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recognize it? 

Background: Although classic type A and B aortic dissections have been well described, 
less is known about the natural history of  penetrating atherosclerotic ulcers of  the tho- 
racic aorta. This study differentiates penetrating ulcer from aortic dissection, determines 
the clinical features and natural history of  these ulcers, and establishes appropriate cor- 
relates regarding optimal treatment. 
Methods: A retrospective review of patient records and imaging studies was conducted 
with 198 patients with initial diagnoses of  aortic dissection (86 type A, 112 type B) at 
our institution from 1985 to 1997. 
Results: Of  the 198 patients, 15 (7.6%) were found to have a penetrating aortic ulcer on 
re-review of  computed tomographic scans, magnetic resonance images, angiograms, 
echocardiograms, intraoperative findings, or pathology reports. Two ulcers (13.3%) 
were located in the ascending aorta; the other 13 (86.7%) were in the descending aorta. 
In comparison with those with type A or B aortic dissection, patients with penetrating 
ulcer were older (mean age 76.6 years, p = 0.018); had larger aortic diameters (mean 
diameter 6.5 cm); had ulcers primarily in the descending aorta (13 of  15 patients, 
86.7%); and more often had ulcers associated with a prior diagnosed or managed AAA 
(6 of  15 patients, 40.0%; p = 0.0001). Risk for aortic rupture was higher among patients 
with penetrating ulcers (40.0%) than patients with type A (7.0%) or type B (3.6%) aor- 
tic dissection (p = 0.0001). 
Conclusions: Accurate recognition and differentiation of penetrating ulcers from classic 
aortic dissection at initial presentation is critical for optimal treatment of  these patients. 
For penetrating ulcer, the prognosis may be more serious than with classic type A or B 
aortic dissection. Surgical management is advocated for penetrating ulcers in the ascend- 
ing aorta and for penetrating ulcers in the descending aorta that exhibit early clinical or 
radiologic signs of  deterioration. (J Vasc Surg 1998;27:1006-16.) 

In 1934, Shennan 1 was the first to describe pen- 
etrating atheromatous ulccrs o f  the thoracic aorta. 
These atheromatous plaques, characterized further 
by Stanson et al. in 1986, 2 ulcerate and disrupt the 
internal elastic lamina, burrowing deeply th rough  
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the intima into the aortic media. 3 The plaque may 
precipitate localized intramedial dissection associat- 
ed with a variable amount  o f  hematoma within the 
aortic wall, may break through into the adventitia to 
form a pseudoancurysm, or may rupture completely 
into the right or left hemithorax. The diagnosis is 
made at computed  tomography (CT) with demon-  
stration of  a contrast material-filled outpouching in 
the aorta in the absence o f  a dissection flap or false 
lumen and often in the presence of  extensive aortic 
calcification. The clinical presentation of  penetrating 
aortic ulceration is similar to that o f  classic aortic dis- 
section; however, penetrating ulceration represents a 
unique pathologic  event that  may have distinct 
prognost ic  and therapeutic  implications. 4 Classic 
type A and B aortic dissections differ from penetrat- 
ing ulcer. Dissection usually begins with an intimal 
tear at the points o f  greatest hydraulic s t ress-- the 
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Table I. Characteristics used to differentiate penetrating ulcer from aortic dissection 

Characteristic Penetrating ulcer Aortic dissection 

Typical patient 

Symptoms 
Signs 

Diagnostic features 

Extent of lesion 
Degree of atherosclerosis 

Elderly with hypertension 

Severe chest or midscapular pain 
Absent 

No intimal flap 
Intramural hematoma 
Localized ulceration 

penetrating internal 
elastic lamina 

Focal 
Always severe 

Often young with hypertension 
Occasionally with bicuspid aortic valve 
Marfan syndrome 
Severe chest or midscapular pain 
Aortic insufficiency (type A) 
Pulse inequality 
Neurologic deficits 
Compromise of blood flow to 

visceral vessels 
Intimal flap with contrast material 

filling false lumen 

Usually extensive 
Variable (often minimal) 

right lateral wall of  the ascending aorta or the 
descending thoracic aorta dose to the ligamentum 
arteriosum. 3 Imaging studies of  classic type A or 
type B dissection show two or more channels sepa- 
rated by an intimal flap. 

Because preliminary reports 2-4 indicate that pen- 
etrating ulcer is distinct from aortic dissection, we 
sought to isolate true cases and study the natural his- 
tory of these atheromatous ulcers. Table I shows the 
characteristics used to differentiate penetrating ulcer 
from classic aortic dissection. Because penetrating 
ulcer is much less common than classic aortic dissec- 
tion, it may not be recognized and therefore may be 
misclassified as aortic dissection on presentation. 

To confirm the existence of penetrating ulcers, a 
retrospective review of the records of  every patient 
admitted with a preliminary diagnosis of aortic dis- 
section at Yale-New Haven Hospital from January 
1985 through July 1997 was conducted. Of  198 
patients classified as having dissection, 15 were found 
on re-review of CT scans, magnetic resonance (MR) 
images, angiograms, echocardiograms, intraoperative 
findings, or pathologic findings to have a penetrating 
ulcer. This analysis was aime d at defining the clinical 
features and natural history of penetrating athero- 
sclerotic ulcers and determining correlates regarding 
optimal treatment. 

