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Abstract

Introduction: Despite the critical role of the uterine artery (UA) and vaginal artery (VA) in
the blood supply to the pelvic organs and cavity, there is a paucity of descriptions of their
origin, course, and dimensions.

Aim: The aim of the study was to present a detailed account based on a cadaveric study on
pelvic halves of 31 female embalmed cadavers belonging an Indian population.

Methods: A total of 31 female cadavers (62 pelvic halves) in the age group of 34-75 years
belonging an Indian population were dissected.

Results: There were no variations in the origin, course, distribution and length of the UA
and VA and their branches. However, in a significant number of cadavers, the diameter of
the UA was smaller than normal, while the corresponding VA in these same cadavers was
larger than normal. Additionally, in other cadavers where the diameter of the UA was larger
than normal, the diameters of the VA was smaller than normal.

Conclusion: Thus, uterus received complementary blood supply from the UA and VA.
However, a more definitive pattern of blood supply to the uterus could not be established
due to a limited number of cadavers. Further, since adequate studies from different
population groups were not available, a more detailed description of the branching patterns
and dimensions of the UA and VA and their branches in different population groups could
not be formulated.
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Introduction

The blood supply of a region is determined by functional
considerations, such that structures participating in a common activity
tend to receive their blood supply from the same arterial source.'
Since, this inevitably make simultaneous demands on a limited
blood supply, the pattern of arterial branching is fundamental to the
understanding of the efficiency of blood supply to a region.>* In this
context, the concentration of anatomical structures within the closely
packed confines of the pelvis makes the study of the vascular patterns
of the uterine artery (UA) and vaginal artery (VA) particularly critical
in the elucidation of the physiological processes and the management
of pathological conditions of pelvic.!?

Pregnancy is a physiological state which imposes a considerable
demand on uterine blood.® Since increased uteroplacental blood
flow is necessary for a normal outcome of pregnancy, dysfunction
of uterine blood flow has been implicated in the causation of fetal
and maternal pathologies.>” An adequate blood supply is normally
accomplished during pregnancy, by an increase in the diameter of
the uterine artery (UA), without a corresponding thickening of the
arterial wall. From a clinical standpoint, in rare occasions bilateral

UA ligation has been used in the management of intractable uterine
bleeding during childbirth.>*8

In addition, pathological conditions of the female reproductive
tract in general and the uterus in particular, are among the most
common reasons for gynaecological referrals.*” Of these, uterine
fibroids are one of the most common uterine tumors, and symptomatic
fibroids is one of the most common indications for hysterectomy.® The
blood supply through the UA facilitates the growth of these fibroids,
and hence a reduction of blood supply is utilized to reduce their size.’
Therefore, arterial embolization of the UA is commonly employed as
a preoperative adjunct or as an alternative to surgery in the treatment
of uterine fibroids.'*!° In addition, hysterectomies are often carried
in post-menopausal women to manage large uterine fibroids or
malignancies.'' Thus, the regulation of blood flow through the UA is
the basis for many of the therapeutic interventions that are commonly
employed for management of conditions of the uterus.'

Hence, considering the clinical implications an accurate description
of the vascular pattern of the UA and VA and their branches will lead
to better preoperative investigation and diagnosis, and increased
success of minimally invasive surgery. However, determination of the
accurate blood flow volume measurements in the UA are subject to
many limitations that include, but are not limited to, anatomic issues
on the sampling site,"* and variations of collateral blood flow from
uterine, vaginal and ovarian arteries.>®!* There is a paucity of detailed
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reports of the hemodynamics of the uterus and vagina despite their
critical role in the blood supply to the pelvic cavity.’

