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SUMMARY

The aim of our study was to describe the critical
area for iatrogenic lesions of the lumbar veins dur-
ing the intraoperative manipulation of the renal
veins and propose predictive indications for identi-
fying those veins found in potential risk for iatro-
genic lesions. Adult human cadavers were dissect-
ed and contrast enhanced images of CT and MR
scans were randomly selected and analyzed. The
distances from the first lumbar veins to the right
and left renal veins were measured, respectively.
The diameter of the renal veins and of the inferior
vena cava was calculated. Correlation of the dis-
tances between the first lumbar veins and the cor-
responding renal veins, as well as the diameter of
the renal veins and the inferior vena cava was per-
formed.

We obtained 205 specimens. The average dis-
tances between the right and left first lumbar veins
and their respective renal veins was 3,5cm and
3,8cm, respectively (p<0.0001). We found 40
(20%), 96 (46%) and 69 (34%) lumbar veins at
high, moderate and low risk for intraoperative le-
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sion, on the right side, respectively, and 34 (17%),
86 (42%) and 85 (41%) lumbar veins, on the left
side, respectively. The correlation between the
size of the renal veins and the first lumbar vein-
renal vein distance found a statistically significant
difference, only on the left side (p=0.02). We de-
scribe the arrangement of the lumbar veins in rela-
tion to the renal veins, proposing a way to predict
the existence of a "risk zone" for inadvertent, in-
traoperative vascular lesions.
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INTRODUCTION

Kidney surgeries, especially those related to kid-
ney transplants (Li et al., 2011) and the resection
of tumors that invade the inferior vena cava
(Abbasi et al., 2012), can lead to various complica-
tions, but iatrogenic lesions of a lumbar vein, alt-
hough uncommon, during the manipulation of the
renal vein and/or the inferior vena cava are per-
haps the most dramatic ones for the urologist. As
they are short and relatively small, when lesioned,
they may retract into the adjacent adipose tissue,
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making them almost impossible to repair, and thus
evolving to intense local bleeding that is difficult to
control (Lawindy et al., 2012). Other specialists
who work in this pre-vertebral area, such as vascu-
lar surgeons and orthopedists specializing in the
spine, can also face difficulties when they do not
take into consideration the anatomical arrange-
ment of the lumbar veins (Costa et al., 2005; Flou-
zat-Lachaniette et al., 2013; Marchi et al., 2015).

According to the classic anatomy texts, lumbar
veins are responsible for the drainage of the mus-
cles of the abdomen’s posterior wall and have di-
rect communication with the veins of the vertebral
venous plexus, without the presence of valves,
thereby allowing for the free circulation of blood
flow in both directions (Hollinshead, 1971; Hollins-
head, 1974; Williams et al., 1989a, b). Although
some studies have demonstrated that these veins
are tributaries from the posterior area of the inferi-
or vena cava and, eventually, of the left renal vein,
the exact arrangement of these veins -especially in
relation to the renal vein- has not been described
in a precise way (Anson, 1948; Anson and Kurth,
1955; Davis, 1958; Monkhouse and Khalique,
1986). These findings are generally based on dis-
sections of cadavers and radiological examinations
involving a small number of specimens.

Our study carefully analyzed the critical area for
iatrogenic lesions of the lumbar veins during the
intraoperative manipulation of the renal veins, bas-
ing ourselves on the distance from the lumbar
veins to the renal veins through cadaver dissec-
tions and imaging examinations. As a conse-
quence, we propose predictive indications for iden-
tifying those veins found in the potential risk area
for iatrogenic lesions.

MATERIALS AND METHODS

Adult human cadavers preserved in a 5% formal-
dehyde solution and contrast enhanced images of
CT and MR scans were selected. The cadavers
were randomly obtained from the anatomy labora-
tory of the Faculty of Medicine at the Estacio de Sa
University (Rio de Janeiro, Brazil) after study ap-
proval from the institutional Research and Ethics
Committee. Epidemiological data for each cadaver
from the respective death certificates were ob-
tained.

