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Bleeding into the intraluminal thrombus
in abdominal aortic aneurysms is
associated with rupture
Joy Roy, MD, PhD,a,b Fausto Labruto, MD, PhD,c Mats O. Beckman, MD,c Jesper Danielson, MD,d

Gunnar Johansson, MD, PhD,a and Jesper Swedenborg, MD, PhD,b Stockholm, Sweden

Objective: The aim of this study was to determine signs of bleeding in the intraluminal thrombus and the site of rupture
using multislice computed tomography (CT) imaging in patients with abdominal aortic aneurysms (AAA).
Methods: We analyzed CT images of 42 patients with ruptured infrarenal AAA in two hospitals in Stockholm, Sweden
during a 3-year period. A “crescent sign” or localized areas with higher attenuation in the thrombus were interpreted as
signs of bleeding in the thrombus. A localized area of hyperattenuation did not have the typical crescent shape and was
distinguished from calcifications in the thrombus. We measured the attenuation in Hounsfield units in the intraluminal
thrombus using CT software to quantify the presence of blood in the thrombus. As controls, we analyzed 36 patients with
intact AAA and a comparable aneurysm diameter and age.
Results: The crescent sign was more frequent in the ruptured group (38% vs 14%, P � .02), but there was no significant
difference in the presence of localized areas of hyperattenuation in the two groups. The attenuation in the thrombus was
significantly higher in patients with rupture than in those with intact aneurysms (P � .02). The site of rupture could be
localized in 29/42 patients. Ruptures occurred both through the thrombus-covered and the thrombus free wall. In 45%
of the patients, the rupture site was localized in the left lateral wall, in 24% in the anterior wall, in 24% in the right lateral
wall, but only in 7% in the posterior wall.
Conclusion: The site of rupture could be identified in a majority of cases of AAA with routine multislice CT. This study
demonstrates an association between the presence of blood in the thrombus as suggested by higher attenuation levels and
a crescent sign and AAA rupture. If these findings also predict AAA rupture, remains to be established. (J Vasc Surg

provided by Elsevier - Pu
2008;48:1108-13.)
Rupture of abdominal aortic aneurysms (AAA) is an
important cause of death constituting approximately 1% to
2% of the mortality in males over the age of 65 in the
United States.1 Both the incidence of AAA2 and rupture3

have increased during later years. Numerous factors, mostly
related to proteolytic enzymes, have been shown to be of
importance for growth of AAA and thereby secondarily
related to the risk of rupture. For overview see Choke et al,
2005.4 In spite of this, the only widely accepted predictor
of rupture today is aneurysm size.

Most aneurysms of a size associated with rupture con-
tain an intraluminal thrombus (ILT).5 The growth rate of
AAA is related to thrombus growth6 and the growth of the
ILT is associated with an increased risk of rupture.7,8 The
aneurysm wall underlying the thrombus is thinner9,10 and
also shows signs of a higher degree of proteolysis and
infiltration of inflammatory cells compared with wall seg-
ments exposed to flowing blood.11 These findings indicate

From the Department of Surgery, Capio St. Görans Hospital,a the Depart-
ment of Vascular Surgery, Karolinska University Hospital and Karolinska
Institutet,b the Department of Radiology, Karolinska University Hospi-
tal,c and the Department of Radiology, Capio Diagnostik.d

Competition of interest: none.
Reprint requests: Joy Roy, MD, PhD, Vascular Surgery Laboratory, Depart-

ment of Molecular Medicine and Surgery, CMM L8:03, Karolinska
University Hospital Solna, 17176 Stockholm, Sweden (e-mail: joy.roy@
ki.se).

0741-5214/$34.00
Copyright © 2008 by The Society for Vascular Surgery.

doi:10.1016/j.jvs.2008.06.063

1108
a decreased tensile strength of the wall underlying the
thrombus. In order for rupture to occur through this wall
segment, bleeding into the thrombus has to occur. In fact
such observations have been made demonstrating a “cres-
cent sign” caused by contrast entering the ILT.12,13

The purpose of the present study was to investigate
signs of bleeding into the thrombus and to locate the site of
rupture in patients undergoing computed tomography
(CT) examinations with modern multislice technique. The
localization of the rupture was recorded anatomically, and
also, if it was located in areas free of thrombus or in the wall
under or immediately adjacent to the thrombus. Compar-
isons were made between nonruptured and ruptured aneu-
rysms regarding signs of bleeding in the thrombus.

