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 Background: There are few studies that address how to quickly locate the renal vein after processing the renal artery dur-
ing retroperitoneal laparoscopic radical nephrectomy (RLRN) for renal cell carcinoma (RCC). This study aimed 
to evaluate the feasibility of an easy and effective method to locate the renal vein in RLRN.

 Material/Methods: Between September 2016 and October 2017, a total of 44 consecutive cases of RLRN were performed. All the 
surgeries used the proposed study method to locate the renal vein, in which surgeons located the renal artery 
following the medial arcuate ligament on the posterior abdominal wall, then the surgeon directly searched for 
the renal vein caudally relative to renal artery when performing left nephrectomy, but cranially when perform-
ing right nephrectomy.

 Results: Among the 44 enrolled RLRN patients, there were 28 left nephrectomies and 16 right nephrectomies. We found 
the renal vein in most cases successfully by our proposed method. The renal vein was located caudally rela-
tive to the renal artery in 27 cases of the left kidney (96.4%), and was located cranially in 14 cases of the right 
kidney (87.5%). The mean operative time was 135.0±27.8 minutes. No intraoperative complications occurred. 
Postoperative complications (fever) developed in 5 patients. Pathological examination revealed: clear cell car-
cinoma in 34 cases (77.3%), chromophobe renal cell carcinoma (RCC) in 5 cases (11.4%), papillary RCC in 3 cas-
es (6.8%), multilocular cystic RCC in 1 case (2.3%), and oxyphil cell adenoma in 1 case (2.3%).

 Conclusions: Our proposed method to search for the renal vein might be a safe and feasible procedure to accelerate the pro-
cess of handling the renal pedicle and of great practical significance in RLRN surgery.
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Background

Renal cell carcinoma (RCC) is the third most common urological 
malignancy after prostate and bladder cancer [1]. Renal laparo-
scopic radical nephrectomy (RLRN) has gained wide acceptance 
as a standard treatment for RCC since it was first reported in 
1991 [2]. The standard surgical treatment of renal cancers re-
quires removal of the whole kidney and the perirenal fat and 
fascia, and even the adrenal gland in aggressive or metasta-
sized cases [3]. It is of utmost importance to handle the renal 
pedicle during LRN. There are many ways to locate the renal ar-
tery. Some surgeons search and locate the renal artery by using 
ligaments on the posterior abdominal wall as landmarks to lo-
cate the renal artery quickly, while some first separate the ure-
ter and then locate the renal hilum and then the artery following 
the ureter. After locating and processing the renal artery, urolo-
gists usually separated the fascia and other tissues neighboring 
the artery to expose the renal vein. However, to the best of our 
knowledge, studies addressing how to quickly locate the renal 
vein after dissecting the renal artery have not been reported. 
In our clinical practice, we found that the left renal vein usual-
ly appears on the caudal side of the renal artery, and the right 
renal vein usually appears on the cranial side of the renal ar-
tery under retroperitoneal laparoscopic. Accordingly, based on 
the aforementioned findings, we created an easy and effective 
method to locate the renal vein during LRN in the present study.

Material and Methods

Patient information

The study complied with the Declaration of Helsinki and was 
approved by our Institute Ethical Committee. Patient names, 
initials, or hospital numbers were not used in the text, table, 
or illustrative materials of this study.

From September 2016 to October 2017, 44 cases of RLRN were 
carried out using a standard 3-port technique. Patients with 
the diagnosis of renal vein thrombus or lymph node metastasis 
were not included in our study. Among the selected patients, 
no solitary kidney was present. They were 33 males and 11 fe-
males, ages ranged from 35 to 77 years (mean age was 58.2 
years), weight ranged from 48 to 115 kg, height ranged from 
156 to 180 cm, and body mass index (BMI) ranged from 18.8 
to 39.1 kg/m2 (mean BMI was 25.8 kg/m2). All cases underwent 
enhanced computed tomography or magnetic resonance imag-
ing examination. Among the tumors, 28 cases were found in 
the left kidney, and 16 cases in the right kidney. The maximum 
tumor diameter ranged from 2.8 to 12.0 cm (mean diameter 
was 6.0 cm). A total of 43 out of the 44 cases were renal carci-
nomas, among these carcinoma cases, case numbers 7, 19, 6, 
3, and 8 were in stage T1a, T1b, T2a, T2b, and T3a respectively. 