The imaging examinations were obtained via a
random, computerized selection using the archive
of the Radiology Department of the Servidores do
Estado Federal Hospital (Rio de Janeiro, Brazil) of
examinations performed from January to July
2015. The images from computed tomography
(CT) and magnetic resonance (MR) scans were
analyzed by OsiriX MD™ (Pixmeo, Geneva-
Switzerland) workstation performing with 1.25 colli-
mation/1mm reconstruction, and 1mm width, in the
arterial and venous phases with a fixed scan delay
of 30 and 70 seconds.

Cadavers and radiological examinations from
patients with retroperitoneal or macroscopic perito-
neal changes, such as aneurisms and tumors, and
those with a history of any kind of abdominal sur-
gery, either on the death certificate (cadavers) or
on the clinical docket (radiological examinations)
were excluded.

An experienced radiologist was invited to analyze
the CT and MR images. These examinations
measured the distances from the upper edge of
the first lumbar vein, right and left, to the lower
edge of the right and left renal veins, respectively.
The distance was obtained by adding up the num-
ber of tomographic slices between the limits of the
vascular structures noted above. The diameter of
the renal veins, bilaterally, and of the inferior vena
cava were calculated in the same way.

The cadavers were dissected through a xy-
phopubic median incision, in the subcostal and
bilateral inguinal section. Next, the abdominal wall
was pulled back, with visualization and lateral re-
moval of the abdominal organs to allow for visuali-
zation of the inferior vena cava. Once identified, a
dissection of the renal and lumbar veins was con-
ducted. Anatomical specimens dissected were
photographed using a high-resolution digital cam-
era. The Image Pro PlusO software, version 4.5,
from Media CyberneticsO (Bethesda, MD, USA)
was used for the analysis of the distance between
the upper edge of the right first lumbar vein and
the lower edge of the right renal vein, as well as
the distance between the upper edge of the left
first lumbar vein and the lower edge of the left re-
nal vein (Fig. 1), and also the diameter of the renal
veins and the inferior vena cava. Each measure-
ment was carried out 3 times and the average
among these measures was adopted by us.

Next, a correlation of the distances between the
first lumbar veins and the corresponding renal
veins was obtained, as well as the diameter of the
renal veins and the inferior vena cava.

The statistical analysis was performed using a
commercially available data analysis program,
GraphPad PrismO, version 5 (La Jolla, CA, USA),
applying the Kolmogorv-Smirnov’s test for the
analysis of normality. For data with a Gaussian
distribution, a comparative inter-group evaluation
using Student’s t-test was used. For data with a
non-Gaussian distribution, the Mann Whitney test
was used, adopting the standard significance val-
ue of p < 0.05.

RESULTS

We analyzed 205 specimens, 15 from cadavers
and 190 from imaging examinations, divided into
120 computed tomography images and 70 mag-
netic resonance images of the abdomen. In terms
of gender, 90 examinations and 5 cadavers from
women and 100 examinations and 10 cadavers
from men were obtained.
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Fig 1. Digital picture of one cadaver with the inferior vena cava exposed. We measured the distance between the
upper edge of the right first lumbar vein (blue pin) and the lower edge of the right renal vein (black pin), as well as the
distance between the upper edge of the left first lumbar vein (red pin) and the lower edge of the left renal vein (green
pin).
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Table 1 shows the distances between the right
and left first lumbar veins and their respective re-
nal veins. In table 2, the distances are divided into
groups, stratified by the risk of intraoperative iatro-
genic lesion.

The correlation between the size of the renal
veins and the first lumbar vein-renal vein distance
found a statistically significant difference, as table
3 shows (p=0.02). There was no statistically signifi-
cant correlation between the distance from the
right first lumbar vein to the ipsilateral renal vein
and the diameter of the right renal (p=0.054). Simi-
larly, there was no statistically significant correla-
tion between the distance from the first lumbar
vein to the ipsilateral renal vein and the diameter
of the inferior vena cava, either on the right side
(p=0.33) or on the left side (p=0.30).

DISCUSSION

As they are located in a particular place, on the
posterior side of the inferior vena cava, and near
the renal veins, lumbar veins can be inadvertently
damaged during surgeries in this area, be they
conventional surgeries or videolaparoscopic ones
(Leventhal et al., 2004). Our study focused on lo-
cating the first lumbar veins, since these are the

ones most exposed to iatrogenic lesion during sur-
gical manipulation of the kidneys and the inferior
vena cava, in order to develop a way to predict the
veins at greatest risk.