METHODS

Patients. We searched computerized medical records
to identify patients with ruptured AAA who had been
admitted to two hospitals in Stockholm during a 36-month
period. The inclusion criterion was that the patient had
undergone multislice CT where the scans indicated rup-
tured AAA, by showing signs of retroperitoneal bleeding.
Patients with suprarenal and inflammatory aneurysms were
excluded. Of note, even patients who were not operated
were included in the study. A total of 42 patients (34 men,
8 women, mean age 75.5 years) with ruptured AAA were
identified. As controls, we analyzed CT scans of 36 patients

(31 men, 5 women, mean age 75.8 years) with comparable
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age and AAA diameters, who had been diagnosed with
intact AAA and operated at the same hospitals during the
same time period. One patient in the control group was
symptomatic, and the rest were operated on solely on the
basis of AAA diameter larger than 5.5 cm.

Computerized tomography. Two radiologists re-
viewed all CT scans. The slice thickness in the CT exami-
nations were 0.6 mm in 3 patients, 1.0 mm in 7, 1.25 mm
in 40, 2.0 mm in 1, 2.5 mm in 15, 3.0 mm in 2, 5.0 mm in
6, and 7.5 mm in 4 patients. Thrombus was considered to
be present if there was at least a 0.5 cm thick thrombus at
any level of the aneurysm. A crescent sign was considered to
be present when a curvilinear zone of higher attenuation
was present within the thrombus (Fig 1, A). This zone

Fig 1. CT scans showing the crescent sign (white arrow) in a
ruptured AAA (A) and a localized area of high attenuation (white
arrow) in an intact AAA (B). L, Lumen; T, intraluminal thrombus.
could be seen not only in axial projections but could also be
followed in coronal and sagittal image reconstructions and
represents dissections in the thrombus. In cases where there
was a limited small zone of higher attenuation without a
typical curvilinear shape, we classified this as a localized area
of hyperattenuation (Fig 1, B). These areas were defined as
small areas of hyperattenuation, which is less than those
caused by calcification. They may be in continuity with the
lumen and represent fissures in the intraluminal thrombus.
To quantify the level of attenuation in the thrombus, we
used the CT software and measured the mean attenuation
in Hounsfield units of the thrombus surface in an axial
image at the level of the largest diameter in all aneurysms
with a thrombus. We related the attenuation of the throm-
bus to that in the contrast-filled lumen (blood) to evaluate
presence of bleeding in the thrombus and expressed it as a
ratio. We were able to measure this ratio in 36/42 cases of
rupture and in 35/36 intact aneurysms. Six of the patients
in the ruptured group had undergone CT examination
without contrast enhancement in the arterial phase and
were excluded from attenuation data. One AAA in the
intact group did not have an intraluminal thrombus and
was also excluded from the attenuation data (Table). Two
radiologists independently reviewed all the scans. The rup-
ture site was identified in patients where a clear leakage of
contrast from the aortic lumen through the aortic wall or
discontinuation in the aortic wall with the presence of an
adjacent periaortic hematoma could be seen. This was
possible since we could perform reconstructions from very
thin slices in most patients.

Statistical analysis. Age, aneurysm diameter, and at-
tenuation according to Hounsfield units were compared
between ruptured and intact AAA using the Mann Whitney
test. The Fisher exact test was used to determine whether
there were any significant differences in the number of
patients with a crescent sign or an area of hyperattenuation
in the thrombus between the different groups. P values less
than .05 were considered to be significant. Statistical anal-
yses were performed using the GraphPad Prism software for
Windows, version 4.03 (GraphPad Software Inc, La Jolla,
Calif).

RESULTS

Presence and signs of bleeding into the thrombus.

