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SUMMARY: Vascular structures are in greater danger during lumbar surgery. The purpose of this study is to describe the
morphology of the inferior vena cava (IVC) related to the lumbar vertebra and aortic bifurcation (AB) and assessingdeeraigaghic
values in these relations to decrease the risk of complications in the surgical interventions. The study was performddteatdfulti
Computed Tomography (MDCT) images of 100 male and 100 female cases with an age range from 50 to 84 years. The morphometric
values of the IVC obtained from the coronal, sagittal and the axial reformatted images were measured and compared wgttagifecdemo
values. The distance from the IVC to thdumbar vertebra (L1) anddumbar vertebra (L2) were measured as (26.5 mm and 18.1 mm)
in males and (21.1 mm and 14.2 mm) in females with a high level of significance between genders; the distance from tie IVC to t
iliocaval confluence (IC), 8lumbar vertebra (L3) and“4umbar vertebra (L4) were measured as (6.5 mm, 10.5 mm and 6.9 mm) in
males and (4.9 mm, 9.1 mm and 5.5 mm) in females with significance between genders. The level of the IC was detectede6 % of ma
39 % of females at the level of lower third of L4. The vertical distance between the IC and the AB was measured and me{giore co
between genders based on age was detected. Demographic values are important to consider the relationship of the IVC, the lumbar
vertebra and the AB. The IVC was located further from the lumbar vertebra in males compared to females. Age increaseipléyed rol
approaching of the AB and the IC to each other in both gender and the IC to the promontory level in males.
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INTRODUCTION

The lumbar spine surgery is one of the surgicaluring these procedures (Asenstal, 2000). Injuries that
technique between one or more of the first lumbar and thecur in the upper lumbar region between the second lum-
first sacral vertebra (L1-S1). The most common lumbar spiibar vertebra and the fourth lumbar vertebra (L2—L4) mainly
surgeries include the lumbar fusion, disc arthroplastgause damage to the AA and the IVC (Vaceral, 2012).
herniation and intradiscal electrothermal annuloplasty
(Inamasu & Guiot, 2006). The rate of lumbar spine surgery Spine surgeries can be performed near the anterior,
has increased since 80s even more in 90s (Maleb@h,  anterolateral (retroperitoneal) or posterior regions. Especially
2015; Weinsteiret al, 2006). Radiological studies indicateanterior spine surgery is a commonly accepted method, as it
that vascular structures such as the inferior vena cava (IV€juses less morbidity compared to conventional surgery
and the abdominal aorta (AA) have significant variability ifKornreichet al,, 1998). However, vascular bleeding is the
their relation to the lumbar vertebra (Kleengral, 2002). catastrophic complication associated with the anterior spine
Therefore, vascular structures are in greater danger and infargery. Although arterial injuries can be repaired by
abdominal vascular injuries possibly even lead to deatitamping, vascular injuries are difficult to repair and it needs
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grafting and ligation to control. Injury to sympathetic trunk After determining the iliocaval confluence (IC) as
is also other complication of this type of surgery (Vaccarthe confluence of the medial sides of the two common iliac
& Bono, 2007). veins, the following measurements were carried out. First,

