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Abstract

Purpose Corona mortis (CMOR) is the arterial and/or

venous vascular communication(s) between the obturator

and external iliac vessels. Totally extraperitoneal (TEP)

inguinal hernioplasty can be associated with vascular

complications especially during the fixation of the mesh.

Theoretically, CMOR is an important nominee. But, the

data in literature are insufficient about CMOR injury.

Additionally, most of the studies about CMOR have been

usually performed on cadavers. We aimed to reveal the

preperitoneal vascular anatomy of inguinal area and pro-

vide in vivo knowledge about CMOR. The risk of arterial

injury was also evaluated.

Materials The data of preperitoneal vascular anatomy of

321 patients who underwent TEP procedure between Jan-

uary 2005 and July 2014 were retrospectively evaluated.

Results Mean age was 46 ± 8.9 years, 53 females vs 268

males. 391 hemipelvises were evaluated. Two types of

arterial structure were identified; (1) an aberrant obturator

artery forming an anastomosis with branches of ordinary

obturator artery; (2) a pubic branch of inferior epigastric

artery. The incidence of arterial CMOR was 28.4 % and of

any arterial structure was 45.0 %. An arterial CMOR was

considered as thick (C2 mm) or thin (\2 mm). Injury of

arterial CMOR during tack stapling on Cooper’s ligament

was seen in six cases (1.5 %). All of them were thin

(\2 mm) in structure. Venous CMOR was visible only

under low pressure in work space.

Conclusion During TEP hernia repair, CMOR and/or

pubic branch of inferior epigastric artery can be damaged.

To prevent this complication, tacks should be stapled to

Cooper’s ligament close to symphysis pubis and dissection

should be careful on the posterior surface of superior pubic

ramus. Small caliber (\2 mm) arterial CMOR is more

prone to be injured during TEP procedure. To explore

venous structures properly, pressure in workspace should

be kept as low as possible.

Keywords Anastomosis � Bleeding complications �
Corona mortis � Groin � Inferior epigastric artery �
Inguinal � Laparoscopic � Obturator artery � Retropubic �
TEP

Introduction

Although corona mortis (CMOR) (also called Crown of

Death) has been defined classically as an arterial anasto-

mosis between obturator artery and external iliac artery in

Anatomy Textbooks, currently in literature the widely

accepted definition includes the arterial and/or venous

vascular communication(s) between the obturator and

external iliac vessels (Fig. 1) [1–7]. CMOR is clinically

important due to the potential risk of bleeding in pelvic

fractures [8, 9], pelvic and acetabular operations [10],
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surgery for urinary incontinence [11], oncological pelvic

dissections [6] and laparoscopic hernia repair [12, 13].

Therefore, it requires special interests from different sur-

gical branches, such as orthopedics, oncologic surgery,

urogynecology and general surgery.

Currently, there is a great consensus on laparoscopic

approaches for inguinal hernia repair, transabdominal

preperitoneal repair (TAPP) or totally preperitoneal repair

(TEP). They can be performed for all groin hernias, ingu-

inal or femoral, unilateral or bilateral, primary or recurrent

[14]. Although it is rare, CMOR can be damaged during

fixation of the mesh on Cooper’s ligament in laparoscopic

hernioraphy that can cause uncontrollable bleeding,

retroperitoneal hematoma, conversion to open surgery and

reoperation [12, 13, 15]. Therefore, vascular anatomy of

retropubic area, especially CMOR, should be kept in mind

by surgeons performing laparoscopic surgery for hernia

repair. In literature, the anatomical data have usually been

come from studies performed on cadavers. The aim of this

study was to provide in vivo knowledge about CMOR in

patients who underwent TEP repair. Additionally the risk

of vascular injury was also evaluated.

Materials and methods

Three-hundred and seventeen patients underwent TEP

hernia repair from January 2005 to July 2014 in Malatya

State Hospital Department of General Surgery and Inonu

University Faculty of Medicine, were evaluated. Data were

collected prospectively and the study was prepared retro-

spectively. Permission was obtained from Inonu University

Ethic Committee, and a written consent for surgical inter-

vention was taken from each patient.

The operations were carried out in the standard fashion

by the same operation team. In each operation, three trocars

were placed in the midline inferior to umbilicus. Preperi-

toneal space was filled with CO2 at the level of 14 mmHg

to provide a workspace. The entire inguinal anatomy and

the anatomical landmarks were recognized. At this stage of

the operations, retropubic area was inspected and all vas-

cular structures were noted at the end of operation by the

surgeon. After reduction of the hernia, a polypropylene

mesh was used to overlap the defect widely and fixed with

endo-staples. One or two staples were placed onto the

Cooper’s ligament as closed as possible to symphysis

Fig. 1 General view of corona

mortis
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pubis. Once correct positioning of the prosthesis and

hemostasis had been checked. After exsufflation, the sac

collapsed over the mesh. The trocars were removed under

direct vision.

In this study, arterial and/or venous vascular communica-

tion(s) between the obturator and external iliac vessels and

additionally nonanastomosing aberrant obturator artery run-

ning just superior to inguinal ligament were defined as CMOR.