METHODS 

Patients were enrolled in the study after a com- 
puterized search of the records of all patients who 
underwent magnetic resonance imaging (MRI), CT, 
angiography, or echocardiography of  the thoracic 
aorta at Yale-New Haven Hospital from January 
1985 through July 1997. A search also was con- 

ducted to find patients who underwent operations 
on the aorta and patients with chronic dissection 
treated in the Center for Thoracic Aortic Disease at 
Yale University. Autopsy records were examined for 
all patients who died of aortic disease during this 
time period. Despite our attempt to isolate all 
patients with aortic disease, we recognized that it 
was possible that there were persons with asympto- 
matic disease who did not undergo imaging studies. 

The database included 431 imaging studies 
(MRI, GT, angiography, and echocardiography) of 
the 198 patients originally classified as having aortic 
dissection (86 type A and 112 type B dissections). 
On re-review of the studies 15 of  these 198 patients 
(7.6%, 9 men and 6 women) were found to have a 
penetrating aortic ulcer on the basis of  inspection of 
CT scans, MR images, angiograms, echocardio- 
grams, intraoperative findings, or pathology reports. 
The cases of these 15 patients were compared with 
those of  82 patients with type A dissection and 101 
patients with type B dissection who were found not 
to have penetrating ulcers. 

Information on patients with aortic disease was 
maintained in a computerized database, and all 
patients' images studies were studied longitudinally. 
Demographic data, including risk factors and asso- 
ciated disease (hypertension, pulmonary disease, 
renal insufficiency, and cardiac disease) were classi- 
fied and graded as mild, moderate, or severe accord- 
ing to the suggested standards for reports dealing 
with lower extremit T ischemia as formulated by the 
Ad Hoc Committee on Reporting Standards of the 
Society for Vascular Surgery and International 
Society for Cardiovascular Surgery, North American 
Chapter. 5 The follow-up period for patients in our 
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Fig. 1. A, Computed tomographic scan of patient 3 (Table 
II) at middle level of the descending thoracic aorta. Clearly 
demonstrated is a contrast medium-filled penetrating ulcer. 
No intimal flap is scen. B, Computed tomographic scan 
shows classic type B aortic dissection for comparison. 
Intimal flap and both true and false lumens are present. 

Fig. 2. Aortic angiogram confirms diffuse atherosclerotic 
disease in patient 3 (Table II). This patient had a pene- 
trating ulcer confirmed by means of CT scan. 

database ranged f rom 2 to 107 months ,  with a 
mean of  26 months. 

A hospital chart review was conducted for all 
patients with type A dissection, type B dissection, or 
penetrating ulcer. The width of  the penctrating ulcer, 
maximum aortic diameter at the ulccr level, and aor- 
tic wall thiclmess at the ulcer margin were measured. 
The diagnosis of  penetrating ulcer was established by 
means of  review of  images with a radiologist spedfi- 
cally trained in vascular imaging. On CT scans, the 
diagnosis was established with demonstration o f  a 
contrast medium-filled outpouching in the aorta in 
the absence of  a dissection flap or false lumen and 
often in the presence of  extensive aortic calcification 
(Fig. IA). On MR images, penetrating ulcers were 
diagnosed by means o f  visualization o f  a distinct 
ulcer crater in the absence of  an intimal flap or false 
lumen. Transesophageal echocardiography (TEE) 
demonstrated a cratcrlike ulcer with jaggcd edges 

usually in the presence of  extensive aortic atheroma 
and absence of  an intimal flap or false lumen. 

Angiography demonstrated a characteristic local- 
ized contrast medium-fi l led outpouching  in the 
absence o f  a dissection flap or false lumen. 
Cobblcstoning in the region of  the ulcer was consis- 
tent with diffuse atherosclerosis (Fig. 2). Accomp- 
anying localized aortic dissection, intramural or sur- 
rounding hemorrhage,  and pleural effusion often 
were found. Patients with classic type A or type B 
dissection (Fig. 1B), howcver, had two or more 
channcls separated by an intimal flap on CT scans, 
MR images, aortograms, or echocardiograms. 

Statistical methods were used to make compar- 
isons between the three groups--penetrating ulcer, 
type A dissection, and type B dissection. Univariate 
analyses were performed with the SAS program, ver- 
sion 6.12, (SAS Institute, Cary, N.C.). Analysis of  
variance was performed to compare means between 
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the three groups. One-year survival estimates were 
calculated by means of  life-table analysis (Kaplan- 
Meier) with the Lifereg procedure in the SAS pro- 
gram. The variables tested for survival differences 
included type A and B dissection versus penetrating 
ulcer. The log-rank test was used for examination of  
statistical significance (0~ = 0.05). 

