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Abstract

Variations of renal veins are important in urology and other areas of medicine. The purpose of this study was to
evaluate the prevalence and type of retroaortic left renal vein (RLRV) in patients who underwent multidetector
computed tomography (MDCT). Between January 2010 and December 2019, a retrospective study was
performed on 4,424 patients examined with abdominal MDCT. The prevalence and type of RLRV were
determined. Age, gender, indications for imaging, and symptoms related to the variants of renal venous anatomy
were recorded. MDCT images revealed RLRV in 84 of 4,424 patients (1.90% [95% cumulative incidence (CI)
1.52-2.34%]). These included 44 males (52.38%) and 40 females (47.62%). The average age of patients with
RLRV was 58.29 + 12.45 years (range, 19—-88 years). RLRV types I, II, III, and IV had a distribution of 34
(0.77%), 1 (0.02%), 45 (1.02%), and 0 (0%), respectively. The extremely rare double RLRV was additionally
detected in 2 cases (0.05%). Two new variations, 1 case (0.02%) with the triple RLRV and 1 case (0.02%) with
the circumiliac left renal vein, were discovered. None of the patients had symptoms related to renal vein
variations. Congenital anomaly of RLRYV is clinically important in the investigation and exploration of
retroperitoneal procedures. Therefore, preoperative imaging should be carefully considered to avoid fatal
problems during surgery. To the best of our knowledge, this is the first study that reports two new variations of
the left renal vein, that is, the triple RLRV and the circumiliac left renal vein.
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1. Introduction

Left renal veins are usually single and located anterior to the aorta. Because of the highly complicated
embryological development of the left renal vein, there are numerous clinically significant variations [1].
Among the numerous variations of the left renal vein, the retroaortic left renal vein (RLRV) is the most common
reported variance. According to previous studies, the prevalence of RLRV has been reported to be 0.5-3.7% [1-
5]. It is an anomaly characterized by the presence of the left renal vein passing behind the aorta to join the
inferior vena cava (IVC).

It is critical to understand the anatomy and congenital defects of the renal vein for retroperitoneal surgery,
such as radical nephrectomy, living-related kidney transplantation, and procedure for an abdominal aortic
aneurysm [1,6-10]. Inadvertent injury to these venous anomalies can result in severe hemorrhage, nephrectomy,
and even death [7,11]. In addition, it may also provide safety guidelines for endovascular procedures, such as
renal venography, renal venous renin sampling, adrenal venous sampling, spermatic vein embolization, and IVC



filter placement [12]. Compression of the RLRV between the aorta and the vertebra is termed the posterior
nutcracker phenomenon [3,13]. It causes venous hypertension and subsequent urological problems, such as
hematuria, varicocele, pelvic congestion syndrome, and ureteropelvic junction obstruction [3,13-17].

Since renal veins are sometimes neglected, cadaveric studies were one of the main sources of information
about these developmental variations [1,4,5]. The role of conventional angiographic study has been challenged
by recent advances in multidetector computed tomography (MDCT) angiography, which has become a principal
imaging technique for assessing renal vasculature. It is a fast and noninvasive method that enables a highly
accurate and detailed evaluation of normal renal vascular structure and variations, such as the number, size, and
course of the renal arteries and veins [2-4,18,19].

This study aimed to investigate the prevalence and types of RLRV in Thai patients examined in the
abdominal region with MDCT.

2. Materials and methods

This study is a ten-year retrospective study of patients examined with abdominal MDCT at Srinagarind
Hospital, Faculty of Medicine, Khon Kaen University, between January 2010 and December 2019. The protocol
was performed from the diaphragm down to the level of the pubic symphysis, and then angiography was
rendered on a dual-source CT scanner (Siemens SOMATOM Definition Flash, Malvern, PA, USA). Images of
each case were reviewed to identify the RLRV by one radiologist who had experience in interpreting
genitourinary system imaging.

The RLRYV in this study was categorized following previous studies into four types [2,19]. Type I is the left
renal vein passing behind the abdominal aorta and joining the IVC in the orthotopic position. Type II is a single
RLRYV joining the IVC at the level of L4-L5. Type III is the circumaortic or collar left renal vein, which consists

of two left renal veins. The superior vein passes at the usual level in front of the aorta, whereas the inferior vein
runs downward and medially behind the aorta and drains into the IVC [20]. Type IV is the lowest RLRV
coursing obliquely and caudally behind the aorta before joining the left common iliac vein.