Blood supply of the pelvic cavity

The internal iliac artery (IIA) is one of the terminal branches of
the common iliac artery (CIA), the other terminal branch being the
external iliac artery (EIA). While the EIA supplies the lower extremity,
the IIA supplies the pelvic viscera, perineum, pelvic wall and gluteal
region through its various branches.'® The ITA terminates into anterior
and posterior divisions, typically anterior to the sacroiliac joint. The
anterior divides into visceral branches that supply the pelvic organs
and the parietal branches that supply the muscles of the gluteal region
and upper thigh.>”® All the branches from the posterior division are
parietal, and supply the ventral and dorsal aspects of the posterior
abdominal wall and the gluteal region.'®

The UA is one of the visceral branches of the anterior division
of the IIA. Each UA passes anterior to the pelvic part of the ureter,
and courses from the lateral to the medial direction along the inferior
part of the broad ligament of the uterus. It then descends to the level
of the isthmus of the uterus, where it bifurcates into ascending and
descending branches. The ascending branches course along the margin
of the uterus, and anastomose with branches of the ovarian artery,
which is a direct branch of the abdominal aorta. These branches supply
the upper part of the uterus, part of uterine tube, ovary, other contents
of the broad ligament of the uterus, and the urinary bladder.>'” The
descending branches of the UA anastomose with ascending branches
from the VA and supply the uterine cervix and vagina. In addition, the
UA also gives rise to intramural branches that arise from the medial
aspect and are called the arcuate arteries. The terminal branches of the
arcuate arteries frequently anastomose with those of the contralateral
side to provide blood supply to the myometrium of the uterus.

The VA is also a branch of the anterior division of the IIA, and
is often considered to be a homolog of the inferior vesical artery in
males.'*!%!8 The VA arises slightly superior and posterior to the origin
of each UA and descends inferiorly to supply fundus of the urinary
bladder, adjacent part of the rectum and upper part of the vagina.’
The VA also has ascending branches which anastomose with the
descending branches from the UA, and supply the cervix and upper
part of the vagina.

Aim of study

A patchwork of information exists regarding details of the
vascular anatomy of the UA and VA and its branches. Hence, this
study aims to provide a detailed account of the level and mode of
origin and termination, length and mean external diameter of these
arteries and their branches in an Indian population. It also aims to
compare the results of this study with previously reported anatomical,
physiological surgical, and radiological studies on these arteries.

Material and methods

The study was performed, following institutional approval, on
randomly chosen embalmed cadavers prepared for student dissection
in the Department of Anatomy, NRI Medical College, and Guntur,
India. A total of 31 female cadavers (62 pelvic halves) in the age group
of 34-75 years belonging an Indian population were studied. None of
the cadavers displayed any signs of obvious pelvic disease, injury,
vascular intervention or surgery. The present study was confined to
the ITA and its branches that are located only within the pelvis.
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All the cadavers were embalmed with a modified Larssen
solution in preparation for teaching and research purposes within the
Department of Anatomy, NRI Medical College, India. The modified
Larssen solution included 100mL of 10% formalin, 400mL glycerine,
200g chloral hydrate, 200g sodium sulphate, 200g sodium bicarbonate,
180g sodium chloride in the final working solution of 9.5L of distilled
water.’ The solution was maintained at pH9 by using Sodium borate
as a buffer.!” An average of 6.5-7.1L was infused arterially in each
cadaver, using a pulsed infusion at a rate of 60—70 pulses per minute,
and the whole injection was performed over 30—45min.}

In each embalmed cadaver a vertical incision was made in the
anterior abdominal wall from the xiphoid process of the sternum
to the symphysis pubis. Transverse incisions were then made from
the umbilicus to the right and left sides of the abdominal wall. The
two upper skin flaps of abdominal wall were reflected upwards and
laterally and the lower two skin flaps were reflected downwards and
laterally. The pelvic viscera were retracted laterally to expose the UA
and VA and its branches. The other individual branches of the IIA
were identified and then removed, along with the internal iliac vein
and its tributaries were identified and then removed to obtain a clear
exposure of the UA and VA.

The lengths of UA and VA were measured using a Fowler 54-
101-175 Poly-Cal Digital Calliper (resolution: 0.0lmm accuracy:
0.02mm). The external diameters of these arteries were measured
using a Mitutoyo 753-1966 Digimatic Digital (resolution: 0.005mm
accuracy: 0.0lmm). All measurements were taken without stretching
or compressing the artery, and external diameters of the branches were
recorded at their point of origin from the IIA, as described by Babuccu
et al.* At least two measurements of each vessel were performed, and
the mean value was accepted as the mean external diameter of the
vessel. To minimize inter-observer error, 25% of the measurements
were also re-taken by a separate, independent individual.