Among all of the cases, 7 patients who were suitable for par-
tial nephrectomy refused to receive nephron-sparing surgery.

All data on medical history, physical examination, laboratory 
test, tumor clinical stage at diagnosis, and treatment proto-
cols were obtained from electronic records and medical charts. 
The baseline demographics and perioperative outcomes col-
lected from all 44 patients are shown in Table 1.

Surgical procedures

The patient was placed in the full lateral decubitus position 
with overextension under general anesthesia. RLRN was per-
formed using a standard 3-port technique by experienced sur-
geons, as previously described [4].

An incision of 1.5 cm was made from the posterior axillary 
line under the lower margin of the 12th rib, lumbodorsal fas-
ciae were then dissected with vessel forceps, and the retro-
peritoneal space was expanded by blunt finger dissection. A 
homemade balloon dilator was then placed to create retro-
peritoneal space, and the first port was inserted into the ret-
roperitoneal space. Two sutures were placed in this incision 
to avoid air leakage. After that, a pressure of pneumoperito-
neum 12 mm Hg was maintained. A laparoscope was placed 
to observe the created space, under direct vision, one 12 mm 
camera port was placed 2 cm above the iliac crest at the mid 
axillary line, and the third port was placed at the anterior ax-
illary line 2 cm below the costal arch.

After that, the retroperitoneal fat was removed, Gerota’s fascia 
was then incised and the perinephric fat appeared. The psoas 
muscle, the diaphragm, and the medial arcuate ligament (MAL) 
on the posterior abdominal wall were subsequently found to 
be locate at the renal hilum. The renal artery was successful-
ly found following the MAL on the surface of the psoas major 
muscle (PMM). When the renal artery was circumferentially mo-
bilized and skeletonized, 3 Hem-o-lok® clips were easily placed 
on the renal artery, after which the procedure was then trans-
acted safely (Figure 1). We further carefully separated the fascia 
and other tissues on the left side of the artery (caudal and crani-
al side relative to left and right artery, respectively) to a deeper 
level by using an ultrasound knife and surgical aspirator alter-
natively, and successfully exposed the renal vein (Figure 1). Then 
the vein was processed the same way as the renal artery. After 
handling the renal pedicle as described, we routinely performed 
a ureter dissection for completion of the nephrectomy dissec-
tion. After the specimen was removed, the incision was sutured.

Statistical analyses

Quantitative variables were expressed as mean ± standard 
deviation (SD) and were analyzed by the Student’s t-tests. 
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The qualitative variables were expressed as numbers and 
percentages and were analyzed by chi-squared statistic tests. 
A P value of less than 0.05 was considered statistically sig-
nificant. Statistical studies were carried out with the SPSS 
program(version 19.0, SPSS, Chicago, IL, USA).

Results

All 44 procedures were performed successfully. Of these pro-
cedures, only one converted to an open radical nephrectomy 
due to a blocking artery revealed under laparoscopy, which 
was due to tumor adhesions, and the need for transfusion 
during the operation. The estimated intraoperative blood loss 
was approximately 20–1200 mL (average was 152.7 mL). The 
operation lasted from 75 to 195 minutes (average was 135 
minutes). For all patients, the preoperative serum creatinine 

Variables
Subjects 
(n=44)

Gender (n (%))

 Male  33 (75)

 Female  11 (25)

Age (years)  58.2±10.0

BMI (kg/m2)  25.8±4.0

Tumor location (n (%))

 Left  28 (63.6)

 Right  16 (36.4)

Preoperative tumor size (cm)  6.0±2.2

Preoperative SCr (umol/L)  91.6±18.7

Postoperative SCr(umol/L)  101.1±25.8

Preoperative Hb (g/L)  143.0±16.1

Postoperative Hb(g/L)  127.2±13.5

Operative time (minutes)  135.0±27.8

Evaluated blood loss (ml)  152.7±209.6

Retroperitoneal drainage (days)  3.2±0.8

Postoperative hospital stay (days)  5.5±0.9

Complications (n (%))  5 (11.4)

Conversion rate (n (%))  1 (2.3)

Stage at diagnosis (n (%))

 T1a  7 (16.3)

 T1b  19 (44.2)

 T2a  6 (14.0)

 T2b  3 (7.0)

 T3a  8 (18.6)

 M1  1 (2.3)

 M0  43 (97.7)

Pathologic type (n (%))

 Clear cell carcinoma  34 (77.3)

 Chromophobe renal cell carcinoma  5 (11.4)

 Papillary renal cell carcinoma  3 (6.8)

 Oxyphil cell adenoma  1 (2.3)

 Multilocular cystic renal cell carcinoma  1 (2.3)

Fuhrman grading of clear cell carcinoma (n (%))

 Grade I  4 (11.8)

 Grade II  22 (64.7)

 Grade III  8 (23.5)

 Grade IV  0

Table 1. Baseline characteristics of the study population.