The prevalence and types of RLRV were determined. Age, gender, indications for imaging, and symptoms
related to these variants of the renal venous anatomy were anonymously recorded.

3. Results

A total of 4,424 patients with an average age of 57.28 = 13.71 years (range, 18-94 years) were examined
with MDCT. There were 2,391 males (54.05%) and 2,033 females (45.95%). MDCT images revealed the RLRV
in 84 of 4,424 patients (1.90% [95% cumulative incidence (CI) 1.52-2.34% ]). These included 44 males
(52.38%) and 40 females (47.62%). The average age of patients with the RLRV was 58.29 + 12.45 years (range,
19-88 years). The distribution and prevalence among the types I, II, III, and IV of the RLRV were 34 (0.77%), 1
(0.02%), 45 (1.02%), and 0 (0%), respectively (Table 1) (Figure 1A-C). The extremely rare double RLRV was
additionally detected in 2 cases (0.05% ) (Figure 1D). Two new variations were also discovered. The triple
RLRV was found in 1 female case (0.02%), which had two upper veins joining into the IVC in the orthotopic
position and at the level of L4-L5 and one lower vein joining into the left common iliac vein (Figure 1E). The
circumiliac left renal vein, together with the normal left renal vein, was discovered in 1 female case (0.02% )
(Figure 2). In addition, IVC anomalies were found in 19 (0.43% ) cases. Of these, 14 (0.31% ) cases had
duplicated IVC and 5 (0.11%) cases had left-sided IVC.

Table 1 The distribution and the prevalence among the types of retroaortic left renal vein.

Type Total  Prevalence (%), N= Gender (M : F)  Age (years, mean £+ SD)
4,424

Overall RLRV 84 1.90 44:40 58.29+12.45

- Type I 34 0.77 17:17 58.65+14.52

- Type 111 45 1.02 25:20 59.16+9.61

- Double RLRV 2 0.05 1:1 43.37+7.34

- Type II 1 0.02 1:0 75

- Triple RLRV* 1 0.02 0:1 27

- Circumiliac left renal vein” 1 0.02 0:1 49

- Type IV 0 0 0 0

RLRYV, retroaortic left renal vein.
“New variations.
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Figure 1 Drawings and relevant computed tomography (CT) images of the retroaortic left renal vein (RLRV),

The RLRV was labeled in purple on the drawing and was indicated by a purple arrowhead on the CT image;
type I RLRV (A), type II RLRV (B), type III circumaortic vein (C), double RLRV (D), and triple RLRV (E).



Figure 2 Drawings and relevant computed tomography (CT) images of the circumiliac left renal vein. The
circumiliac left renal vein was labeled in purple on the drawing and was indicated by a purple arrowhead on the
CT image. A, aorta; [VC, inferior vena cava; LRV, left renal vein; L, lumbar vertebra; LK, left kidney.

The indications for imaging of the 84 patients with the RLRV were hepato-pancreato-biliary diseases of 33
patients (39.29%), gastrointestinal problems of 18 patients (21.43%), gynecology of 11 patients (13.10%),
urology of 7 patients (8.33%), and the other indications of 15 patients (17.86%) (Table 2). None of the patients
underwent any surgery or intervention involving the renal vein.

The clinical symptoms of the posterior nutcracker phenomenon related to venous hypertension, such as
hematuria, varicocele, pelvic congestion syndrome, and ureteropelvic junction obstruction, were not detected.



Table 2 Indications for imaging of the patients with the retroaortic left renal vein.

Indications for imaging Total (%) n =284
Hepato-pancreato-biliary diseases 33 (39.29%)
Gastrointestinal problems 18 (21.43%)
Gynecology 11 (13.10%)
Urology 7 (8.33%)
Others 15 (17.86%)

4. Discussion

Our study determined the prevalence and types of RLRV using MDCT in a large population. The prevalence
of RLRV in this study was 1.90% (95% CI 1.52-2.34%), consistent with the previous studies of approximately
0.5-3.7% on cadaveric dissections, intraoperative findings, and cross-sectional imaging [1-5].

The most common type was type III or circumaortic (1.02%), followed by type I (0.77%) and type II
(0.02%). We could not detect type IV at all. These results were not similar to those of Karaman’s study, in
which types I, 11, III, and IV were 0.014%, 0.012%, 0.009%, and 0.002%, respectively [2].