All statistical analyses were carried out using SPSS software,
version 11.0 (SPSS Inc.; Chicago, Ill). The values are presented as
mean = SD; and range. The Chi-squared test was used to analyse
differences between the right and left sides, while continuous data
were compared using the Student t-test. A p-value of <0.05 was
considered significant.

Observations

A total of 31 female cadavers (62 pelvic halves) belonging to an
Indian population were studied. All dimensions of the UA and VA
are presented as the mean + standard deviation (SD) and range. In
conformity with previous literature, an artery with a dimension of 1
SD or more below the mean value, was operationally defined to be
smaller than normal. Similarly, a vessel with a dimension of 1 SD
or more above the mean value, was considered to be larger than
normal.”?

Internal iliac artery

In all specimens, on both sides, the IIA originated as a terminal
branch of the CIA and was located anterior to sacroiliac joint, and
descended posteromedially into the lesser pelvis. It had a normal
origin, course, and distribution, and then terminated into anterior and
posterior divisions. The anterior division continued towards the ischial
spine, while the posterior division exited the pelvic cavity through the
suprapiriform foramen. The mean length of the IIA on the left side was
3.68+0.16cm (range: 3.63-4.06cm), and 3.54+0.22cm (range: 3.27-
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3.79cm) on the right side. The mean external diameters of IIA were
10.4340.35mm (range: 10.17-10.98 mm) and 10.35+0.29mm (range:
10.19-10.58 mm) on the left and right sides respectively. There were
no significant differences in the mean lengths or external diameters
of the IIA in between both sides of individual cadavers (p>0.05), or
among individual cadavers (p>0.05) (Table 1).

Uterine artery

The UA originated from the anterior division of the IIA in all the
cadavers, and had a tortuous course (Figure 1). It crossed the ureter
at right angles and descended to the level of the internal os of the
cervix, where it divided into ascending and descending branches.
The ascending branches coursed superiorly along the margin of the
uterus and continued medially along the base of the broad ligament,
and supplied the upper part of the uterus, part of uterine tube, urinary
bladder and terminal part of ureter. Branches of the ascending division
of the UA anastomosed with branches from the ovarian artery within
the broad ligament and supplied the contents of the broad ligament of
the uterus. In addition, descending branches of the UA were observed
along both sides of the supra vaginal part of cervix that anastomosed

Table | Dimensions of the internal iliac artery
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with the ascending branches of the VA. These branches supplied the
uterine cervix and vagina. The arcuate arteries could also be observed
arising from the medial aspect of the UA on both sides and supplied
muscular branches to the anterior and posterior aspects of the uterus.
No variations were observed in the origin, course and distribution of
the UA.

The mean length of the UA was 4.32+0.11cm (range: 4.19-4.45
cm) on the left side, and 4.294+0.09 cm (range: 4.18-4.43cm) on the
right side. There were no significant differences in the lengths of the
UA between the right and left sides, or among individual cadavers
(p>0.05). The mean external diameter of UA was 1.38+0.42mm
(range: 0.91-1.99mm) on the left side, and 1.39+0.38mm (range: 0.99-
1.88mm) on the right side. In 12.90% (n=8) cadavers the diameters
of the UA were smaller than normal (1 SD or less below the mean
external diameter), while in 9.68% (n=6) cadavers the diameters of
the UA were larger than normal (1 SD or less above the mean external
diameter). No significant differences in any dimensions of the UA
were observed between the left and right sides of individual cadavers
(p>0.05) (Table 2).

