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Introduction

The presence of a septum or process in the left com­
mon iliac vein was reported in 1906 by an anatomist 
at Michigan University, McMurrich.1) He conside­
red these as congenital remnant structures. May and 
Thurner2) histologically investigated and named them 
left common iliac vein spurs in 1956. Since they sug­
gested that spurs are acquired through compression 
by the right common iliac artery and vertebra, and 
their presence increases the risk for left iliofemoral 
venous thrombosis, the condition became widely 
known as May-Thurner syndrome, Cockett’s syn­
drome, or iliac vein compression syndrome.3) With 
the recent advances in intravascular ultrasound tests 
(IVUS) and intravascular treatment (EVT), spurs have 

again been attracting attention.4–9) Against this back­
ground, we investigated the spur-forming mechanism 
anatomically and histologically.

Subjects and Methods

Twenty-eight cadavers for autopsy practice used in 
the 2010 Aichi Medical University Autopsy Seminar 
were used (12 males and 16 females, mean age at 
death: 82.5 years old). 

The pelvic organs were excised, the distributions 
of the common iliac artery and vein were macroscop­
ically confirmed, and the inferior vena cava and bilat­
eral common iliac veins were excised en bloc. The 
right margins of the inferior vena cava and right com­
mon iliac vein were incised, and the lumen of the left 
common iliac vein, mainly the region in which the left 
common iliac vein joined the inferior vena cava, was 
observed (Fig. 1). When a spur was present, the region 
was excised in the transverse direction of the left com­
mon iliac vein, fixed in formalin, and embedded in 
paraffin, and thin sections (3 µm) in the transverse- 
sectional direction were prepared. These were subjected 
to hematoxylin-eosin (HE), Masson-trichrome, and 
Elastica-Van-Gieson (EVG) staining and immunos­
taining with α-smooth muscle-actin antibody (α SMA) 
for histological observation. Between-group com­
parison was performed employing the χ2 test, and a 
p <0.05 was regarded as significant.
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Results

Macroscopically, individual variations were noted in 
the distributions of common iliac artery and vein. The 
entirety or a part of the right common iliac artery 
ran over the left common iliac vein (the aorta bifur­
cated at a low level, Group A) in 19 (67.9%) of the 
28 cadavers, and the right common iliac artery ran 
over the inferior vena cava (the aorta bifurcated at 
a high level, Group B) in 9 (32%). Spurs were present 
in 6 (21.4%) of the 28 cadavers (three males and 
females). The incidences of spurs were 15.8% and 
33.3% in Groups A and B, respectively, but there was 
no significant difference between these groups (p = 
0.351) (Fig. 2). 

Histologically, αSMA immunostaining-positive stru­
ctures were noted in all spurs (Fig. 3C and 3D). In 
addition, the tunica media and internal elastic lamina 
were present at both ends of spurs in all cases, and 
these were continuous with the venous wall (Fig. 3F 
and 3G). 

On the other hand, histological variation was noted 
in the inner structures of spurs: blood vessels were 
present in some spurs (Fig. 3C) but absent in others 
(Fig. 3D), and elastic plate-like structures continuous 
with the inner elastic lamina were present in some 
spurs (Fig. 3F) but absent in others (Fig. 3G). The tunica 
media of the opposite venous wall did not continue in 

spurs with elastic plate-like structures continuous 
with the inner elastic lamina (Fig. 3C and 3F), but did 
continue in spurs without an elastic plate-like struc­
ture (Fig. 3D and 3G). In spurs in which the tunica 
media of the venous wall continued, the adventitia 
also continued in some spurs (Fig. 4B) but not in oth­
ers (Fig. 4C).

Discussion

In previous studies on common iliac vein spurs in autop­
sied patients, spurs near the confluence of the left 
common iliac vein were observed in 10 of 32 patients 
(32%) by McMurrich,10) 98 (24%) of 412 by 
Ehrich,11) 19% of 430 patients by May and Thurner, 
et al.,12) and 14 (14%) of 100 patients by Negus, 
et al.13) Vollmar, et al.14) observed spurs after throm­
bectomy of left iliac vein thrombosis using a vascular 
endoscope in 50%, and Juhan, et al.15) observed spurs 
on venography in 62%. Although the frequency of 
spurs varies among reports, they are not necessarily 
rare. In Japan, Usui, et al.16) observed hypertrophy 
and band formation in the tunica media of the iliac 
vein in 50% of 90 autopsied patients, but, in the right 

Fig. 1  �Illustration of spur excision. 1  First, the 
right edge of the right common iliac vein 
(RV) and the inferior vena cava (V) are 
incised (dashed line 1 ). 2  The ventral wall 
of the left common iliac vein (LV) are flapped 
(dashed line 2 ) so as to determine whether 
there is a spur at the LV. 3  When there is 
spur, the transverse section including spur 
is removed.