The formation of renal veins is part of the complex developmental process of IVC, which begins during the
fourth week until the eighth week of fertilization. The posterior cardinal, subcardinal, and supracardinal veins
are the three prominent parallel veins forming the IVC portions [21]. During IVC development, the circumaortic
collar is established by subcardinal and supracardinal anastomotic communications ( Figure 3A). The collar
consists of the ventral or preaortic limb and the dorsal or retroaortic limb encircling the abdominal aorta.
Finally, the retroaortic limb is obliterated, but the preaortic limb persists to become the normal left renal vein
(Figure 3 (B)) [14,19,21,22].

Type I RLRV results from preaortic limb obliteration and the persistence of the retroaortic limb joining the
IVC orthotopically (Figures 1A and 3C) [20,21]. Type III, the circumaortic left renal vein, develops from the
remaining of both preaortic and retroaortic limbs of the collar (Figures 1C and 3E) [20,23]. In addition to the
retroaortic limb of the circumaortic collar, there are other dorsal anastomoses of the supracardinal veins, such as
types Il and IV. Type Il is the obliteration of the preaortic limb and remaining dorsal anastomosis at the level of
L4-L5 before joining the IVC (Figures 1B and 3D), whereas dorsal anastomosis of type IV joins the left
common iliac vein (Figure 3F) [19].

Our study also detected the tremendously rare left renal vein variation giving off double retroaortic branches
as the result of type I together with type II ( Figures 1D and 3G) [ 14,24]. Moreover, we found two new
variations. The triple RLRV combines the features of types I, II, and IV with the lower branch joining the left
common iliac vein (Figures 1 (E) and 3 (H)). The circumiliac left renal vein arises from the renal inferior polar
and runs downward and medially to give off two branches surrounding the left common iliac artery before
joining the left common iliac vein (Figure 2).

The posterior nutcracker phenomenon is the entrapment of RLRV between the aorta and the vertebral
column. When symptoms arise, they are called posterior nutcracker syndromes [3,25]. According to literature
reviews, symptoms of elevated renal venous pressure are rarely seen [2,3]. Nishimura et al. reported that left
renal vein hypertension was defined by a pressure gradient between the left renal vein and the IVC greater than
3.0 mmHg [26]. Urological symptoms, especially hematuria, were commonly found in types II and IV, assumed
by excessive renal vein compression on these types [2]. The low crossing of type II could cause ureteropelvic
junction obstruction [19]. Other symptoms have been reported, including pelvic congestion syndrome and
varicocele. Two cases of double RLRV were diagnosed with pelvic congestion syndrome presenting with
chronic pelvic pain and varicose veins around the pelvic organs [14]. Patients with the RLRV demonstrated the
presence of varicocele by scrotal Doppler ultrasound [1]. Our study did not observe the clinical symptoms
associated with renal venous hypertension in any patient, probably due to the small number of type II and IV
patients.



(A) (B)

Left
suprarenal
vein

Right

. Left
renal vein

renal vein

Right
gonadal vein

gonadal vein

(©) (D)

(F) (G)

tE ek

Figure 3 Drawings of renal vein development modified from [24]. Circumaortic collar at week 8 of
embryogenesis (A), normal development of the renal veins (B), type I retroaortic left renal vein (RLRV) (C),
type II RLRV (D), type III circumaortic vein (E), type IV RLRV (F), double RLRV (G), and triple RLRV (H).

A, aorta; sCV, subcardinal vein; SCV, supracardinal vein.

Among the various indications of imaging, we did not find any procedures involving the renal vein.
However, our report may contribute to expanding knowledge of retroperitoneal anatomy due to the rarity of
each variant. Recognizing the variations in RLRV would be particularly helpful because if not taken into
account, it could lead to injury and complications during the procedure, resulting in life-threatening
consequences.

Our study had several limitations. First, it was a retrospective review; the data in the medical records may
not identify the specific symptoms of the posterior nutcracker, especially those whose symptoms were not
obvious. Second, a relatively small proportion of urologic patients may not experience significant urinary tract
symptoms or not have enough renal vein procedures. Therefore, further studies should be performed in
symptomatic patients to evaluate vascular pathophysiology and determine the relationship between the
renocaval pressure gradient and the compression ratio of the venous lumen.

5. Conclusion

Knowing the location of the left renal vein joining the IVC compared with the level of lumbar vertebrae
should be significantly considered before abdominal and retroperitoneal procedures. Therefore, a careful reading
of preoperative cross-sectional imaging looking for the RLRV is considerably helpful in avoiding fatal
complications during the operation. The present study, to the best of our knowledge, is the first to report two
new unique variations of the left renal vein, that is, the triple RLRV and the circumiliac left renal vein.
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