RESULTS 

Demographic considerations and clinical fea- 
nares. Table II summarizes demographic and clini- 
cal features of  the 15 patients with penetrating ulcers 
of the thoracic aorta. The mean age was 76.6 years, 
which was significantly older than that of patients 
with type A (mean 54.7 years, p = 0.018) or type B 
dissection (mean 67.1 years, p = 0.010) (Table III). 
Penetrating ulcers occurred within a narrow age 
range (63 to 85 years) as opposed to type A (16 to 
90 years) or type B dissection (18 to 89 years). 

Anterior chest or midscapular back pain was the 
presenting symptom for 12 patients (80.0%). The 
other three patients (20.0%) had no symptoms (Table 
II). Accompanying medical problems were common 
among the 15 patients with penetrating ulcers, par- 
ticularly hypertension (15 patients, 100.0%), chronic 
obstructive pulmonary disease (11 patients, 73.3%), 
cardiac disease (7 patients, 47.7%), diabetes mellitus 
(2 patients, 13.3%), and chronic renal insufficiency (4 
patients, 26.7%). 

The most common site of penetrating ulcer was 
the descending thoracic aorta, where 13 (86.7%) 
were found. In two of these patients, the ulcer 
caused localized intraaortic hemorrhage extending 
above the ligamentum arteriosum into the aortic 
arch. The other two ulcers (13.3%) were in the 
ascending aorta. 

Table III displays the initial size of the aorta for 
patients with penetrating ulcers, type A dissection, 
and type B dissection. Although not statistically sig- 
nificant, the greatest aortic diameter among patients 
with penetrating ulcers tended to be larger on aver- 
age than that among patients with type A or B dis- 
section. Concomitant abdominal aortic aneurysms 
were found in 6 of  15 patients (40.0%) (Table III). 
This was significantly higher than the incidence of  
abdominal aortic aneurysm with type A dissection (8 
of 86 patients, 9%) or type B dissection (35 of 112 
patients, 31%) (p = 0.0001). 

Four of the 15 patients with penetrating ulcer 
(26.7%) underwent aortic replacement (Table II). 
One of these patients was believed to have ruptured 
type A dissection (patient 13, Table II). This patient 
was an 84-year-old woman with a history of hyper- 
tension who sought treatment after 6 hours of ante- 

rior chest pain. An initial chest radiograph revealed a 
widened mediastinum. Subsequent TEE demon- 
strated 2+ aortic insufficiency, moderate pericardial 
effusion, aortic atheromatous plaques, and a circum- 
ferential intramural hematoma of the ascending 
aorta. The maximum transverse diameter of  the 
aorta at this level of the ascending aorta was 6.8 cm. 
The patient was treated with sodium nitroprusside 
and a p-blocker and taken to the operating room for 
emergency resection and graft repair of the ruptured 
ascending aorta. During the operation extensive aor- 
tic calcification was found. The pathology report 
confirmed the presence of an intramural hematoma 
of the ascending aorta and a moderate-sized ulcer 
penetrating through the aortic media into the 
adventitia. The patient did well initially; however, 
progressive adult respiratory distress syndrome and 
cardiac failure developed 3 days postoperatively. The 
patient died on the sixth postoperative day. 

Patient 8 (Table II) was a 72-year-old woman 
with left chest pain. A C T  scan at admission revealed 
contained rupture of the descending aorta; the aorta 
measured 7 cm in transverse diameter at this level. 
The patient underwent emergency repair of  the 
descending aorta. Extensive calcification of the aorta 
and a contained rupture were found during the 
operation. The patient's postoperative course was 
complicated by left hemiparesis. The pathology 
report confirmed the presence of  large atheromatous 
plaques, a penetrating ulcer, and aortic rupture 
through the adventitia. 

An 82-year-old woman (patient 12, Table II) 
with severe hypertension was admitted with signifi- 
cant midscapularJ back pain. Initial TEE revealed 
extensive calcification of the descending aorta and a 
penetrating ulcer, large intramural hematoma, and 
no intimal flap. The patient underwent successful 
operative repair. 

Another patient was believed to have ruptured 
type B dissection (patient 14, Table II). This 75- 
year-old woman with a history of hypertension and 
chronic obstructive pulmonary disease had mid- 
scapular chest pain. An initial CT scan demonstrated 
left pleural effusion and an intramural aortic 
hematoma without an intimal flap that began just 
distal to the left subclavian artery. The patient 
underwent medical therapy with antihypertensive 
agents and afterload-reducing agents. On the sixth 
hospital day, a CT scan demonstrated a new right 
pleura[ effusion and an interval increase in the size of  
the left pleural effusion. Recurrent chest pain and 
hemodynamic instability developed despite medical 
management, and the patient was taken to the oper- 
ating room. She was found to have a rupturing 
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Tab le  I I .  Demograph ic  and clinical characteristics o f  patients with penetrat ing ulcers o f  the thoracic aorta 

Patient No. Age (yr) Sex Hyper tens ion  Cardiac disease Renal dysfunction Pulmonary disease 