Table. Contrast enhancement, presence of ILT and
ability to locate rupture site in abdominal CT scans

Rupture
(n � 42)

Control
(n � 36)

Contrast enhancement in arterial phase 36 35
Presence of thrombus 42 35
Able to localize rupture site 29 NA

A majority of the patients in the two groups had received intravenous
contrast in the arterial phase of the CT scan. Only one patient in the control
group did not have a thrombus and in 29/42 patients could we localize the
site of rupture.
Mean aneurysm diameter was 8.1 cm (range 5.2-13.5) in
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the group with ruptures and 7.4 cm (range 5.5-12.7) in the
intact group (P � .13). Thrombus was present in all aneu-
rysms except one in the intact group (Table). A crescent
sign was seen significantly more often in the ruptured
group (16/42, 38.1%) than in the intact group (5/35,
14.3%, P � .02, Fig 2). In both groups, there was a
tendency for the aneurysms that had a crescent sign to be

Fig 2. Percentage of patients with ruptured AAA (A) and intact
AAA (B) with a crescent sign.
larger than the aneurysms that lacked the sign but the
difference was not statistically significant (7.5 cm vs 8.4 cm,
P � .09). Only localized areas of hyperattenuation that did
not have a typical curvilinear shape in patients that lacked a
crescent sign were seen in 12/26 (46.2%) in the ruptured
group compared with 8/30 (26.7%) the intact group (P �
.17). To quantify the presence of blood in the thrombus,
we measured attenuation in Hounsfield units and found
that the relative level was significantly higher in ruptured
compared with intact AAAs (P � .02, Fig 3).

Rupture localization. Multislice CT with thin slices
enabled us to detect the site of rupture in 29/42 patients
(Table). Ruptures occurred in the wall underlying the
thrombus in 15/29 (52%) patients, and in 4/29 (14%), it
occurred at the edge of the thrombus (Fig 4, A and B). In
10/29 (34%), patients it occurred through the aneurysm
wall distant from the thrombus (Fig 4, C). Even though
ruptures occurred through the thrombus free wall, the
thrombus in these AAA had significantly higher levels of
attenuation compared with intact aneurysms (P � .03).
There was no difference in thrombus attenuation between
cases with rupture through the thrombus covered and throm-
bus free wall (P � .95). In patients with a crescent sign,
ruptures occurred in 5/16 cases through the thrombus-
covered wall, in 3/16 through the thrombus-free wall, and
3/16 at the edge of the thrombus. In 5/16 patients with a
crescent sign, we could not detect the rupture site.

We also observed the localization of the rupture and
determined its localization based on four sectors: anterior
(315° to 45°), left (45° to 135°) or right lateral (225° to
315°), or posterior (135° to 225°). The rupture localiza-
tion was in the anterior sector in 7/29 cases, in the poste-
rior sector in 2/29, on the left side in 13/29, and on the

Fig 3. Relative attenuation in the ILT compared with the lumen
in ruptured and intact AAA.
right side in 7/29 (Fig 5).
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DISCUSSION

The present study demonstrates an association between
bleeding into the ILT and rupture of abdominal aortic
aneurysms. The bleeding was evaluated by presence of a
crescent sign and local accumulation of contrast or differ-
ences in attenuation measured by Hounsfield units in the
thrombus comparing patients with and without rupture.

The crescent sign most likely represents dissection of
blood into the thrombus.12 Since the dissection in the
thrombus directly communicates with the lumen, this sign
is best appreciated with contrast agent in the arterial phase
in scans. Initially, the crescent sign was described in non-
contrast enhanced CT scans and was described as having
attenuation greater than the adjacent psoas muscle. How-
ever, with the latest generation multidetector tomographs,
we are able to perform scans rapidly with the contrast in the
arterial phase and at this time the contrast has not reached
the psoas muscle. We therefore chose to relate the attenu-
ation in the thrombus with the attenuation in the lumen.

This study supports previous reports of the finding of
crescent sign in cases of rupture and reinforces the sugges-
tion that this sign should be an indication for urgent
surgery in patients without obvious signs of rupture.13-16

The presence of localized bleedings identified as small local
areas of hyperattenuation, however, did not differ signifi-
cantly between ruptured and nonruptured cases. We can
therefore not recommend that this particular sign should
be an indication for urgent surgery. Further work with
larger patient groups including symptomatic AAA patients
will have to be done before a cut-off value can be deter-
mined, above which relative attenuation in Hounsfield
units could be indicative of an impending rupture.