Left side (Mean £ SD) Right side (Mean £ SD) p-value
(Range) (Range)
Length of internal iliac artery (cm) 3.68+0.16 3.54+0.22 0.063
(3.63-4.06) (3.27-3.79)
External diameter of internal iliac artery (mm) 10.43£0.35 10.35£0.29 0.071
(10.17-10.98) (10.19-10.58)
Table 2 Dimensions of the uterine artery
Left side (Mean £ SD) Right side (Mean % SD) p-value
(Range) (Range)
Length of uterine artery (cm) 4.32%0.11 4.29+0.09 0.071
(4.19-4.45cm) (4.18-4.43cm)
External diameter of uterine artery (mm) 1.38+0.42 1.39+0.38 0.066
(0.91-1.99) (0.99-1.88)
Table 3 Dimensions of the vaginal artery
Left side (Mean £ SD) Right side (Mean t SD) p-value
(Range) (Range)
Length of vaginal artery (cm) 6.57£0.15 6.76+0.18 0.069
(6.39-6.87cm) (6.44-6.76cm)
External diameter of vaginal artery (mm) 1.33+£0.54 1.48+0.57 0.067
(0.76-2.13mm) (0.82-2.28mm)
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Vaginal artery

The observations of the VA are also based on the same 62 female
pelvic halves that have been previously described. In all the cadavers it
originated from the anterior division of the IIA, and descended towards
the vagina (Figure 1). The VA divided into ascending and descending
branches that supplied both surfaces of the vagina, and adjacent parts
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of the urinary bladder and rectum. The ascending branches of the VA
could be seen anastomosing with descending branches of the UA and
supplied the lower part of the cervix and upper part of the vagina. The
descending branches of the VA supplied the lower part of the vagina
and adjoining tissues. No anatomical variations were recognized in
the origin, course and distribution of the VA.

Internal iliac artery
(anterior division)

Figure | The uterine artery and vaginal artery arising from the anterior division of the internal iliac artery. Scale bar represents lcm.

The mean length of the VA was 6.57+0.15 cm (range: 6.39-
6.87cm) on the left side and 6.76+0.18cm (range: 6.44-6.76cm) on
the right side. There were no significant differences in the lengths of
the VA between the right and left sides (p>0.05). The mean external
diameter of the VA was 1.33+0.54 mm (range: 0.76-2.13mm) on the
left side and 1.48+0.57mm (range: 0.82-2.28mm) on the right side.
However, in 6.45% (n=4) cadavers the diameters of the VA were
smaller than normal (1 SD or less below the mean external diameter),
while in 8.06% (n=5) cadavers the diameters of the UA were larger
than normal (1 SD or less above the mean external diameter). No
significant differences in any dimensions of the VA were observed
between the left and right sides of individual cadavers (p>0.05) (Table
3).

Comparisons of the diameters of vaginal and uterine
arteries in individual cadavers

Since the external diameters of the UA and VA displayed
significant variations, further analysis of each individual pelvic halve
was carried out. In cadavers where the diameter of the UA was smaller
than the mean external diameter (n=8), the diameter of the VA was
also larger than the mean external diameter in 6.52% (n=5) cadavers.
Correspondingly, in the cadavers where the diameter of the UA was
larger than the mean external diameter (n=6), the diameter of the VA
was smaller than the mean external diameter in 6.45% (n=4) cadavers.
However, no significant differences (p>0.05) in dimensions were
observed between the left and right sides of any of these individual
cadavers that showed variations.

Hence, while the UA and VA did not display any significant
variations in their lengths, there were significant variations in the
external diameters of the UA and VA. In a total of 14.52% (n=9)
cadavers the mean external diameters of the UA and VA were
antipodally smaller or larger.

Discussion

Mapping arterial variations and quantifying their dimensions is
significant in both research and clinical settings, since they often serve
as surrogates for determinates for vascular health.'®?! Heterogeneity
in arterial dimensions represents a spectrum, the extremes of which
represent pathological changes.?” The existing data in the literature
on the UA and VA and their branches has focused on the origin,
course, distribution and dimensions with very limited information
on bilaterally and racial variations.’ This underscores the need for
reference databases to determine the efficiency of arterial circulation
at a given anatomical point.>!>* Thus, the specific aim of this study
was to compile normative data to add to the body of information
regarding the origin, distribution and dimensions of the UA and VA
and their branches.