Descriptive anatomy of the lumbar veins and
their variations

General surgery, surgical oncology, liver trans-
plantation and urology texts (Woodeburne and
Burkel, 1988; Standing, 2005; Gaujoux et al.,
2006) describe lumbar veins, four in number on
each side, collecting the blood by dorsal tributaries
from the muscles and integument of the loins, and
by abdominal tributaries from the walls of the ab-
domen, where they communicate with the epigas-
tric veins. At the vertebral column, they receive
veins from the vertebral plexuses, and then pass
forward, around the sides of the bodies of the ver-
tebrae beneath the psoas major muscle, and end
in the back part of the inferior cava. The lumbar
veins connect to the azygos and hemiazygos ve-
nous systems, ultimately draining into the superior
vena cava (Standring, 2005).

Interest in anatomical variations in the location of
the lumbar veins has increased in recent years,
especially with the development of new technolo-
gies in the area of urology, such as videolaparos-

Table 1. Minimum, maximum, and average distances from the upper edge of the right and left 1" lumbar veins to the

lower edge of the right and left renal veins, respectively.

Average Minimum Maximum
(mm) (mm) (mm) P
Right first lumbar vein-right renal vein dis- 35 3 80
tance
zero
(lumbar vein flowing di-
Left first lumbar vein-left renal vein dis- 38 rectly into the renal vein 81 <0.0001

tance

found in only one speci-

men)

Table 2. Distances from the right and left first lumbar veins to the respective renal veins, grouped according to the
risk of intraoperative iatrogenic lesion, considering their proximity to each other.

AREA OF HIGHEST RISK
FOR INTRAOPERATIVE
LESION
(lumbar vein flowing into
the renal vein or up to 10
mm away from the ipsilat-
eral renal vein)

AREA OF HIGH RISK
FOR INTRAOPERATIVE RISK FOR INTRAOPER-
LESION
(lumbar vein between 11
and 20 mm away from
the ipsilateral renal vein)

AREA OF MODERATE AREA OF LOW RISK
FOR INTRAOPERATIVE
LESION
(lumbar vein more than
40 mm away from ipsilat-

eral renal vein)

ATIVE LESION
(lumbar vein between 21
and 40 mm away from
the ipsilateral renal vein)

Number of speci-

mens found on the 13 (7%)
right

Number of speci-

mens found on the 9 (5%)

left

27 (13%)

25 (12%)

96 (46%) 69 (34%)

86 (42%) 85 (41%)
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copy and robot-assisted videolaparoscopy, in an
effort to avoid intraoperative hemorrhage of an
unknown origin. Abbasi et al. (2012) dissected 49
cadavers and described the existence of atypical
lumbar veins in the renal supra-hilal area, above
the renal veins, characterizing the area as a poten-
tial focus of hemorrhage by an inadvertent lesion
during surgical resection of kidney tumors, with
thrombosis in the interior of the inferior vena cava.

Another anatomical variation that may function
as a hidden focus for intraoperative hemorrhage is
the presence of the lumbar vein as a direct tribu-
tary of the renal vein. A study based on the dis-
section of 102 cadavers found the presence of this
variation in approximately 40% of the specimens,
on the left side (Baniel et al., 1996). Our study,
however, verified only one person with this condi-
tion (0.5%), also on the left side.

Raheem et al. (2008) evaluated the specific area
where the left first lumbar vein flows into the ipsi-
lateral renal vein, in a study of 21 cadavers. This
group’s findings demonstrated that in the majority
of the cases, the drainage point of the left lumbar
tributary was halfway between the left adrenal vein
and left gonadal vein. This further emphasizes the
importance of dividing the left renal vein near its
inferior vena cava juncture, and occasionally even
over the abdominal aorta, particularly in juxtarenal
abdominal aortic aneurism repair operations. Ban-
iel et al. (1995), evaluated the prevalence of lum-
bar veins in the posterior area of the inferior vena
cava during retroperitoneal lymphadenectomy sur-
geries on 102 patients. They verified that the first
lumbar vein -the target of our study- is present in
93% of cases on the left side and in 73% of the
cases on the right side. These authors proposed 7
different types of arrangement for these veins, in
relation to the renal veins, after evaluating 61 cas-
es of retroperitoneoscopic left living donor ne-
phrectomy.

