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ABSTRACT
In recognition of Dr Timothy Fabian’s sentinel 
contributions to the field of trauma surgery, this review 
highlights his contributions to the diagnosis and 
management of blunt thoracic aortic injury and places 
his contributions into context relative to current practice.

SETTING THE STAGE
In a groundbreaking publication in Circulation in 
1958, Dr Loren Parmley, a pathologist at Walter 
Reed Army Hospital, described 275 patients with 
‘non-penetrating injury of the aorta’, now more 
commonly known as blunt thoracic aortic injury 
(BAI).1 The findings noted in that sentinel article 
drove many of the subsequent advances in the diag-
nosis and management of BAI. Dr Parmley noted 
that this was a highly lethal injury pattern as only 
14% of patients reached the hospital alive and 
that in-hospital rupture was common (figure  1). 
He highlighted the need for prompt recognition 
and surgical therapy. Interestingly, only 32% of 
the initial survivors had the diagnosis of BAI made 
prior to rupture, as the most common diagnostic 
modality at the time was chest radiograph. In fact, 
Dr Parmley noted that diagnostic accuracy could be 
improved with the use of retrograde aortography 
to delineate the extent of the injury and assist with 
surgical planning.1  2

FIRST DECADE OF MEMPHIS CONTRIBUTIONS 
(1990–2000)
As the experience with surgical repair of BAIs 
increased, so did the recognition that ischemic 
myelopathy resulting in complete or partial para-
plegia was a frequent complication of aortic cross 
clamping due to the disruption of arterial flow 
through the artery of Adamkiewicz. In 1995, Drs 
Pate, Fabian, and Walker reported on early expe-
rience with partial cardiopulmonary bypass to 
augment retrograde aortic blood flow as an adjunct 
to aortic replacement, thus preventing spinal cord 
ischemia and decreasing the paraplegia rate to less 
than 10%. They did note that 15% of patients 
with significant intracranial injury had worsened 
bleeds after the heparinization needed for bypass.3 
This report was followed by a second the same 
year, noting that with aggressive medical manage-
ment to decrease aortic wall stress (beta blockade 
and vasodilation), many patients could be success-
fully managed with delayed surgical intervention 
to repair their aorta, thus mitigating concerns 

regarding systemic anticoagulation in the poly-
trauma patient.4

Concurrent with their focus on improving clin-
ical outcomes in patients with BAI was an interest in 
better diagnostic modalities. Transesophageal echo-
cardiography (TEE) has been described as a poten-
tial non-invasive diagnostic modality, recognizing 
the challenges inherent in the technology, including 
inadequate visualization of the aortic arch and its 
branches and the operator dependency and learning 
curve associated with the diagnosis of a relatively 
uncommon injury. A prospective analysis of TEE 
for the diagnosis of BAI in 34 patients during a 
15-month time period ending in June of 1994 was 
published in 1996 comparing TEE to aortography. 
The authors noted a sensitivity and specificity of 
TEE of 57% and 91%, significantly lower than 
those of aortography.5

One of Dr Parmley’s pathological observations 
noted that 7.6% of injuries were not full thickness 
injuries and involved only the intima or the media. 
These findings account for the occasionally normal 
radiographs of patients with aortic injury and high-
lighted the need for better diagnostic modalities. 
One of the initial reports detailing the effectiveness 
of helical CT scanning for the diagnosis of BAI was 
published in 1995. Twenty-one BAIs were identi-
fied, ranging from subtle intimal flaps to complete 
transections during 1 year, ending in September 
1994. All patients underwent confirmatory aortog-
raphy. Dr Gavant and colleagues reported a sensi-
tivity of 100% (better than aortography at 94%) 
but lower specificity (81.7% for CT vs 96.3% for 
aortography).6

To further evaluate the diagnosis and surgical 
management of BAI, the American Association for 
the Surgery of Trauma designed a landmark multi-
center prospective study of 274 patients with BAI 
during a 30-month period ending in June 1996 who 
survived long to hospital admission.7 This article, 
of which Dr Fabian was the lead author, published 
in 1997, not only described the radiographical 
findings of BAI but also reported on the outcomes 
from surgical repair, stressing the high paraplegia 
rates of direct repair without bypass, and the use of 
the centrifugal pump to improve outcomes, which 
decreased paraplegia rates from the 16.4% rate 
with clamp-and-sew techniques to 2.9%.

I joined the team in Memphis in 1996 as a fellow 
in surgical critical care. One of my projects was 
to review the prior 4 years of patients with BAI, 
totaling 71 patients, most of whom underwent both 
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helical CT scans and aortography (83%) for diagnosis of their 
injuries, which ranged in severity from intimal flaps to complete 
transections with false lumens.8 Based on CT findings, we graded 
these injuries as mild, moderate, and severe. Representative 
CT images of BAI are demonstrated in figure 2. We confirmed 
similar sensitivity and specificity for CT as the prior study by 
Dr Gavant and colleagues.6 Most patients (76%) were medically 
managed with beta blockade or a combination of beta blockers 
and nitroprusside. Those not managed medically were either 
hemodynamically normal or unstable. There were no compli-
cations associated with medical management and no in-hospital 
ruptures. Although most patients underwent immediate aortic 
repair, several had delayed repair due to either pulmonary insuf-
ficiency (unable to tolerate single lung ventilation and thora-
cotomy) or closed head injury. A total of 27% were managed 
non-operatively, and most demonstrated either resolution or 
improvement in the radiographical appearance of their injury. 
This article was presented at the 109th Southern Surgical Asso-
ciation in Hots Springs, Virginia, in 1997, which introduced 
me to bowling (in black tie, no less) and my mentor William 
Cioffi to his good friend and fellow golf enthusiast Martin Croce 
(figure 3).