Data are expressed as n (%) or mean ±SD. BMI – body mass 
index; SCr – serum creatinine; Hb – hemoglobin.

A

B

Figure 1.  (A) The left side of retroperitoneal space after exposing 
the left renal hilum and separating the left renal artery 
(RA) and renal vein (RV); medial arcuate ligament 
(MAL) at the surface of psoas major muscle (PMM) is 
transversely close to the RA; the separated left RV is 
located in the caudal side of RA. (B) The right side of 
the retroperitoneal space after exposing the right renal 
hilum and separating the right RA and RV; MAL is also 
transversely close to the renal hilum; the separated 
right RV is located in the cranial side of RA; the right 
RA neighbors the inferior vena cava (IVC).
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(SCr) (91.6±18.7 umol/L) and the postoperative SCr (101.1±25.8 
umol/L) was significantly different (P=0.001). No patient re-
quired dialysis due to renal insufficiency. The drainage tube was 
removed after 2–5 days (3.2±0.8 days). The patients started 
to get out of bed for activities 1–2 days after the surgery, and 
the mean postoperative hospital stay was 4–8 days (5.5±0.9 
days). This group of 44 patients had no operation-related 
complications. Five postoperative fevers occurred. No urinary 
tract infection, ileus, or hemorrhage occurred. The 5 patients 
with fever recovered with active surveillance and treatment. 
Postoperative pathology confirmed that among the 44 cas-
es, clear RCC cases were mostly of the conventional cell type 
(n=34; 77.3%), the most common of which were grade II tu-
mors (n=22; 64.7%). The most common tumor classification 
was clinical stage T1b tumors (n=19; 44.2%). One distant me-
tastasis was discovered. Detailed patients’ intraoperative and 
postoperative outcomes are shown in Table 1.

Using our surgical technique, after mobilizing the dorsal and 
lateral side of the kidney adequately, we could observe the qua-
dratus lumborum, PMM, and MAL on the posterior abdominal 
wall under retroperitoneal laparoscope. Since MAL on the sur-
face of PMM pointed to the renal hilum, we could recognize the 
eminence of the renal pedicle near the inner side of this liga-
ment, then we could expose the renal artery after processing 
the eminence which was composed of fibrous fascia and fat. 
After ligating and cutting the renal artery, we searched for the 
renal vein. There was an evident difference between the left 
side and right side regarding the relative position of the renal 
artery and vein. When performing left nephrectomy, we found 
the renal vein by separating the tissues on the caudal side of 
the renal artery to the deep layer (27 out of 28 cases, 96.4%). 

However, when performing right nephrectomy, we exposed the 
renal vein by separating the tissues on the cranial side of the 
renal artery to the deep layer (14 out 16 cases, 87.5%) (Table 2).

In accordance with the positioning of these muscles and lig-
aments, and the relative positioning of arteries and veins in 
our findings, we successfully processed the renal pedicles in 
a short time period and completed the radical nephrectomy.

Discussion

LRN has gained wide acceptance as a standard treatment for 
RCC without affecting the oncologic outcome [5–8]. Compared 
with a transperitoneal approach, a retroperitoneal approach 
permits faster access to the renal artery [9] and achieves ear-
ly ligature of the renal artery. In addition, there is little confu-
sion for surgeons in distinguishing the renal artery from the 
abdominal arteries in the retroperitoneal approach. Therefore, 
we routinely choose the retroperitoneal approach for LRN. 
Although the retroperitoneal laparoscope technique is wide-
ly used in LRN, there is still a wide area for further develop-
ment. Many surgeons are now focusing on modification and 
development of the laparoscopic technique.