However, no specific descriptions for the dis-
tance between the first lumbar veins and the ipsi-
lateral renal veins were found. For this reason, we
believe that the results of this research will com-
plement the findings mentioned above by facilitat-

ing the triangulation needed to locate these veins
during surgeries in which it is necessary to manip-
ulate the structures of the renal hilum.

Viability of tomographic evaluation of the lum-
bar veins in everyday urology

This study is primarily based on CT examina-
tions. We noticed that because of the quality of the
image generated -inherent to this examination-
and the ability to obtain narrow sections, the lum-
bar and renal veins were easily identified, allowing
for the measurement of the distance between
them, as well as the diameter of the renal vessels.

Our proposal to use computed tomography as an
instrument to predict the area of greatest risk for
iatrogenic lesions does not add any cost to or re-
quire any changes in the routine diagnosis of a
patient who will undergo kidney surgery. In the
diagnostic investigation of kidney tumors (Motzer
et al.,, 2015), including those with invasion of the
inferior vena cava (Woodruff et al., 2013), tomog-
raphy is considered the gold-standard examina-
tion. As well as its standard use to detect kidney
masses, tomography can also predict the exist-
ence of veins and arteries that can pose a danger
during surgical action in patients who are candi-
dates for kidney transplants, both as donors and
recipients (Lewis et al., 2004; Schlunt et al., 2006).

Predicting the existence of risk areas for iatro-
genic vascular lesion: an embryological hy-
pothesis

Not only are they uncommon, but damage to the
lumbar veins during surgery can also be cata-
strophic, providing a rationale for studies that at-
tempt to map the distribution of these vessels. Our
analysis sought to verify whether an evaluation of
the diameter of the regional vessels might be relat-
ed to the detection of those lumbar veins most ex-
posed to inadvertent lesion, precisely because
they are extremely close to the renal veins.

In analyzing the left side, our findings show that
the larger the size of the left renal vein, the more
distant the first lumbar vein is located in relation to
this vessel, which certainly makes a surgical ap-
proach to the renal hilum more secure. We no-

Table 3. Correlation between the risk areas for intraoperative lesion of the left lumbar vein and the diameter of the

left renal vein.

AREA OF HIGHEST RISK
FOR INTRAOPERATIVE
LESION
(lumbar vein flowing into the
renal vein or up to 10 mm
away from the ipsilateral renal

AREA OF HIGH RISK FOR

INTRAOPERATIVE LESION

(lumbar vein between 11 and

20 mm away from the ipsilat-
eral renal vein)

AREA OF LOW RISK FOR IN-
TRAOPERATIVE LESION
(lumbar vein between 21 and 40
mm away from the ipsilateral renal
vein) p

Average diame-

ter of the left 10,1 mm

10,6 mm

11,6 mm 0.02
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ticed that, although it was statistically significant,
the difference between the average diameter of
the left renal vein from a “high-risk” area (10.1 mm)
and the average diameter of a low-risk area (11.6
mm) was very small (15 mm). However, since
computed tomography can obtain thin slices, on a
scale of millimeters, it is quite likely that it would be
possible for a radiologist or urologist to evaluate
this difference in diameter with relative ease.

The idea of correlation was based on the com-
plex embryological formation of the vessels in this
area. The renal venous collar is made up laterally
by the paired dorsal and ventral primitive renal
veins on each side, which are linked to the central-
ly paired ventral subcardinal and dorsal supracar-
dinal veins, and anastomoses of these four cranio-
caudally oriented subcardinal-supracardinal veins.
Three pairs of veins (posterior cardinal, subcardi-
nal and supracardinal veins) appear in succession
with regression of some portions and persistence
of others. After completion of embryogenesis, the
right renal vein is formed by the ventral limb of the
primitive right renal vein. The left renal vein devel-
ops from intersubcardinal anastomosis, left supra-
subcardinal anastomosis and the ventral limb of
the primitive left renal vein. Dorsal intersupracardi-
nal anastomosis regresses (Mathews et al., 1999;
Srivastava et al., 2005; Eldefrawy et al., 2011).