SECOND DECADE OF MEMPHIS CONTRIBUTIONS (2000–
2010)
In the early phases of helical CT, image quality due to low 
scan resolution and a lack of familiarity and skill in image 

interpretation limited widespread enthusiasm and acceptance as 
a diagnostic modality. However, as technology rapidly improved, 
CT was commonly incorporated into diagnostic algorithms. The 
marked improvement in resolution allowed for the identification 
of small intimal injuries of unclear clinical significance. It was 
unclear whether all these injuries would require intervention or 
whether some would heal with aggressive medical management 
directed at aortic impulse control. In 2001, Dr Malhotra and 
colleagues reported on 87 BAI injuries during a 6-year period 
ending in 2000, of which nine patients were diagnosed with a 
minimal aortic injury.9 Interestingly, five of these injuries were 
missed on conventional aortography but were confirmed as true 
injuries on intravascular ultrasound in four and videoangiog-
raphy in the fifth. Of the nine patients, one patient underwent 
aortic repair; two died of associated injuries unrelated to their 
BAI; two injuries healed or remained stable; and two patients 
developed small pseudoaneurysms that did not require further 
intervention. The authors concluded that although the natural 
history of these minimal injuries was not completely known, non-
operative management appeared to be a reasonable approach.

In 2000, the Eastern Association for the Surgery of Trauma 
(EAST) published Practice Management Guidelines (PMGs) on 
the diagnosis and management of BAIs. Although they acknowl-
edged that there were no level I recommendations, three major 
level II recommendations were based on the work from Memphis 
and others: helical CT for diagnosis, medical management for 
aortic impulse control, and the use of centrifugal bypass for open 
repair.10

Figure 1  Survival after blunt aortic injury for patients admitted to the 
hospital. Adapted from Parmley et al.1

Figure 2  Representative CT images of blunt thoracic aortic injury. 
Images courtesy of Dr Timothy C Fabian.

Figure 3  Drs Fabian, Davis, Croce, and Cioffi, 109th Annual Meeting of 
the Southern Surgical Association, Hot Springs, Virginia, 1998.

Table 1  Grading of blunt thoracic aortic injury

Grade Anatomic injury to the thoracic wall

I Intimal tear

II Mural thrombus/intramural hematoma

III Pseudoaneurysm

IV Rupture

Modified from Azizzadeh et al.13
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AND BEYOND
In the years that followed, technology permitted major advances 
in the repair of BAI, specifically the migration from open thora-
cotomy and graft placement for aortic repair to endovascular 
stent graft repairs. By 2007, there were 284 patients with BAI 
repaired with off-label stent grafts from 62 centers. The first 
Food and Drug Administration- approved thoracic stent graft, 
the Medtronic Valiant Stent Graft with the Captiva Delivery 
System, became available in 2012. In 2011, the Society for 
Vascular Surgery (SVS) released a clinical practice guideline with 
a weak recommendation in favor of endovascular stent grafting 
for repair of BAI.11

EAST revised its PMGs on the management of BAI in 2015, 
with Dr Fabian serving as the last author. In this article, they 
strongly recommended endovascular repair of BAI for those 
patients without a contraindication. They cited decreases in 
mortality and in paraplegia rates in support of these recommen-
dations. In the same article, they acknowledged the work of Dr 
Fabian and others, acknowledging the safety of delayed aortic 
repair when medical therapy is used to reduce the risk of rupture 
while noting that those patients at highest risk of rupture (grade 
3 and 4 injuries) were best served with urgent repair (table 1). 
The PMG acknowledged that the overall quality of evidence for 
delayed repair was variable, ranging from very low (stroke) to 
high (paraplegia), and thus suggested delayed repair in those 
patients who could effectively be managed medically and did not 
have the highest-grade aortic injuries.12 13

Current practice for BAI supports all the landmark para-
digm practice changes originally proposed by Dr Fabian and 
colleagues. Helical CT scanning has effectively replaced aortog-
raphy in the diagnosis of these injuries. Medical management, 
aimed at the control of aortic impulse to minimize rupture, 

and the non-operative management of minimal injuries with 
serial imaging to assure stability versus improvement are now 
commonplace. Although aortic stent grafting has become the 
standard of care rather than open aortic replacement with circu-
latory support, the quality improvement efforts to reduce the 
devasting complications of paraplegia and in-hospital rupture 
harken back to the original musings of Dr Fabian and other 
thought leaders in the golden age of trauma surgery (table 2).
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