Demography of the patients was enrolled. Vascular

structures were identified according to its origin, thickness

and presence of pulsation. Thickness of anastomosing

artery was estimated by comparing with the tip of

endodissector which is 2 mm in diameter. According to

this cut-off value, the cases were considered as thick

(C2 mm) or thin (\2 mm). Traces of vasculature and

presence or absence of the visible anastomosis were noted.

Non-anastomosing aberrant obturator artery was evaluated

separately. Vascular injuries were also noted.

Although CMOR can be present bilaterally, symmetry is

very rare [4]. Therefore, almost all reported series about

CMOR has designed on ‘‘hemipelvis’’. Likewise, presence

and nature of CMOR were also noted as ‘‘hemipelvis’’ in

this study.

Results

Mean agewas 46 ± 8.9 years, 53 cases were female and 268

cases were male. 244 cases were unilateral, 77 cases were

bilateral. 398 hemipelvises were evaluated. In this paper, all

of the determined structures were arterial. Although thin

venous structures were seen in some cases, venous CMOR

was not properly identified in great majority of the cases.

We determined two types of arterial structure: First;

Aberrant obturator artery originated from inferior epigas-

tric artery than crossing the superior pubic ramus and

moving towards the obturator foramen, here, forming an

anastomosis with branches of ordinary obturator artery

(Fig. 2). Second; An arterial branch originated from infe-

rior epigastric artery (IEA) (Pubic branch of IEA) than

running parallel to superior border of pubic ramus towards

symphysis pubis and separated to its terminal branches

Fig. 2 a. Posterior view of left

inguinal area under the pressure

of 14 mmHg. Small arterial

branches originating from

inferior epigastric artery (IEA)

and obturator artery combine to

form arterial corona mortis

(CMOR) just on superior ramus

of pubic bone. b. Illustration of

the a
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(Fig. 3). In the last few cases of this case series, we real-

ized that the venous structures were visible, if the pressure

was decreased to 10 mmHg (Fig. 4).

Overall results were detailed in Table 1. The incidence of

the presence of an arterial structure in a retropubic area was

45.0 %. A polypropylene mesh was implemented in each of

398 hemipelvises by stapling onCooper’s ligament as close as

possible to symphysis pubis. Injury of arterial CMOR during

stapling of tacks was seen in six hemipelvises of six patients.

All of the injured arterieswere smaller than 2 mmindiameter.

Therefore, we were obliged to convert to open surgery for

hemostasis. There was no injury of venous structures.

Discussion

The term ‘‘Corona Mortis’’ is consisted of two Latin words;

‘‘corona’’ used in anatomical nomenclature to designate a

crown-like eminence or encircling structure, and ‘‘mortis’’

comes from the term ‘‘mort’’ which means ‘‘death’’. Defi-

nition of CMOR is still controversial in literature. The

vasculature in retropubic space of Retzius has already been

well studied. In very old studies, extrapelvic branches

rooted from obturator artery defined as ‘‘anomalous’’ [16].

Darmanis et al. [4] reported three different anatomical

structures crossing superior pubic ramus on posterior sur-

face, arterial CMOR, venous CMOR and aberrant obturator

artery. But, they preferred to keep the old definition of

CMOR. According to that, CMOR is an anastomosis

between obturator and external iliac or inferior epigastric

vessels [4]. As seen, the aberrant obturator vessels have

been excluded. According to us, the name of CMOR, in

other words the Crown of Death, reveals the potential risk

of bleeding depending on a surgical manipulation [15]. It is

an anatomical term that reflects a clinical situation rather

than an anatomical structure. Therefore, any identifiable

vascular structure (arterial and/or venous, anastomosing or

not) crossing the superior pubic ramus should be named as

Fig. 3 a. Posterior view of

right inguinal area under the

pressure of 14 mmHg. An

arterial branch of inferior

epigastric artery (IEA) runs

parallel to the superior pubic

ramus towards the symphysis

pubis, then gives small branches

to form arterial corona mortis

(CMOR). b. Illustration of the a
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CMOR due to the same localization and the similar risk of

damage and bleeding. From this perspective, we thought

that the aberrant obturator artery is not different from

arterial CMOR. Instead, we classified the arteries as thin or

thick like Rusu et al. [7]. They also used the identification of

vessels according to their thickness. According to Colborn

et al. [18] the ‘‘circle of death’’ is formed by anastomosis of

an aberrant obturator artery (or vein), arising from the

external iliac or inferior epigastric vessel, with a normal

obturator vessel arising from the internal iliac vessel. As

seen, Colborn [18] were not use the aberrant obturator artery

as a different structure from arterial CMOR. Likewise, Rusu

et al. [7] termed CMOR as any vessel coursing over the

superior pubic branch, no matter whether it was a vascular

anastomosis, an obturator vessel related to the external iliac

system or a terminal small vessel.

