculaire behandeling van jonge traumapatiënten met TAR. Toekomstig onderzoek zal zich 

daarom ook moeten richten op het ontwikkelen van nieuwe, betaalbare beeldvormingsmethodes 

zonder gebruik van straling of contrastmiddel. Duplex lijkt een betrouwbaar middel voor controle 

van patiënten na een endovasculaire behandeling van abdominale aneurysmata,76-78 en hopelijk 

zullen vergelijkbare methodes ook ontwikkeld worden voor controle na TEVAR. 

Endovasculaire methodes worden in toenemende mate gebruikt voor de behandeling van acute 

ziektebeelden van de thoracale aorta, wat lijkt te resulteren in verlaagde mortaliteit en morbiditeit. 

De toenemende kennis van de dynamische eigenschappen van de aorta en aanpassingen aan de 

huidige endograft zal waarschijnlijk in de toekomst leiden tot een reductie van de endograft-

gerelateerde complicaties en een verdere verbetering van de prognose van patiënten met deze 

levensbedreigende aandoeningen.  
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