Crescent signs were also seen but less commonly in

Fig 5. Observed rupture locations on the aortic wall. Few oc-
curred in the posterior sector where the aorta is supported by the
lumbar vertebrae (L).
Fig 4. CT scans showing the rupture site through a thrombus
covered aortic wall (A), through a thrombus-free wall (B), and at
the edge of the thrombus (C). L, Lumen; T, intraluminal throm-
cases with intact aneurysms. One patient, however, with an
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aneurysm judged to be intact had a prominent crescent
sign. He had a painful aneurysm and was classified as having
an impending rupture irrespective of the bleeding in the
thrombus, which was not reported by the radiologist. We
could not record symptoms in the remaining few patients
with crescent signs in the ILT of intact AAA. Since they
were operated shortly after the CT examination, we are
unable to evaluate if the crescent sign in these patients was
a sign of an impending rupture.

There were an equal number of ruptures localized in
the thrombus covered wall and in wall segments free from
thrombus. It should be noted, however, that many of those
occurring in the thrombus free wall were localized at the
edge of the thrombus. In an autopsy study of patients with
ruptured AAA, it was found that the majority of ruptures
occurred through the wall covered by thrombus.17

The thrombus is metabolically active, containing cells
that contribute to proteolytic activity.18 Both matrix met-
alloproteases (MMP) 2 and 9, as well as fibrinolytic activity
have been identified in the ILT.19 The fibrinolytic activity is
of importance since plasmin is an activator of MMPs. The
thrombus, thus, contains activity, which could contribute
to degradation of the aneurysm wall. The wall underlying
the thrombus is thinner and shows more signs of proteo-
lytic degradation compared with wall segments without
thrombus.9-11 If blood enters the thrombus, it will reach a
wall segment that has been shown to be weaker than
segments devoid of thrombus. This mechanism could ex-
plain ruptures through the thrombus covered wall but
cannot explain ruptures localized to the thrombus-free
wall.

The attenuation of the thrombus measured by
Hounsfield units in patients where ruptures occurred
through the thrombus-free wall was the same as for rup-
tures occurring through the thrombus covered wall or at
the edge of the thrombus. Furthermore, crescent signs
were seen also in cases with rupture through the thrombus
free wall. The findings may indicate that bleeding in the
thrombus is of general importance for the risk of rupture.

Reports about the role of the ILT for pressure trans-
mission to the underlying wall differ. It has been suggested
that the ILT protects the underlying wall from pressure
induced wall stress both in experimental,20 and clinical
studies,21,22 but other studies have failed to detect such an
effect.23 Even if the ILT should diminish stress on the
underlying wall, this does not apply if bleeding occurs into
the thrombus. Prerequisites for bleeding into the throm-
bus exist since it is vulnerable against fatigue and fails at
load levels far below its ultimate strength under pulsatile
loading.24

One limitation of this study is that no definite causal
relationship between bleeding into the thrombus and rup-
ture can be demonstrated. In cases where the rupture
occurs through the thrombus covered wall, it is tempting to
speculate that it represents blood eventually reaching the
underlying wall segment. On the other hand, the crescent
sign may arise due to the aneurysm wall expanding faster

than the thrombus, leading to the creation of fissures in the
ILT. However, previous reports showing a clear correlation
between thrombus volume and aneurysm diameter5 and
the recent study by Gasser and coworkers24 supports the
converse, ie, that changes in the thrombus affects the
aneurysm wall.

If the crescent sign predicts rupture, it can be argued
that it arises when the aneurysm rapidly expands in size. In
support of this, we found that aneurysms with a crescent
sign were larger than aneurysms that lacked a crescent sign
but the difference was not statistically significant. This may
be due to the small number of patients and larger studies
with repeated CT measurements will have to be done to
understand how the crescent sign arises.