Hypothetically, our explanation lies in the embry-
ological segmentation of the inferior vena cava.
As cited above, there is a complex of segments
that gives rise to the left renal vein (supra-
subcardinal anastomosis and intersubcardinal
anastomosis) that is closely tied to the formation of
the infrarenal segment of the vena cava (supra-
subcardinal anastomosis and supracardinal vein),
exactly where it flows into the lumbar veins. Per-
haps, in some as yet unstudied way, there is some
mechanism for the autoregulation of the left kid-
ney’s venous efflux, induced in this embryological
period. Thus, a left renal vein capable of accom-
modating a higher volume of blood, because it is
larger, in some way allows for the formation of
more distant lumbar vessels and, by contrast, a
renal vein with a smaller diameter induces the for-
mation of more juxtaposed lumbar veins.

Research evaluating the cellular phenomena in-
volved in vascular embryogenesis is still very new,
and we can only develop theories about it. None-
theless, there is already some evidence of the in-
fluence of the origin of vascular smooth muscle
cells, for instance, on the predisposition to certain
diseases, including regional susceptibility to ather-
osclerosis, vascular calcification and aortic aneu-
rysm distribution (Cheung et al, 2012; Bargehr et
al.,, 2016). Thus, as the embryonic cells that form
the wall of the renal and lumbar veins have differ-
ent origins (the supracardinal vein and the subcar-
dinal vein), perhaps the diameter and location of
these vessels are also interconnected, supporting
our correlations.

Our study throws more light on a theme that is
being discussed more and more widely, with the
advent and evolution of the techniques used for
kidney surgery: the prevention of inadvertent le-
sions. Our belief is that we have contributed more
knowledge to the mapping of the arrangement of
the lumbar veins in relation to the renal veins, pro-
posing a way to predict the existence of a “zone of
risk” for inadvertent, intraoperative vascular le-
sions, using for this purpose an exam commonly
ordered in the preoperative investigation for the
main kidney diseases for which surgery is indicat-
ed.

REFERENCES

ABBASI A, JOHNSON TV, KLERIS R, YING K, BON-
NER MY, MAITHEL SK, KOOBY DA, MARSHALL KF,
MASTER VA (2012) Posterior lumbar vein off the
retrophepatic inferior vena cava: a novel anatomical
variant with surgical implications. J Urol, 187: 296-301.

ANSON BJ, CAULDWELL EW, PICK JW (1948) The
anatomy of the para renal system of veins, with com-
ments on the renal arteries. J Urol, 60: 714-736.

ANSON BJ, KURTH LE (1955) Common variations in
the renal blood supply. Surg Gynecol Obstet, 100: 157
-162.

BANIEL J, FOSTER RS, DONOHUE JP (1996) Surgical
anatomy of the lumbar vessels: implications for retro-
peritoneal surgery. J Urol, 1563: 1422-1425.

BARGEHR J, LOW L, CHEUNG C, BERNARD WG,
IYER D, BENNETT MR, GAMBARDELLA L, SINHA S
(2016) Embryological origin of human smooth muscle
cells influences their ability to support endothelial net-
work formation. Stem Cells Transl Med, 5: 946-959.

CHEUNG C, BERNARDO AS, TROTTER MW, PEDER-
SEN RA, SINHA S (2012) Generation of human vas-
cular smooth muscle subtypes provides insight into
embryological origin-dependent disease susceptibility.
Nat Biotechnol, 30: 165-173.

COSTA CA, BAPTISTA JCC, RODRIGUES LME, MEN-
DONGCA FLP, PAIVA TS, BURIHAN E (2005) Inferior
vena cava injuries. Rev Col Bras Cir, 32: 244-250.

DAVIS RA, MILLOY FJ, ANSON BJ (1958) Lumbar,
renal and associated parietal and visceral veins based
upon a study of 100 specimens. Surg Gynecol Obstet,
107: 1-22.