the distance between the posterior surface of the IC and the
In this study, we aimed measuring the values of trenterior surface of the lumbar vertebra (IVCilio) was
morphometric data, such as distance and location of the I\WGrizontally measured on the sagittal reformatted image, after
according to the lumbar vertebra, the aortic bifurcation (AB)eing identified the IC on the axial reformatted image (Figs.
and the AA and comparing with the demographic values @fand 2). In addition, the distance from the IVC to the first
sex, height, body weight and age. (IVC-L1), second (IVC-L2), third (IVC-L3) and the fourth
lumbar vertebral body (IVC-L4) and the promontory level
(IVC-PR) were measured in a manner similar to the previous
MATERIAL AND METHOD measurement made (Fig. 1). The distance from the IVC to
the fifth lumbar vertebral body (IVC-L5) was excluded
because of the close proximity of the vessel and the vertebra.
This study was performed on radiologic images, takerhird, vertical and vector distances between the IC and the
for various medical reasons (leukemia, colon cancer, aclt® were measured on the coronal reformatted image, after
pancreatitis, abdominal pain, liposarcoma etc.), of 200 cheing identified on the axial reformatted image (Figs. 2—4).
ses (100 male and 100 female). Images were obtained usiglique distance was measured as the vector distance
a 64-slice multidetector row CT machine. The cases withetween the IC and the AB (VelC) (Fig. 3). To measure the
cardiovascular pathology, disc herniation and spinakrtical distance, a vertical line was drawn from the AB to
disorders were excluded from the study. The study cagbe point where intersected with the horizontal line that was
ranged in age from 50-84 years and their sex, height, weigltawn from the IC. The height of the vertical line was
and body mass index were recorded. The morphometric datantified as the vertical distance between the IC and the
in the axial, sagittal and the coronal sections were obtaineflB (VIC) (Fig. 4). Fourth, the level of the IC according to
Ethical approval of the study was obtained from the Norhe lumbar vertebra (LelC) was first identified on the sagittal
Invasive Clinical Research Ethics Committee (ethicakformatted image. Afterwards, that lumbar vertebra was
clearance number: 2013/480). divided into 3 parts (upper, middle and lower third) according
' ‘ to appearance of the transverse process on the axial
DERSSEE  reformatted image to determine the exact level of the IC
(Figs. 1 and 2).

Spin: -73

Spin: 90

Fig. 1. Sagittal reformatted image (*indicates: lliocaval confluenc
Oblique line: The distance of the iliocaval confluence from th&ig. 2. Axial reformatted image was used for the measurement of
promontory level, Horizontal lines: The distance of the inferiothe distance of the iliocaval confluence from the lumbar vertebra,
vena cava from the lumbar vertebral body, L4= Fourth lumbadhe level of the iliocaval confluence according to the lumbar vertebra
vertebra, PR= Promontory level). (* indicates: lliocaval confluence) .
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Fig. 3. Coronal reformatted image (IVC= Inferior vena cava, AA= A
dominal aorta; Oblique line= Vector distance between the iliocav

The lumbar vertebra, identified as the level of
the IC on the sagittal reformatted image, was also
vertically divided into 3 parts (left, median and right
third) on the coronal reformatted image to identify the
localization of the IC according to the vertebral column
(LolC) (Figs. 1-3).

Lastly, the localization of the IVC was indicated
as being on the right or left side of the AA (IAA) and
the localization of the IC was indicated as being above,
below or parallel with the AB (IAB) on the coronal
reformatted image (Fig. 3). Finally, all data were entered
into SPSS (Version 15.0).

RESULTS

The independent t-test was used to measure the
demographic values of age, height and weight of the
cases. According to results, the mean age of the cases
were 62.027.82 in males (range 50-78) and 6&74.6
in females (range 50-84), height was 178687 cm
in males (range 155-195 cm) and 156183.82 cm in

Bfemales (range 145-175 cm) and weight wastl8.24

Rb in males (range 47-120 kg) and 7483.21 kg in
females (range 50-110 kg in females). The cases were
divided into 3 different age groups (50-59, 60-69 and
>70). According to the SPSS frequency analysis, the
percentage of the samples based on age groups was 41
% (n= 82; males, n= 38, females, n= 44) for 50-59, 44
% (n= 88; males, n= 44, females, n= 44) for 60-69 and
15 % (n= 30; males, n= 18, females, n= 12}00.

Minimum, maximum and mean values were
calculated and the standard deviations of parameters
(IvVCilio, IVC-L1, IVC-L2, IVC-L3, IVC-L4, IVC-PR,

VelC and VIC) were determined. According to results,
the mean values and standard deviations of parameters
were 5.23.5 mm for IVCilio, 23.&6.4 mm for IVC-

L1, 11.6t5.4 mm for IVC-L2, 9.84.3 mm for IVC-L3,
6.2£3.8 mm for IVC-L4, 62.815.7 mm for IVC-PR,
29.2+7.9 mm for VelC and 20£9.0 mm for VIC (Table

).