It is generally thought that most ruptures occur in the
posterior part of the aneurysm and more often to the left
mostly based on the fact that the hematoma is localized
posteriorly. The present study demonstrates that the site of
rupture is most often seen in the left lateral part of the AAA
represented by the sector 45° to 135°and only seldom is
seen in the posterior sector 135° to 225° where the aneu-
rysm is close to the lumbar vertebrae. Our study can of
course not determine the site of rupture in patients who die
from aneurysm rupture without reaching hospital.

It is often argued that patients with clear signs of
rupture should be sent to the operating room without
undue delay caused by further investigations. In the era of
endovascular repair of ruptured aneurysms, this attitude has
been modified. The concept of hypotensive hemostasis has
gained increased popularity and made it possible to perform
CT investigations on patients with ruptured aneurysms.25

The speed with which a CT examination with modern
equipment is made and the location of the equipment in
close proximity to the operating room further minimizes
the delay induced by the investigation. Furthermore, CT
examination can also exclude the presence of an aneurysm
with or without rupture as well as indicating other differ-
ential diagnoses, thus, avoiding unnecessary operations. A
CT examination can also be advantageous, not only for a
possible endovascular procedure, but also for open surgery.
Location of the rupture and a hematoma close to the
aneurysm neck may help the surgeon to decide to perform
a supra-coeliac infradiaphragmatic approach for a tempo-
rary clamping.

In summary, rupture of AAA is associated with bleed-
ing into the ILT and the crescent sign is significantly more
frequently observed in ruptured than in intact aneurysms of
the same size.

AUTHOR CONTRIBUTIONS

Conception and design: JR, JS
Analysis and interpretation: JR, JS, FL, MB, JD, GJ
Data collection: JR, JD, FL
Writing the article: JR, JS, FL, GJ
Critical revision of the article: JS, FL, MB, JD, GJ
Final approval of the article: JR, JS, FL, MB, JD, GJ
Statistical analysis: JR, FL, JS
Obtained funding: JR, JS

Overall responsibility: JR



JOURNAL OF VASCULAR SURGERY
Volume 48, Number 5 Roy et al 1113
REFERENCES

1. Thompson RW, Geraghty PJ, Lee JK. Abdominal aortic aneurysms:
basic mechanisms and clinical implications. Curr Probl Surg 2002;39:
110-230.

2. Filipovic M, Goldacre MJ, Roberts SE, Yeates D, Duncan ME, Cook-
Mozaffari P. Trends in mortality and hospital admission rates for ab-
dominal aortic aneurysm in England and Wales, 1979-1999. Br J Surg
2005;92:968-75.

3. Acosta S, Ogren M, Bengtsson H, Bergqvist D, Lindblad B, Zdanowski
Z. Increasing incidence of ruptured abdominal aortic aneurysm: a
population-based study. J Vasc Surg 2006;44:237-43.

4. Choke E, Cockerill G, Wilson WR, Sayed S, Dawson J, Loftus I, et al. A
review of biological factors implicated in abdominal aortic aneurysm
rupture. Eur J Vasc Endovasc Surg 2005;30:227-44.

5. Hans SS, Jareunpoon O, Balasubramaniam M, Zelenock GB. Size and
location of thrombus in intact and ruptured abdominal aortic aneu-
rysms. J Vasc Surg 2005;41:584-8.

6. Wolf YG, Thomas WS, Brennan FJ, Goff WG, Sise MJ, Bernstein EF.
Computed tomography scanning findings associated with rapid expan-
sion of abdominal aortic aneurysms. J Vasc Surg 1994;20:529-35;
discussion 535-28.

7. Satta J, Laara E, Juvonen T. Intraluminal thrombus predicts rupture of
an abdominal aortic aneurysm. J Vasc Surg 1996;23:737-9.

8. Stenbaek J, Kalin B, Swedenborg J. Growth of thrombus may be a
better predictor of rupture than diameter in patients with abdominal
aortic aneurysms. Eur J Vasc Endovasc Surg 2000;20:466-9.

9. Kazi M, Thyberg J, Religa P, Roy J, Eriksson P, Hedin U, et al.
Influence of intraluminal thrombus on structural and cellular composi-
tion of abdominal aortic aneurysm wall. J Vasc Surg 2003;38:1283-92.