Fig. 2  �Classification of abdominal aorta by the intersection 
of the right common iliac artery site. In Group A, all or 
a part of the right common iliac artery rode across left 
common iliac vein. In group B, the right common iliac 
artery overcame the inferior vena cava. A: abdominal 
aorta; V: inferior vena cava; RA: right common iliac 
artery; LA: left common iliac artery; RV: right common 
iliac vein; LV: left common iliac vein.
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iliac vein, only band formation was noted in one 
patient. 

DiDio17) considered that spurs were formed due to 
compression of the left common iliac vein anterior 
to the vertebra by the right common iliac artery from 
the anterior side and the middle sacral artery from the 
posterior side. May and Thurner12) stated that spurs 
are acquired through reactive hyperplasia of the 
venous wall induced by compression by the right 
common iliac artery and vertebra because no abnor­
mality was noted in the left iliac vein in 88 fetuses 
and children. 

The incidences of spurs were 15.8% (3/19) in Group 
A with aortic bifurcation at a low level and 33.3% 
(3/9) in Group B with aortic bifurcation at a high 
level. May and Thurner, et al.12) reported that the 
incidence was high in patients with aortic bifurca­
tion at a high level, but Fretz, et al.18) stated that the 
incidence was low in these patients. In our study, no 
significant difference was noted between the two 

Fig. 3  �A case of macroscopic and histological view of type 2 spur. Panels B–D and panels E–G show different 
parts of spurs shown in squares in panel (A. B) HE staining. Squares indicate panel C, D respectively. 
(C) Immunohistochemistry for αSMA. Black stars () indicate tunica media. Asterisks (*) indicate blood 
vessels inside the spur. (D) immunohistochemistry for αSMA. No blood vessels were observed in the 
spur. (E) EVG staining. Squares indicates panel F, G. αSMA-positive cells are identified in each spur. 
(F) EVG staining. Arrowheads () indicate elastic plate-like structure. Arrows (↑) indicate internal elas-
tic lamina of the spur. Note: there is an area lacking tunica media between the elastic plate-like struc-
ture in the spur. (cf. panel C). (G) EVG staining. Arrows (↑) indicate lamina and the inner lining of the 
vein wall. Note: lamina, the inner lining and tunica media exists in the spur (cf. panel D).

Fig. 4  �Another case of spur. Masson-trichrome staining. 
Squares indicate panel B, C. (B) Open stars () 
indicate the outer membrane. The outer membrane 
(open stars) recognized in the spur. (C) The outer 
membrane (open stars) did not invade the spur.
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the right common iliac artery and vertebra because 
spurs did not contain elastic fiber and hemosiderin, 
capillary blood vessel-rich collagen tissue was more 
or less contained, lymphocyte infiltration was 
observed, and elastic fibers of the tunica media were 
distributed along the venous wall and localized on 
the spur surface, not entering spurs. Ehrich, et al.11), 
Negus, et al.,13) and DiDio17) support this theory.

As described in Results, there was histological vari­
ation in the spur structure. In particular, the presence 
or absence of elastic plate-like structures in spurs may 
be a finding that should be paid attention. It is diffi­
cult to explain the type in which the venous wall tunica 
media or adventitia continues in spurs (Figs. 3D, 3G 
and 4B) by the compression theory, and these may be 
more likely to be congenital structures. In the type in 
which the inner region of spurs is separated from the 
venous wall by an elastic plate-like structure (Fig. 3F), 
the tunica media of the bilateral venous walls may have 
made contact by an external force, such as compres­
sion, and structures filling the space may have been 
formed. Therefore, it was concluded that there are 
several spur-forming mechanisms depending on the 
type.