ELDEFRAWY A, ARIANAYAGAM M, KANAGARAJAH
P, ACOSTA K, MANOHARAN M (2011) Anomalies of
the inferior vena cava and renal veins and implications
for renal surgery. Cent European J Urol, 64: 4-8.

FLOUZAT-LACHANIETTE CH, DELBLOND W,
POINGARD A, ALLAIN J (2013) Analysis of intraoper-
ative difficulties and management of operative compli-
cations in revision anterior exposure of the lumbar
spine: a report of 25 consecutive cases. Eur Spine J,
22:766-774.

GAUJOUX S, DOUARD R, ETTORRE GM, DELMAS V,
CHEVALLIER JM, CUGNENC PH (2007) Liver hang-
ing maneuver: an anatomic and clinical review. Ann
Surg, 73: 1193.


http://www.ncbi.nlm.nih.gov/pubmed/27194743
http://www.ncbi.nlm.nih.gov/pubmed/27194743
http://www.ncbi.nlm.nih.gov/pubmed/27194743
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheung%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22252507
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bernardo%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=22252507
http://www.ncbi.nlm.nih.gov/pubmed/?term=Trotter%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=22252507
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pedersen%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=22252507
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pedersen%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=22252507
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sinha%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22252507
http://www.ncbi.nlm.nih.gov/pubmed/22252507
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eldefrawy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24578852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arianayagam%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24578852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kanagarajah%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24578852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kanagarajah%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24578852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Acosta%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24578852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Manoharan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24578852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anomalies+of+the+inferior+vena+cava+and+renal+veins+and+implications+for+renal+surgery+Ahmed+Eldefrawy%2C+Mohan+Arianayagam%2C+Prashanth+Kanagarajah%2C+Kristell+Acosta%2C+Murugesan+Manoharan
http://www.ncbi.nlm.nih.gov/pubmed/?term=Douard%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17368296
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ettorre%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=17368296
http://www.ncbi.nlm.nih.gov/pubmed/?term=Delmas%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17368296
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chevallier%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=17368296
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cugnenc%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=17368296

M.O. Siebra-Coelho. et al.

HOLLINSHEAD WH (1971) The thorax, abdomen and
pelvis. In: Anatomy for surgeons. Harper and Row,
New York.

HOLLINSHEAD WH (1974) Textbook of anatomy. Har-
per and Row, New York.

LI G, DONG J, LU JS, ZU Q, YANG SX, LI HZ, MA X,
ZHANG X (2011) Anatomical variation of the posterior
lumbar tributaries of the left renal vein in retroperitone-
oscopic left living donor nephrectomy. Int J Urol, 18:
503-509.

LAWINDY SM, KURIAN T, KIM T, MANGAR D, ARM-
STRONG PA, ALSINA AE, SHEFFIELD C, SEXTON
WJ, SPIESS PE (2012) Important surgical considera-
tions in the management of renal cell carcinoma
(RCC) with inferior vena cava (IVC) tumour thrombus.
BJU Int, 110: 926-939.

LEVENTHAL JR, KOCAK B, SALVALAGGIO PRO,
KOFFRON AJ, BAKER TB, KAUFMAN DB, FRYER
JP, ABECASSIS MM, STUART FP (2004) Laparo-
scopic donor nephrectomy 1997 to 2003: lessons
learned with 500 cases at a single institution. Surgery,
136: 881-890.

LEWIS GR, MULCAHY K, BROOK NR, VEITCH OS,
NICHOLSON ML (2004) A prospective study of the
predictive power of spiral computed tomographic angi-
ography for defining renal vascular anatomy before
live-donor nephrectomy. BJU Int, 94: 1077-1081.

MARCHI L, OLIVEIRA L, AMARAL R, FORTTI F, PI-
MENTA L, ABDALA N (2015) Morphometric study of
the areolar space between the great vessels and the
lumbar spine. Columna, 14: 271-275.

MATHEWS R, SMITH PA, FISHMAN EK, MARSHALL
FF (1999) Anomalies of the inferior vena cava and
renal veins: embryologic and surgical considerations.
Urology, 53: 873-880.