Cadaveric derived information of specific arteries is fundamental
to the interpretation of results of computerized angiographic studies.
Methodological constraints can limit magnetic resonance angiography
due to the limited resolution of smaller blood vessels within the pelvis,
and the lack of bony landmarks.”? Conventional angiography of UA
and VA have been reported to occasionally create a false impression
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of arterial occlusion within the pelvis because of slowing of blood
flow through aberrant branches of the UA and VA.?** Similarly metal
implants have also been reported to cause artefact formation in
computerized tomography generated angiographic images.®!""* In
addition, pelvic ischemia has at times been reported to be wrongly
diagnosed because of erroneous placement of the catheter tip into
aberrant branches of UA and VA.* Lastly, since conventional Doppler
is often limited in identifying deeply located arterial perforators, color
Doppler is often used.”> However, the accuracy of color Doppler is
dependent on human variations such as the experience of radiologist."”
Hence, a detailed cadaver-based identification is crucial in the
management of bleeding in the pelvic cavity, avoidance of iatrogenic
injury to the branches of ITA, treatment of uterine fibroids and the use
of perforator flaps in reconstruction surgery.

All vascular dimensions in this study were recorded using
electronic digital callipers which have been documented to have
a high resolution and accuracy.® In addition, the reliability of the
methods of measurements used in this study have also been previously
confirmed by three-dimensional digital image correlation (3D-DIC)
studies,”” high resolution B-mode ultrasound'"'* and direct in vivo
measurements.'? The accuracy of the measurements in this study were
further reconfirmed by comparing dimensions obtained using slide
calipers with measurements using digital stereo images of arteries
using digital CCD Point Grey cameras with an image resolution of
1028x768 pixels (data not shown).

Since this study involved the analysis of dimensions of blood
vessels of embalmed human cadavers, concerns can be raised about
how reflective these values are of the actual living population. Such
concerns are most relevant when cadavers have been rapidly frozen
resulting in shrinkage,”'** or rapidly filled with latex resulting in
expansion of blood vessels.® In this study, an appropriate volume of
a modified Larssen solution*'® was used for embalming which has
been shown to prevent fragmentation of both soluble and non-soluble
proteins,»''?° and ensuring adequate fixation of lipids® and nucleic
acids in cadavers.’ This ensures that the linear non-load-deformation
characteristic of blood vessels is maintained in cadavers.?* In addition,
the ITA and its branches contain a high percentage of elastic tissue'
and smooth muscle in the tunica media,"** and hence are not prone
to collapse.’ Therefore, concerns regarding the effect of distortion
and shrinkage in cadavers that have been embalmed with a modified
Larssen solution are largely unfounded.

In this study no variations were observed in the origin or course
of the UA or VA in any of the cadavers. This is in contrast to previous
studies where the UA has been reported to originate from a common
trunk along with the umbilical artery in 80.7% of cases,’ or arise
directly from the IIA as a common trunk along with the umbilical
artery in 13.16% of cadavers.!” There are also reports of the origin
of the UA from the superior gluteal artery in 3.51-9.17% of cases.”**
Further, no variations were observed in the course of the VA. The
findings in this study are again in contrast to previous studies that
reported that the VA has also been observed to arise as a common
trunk with the inferior gluteal artery in 1.75% of cadavers, and directly
from the OA in 0.88% of cases.” However, it is possible that the lesser
number of cadavers in this might have precluded the identification of
variations of the UA or VA>.

These variations in the origin of the UA and VA, can be attributed
to the uneven,>'"?? and unpredictable'' growth of anastomotic blood
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vessels in the pelvic cavity during embryological development.” The
final arterial pattern of the pelvic cavity and lower extremity is derived
from a selection of vascular channels that arise from the abdominal
plexus and plexuses.?” During embryological development, the
most appropriate channels connecting these two plexuses enlarge,
while others retract and disappear.'"'” However, before the final
appearance of the UA and VA as independent blood vessels the blood
flow destined for the pelvis and lower extremities makes anomalous
choices of source channels.'