Negus13) considered four spur-forming mechanisms: 
(1) congenital, (2) organization of mural thrombi, 
(3) capture and organization of thrombi formed in 
the crural veins in the region compressed by the artery, 
and (4) fibrosis directly caused by compression by 
the artery. The spurs shown in Figs. 3G and 4B may 
be congenital, but organization of mural thrombi 
may also be possible as a formation mechanism of 
the spur shown in Fig. 3F. Regardless of the spur- 
forming mechanism being congenital or acquired, 
clinically, the presence of a spur is likely to cause 
stagnation of venous blood in the left common iliac 
vein, and it cannot be ruled out that this condition 
further promotes capturing thrombi formed in the 
crural veins in the spur region and leads to iliac vein 
thrombosis. Further investigation is necessary, par­
ticularly for spurs considered to have been acquired.

Conclusion

Macroscopic anatomically, spurs were more fre­
quently noted in cases with aorta bifurcation at a 
high level, but the difference was not significant. It 
was considered that spur formation involves not 

groups, but the incidence was rather higher in those 
with aortic bifurcation at a low level. The spur loca­
tion was not completely consistent with the right 
common iliac artery and left iliac vein crossover site. 
These findings suggest that there is another cause of 
spur formation, in addition to compression by the 
right common iliac artery and vertebra. 

The cause of spur formation was compression by 
organs other than the right common iliac artery and 
vertebra in several reports. Nagayo, et al.19) assumed 
that the cause was compression by the pregnant 
uterus, and Akanuma, et al.20) assumed that the cause 
was compression of the sigmoid colon by constipa­
tion. However, Ferrari21) stated that compression by 
the pregnant uterus does not cause spur formation 
because it is temporary and the uterus is soft. As 
noted in our study, the incidence of spurs in females 
is not high. Even if the pregnant uterus compresses 
the vein, it is difficult to explain the presence of a 
spur in the left common iliac vein. In contrast, spurs 
were present in the region of the left common iliac 
artery sandwiched by the sigmoid colon in many 
cases. Thus, the possibility of the involvement of 
compression by the artery and pelvic organs in some 
cases cannot be ruled out. 

Separately from these compression theories, 
McMurrich10) and Ehrich, et al.11) stated that spurs 
are residual structures formed in the process of the 
confluence of the posterior cardinal vein, which is 
the main path of return from the caudal region of the 
fetal body, accompanying the left common iliac vein 
formation process. Pinsolle, et al.22) reported that 
121 abnormal structures including spurs were pres­
ent in the common iliac vein and inferior vena cava 
in 88 of 130 cadavers, and 115 of these were present 
in the left common iliac vein and could be morpho­
logically classified into five types (central spurs, adhe­
sions, bridges, valves and bands). In many reports, 
the different origin of the left common iliac vein from 
that of the right common iliac vein is considered to 
be a cause of the high incidence of abnormal struc­
tures in the left common iliac vein, but the cause was 
discussed from histological viewpoints in only a few 
reports. Ferrari21) assumed that spurs were congeni­
tally formed because not only remnant collagen and 
elastic fibers but also smooth muscle cells were observed 
in spurs. In contrast, May and Thurner2) considered 
that spurs are not remnants of past thrombi but are 
pure scar tissue acquired through compression by 
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ovascular Surgery. Philadelphia: WB Saunders, 1989: 
65-73.
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iliofemoral venous thrombectomy. J Vasc Surg 1997; 25: 
417-22.
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femoral vein thrombosis. Surgery 1978; 40: 983. (in Jap­
anese)

	 17)	 DiDio LJA. Normal and pathological structures on the 
inner surface of the left common iliac vein. Arq Cir Clin 
Experim 1949; 12: 507-616.

	 18)	 Fretz V, Binkert CA. Compression of the inferior 
vena cava by the right iliac artery: a rare variant of 
May-Thurner syndrome. Cardiovasc Intervent Radiol 
2010; 33: 1060-3.
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749-51.

	 20)	 Akanuma J, et al. Stricture of opening in the left com­
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only compression by the right common iliac artery 
and vertebra but also other factors. In addition, mor­
phological differences were noted histologically in 
spurs macroscopically appearing to have the same 
structure, such as differences in the boundary between 
the venous wall tunica media and spur and invasion 
of the adventitia into spurs. These findings suggest 
the presence of several types of spur formed through 
different mechanisms, and there may be congenital 
and acquired formation mechanisms.
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