The incidence of arterial CMOR was 28.4 % in this

study. In previous studies, a wide range of incidences have

Fig. 4 a. Posterior view of

right inguinal area under the

pressure of 10 mmHg. A large

venous corona mortis (CMOR)

was visible under this relatively

low pressure. b. Illustration of

the a

Table 1 Distribution of arterial structures

Parameter Number %

Total number of cases 321

Total number of hemipelvises 398

Thick (C2 mm) arterial anastomosis 22 5.5

Thin (\2 mm) arterial anastomosis 91 22.8

Total number of the arterial corona mortis 113 28.4

Pubic branch of inferior epigastric artery 66 16.6

Total number of arterial structure 179 45.0

Injury of the arterial corona mortis 6 1.5
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been reported; 8–65 % [1–5, 7, 11] for arterial CMOR and

17–60 % [1–4, 7, 11] for venous CMOR. The variation in

rates can be associated with the differences in the definition

of CMOR.

Injury of CMOR by a tack (which is a fixator like a

screw in shape and made from titanium) during TEP

hernioplasty have been reported previously [12, 13].

Therefore, to identify the probable locations of CMOR is

especially important for surgeons related the laparoscopic

henioplasty. The distance from symphysis pubis to CMOR

has been measured as 21–90 mm for both arterial and

venous CMOR, in previous series [1, 19, 20]. In our cases,

we could not measure it, because it was so difficult to

provide precise measurement due to two-dimensional

vision of the scope. But before application of tacker we

saw the vessel free area on the first part of Cooper’s liga-

ment. Based on this visual finding and the knowledge of

literature, we performed the fixation of mesh safely in great

majority of the cases.

In this study, injury of arterial CMOR was seen in six

cases (1.5 %). Although, it is generally accepted that vas-

culature overlying pubic bone are at risk of injury during

TEP hernia repair [3], there was no sufficient data in lit-

erature about the injury of CMOR. We found only one case

report presenting CMOR injury during tack stapling in TEP

procedure [13]. This study provides the most comprehen-

sive data about this issue. All of injured vessels by tack

stapling were thin (\2 mm) arterial anastomoses. We saw

that the small caliber arteries are prone to be injured due to

the insufficient visualization despite magnifying scope.

The major limitation of the study was lack of detailed

data about venous CMOR. During laparoscopic surgery, to

provide a workspace in preperitoneal area, 14 mmHg of

CO2 was given through the port. We thought that, the

pressure was much higher than in small venous structures.

In the majority of the cases in this study, we worked under

this high pressure. However, in the last few cases, we

observed that when we decreased the pressure from 14 to

10 mmHg, venous structures became visible (Fig. 3). This

revealed that the veins are collapsed under high pressure

(14 mmHg), seen like a thin white band on Cooper’s

ligament which is also white in color, and became

unidentifiable even under magnified view. Additionally,

the origins of vessels or obturator foramen were not

explored due to the risk of bleeding. Therefore, it is not

possible to obtain reliable data about venous CMOR.

Contrarily, Lau et al. [3] reported the incidence of venous

CMOR as 27 % in the study performed on living patients

during TEP procedure. According to us, the probable cause

of the difference between two studies was the pressure of

CO2 in the workspace, 10 vs 14 mmHg. The great majority

(89 hemipelvises, 82 %) of arterial CMOR was\2 mm in

this study. In previous studies, mean thickness of arterial

CMOR was reported as 3 mm [11] in the range of

2–4.2 mm [21]. From surgical perspective, the thickness is

important for visibility of the vessels. In conventional

surgery, it can be possible to miss the vessels smaller than

2 mm in diameter. In laparoscopic approaches, visibility

was better due to magnification of the scope. Therefore,

under a careful glance, arterial CMOR can be visible and

protected.

On the posterior surface of superior pubic ramus, there

is another arterial structure which is pubic branch of IEA. It

originates from IEA and runs parallel to superior border of

pubic ramus (Fig. 2). In this study, 65 hemipelvises

(16.6 %) had pubic branch of IEA without an aberrant

obturator artery. The injury of pubic branch of IEA during

laparoscopic hernioplasty has not been reported. But the

injury of it after trauma can be life-threatening [22, 23].

Therefore, it should not be ignored during laparoscopic

hernioplasty.

In literature, most of the studies have been performed on

cadavers. In these studies, authors have an advantage of

tactile examination on anatomical structures with three-

dimensional vision without a risk of damage or bleeding.

We thought that clinical meaning of these anatomical

structures is much more important for surgeons who were

studying on living patients. This study provides most

comprehensive in vivo data about CMOR. In laparoscopic

surgery, the scope provides two-dimensional vision which

is a disadvantage for examination, but it also provides

detailed information about anatomical structures due to the

magnifying property in a living patient.

In conclusion, the incidence of arterial CMOR was

28.4 % in this study. When the presence of pubic branch of

IEA is added, the probability to encounter with an arterial

structure on posterior pubic surface increases to 45.0 %.

Therefore, during TEP hernia repair, the tack should be

stapled as much as close to symphysis pubis on Cooper’s

ligament that would protect the injury of CMOR. Despite

the precautions, the incidence of arterial CMOR injury was

1.5 % in this study. Small caliber arteries (\2 mm) are

more prone to be injured during TEP hernia repair. To

explore venous structures properly, pressure in workspace

should be kept as low as possible.
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