MONKHOUSE WS, KHALIQUE A (1986) The adrenal
and renal veins of man and their connections with azy-
gos and lumbar veins. J Anat, 146: 105-115.

MOTZER RJ, JONASCH E, AGARWAL N, BEARD C,
BHAYANI S, BOLGER GB, CHANG SS, CHOUEIRI
TK, COSTELLO BA, DERWEESH IH, GUPTA S,
HANCOCK SL, KIM JJ, KUZEL TM, LAM ET, LAU C,
LEVINE EG, LIN DW, MICHAELSON MD, OLENCKI
T, PILI R, PLIMACK ER, RAMPERSAUD EN, RED-
MAN BG, RYAN CJ, SHEINFELD J, SHUCH B, SIR-
CAR K, SOMER B, WILDER RB, DWYER M, KUMAR
R (2015) Kidney cancer, version 3.2015. J Natl Compr
Canc Netw, 13: 151-159.

RAHEEM OA, O'BRIEN M, GLACKEN P, MOHAN P,
HICKEY P (2008) A review of the anatomical varia-
tions of the posterior tributaries of the left renal vein. Ir
J Med Sci, 177: 59-62.

SCHLUNT LB, HARPER JD, BROOME DR, BARON
PW, WATKINS GE, OJOGHO ON, BALDWIN DD
(2006) Multidetector computerized tomography angi-
ography to predict lumbar venous anatomy before
donor nephrectomy. J Urol, 176: 2576-2581.

SRIVASTAVA A, SINGH KJ, SURI A, VIJJAN V, DU-
BEY D (2005) Inferior vena cava in urology: im-
portance of developmental abnormalities in clinical
practice. Sci World J, 22: 558-563.

STANDRING S (2005) The anatomical basis of clinical
practice. Elsevier Churchill Livingstone, Edinburgh.

WILLIAMS PL, WARWICK R, DYSON M, BANNISTER
LH (1989a) Splanchnology, the urogenital system. In:
Gray’s Anatomy. Churchill Livingstone, London.

WILLIAMS PL, WARWICK R, DYSON M, BANNISTER
LH (1989b) Angiology. In: Gray's Anatomy. Churchill
Livingstone, Edingburgh.

WOODEBURNE R, BURKEL W (1988) Essentials of
human anatomy. Oxford University Press, New York.

WOODRUFF D, VAN VALDHUIZEN P, MUEHLEBACH
G, JOHNSON P, WILLIAMSON T, HOLZBEIERLEIN J
(2013) The perioperative management of an inferior
vena caval tumor thrombus in patients with renal cell
carcinoma. Urol Oncol, 31: 517-521.

217


http://www.ncbi.nlm.nih.gov/pubmed/?term=Mathews%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10223477
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=10223477
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fishman%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=10223477
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marshall%20FF%5BAuthor%5D&cauthor=true&cauthor_uid=10223477
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marshall%20FF%5BAuthor%5D&cauthor=true&cauthor_uid=10223477
http://www.ncbi.nlm.nih.gov/pubmed/?term=ANOMALIES+OF+THE+INFERIOR+VENA+CAVA+AND+RENAL+VEINS%3A+EMBRYOLOGIC+AND+SURGICAL+CONSIDERATIONS+RANJIV+MATHEWS%2C+PATRICIA+A.+SMITH%2C+ELLIOT+K.+FISHMAN%2C+AND+FRAY+F.+MARSHALL
http://www.ncbi.nlm.nih.gov/pubmed/?term=Motzer%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jonasch%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Agarwal%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beard%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bhayani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bolger%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Choueiri%20TK%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Choueiri%20TK%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Costello%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Derweesh%20IH%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hancock%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuzel%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lam%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lau%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Levine%20EG%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Michaelson%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Olencki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Olencki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pili%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Plimack%20ER%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rampersaud%20EN%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Redman%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Redman%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ryan%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sheinfeld%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shuch%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sircar%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sircar%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Somer%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilder%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dwyer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25691606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastava%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16075153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=16075153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Suri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16075153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vijjan%20V%5BAuthor%5D&cauthor=true&cauthor_uid=16075153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dubey%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16075153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dubey%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16075153
http://www.ncbi.nlm.nih.gov/pubmed/16075153