1 77 F Moderate None None Severe 
2 79 M Severe Mild Moderate None 
3 76 M Mild Mild None Moderate 
4 85 M Severe None None Severe 
5 63 M Moderate Severe Mild Moderate 
6 82 M Moderate Moderate None Moderate 
7 64 M Severe None None None 
8 72 F Moderate None None Moderate 
9 83 F Severe Moderate None Severe 

10 77 F Moderate None Moderate Moderate 
11 79 M Severe Severe None Moderate 
12 82 F Severe None Moderate None 
13 84 F Moderate None None None 
14 75 F Moderate None None Severe 
15 69 M Moderate None None Moderate 

AAA, Abdominal aortic aneurysm; Desc, descending thoracic aorta; Asc, ascending aorta; +, study performed for either diagnosis or 
follow-up evaluation; -, study not performed; Med, medical management with antihypertensive drugs and afterload reduction; Surg, 
patient underwent an operation; Discharged, patient was treated successfully and released from the hospital; Rupture/death, patient had 
an acute rupture and died in the hospital; Rupture/discharge, patient had an acute rupture before operation, underwent resection of 
the penetrating ulcer, and was later released from the hospital. 

Tab l e  I I I .  Compar i son  o f  penetrat ing ulcer with type A and B aortic dissection 

Variable Penetrating ulcer Type A dissection Type B dissection 

No. of patients (sex) 15 (9M, 6F) 82 (58M, 24F) 101 (63M, 38F) 
Age (yr) 76.6 ± 7.0 "1" 54.7 _+ 16.9"f 67.1 ± 13.3" 
Initial aortic diameter (cm) 6.45 _+ 1.9 5.63 _+ 1.5 5.4 +_ 1.6 
No. of patients with prior AAA (%) 6 (40) 8 (9.3)~ 35 (31.2):~ 

Values are mean + SD. 
AAA, Abdominal aortic aneurysm. 
*p = 0.018. 
tP = O.Ol. 
~p = o.oool. 

descending  pene t ra t ing  ulcer and u n d e r w e n t  suc- 
cessful operative repair. Pathologic  examination con- 
f irmed the presence o f  a penetrat ing atherosclerotic 
ulcer at the site o f  transmural rupture.  The  postop-  
erative course was uneventful.  

Three patients (20.0%) w h o  were initially believed 
to  have type B dissection died o f  acute aortic rupture 
while being t reated medically with J3-blockers and 
afterload reduct ion in the intensive care unit  (patients 
2, 3, and 4, Table II) .  For  patient 2, the site o f  aortic 
rupture was visualized, and there was clear communi-  
cation with the esophagus. The patient died o f  rup- 
ture o f  the atherosclerotic ulcer with exsanguination 
into the esophagus and left hemithorax.  Patients 3 
and 4 died o f  a perforated ulcer in the descending 
aorta. Autopsy demonstrated a mediasfinal hematoma  
and hemothorax  with a penetrating ulcer at the site o f  
aortic rupture th rough  the adventitia. 

Eight  patients (Table I I )  were treated medically 

and were pain free and in hemodynamical ly  stable 
condi t ion at discharge. These patients were under-  
going follow-up serial imaging studies on  an outpa- 
tient basis. Patient 6 (Table I I )  was found  to  have a 
pene t ra t ing  ulcer  in the  ascending aor ta  bu t  was 
treated medically because o f  advanced age and sub- 
stantial comorbidity.  The  mean follow-up period for 
the patients w h o  u n d e r w e n t  medical  therapy was 
30.3 m o n t h s  ( range 3 to  84 mon ths ) .  O n l y  one  
patient  (patient 15, Table I I )  had marked reduct ion 
o f  the intramural hcmatoma,  which was evident on  
the first follow-up C T  scan. 

The  incidence o f  acute rup ture  o f  penet ra t ing  
ulcers was 40.0% (6 o f  15 patients) as opposed  to 
7.3% (6 o f  82 patients) for type A dissection and 4.0% 
(4 o f  101 patients) for type B dissection (p = 0.0001).  

D i a g n o s t i c  s tud ies .  A n u m b e r  o f  d i f ferent  
imaging modalities were used to establish the diag- 
nosis and for  fo l low-up  examinat ions  o f  pat ients  
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Presenting symptom AAA CT MRI TEE Angiography Site Management Outcome 

Midscapular  pain Yes + - + - Desc M e d  Discharged  
Mild left chest and  midscapular  pain Yes + + + - A r c h / d e s c  M e d  R u p t u r e / d e a t h  
Midscapular  pain Yes + + + + Dcsc  M e d  R u p t u r e / d e a t h  
Left  chest  pain and  hypo tens ion  N o  + + + - Desc  M e d  R u p t u r e / d e a t h  
Left  chest  pain Yes + + - + A r c h / d e s c  M e d  Discharged  
A s y m p t o m a t i c  Yes + - + - Asc M e d  Discharged  
Midscapular  pain Yes + + + + Desc  M e d  Discharged  
Lef t  chest  pain N o  - + - - Desc Surg  R u p t u r e / d i s c h a r g e d  
&symptomat ic  N o  + - - - Dese  M e d  Discharged  
A s y m p t o m a t i c  Yes + - - - Desc M e d  Discharged  
Left  chest  pain N o  + - + - Desc M e d  Discharged  
Midscapular  pain N o  - + + - Desc Surg  Discharged  
Ante r io r  chest  pain N o  + - + - Asc Surg  R u p t u r e / d e a t h  
Midscapular  pain N o  + + + - Desc Surg  R u p t u r e / d i s c h a r g e d  
Substernal  pain N o  + + + - Dcsc M e d  Discharged  