The mean values, standard deviations and the
significance levels of obtained data based on sex were
evaluated using the independent t-test. It was determined
that there were statistically high significant differences
between measurements of males and females for IVC-

Fig. 4. Coronal reformattédimage (IVC= Inferior vena cava, AA= Apk1 and IVC-L2 (males: 26.5 and 18.1 mm; females:

dominal aorta; Vertical line: Vertical distance between the iliocav@l.1 and 14.2 mm), while statistically significant

confluence and the aortic bifurcation).
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Table I. Mean values and inter-gender significance levels of timales and females for IVCilio, IVC-L3 and IVC-L4 (ma-

data obtained from all cases (n= total number of cases #3&an

les: 6.5, 10.5 and 6.9 mm; females: 4.9, 9.1 and 5.5 mm)

mean valuet standard deviation, p= significance level, mMmSTaple ).

millimeter).
Sex n Mean+SD (mm) P

IVCilio  Male 100 6.5+4.2
Female 100 49428 0.030'
Total 200 5.743.5

IVC-L1  Male 100 26.5+7.0
Female 100 21.1+5.9 0.000°
Total 200 23.846.4

IVC-L2  Male 100 18.1+6.3
Female 100 14.2+4.6 0.000°
Total 200 11.6£5.4

IVC-L3  Male 100 10.5+4.6
Female 100 9.144.0 0.023!
Total 200 9.8+4.3

IVC-L4  Male 100 6.944.1
Female 100 5.543.5 0.012"
Total 200 6.243.8

IVC-PR  Male 100 62.8+16.4
Female 100 61.9+15.0 0.679
Total 200 62.3+15.7

VelC Male 100 29.6+8.6
Female 100 28.8+7.3 0.444
Total 200 29.2+7.9

VIC Male 100 20.8+10.1
Female 100 19.3+7.7 0.255
Total 200 20.04£9.0

1= Statistically significant difference found using p <0.05.
2= Statistically high significant difference found using p <0.01.

The correlation analysis and significance levels
were also evaluated between obtained data and
demographic values (age, height and weight) based on sex
using the SPSS correlation analysis. According to results,
there were a statistically significant difference and a
positive correlation between age and IVC-L4, negative
correlations between age and IVC-PR and VIC, a
statistically high significant difference and a negative
correlation between age and VelC in males, whereas a
statistically high significant difference and a negative
correlation between age and VIC in females.

A statistically high significant difference and a
negative correlation between height and IVCilio in females
were found.

Statistically high significant differences and positive
correlations were found between weight and IVC-L2 and
IVC-L3 in males, while statistically significant differences
and positive correlations were found between weight and
IVCilio and IVC-L3 in females (Table ).

In this study, LelC was found to be at the level of the
L3, L3-L4, L4, L4-L5,and L5 in 1 % (n=2), 10 % (n= 20),
64 % (n= 128), 16.5 % (n= 33), and 8.5 % (n= 17) cases,

Table Il. The correlations between all the data obtained and the demographic values based on gender (n= total number
of cases, r= correlation, p= significance level).

Age Height Weight
Sex n r p r P r P
IVCilio Male 100 -0.030 0.765 -0.023 0.82 0.139 0.169
Female 100 0.001 0.992 -0257* 0.01 0.2253 0.024
IVC-L1 Male 100 0.009 0.928 0.102 0.313 0.182 0.070
Female 100 -0.069 0.498 -0.09 0.332 0.100 0.323
IVC-L2 Male 100 0.082 0.416 0.176 0.080 0.3044 0.002
Female 100 0.032 0.749 -0.066 0.514 0.186 0.063
IVC-L3 Male 100 0.182 0.071 0.135 0.182 0.3224 0.001
Female 100 -0.011 0.910 0.034 0.737 0.2113 0.035
IVC-14 Male 100 0.2083 0.038 0.104 0.302 0.171 0.090
Female 100 0.010 0.920 0.050 0.618 0.153 0.128
IVC-PR Male 100 -0211° 0.035 0.120 0.234 0.186 0.064
Female 100 0.036 0.719 -0.024 0.811 -0.028 0.785
VelC Male 100 -0342? 0.000 0.090 0.373 0.099 0.327
Female 100 -0.132 0.192 0.164 0.103 0.014 0.888
VIC Male 100 0221 0.027 0.041 0.688 0.016 0.876
Female 100 -0.2784 0.005 0.102 0.313 -0.104 0.302