The mean length of the UA was 4.324+0.11cm (range: 4.19-
4.45cm) and 4.29+0.09cm (range: 4.18-4.43cm) on the left and
right sides respectively. The mean length of the VA on the left side
was 6.57+0.15cm (range: 6.39-6.87cm), and on the right side the
mean length was 6.76+0.18cm (range: 6.44-6.76cm). There were no
significant differences in the lengths of the UA or VA between the
right and left sides, or among individual cadavers (p>0.05). The
findings of this study are in agreement with previous studies where
the length of the UA have been reported to be between 4.1-5.2cm, and
6.2-7.3cm of the VA3

The most striking observations in this study were the variations
in the external diameters of the UA and the VA. In cadavers where
the UA was bilaterally narrower than normal, the VA was bilaterally
larger than normal. In addition, cadavers where the UA was wider
than normal the VA was narrower than normal. This advances the
suggestion that the UA and VA could be providing significant collateral
blood supply to the uterus, then has been suggested in literature. This
is clinically relevant as one of the approaches for the management
of uterine conditions is by the restriction of the blood supply of
the uterus. However, reports exist of the reoccurrence of uterine
fibroids*'?’ and even an increase in their sizes following occlusion
of the UA.'>!" Based on the results of this study, the possibility exists
that the diameter of the VA increased to provide more blood to the
uterus following occlusion of the UA. This is plausible considering
that a compensatory increase in blood flow in the ovarian artery has
been reported in pathologic conditions of the uterus. However, though
these vascular abnormalities were observed, due to the limited number
of cadavers and a lack of complete medical history it could not be
determined if the changes in the external diameters of the UA and
VA were a compensatory mechanism or a physiological phenomenon.

In addition, the variations in the branching patterns observed in this
study, and also reported in previous literature, also provide a possible
reason for reports of the sudden onset of bleeding in the pelvic cavity
without apparent cause following reconstructive surgeries in 2.2%*"
to 34%" patients. Though dislodgement of occluding material at
the bleeding site has been offered as an explanation,* no definite
evidence supporting this viewpoint has been reported. Hence it can
be postulated that such unexpected postoperative bleeding may be
due to the opening of aberrant branches of the UA and VA that could
not be detected during initial angiographic procedures due to transient
compensatory vasospasm, though no aberrant branches were observed
in this particular study.

Hence, the variations observed in the UA and VA provides an
insight into the blood supply of the pelvic cavity. It also underscores
the need for a more detailed analysis of the branching patters of the

UA and VA.
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Limitations

However, certain limitations exist regarding this study. Firstly,
no detailed medical records were available about the cadaveric
specimens. Hence, it could not be ascertained if any obstetrical or
gynaecologic conditions could have resulted in the changes observed
in the external diameter of the UA and VA. The use of a large sample
of embalmed specimens with a detailed examination of medical
records will yield more exhaustive information.

Again, while this study provides a detailed description of the
origin, course, distribution and dimensions of the UA and VA and their
branches, the extrapolation of this data to a larger and more universal
population is restricted. This is primarily because this study was
carried out on a relatively smaller number of cadavers. In addition,
adequate comparisons within the Indian population, or any other
demographic group was not possible due to the fragmented nature of
the available information. Hence for a more detailed description of the
UA and VA and their branches, studies on a larger number of cadavers
from different population groups are necessary.

Finally, the variations that were observed in the external diameters
of some of the branches of the UA and VA, could be attributed to
physiological responses to the Body Mass Index (BMI) of an
individual. However, the BMI could not be determined in these
cadavers as they had already been perfused, and hence accurate
measurements of the body weight were not possible. Hence, the
values of the vascular dimensions could not be normalized to perform
a correlation analysis, since calculations based on the BMI have been
reported to produce the most accurate correlations.'”

Conclusion

The findings in this study are clinically significant considering
the vital role of UA and VA of providing collateral blood supply to
the uterus. Since manipulation of the blood supply to the uterus is a
common therapeutic intervention a description of the UA and VA and
their branches, will facilitate the acquisition of better clinical results,
and avoid iatrogenic complications due to untargeted embolization
of the surrounding organs. Considering some of the limitations of
computerized angiographic investigations, studies using embalmed
human bodies are still vital in the elucidation of anatomical—
morphological features.

This is clinically significant in the management of conditions
associated with these locations. The UA and VA have a critical role
in providing blood supply to the pelvic organs. Hence In addition, as
diagnostic and interventional angiographic procedures become more
popular, such information would be valuable in the prevention of
interruption of circulation.
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