with penetrating aortic ulcers. More than one 
method was used for every patient (Table II). CT 
was the most commonly used imaging modality (13 
patients, 86.7%). MRI was used in the diagnosis and 
follow-up evaluation of  penetrating ulcers for 9 
patients (60%). Fig. 3 is an MR image of a descend- 
ing aortic pseudoaneurysm formed by an ulcer that 
bore through the media into the adventitial layer of 
the aortic wall. TEE was performed for 11 patients 
with penetrating ulcers (73%), and aortic angiogra- 
phy was used to examine 3 patients (20%). 

Short-term survival. Fig. 4 and Table 1V dis- 
play the 1-year survival rates for the 15 patients with 
penetrating ulcers as opposed to patients with type A 
and type B dissection. Although not statistically sig- 
nificant, the 1-year survival rate was less for patients 
with penetrating ulcers (73.3%) than for patients 
with type A (90.2%) or B dissection (90.7%). 

DISCUSSION 

Scverc atherosclerosis in the aorta commonly 
gives rise to distal embolic events and arterial flow 
obstruction. Although ulceration of  an aortic 
atheroma occurs among patients with advanced ath- 
erosclerosis, it is usually asymptomatic, confined to 
the intimal layer, and not associated with intramural 
hematoma. 3 When an atherosclerotic plaque pene- 
trates into the media, the media is exposed to pul- 
satile atrial flow, causing hemorrhage into the wall 
without an intimal flap. This leads to localized "dis- 
section," and the intramural hematoma is prevented 

from extension by surrounding transmural inflam- 
marion and relative fusion of the layers of the aortic 
wall. 6 The adventitial layer is frequently dissected 
from the media in patients who have penetration 
through the media. 7 The adventitia also may rup- 
ture, and then only the surrounding mediastinal tis- 
sues contain the hematoma (Fig. 5). Paticnts with 
penetrating ulcers have a localized "dissection" lim- 
ited by areas of severe calcification associated with 
usually severe atherosclerotic disease; this represents 
aortopathy diffcrcnt from that of classic aortic dis- 
section. The site of entry into the "dissection" in 
patients with penetrating ulcers is the ulcer itself. 
Postmortem examination may show several athcro- 
sclerotic ulcers, often extending into the adventitia. 7 

The other cause of aortic intramural hematoma 
in thc abscncc of an intimal flap includes rupturc of 
the vasa vasorum in patients with cystic medial 
necrosis. This may occur spontaneously among 
patients with hypertension or after blunt chest trau- 
ma. 8 It has been speculated that aortic intramural 
hematoma may also originate from ulceration in an 
atherosclerotic aorta; thus the cause may be multi- 
factorial.9 These patients may have no evidence of an 
atheromatous ulcer on imaging studies, however, 
and an intimal tear is not visualized. Imaging studies 
may show an intramural hematoma, which is charac- 
teristically smooth in contour (Fig. 6). 

Aortic dissection, on the other hand, begins with 
an intimal tear, and blood courses rapidly along the 
outer third of the media. At one time it was thought 
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Fig. 3. Magnetic resonance image of the thorax demon- 
strates a pseudoaneurysm caused by a penetrating ulcer in 
the descending aorta. 

Fig. 5. Gross specimen. Serial sections through the aorta 
reveal a transmural penetrating ulcer in a patient who died 
of aortic rupture (patient 4, Table II). 
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Fig. 4. Kaplan-Meier 1-year survival rates for patients 
with penetrating ulcer and type A and type B aortic dis- 
section. 

that atherosclerosis was the cause of  acute aortic dis- 
section. Among  the earliest believers in this theory 
were Virchow (1851),  Girode (1887) ,  Ewald 
(1890), Rolleston (1893), and von M611er (1906). 1 
In  a classic paper  titled "Dissecting Aneurysms,"  
Sherman in 1934 began to recognize that al though 
nodular atheromas were present in a large number  of  
aortic dissections and ruptures, only a few displayed 
a relation of  the atheroma to the exact location of  
primary rupture or dissection. 1 Only 6 of  218 dis- 

Fig. 6. Computed tomographic scan of a patient with an 
intramural hematoma. 

sections in Shennan's study demonstrated evidence 
o f  dissection at the base of  an atheromatous ulcer. 