3= Correlation is significant at the 0.05 level (2- tailed).
4= Correlation is significant at the 0.01 level (2- tailed).
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Table 1ll. The percentage values of the level of the iliocaval confluence according to the vertebral column (%) (n= nasdE): of ¢

Male Female All cases
LelC LeAB LelC LeAB LelC LeAB

Level of Iliocaval Confluence n % n % n % n % n % n %
Middle third of L3 0 0 1 1 0 0 3 3 0 0 4 2
Lower third of L3 1 1 11 11 1 1 15 15 2 1 26 13
L3-L4 10 10 11 11 10 10 19 19 20 10 30 15
Upper third of L4 5 5 21 21 15 15 20 20 20 10 41 20.5
Middle third of L4 9 9 30 30 14 14 23 23 23 11.5 53 26.5
Lower third of L4 46 46 19 19 39 39 14 14 85 42.5 33 16.5
L4-L5 17 17 5 5 16 16 2 2 33 16.5 7 35
Upper third of L5 8 8 1 1 1 1 4 4 9 4.5 6 3
Middle third of L5 2 2 1 1 3 3 0 0 5 2.5 0 0
Lower third of L5 2 2 0 0 1 1 0 0 3 1.5 0 0
Total 100 100 100 100 100 100 100 100 200 100 200 100
respectively. In order to confirm the reliability of the obtained LelC and LeAB levels of individuals were also

results, the level of the AB according to the lumbar vertebevaluated in 3 age groups (50-59, 60-69a4@) in order
(LeAB) was determined in the same cases. Accordinglyy determine if there was a relationship between LelC/LeAB
LeAB was found to be at the level of the L3, L3-L4, L4, L4and age. In the measurements, LelC was found in 32 % of
L5 and L5 in 15 % (n= 30), 15 % (n= 30), 63.5 % (n=127)nales and in 18 % of females at the lower third of the L4 for
3.5 % (n=7) and 3 % (n= 6) of the cases, respectively. the 50-59 age group, in 13 % of males at the level of L4-L5
totally LelC was measured in 42.5 % (n= 85) of the sampléésc space and in 15 % of females at the lower third of the
at the lower third of the L4. The next common level of Lel@4 for the 60—69 age group, in 8 % of males at the upper
measured in 16.5 % (n= 33) of the samples was determirntéid of the L5 and in 6 % of females at the lower third of
at the level of the L4-L5 disc space. The level of the Ahe L4 for the=70 age group (Table V). LeAB was identified
(LeAB) was also measured and found at the middle third of 16 % of males and in 11 % of females at the middle third
the L4 in 26.5 % (n= 53) of the samples. The next commaf the L4 and in 11 % of females at the level of the the L3-
level of LeAB was found in 20.5 % (n= 41) of the samplek4 disc space for the 50-59 age group, in 11 % of males at
at the level of the upper third of the L4 according to th#ne middle third of the L4 and in 12 % of females at the
SPSS frequency analysis (Table Il1). lower third of the L3 for the 60—69 age group and in 9 % of
males at the lower third of the L4 and in 4 % of females at
LelC and LeAB were determined separately in mahe upper third of the L4 for ther0 age group (Table V).
les and females. LelC was most commonly seen at the lower
third of the L4, being at the L4 in 60 % (5 upper third, 9 LolC was found on the right third in 73.5 % (n=
middle third and 46 lower third) of males and 68 % (15 uppé#7), on the left third in 0.5 % (n= 1) and on the median
third, 14 middle third and 39 lower third) of females in tothird of the vertebral column in 26 % (n= 52) of the samples
tal; whereas LeAB was most commonly seen at the midddecording to the SPSS frequency analysis (Fig. 5). IAA was
third of the L4, being at the L4 in 70 % (21 upper third, 3@entified on the right side of the AA for all individuals.
middle third and 19 lower third) of males, and 57 % (20AB was identified above in 1 % (n= 2), parallel in 2 % (n=
upper third, 23 middle third and 14 lower third) of femaled) and below in 97 % (n= 194) of the samples according to
in total (Table III). the SPSS frequency analysis.