10. Vorp DA, Lee PC, Wang DH, Makaroun MS, Nemoto EM, Ogawa S,
et al. Association of intraluminal thrombus in abdominal aortic aneu-
rysm with local hypoxia and wall weakening. J Vasc Surg 2001;34:
291-9.

11. Kazi M, Zhu C, Roy J, Paulsson-Berne G, Hamsten A, Swedenborg J,
et al. Difference in matrix-degrading protease expression and activity
between thrombus-free and thrombus-covered wall of abdominal aortic
aneurysm. Arterioscler Thromb Vasc Biol 2005;25:1341-6.

12. Arita T, Matsunaga N, Takano K, Nagaoka S, Nakamura H, Katayama
S, et al. Abdominal aortic aneurysm: rupture associated with the high-
attenuating crescent sign. Radiology 1997;204:765-8.

13. Mehard WB, Heiken JP, Sicard GA. High-attenuating crescent in
abdominal aortic aneurysm wall at CT: a sign of acute or impending

rupture. Radiology 1994;192:359-62.
14. Rakita D, Newatia A, Hines JJ, Siegel DN, Friedman B. Spectrum of CT
findings in rupture and impending rupture of abdominal aortic aneu-
rysms. Radiographics 2007;27:497-507.

15. Schwartz SA, Taljanovic MS, Smyth S, O’Brien MJ, Rogers LF. CT
findings of rupture, impending rupture, and contained rupture
of abdominal aortic aneurysms. AJR Am J Roentgenol 2007;188:
W57-62.

16. Thammaroj J, Vungtal S, Srinakarin J. Predictive CT features in rup-
tured abdominal aortic aneurysm. J Med Assoc Thai 2006;89:434-40.

17. Simao da Silva E, Rodrigues AJ, Magalhaes Castro de Tolosa E,
Rodrigues CJ, Villas Boas do Prado G, Nakamoto JC. Morphology and
diameter of infrarenal aortic aneurysms: a prospective autopsy study.
Cardiovasc Surg 2000;8:526-32.

18. Fontaine V, Jacob MP, Houard X, Rossignol P, Plissonnier D, Angles-
Cano E, et al. Involvement of the mural thrombus as a site of protease
release and activation in human aortic aneurysms. Am J Pathol 2002;
161:1701-10.

19. Carrell TW, Burnand KG, Booth NA, Humphries J, Smith A. Intralu-
minal thrombus enhances proteolysis in abdominal aortic aneurysms.
Vascular 2006;14:9-16.

20. Hinnen JW, Koning OH, Visser MJ, Van Bockel HJ. Effect of intralu-
minal thrombus on pressure transmission in the abdominal aortic
aneurysm. J Vasc Surg 2005;42:1176-82.

21. Mower WR, Quinones WJ, Gambhir SS. Effect of intraluminal throm-
bus on abdominal aortic aneurysm wall stress. J Vasc Surg 1997;26:
602-8.

22. Di Martino E, Mantero S, Inzoli F, Melissano G, Astore D, Chiesa R, et
al. Biomechanics of abdominal aortic aneurysm in the presence of
endoluminal thrombus: experimental characterization and structural
static computational analysis. Eur J Vasc Endovasc Surg 1998;15:
290-9.

23. Schurink GW, van Baalen JM, Visser MJ, van Bockel JH. Thrombus
within an aortic aneurysm does not reduce pressure on the aneurysmal
wall. J Vasc Surg 2000;31:501-6.

24. Gasser TC, Görgülü G, Folkesson M, Swedenborg J. Failure properties
of intra-luminal thrombus in abdominal aortic aneurysm under static
and pulsating mechanical loads. J Vasc Surg 2008 (in press).

25. Veith FJ, Gargiulo NJ, 3rd, Ohki T. Endovascular treatment of rup-
tured infrarenal aortic and iliac aneurysms. Acta Chir Belg 2003;103:
555-62.
Submitted Apr 2, 2008; accepted Jun 30, 2008.


	Bleeding into the intraluminal thrombus in abdominal aortic aneurysms is associated with rupture
	METHODS
	Patients
	Computerized tomography
	Statistical analysis

	RESULTS
	Presence and signs of bleeding into the thrombus
	Rupture localization

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	REFERENCES