There remains some controversy about  whether 
atherosclerosis causes aortic dissection.l°, 11 Most  
authorities believe it does not. There are those who 
believe it does not  reason that aortic dissection is 
more  f requent ly  found in the ascending aorta,  
where atherosclerosis is less common.  In addition, 
dissection in the area o f  gross atherosclerosis is usu- 
ally limited because of  neighboring fibrosis and cal- 
cification. Variables identified as being intimately 
associated with classic aortic dissection, include 
medial degenerative disease and hypertension.12,13 
Congeni ta l  aortic stenosis, bicuspid aortic valve, 
and coarctation o f  the aorta also are associated with 
a high incidence o f  aortic dissection, particularly 
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Table IV. Life-table analysis of cumulative survival rates for penetrating ulcer, type A dissection, and type 
B dissection 

No. at  risk at  No. with failed Survival standard 
Interval (too) start of  interval treatment No. withdrawn Survival rate error 

Penetrat ing ulcer 
0-1 15.0 3 0 1.000 0.000 
1-3 12.0 0 0 0.800 0.103 
3-6 12.0 1 0 0.800 0.103 
6-9 10.5 0 1 0.733 0.114 
9-12 9.5 0 1 0.733 0.114 

Type A dissection 
0-1 82.0 5 0 1.000 0.000 
1-3 76.5 1 1 0.939 0.026 
3-6 75.0 2 0 0.927 0.029 
6-9 71.5 0 3 0.902 0.033 
9-12 69.0 0 2 0.902 0.033 

Type B dissection 
0-1 101.0 2 0 1.000 0.000 
1-3 95.5 5 7 0.980 0.014 
3-6 87.0 1 0 0.928 0.026 
6-9 85.0 1 2 0.918 0.027 
9-12 81.5 0 3 0.907 0.029 

among young patients. 14 Medial degenerative dis- 
ease is more frequently observed among patients 
with Marfan syndrome and is present in two thirds 
of all patients who need surgical treatment of  aortic 
dissection. 15 

Penetrating ulcers, similar to aortic dissection, 
occur among persons with hypertension but affect 
an older age population (Tables I through III). This 
observation is consistent with those reported in 
other studies. 2 Penetrating ulcers are associated with 
a larger aortic size at the time of  initial diagnosis, 
and many patients have a concomitant abdominal 
aortic aneurysm (Table III). 

Although aortography once was the standard for 
the diagnosis of many aortic diseases, it has largely 
been replaced by CT (Fig. 1) and MRI. Yucel et al.16 
reported that MRI helped identify a discrete ulcer in 
6 of  7 patients with angiographically proved ulcera- 
tion. TEE has been used with success and has been 
reported to be highly sensitive and specific in the dif- 
ferential diagnosis of aortic disease. 17 Although all 
images in our study (CT scans, MR images, and 
echocardiograms) were reviewed by a radiologist, 
there remains a possibility that a tear may have been 
missed. Most of the 15 patients with penetrating 
ulcer, however, underwent multiple imaging studies 
without demonstration of an intimal flap, and all 15 
patients had an ulcer visualized (Table II). 

The condition of patients with penetrating aortic 
ulcers is stabilized with antihypertensive drugs and 
afterload-reducing agents in the intensive care unit 
until pain relief is achieved and hemodynamic stabil- 

ity is prescrvcd. Persistcnt pain, recurrent pain, 
hemodynamic instability, and rapidly expanding aor- 
tic diameters have been indications for surgical treat- 
ment. 2 Emergency treatment also has been advocat- 
ed for patients whose condition is hemodynamically 
unstable or who have pseudoaneurysm formation 
caused by a penetrating ulcer. 18 Several reports have 
shown that penetrating aortic ulcers in the ascending 
aorta or arch are prone to transmural rupture and 
therefore should be managed surgically.li,19, 20 

Kazerooni et al.ll described eight patients with 
aortic ulceration complicated by intramural 
hematoma whose conditions were hemodynamically 
stable. These patients were treated conservatively 
with resolution of pain. Four of the eight patients 
underwent follow-up CT at a mean of 18.2 weeks. 
Intramural hematoma had resolved completely in 
three patients and diminished in size in one patient. 
Yucel et al.16 reported similar results. Stanson et al.,2 
however, reported a high incidence of recurrent pain 
(7 of  I6 patients) and contained rupture (7 of 16 
patients). Cooke et al. 3 therefore recommended 
expeditious surgical treatment once the diagnosis 
has been confirmed for a patient with symptoms. 

Two patterns of analysis in our series demonstrat- 
ed the potentially dangerous nature of penetrating 
ulcers. Observational data demonstrated that the 
ulcers of 40% of patients (6 of 15 patients) ruptured 
during observation in the intensive care unit. Most of 
these patients were being treated for type B dissec- 
tion (Table II). In addition, survival analysis suggest- 
ed a trend toward a lower short-term survival rate 
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among patients with penetrating ulcers as opposed to 
type A or B dissection with the drop in survival man- 
ifested during the early acute phase. Perhaps the 
most likely reason for the poorer prognosis is that 
more layers of  the aorta are penetrated by an ulcer in 
contradistinction to classic dissection, which occurs 
in the middle to outer third of the media. 