Table IV. The comparison between the level of the iliocaval confluence and age group based on sex (%).

L(?wer Upper Middle quer Upper Ml:ddle L(.)wer
Third of L3-1L4 Third of Third of L4 Third of L4-L5 Third of L5 Third of Third of
L3 L4 L4 L5 L5
Male 50-59 1 4 — — 32 — — — -
60—69 - 6 5 9 12 13 - - —
>70 --- --- --- --- 2 2 8 2 2
Female 50-59 1 1 6 10 18 7 - -—- 1
60—-69 - 9 8 3 15 7 1 1 ---
>70 - - 1 1 6 2 -—- 2 ---
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Table V. The comparison between the level of the aortic bifurcation and age groups based on sex (%).

L(.)wer UPper Middle L(?wer Upper Mi.ddle L?wer
Third of L3-L4 Third of Third of L4 Third of L4-1L5 Third of L5 Third of Third of
L3 L4 L4 L5 L5
Male 50-59 1 4 2 13 16 1 - — 1
60-69 --- 7 9 8 11 9 1 — —
>70 - -—- -—- - 3 9 4 1 ---
Female 50-59 2 3 11 9 11 7 - 1 -—
60—69 1 12 6 7 6 2 1 -—-
>70 -—- -—- 2 4 3 1 - 2 -—-

al. (2007) performed an anatomic study on cadavers. The IC
was reported to be above the promontory level, IVC-PR
39.4t10.6 mm, in all male cases. Similarly, the IC was found
to be above the promontory level, in all cases in the present
study (Table I). Accordingly, age increase in males was
determined to play a role in the approaching of the IC to the
promontory level (Table II). As a result, it is believed that the
greater distance from the IC to the promontory level compared
with the previous study could be associated with acquiring

& 5
©
£
S 4
o
e
[7)
o

0.5

: - : the data from two different sexs and performing the
Right Third Left Third Median Third measurements on MDCT images.
Fig. 5. The percentage values of localization of the iliocaval
confluence according to the vertebral column (%). Kornreichet al. reported that the level of the IC des-
cended from (L4-L5) to (L5-S1) due to age. Especially in
DISCUSSION older patients, the correlations of these veins and their

distances between each other were of great importance during
surgical interventions conducted at this level. VelC was
Degeneration of the lumbar vertebra and anatomieported to be 19 mm by Pired al (2005) and between 2

variations of the IVC lead to critical bleeding in the largénm and 45 mm in 38 cases by Buial (2013). The
vessels during anterior spinal surgery. Therefore, it is vepieasurement of VelC was found similar to the previous
useful to determine the location of large vessels and orgagisidies (Table 1). Although no study made about VIC was
under the guidance of CT prior to surgical interventiofound during the literature review, it was measured so as to
(Koizuka et al, 2012). In this study, the anatomic detailssonfirm the reliability of VelC. According to our results, the
concerning the distance from the IVC to the lumbar vertebgB and the IC were approached each other as the age
were measured. The literature review revealed that no studigsrease (Table I1). It is believed that this result could be
have been conducted on the distance between the IVC andgBgociated with the degeneration occurring in the vertebra
lumbar vertebra. According to values of the present study,dtie to old age.
was determined that the distance between the IVC and the
lumbar vertebra was increased as the IVC ascended upwards  During anterior approach, large surgical area is required
in both sex. The IVC was also located further from the vertebf@ access to the L5-S1 disc space and the scope of intervention
in males compared to females. This could be attributed to tRdimited by the IC and the AB. This situation potentially leads
degeneration that occurs in the vertebra of females during fiéesevere venous wounds that result in morbidity and death.
postmenopausal period. Additionally, the IC was also locatgdiditionally, the risk of injuries increases due to anatomic
further from the vertebra in short compared to tall femalegriations (Madet al, 2006). According to “Gray’s Anatomy”
and fat compared to thin females. More studies need to §&d “Clinical Anatomy by Regions”, LelC is located in line
done to determine the reason of that result (Table | and ll)with the L5 vertebra and just to the right of midline (Snell,