Regardless of  the location of  a penetrating ulcer, 
patients should undergo immediate medical treat- 
ment to control pain and prevent rupture. In 1934, 
Shennan 1 found that 40% of patients with proximal 
dissection died immediately, 70% within 24 hours, 
94% within 1 week, and 100% within 5 weeks. 
Because rupture and cardiac tamponade may occur 
at any time, patients with ascending penetrating 
ulcers should be treated with an immediate opera- 
tion to prevent these complications. 

Penetrating ulcers in the descending aorta should 
be managed initially with aggressive medical man- 
agement and a high index of suspicion for rupture. 
Operative treatment becomes necessary in the case of 
clinical or radiologic deterioration, which includes 
evidence of expansion of  intramural hematoma, signs 
of impending rupture (pseudoaneurysm formation 
and pericardial or bloody pleural effusion), or inabil- 
ity to control pain. Because penetrating ulcers pri- 
marily affect older persons, one must consider the 
patient's age, overall physical condition, and antici- 
pated life expectancy in the decision to use early 
operative treatment. 

Urgent operations for penetrating ulcers can be 
technically difficult because of  heparinization and 
tissue friability. We do not routinely administer 
heparin during these repairs and have not found any 
thrombosis or thromboembolism with use of a Bio- 
Medicus left heart centrifugal pump in the absence 
of  heparin. We do, however, instill 50 ml of  
heparinized saline solution into the left femoral 
artery before clamping. We have found treatment of  
the ascending aorta with 25% glutaraldehyde for sev- 
eral minutes extremely helpful in toughening the tis- 
sues in penetrating ulcers and type A dissection.21, 22 
Although we have not used this technique on the 
descending thoracic aorta, Chen et al23 had success 
with glutaraldehyde, particularly in the presence of 
ruptured or impending rupture of  the descending 
aorta. We also routinely used Hemashield grafts, 
secure friable suture lines with polytetrafluoroethyl- 
ene (Teflon) felt, and biologic thrombin glue. 

In summary, we confirmed the existence of pen- 
etrating atheromatous ulcer as distinct from aortic 
dissection. Penetrating ulcer was found to be a life- 
threatening condition that may not be detected 

when a patient seeks treatment unless the clinician is 
aware of  its distinguishing radiologic features. 
Characteristic features of penetrating ulcer include 
midscapular pain affecting an elderly patient with 
hypertension. The disease process usually affects the 
descending aorta. A concomitant abdominal aortic 
aneurysm often is present. The diagnostic studies 
most commonly used include CT, MRI, and TEE. In 
the case of penetrating ulcer, these imaging modali- 
ties demonstrate an ulcer, intramural hematoma, and 
absence of a flap. 

Although our sample size was small, penetrating 
ulcers appeared to have a greater propensity to rupture 
in the acute setting during conservative treatment. 
Thus aggressive management is recommended for 
penetrating ulcers, and a high index of suspicion must 
be maintained for rupture. Like classic type A dissec- 
tion, ascending penetrating ulcers should be managed 
with emergency operative repair because of malignant 
behavior. Penetrating ulcers in the descending aorta 
also should be considered strongly for early surgical 
intervention. A high index of suspicion for rupture 
must be maintained. Because penetrating ulcers pri- 
marily affect older persons, one must consider the 
patient's age, overall physical condition, and anticipat- 
ed life expectancy in the decision to use early operative 
treatment. If patients tolerate early medical manage- 
ment without clinical deterioration, our experience 
suggests that they may continue conservative follow- 
up care with reasonable safety. These are provisional 
recommendations regarding the treatment of pene- 
trating ulcer, the behavior of which is not fully under- 
stood. As we continue to expand our database, we 
hope to formulate a more accurate definition of the 
natural history of penetrating ulcer and isolate specif- 
ic risk factors for early morality among these patients. 
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DISCUSSION 
Dr. Magruder C. Donaldson (Boston, Mass.). Dr. 

Coady and his colleagues have done a great service by dis- 
cussing a distinctly threatened subset of  patients with con- 
ditions that masquerade as aortic dissections. Mthough 
their conditions are similar in clinical presentation from the 
standpoint of  symptomatology, patients with penetrating 
thoracic aortic ulcer were older, were more commonly 
afflicted with associated chronic aortic atherosclerosis and 
abdominal aneurysms, and had harbored aortas generally of  
larger diameter than those with true dissection. Radiologic 
and pathologic findings revealed a focal process of  con- 
rained intramural disruption rather than a diffuse axial pat- 
tern of  medial dissection. Most importantly, this process 
was associated with rupture in 40% of  cases as compared 
with 5.5% overall among patients with aortic dissection and 
4% among patients with type B descending aortic dissec- 
tions. Although the study design does not elucidate precise 
natural history, it is clear that penetrating aortic ulcers are 
"bad actors" worthy of  our filll attention. 

To those of  us familiar with mural disruption of  the 
abdominal aorta, penetration and rupture of  the thoracic 
aorta is not a surprising event. I wonder if Dr. Coady would 
care to elaborate on his thoughts on why some old athero- 
sclerotic aortas penetrate and rupture and others prefer to 
expend their explosive energy by merely dissecting? 

Of  15 penetrating ulcers, 13 were found hiding among 
the generally older patients with type B dissections involv- 
ing the descending aorta. Because therapy is preferentially 
medical for type B dissections, patients with misdiagnosed 
penetrating ulcers of  the descending aorta are in real dan- 
ger. Given the importance of rapid and precise differential 
diagnosis in the heat of  battle, can you elaborate on the 
currently best algorithm for this critical diagnosis? 

Rupture had either occurred on presentation or fol- 
lowed soon thereafter only among the 12 patients with 
symptoms. Were any other clinical f indings--such as 
pleural effusion, aortic diameter, response of  pain to anti- 
hypertensives, or radiologic characteristics (ie, the relative 
depth and penetrat ion)--at  all helpfill in predicting early 
rupture and thus selecting patients for urgent surgery? 

Finally, eight of  your patients did reasonably well 
when treated medically as presumptive dissections. In ret- 
rospect, can you clarify circumstances under which you 
would knowingly choose observational medical manage- 
ment? What impact has the increasing experience with 
endovascular graft exclusion had on your philosophy of  
management? 

Dr. Richard 1}. Cambria  (Boston, Mass.). I certainly 
agree that there is considerable confusion in disease of the 
thoracic aorta with the terms dissection, penetrating ulcer, 
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thoracic aortic intramural hematoma, and degenerative 
ancurysm, but I am unsure that the way you gathered your 
patients in this study design helps sort out the issue. On the 
basis of  the data and the computed abdominal tomography 
scans you showed, I think that the high rupture rate in the 
patients with "penetrating ulcer" represented rupture of  
destabilizing thoracic aortic aneurysms. The mean aortic size 
of your patients with penetrating ulcers was 6.5 cm. I believe 
that because the study was designed in terms of  retrieval, you 
missed patients with penetrating aortic ulcer in small-sized 
or modest-sized aortas. I would like to add to your man- 
agement guidelines that the size of  the thoracic aorta at the 
time the patient is first seen should be an important compo- 
nent in deciding between medical and surgical therapy. 

We presented 15 cases of  thoracic aortic intramural 
hematoma last year before the Eastern Vascular Society, 
and we agree with your recommendations that hematoma 
ought to be treated surgically when the process occurs in 
the ascending aorta. When the hematoma occurs in the 
descending aorta, we believe the presence or absence of  
concomitant aneurysm should be the guiding principle in 
deciding between medical and surgical treatment. 

Dr. Michael A. Coady. Penetrating ulcers of  the tho- 
racic aorta occur in elderly hypertensive patients. It  is 
unclear why some individuals rupture and others do not. 
The difference may be related to the depth of  ulcer pene- 
tration into the aortic wall and the degree of  surrounding 
localized fibrosis. Other possibilities may relate directly to 
LaPlace's law, reflecting the effects of  hypertension, aortic 
diameter, and wall thickness. Our experience with 15 
patients has been limited, and this is an attempt to disen- 
tangle this entity from classic aortic dissection. In reality, a 
broad spectrum of  dissecting aortic pathologies may exist, 
with penetrating ulcers representing a single variant. 

As far as distinguishing penetrating ulcers from aortic 
dissection in the acute setting, a thorough review of  imag- 
ing studies with a radiologist may aid in differentiating 

these ulcers from classic dissections. This is especially 
worthwhile if a flap is not visualized easily on initial imag- 
ing studies. 

For patients with penetrating ulcer, poor pain control 
while receiving maximal medical treatment does correlate 
with early rupture. However, because the majority o f  our 
patients were first seen acutely without prior imaging stud- 
ies, we cannot directly correlate a rate of  change in aortic 
diameter with a risk of  impcnding rupture. The relation- 
ship of  an increasing aortic diameter with risk of  rupture 
makes intuitive sense, however, and has been an important 
consideration for early resection in patients with intramur- 
al hematoma and thoracic aortic aneurysms. The presence 
of  a pleural effusion in our experience has not been par- 
ticularly helpfial in predicting rupture. A pleural effusion 
may occur with flank rupture or may be present acutely in 
absence of  rupture, representing an inflammatory pleural 
reaction--we have seen both. 

The majority of  our patients who did well when treated 
medically were those who were first seen with penetrating 
ulcers locatcd in the descending aorta. Wc advocate med- 
ical management of  penetrating ulcers in the descending 
aorta in patients who are well controlled on "antiimpulse" 
therapy and who demonstrate no evidence of  continued 
pain, aortic expansion on serial imaging studies, or 
pseudoaneurysm formation. 

There have been several early studies on the treatment 
of  aortic dissection with minimally invasive procedures 
employing endovascular stents. We have no experience 
with these stents in the thoracic aorta at our institution. 

Finally, I agrcc with Dr. Cambria's opinion that size of  
the thoracic aorta should be an important additional gnidc- 
line in the management of  these lesions. We recently pub- 
lished a paper outlining the management of  thoracic aortic 
aneurysms (J Thorac Cardiovasc Surg 1997;113:476-91). 
That paper shows the importance of  increasing aortic size as 
a risk factor for acute dissection or rupture. 