2008). According to other studies where one conducted by

Lumbosacral fixation is the most common preferrehanetzet al (2003) LelC reported to be at the following levels:

method for lumbosacral pathologies. However, it leads 105-S1 disc space in 3.8 %, L5 vertebral body in 80.8 %, L4-
penetration of the anterior sacral cortex and damages to tt®disc space in 11.5 %, L4 vertebral body in 3.8 %: Koizuka
neurovascular structures, due to failure to place the screwdnd. reported L3 vertebral body in 11 of 36 patients (30.6
the appropriate direction or at the appropriate depth. Btguros); Appajiet al (2014) reported L4 vertebral body in 60 %,
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62.5 % of which is at the lower border of L4 vertebral bodkgEskINOZ, E. N.: SALBACAK, A.: AKIN, D.: KABAKCI, A.

and 20.83 % at the upper border of L4 vertebral body, andA.; YILMAZ, M. T.; CICEKCIBASI, A. E. & OZBEK, O.  Ana-

24 % at thé.4 vertebral body; Lakchayapakorn & Siriprakarnlisis morfométrico de la vena casnferior relacionado con las vérte-
(2008) reported L5 vertebral body in 69 %; Kawaletral ~ bras lumbares en la bifurcacién adrtica mediante tomografia
(1996) reported L4-L5 disc space in 95 % or L5 vertebréag';‘p;:)aldao”zada multidetector (TCMIt. J. Morphol., 34(2520-
body; Capelladest al (2000) reported L4 vertebral body in =" '

4-21 %; and Pirrét al reported S1 vertebral body in 10 %. RESUMEN: Las estructuras vasculares corren gran peligro
Our re;ults were similar to_the previous studies as the IC Wasante la cirugia lumbar. El propésito de este estudio fue describir la
determined at the lower third of L4 whereas the AB was se@fbrfologia de la vena cava inferior (VCI) en relacion con las vérte-

at the middle third of L4. It is concluded that the IC wasras lumbares y la bifurcacion adrtica (BA), junto con evaluar los va-
determined below the AB (Table I1I). lores demograficos de estas relaciones para disminuir el riesgo de com-
plicaciones en las intervenciones quirdrgicas. Se utilizaron tomografias

Adiverse set of opinions has been put forward aboﬁ?mputadorizadas multidetector (TCMD) de 100 casos de hombres y
.mujeres entre 50 a 84 afios de edad. Los valores morfométricos de la

the. Va.r.labmty of the IC, including ongs that ascnt_)e thl@CI se obtuvieron desde imagenes coronales y sagitales reformateadas,
Va”e}b'“ty to the difference of population 'nVOIVed_ in themedidas y comparadas con los valores demograficos. Se midi6 la dis-
studies or to the fact that venous vessels have quite a l0tfcia de la VCl ala 1a (L1) y 2a vértebra lumbar (L2), en hombres de
variations in the body compared to the arterial vessels or265 mmy 18,1 mm respectivamente, y en mujeres de 21,1 mmy 14,2
the increased degeneration in the intervertebral disc duemum, respectivamente, con un alto nivel de significancia entre el sexos.
aging, which leads to the shortening of vertebral colunlsi distancia desde la VCI a la confluencia iliocava (Cl), 3a (L3) y 4a

and the pulling of the IC and the AB levels downwardgértebralumbar (L4) fue para los hombres de 6,5 mm, 10,5 mmy 6,9
(Appaji et al) mm, respectivamente, y en mujeres de 4,9 mm, 9,1 mmy 55 mm

respectivamente, con significancia entre los sexos. El nivel de la IC se

. detectd en 46 % de los varones y en el 39 % de las mujeres, a nivel de
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. BA y la IC, tanto entre si como segun sexo, con la Cl a nivel del
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of the level of the IC; and Kornreigtt al. reported that this PALABRAS CLAVE: Bifurcacion adrtica; Vena cava infe-

prolongation was more apparent in females. As specifiedrior; Confluencia lliocaval; Vertebra lumbar; TCMD.
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