Previous retroperitoneal techniques dissected, ligated, and di-
vided renal vessels after the entire mobilization of the kidney 
(dorsal and abdominal side, upper and lower pole). Afterwards, 
some urologist first processed the renal vessels after mobilizing 
the dorsal side and lateral side of the kidney adequately [10]. 
Most studies include the location of renal artery during retro-
peritoneal laparoscopic surgeries. Xu Zhang and colleagues [11] 

Variables Left kidney (n=28) Right kidney (n=16) P value

Gender (%)

 Male (%)  20 (71.43)  13 (81.25) 0.719

 Female (%)  8 (28.57)  3 (18.75)

Age (years)  57.2±11.0  59.9±7.9 0.391

BMI (kg/m2)  26.6±4.5  24.5±2.6 0.104

Preoperative tumor size (cm)  5.7±1.8  6.3±2.9 0.436

Operative time (minutes)  131.3±29.7  141.6±23.6 0.241

Evaluated blood loss (ml)  94.4±57.7  229.4±315.8 0.110

Position of Vein(s) <0.001

 Caudally relative to the artery  27 (96.4)  1 (6.3)

 Cranially relative to the artery  0  14 (87.5)

 The same level relative to the artery  1 (3.6)  1 (6.3)  

Table 2. The position of veins and other characteristics in left and right kidney.

Data are expressed as n (%) or mean ±SD. The bold p values indicate statistical significance. BMI – body mass index.
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described their experience locating the renal artery quickly, ac-
cording to abdominal muscles and ligaments, which is a tech-
nique widely applied by urologists.

There are few studies regarding the positioning of the renal 
vein. Generally speaking, surgeons searched for the renal vein 
around the already dissected renal artery, aimlessly, and paid 
little attention to the relative position of renal artery and vein 
under retroperitoneal laparoscope. With our modified meth-
od, after processing of the renal artery, we directly searched 
for the renal vein caudally relative to the artery when per-
forming left nephrectomy, and directly searched for the renal 
vein cranially relative to the artery when performing right ne-
phrectomy. In this way, we received satisfactory outcomes by 
exposing the renal vein, and proved our theory regarding the 
position of renal veins. In this report, we first used the posteri-
or abdominal muscles and ligaments to locate the renal artery, 
and then successfully located the renal vein according to the 
relative position of the renal artery and vein, which appeared 
to be a safe, time-saving procedure in our clinical practice.

Local anatomy indicates that the renal vein is located direct-
ly anterior to the renal artery, although this position can vary 
up to 1 to 2 cm cranially or caudally relative to the artery [12]. 
However, in our clinical practice, under retroperitoneal laparo-
scope, we observed that the renal vein is usually located di-
rectly anterior to the renal artery, and this position is about 1 
to 2 cm caudally relative to the artery in the left kidney, but is 
about 0.5 to 1 cm cranially relative to the renal artery in the 
right kidney in most cases (the variant incidence is higher in 
the right kidney). In other words, the appearance of the renal 
vein and relative position to the renal artery under retroperi-
toneal laparoscope is a little different from that in transperi-
toneal surgery. We believed that the difference may be caused 
by the pulling of the kidney in the cranial direction during op-
eration and the visual angle. In addition, we observed the gap 
between the left renal artery and vein was wider than that 
of the right renal artery and vein. We reviewed the literature 

and found that compared with the right renal vein, the left re-
nal vein enters the inferior vena cava at a slightly more crani-
al level and a more anterolateral location [12]. This might ex-
plain the gap difference.

We believed that the neighboring and relative position between 
the renal vein and the renal artery under retroperitoneal lap-
aroscope in our study has a solid anatomical basis. Therefore, 
surgeons may use our modified method to achieve positioning 
of the renal vein during RLRN and other upper urinary tract lap-
aroscopic surgeries that require handling of the renal pedicle.

There were several limitations in our study. First, it was con-
ducted at a single center. Although the 44 cases summariz-
ing our clinical experience proved our theory, the limited sam-
ple size may reduce the strength of the study. Second, due to 
the preference of the surgeon and anatomical differences, we 
could not apply our method to the transperitoneal approach. 
Third, a disadvantage of this method might be a difficulty in 
the presence of hilar adhesion or a large renal tumor, which 
could result in displacement of the renal pedicle’s position.

Conclusions

The data from our study reveals for the first time that the re-
nal vein is usually located caudally relative to the renal artery 
in the left kidney, and cranially in the right kidney, under ret-
roperitoneal laparoscope. We could almost always search for 
and find the renal vein according to this method. Our initial 
experience suggests that our proposed procedure might be a 
safe and feasible procedure to accelerate the process of han-
dling the renal pedicle, and might be of greater practical signifi-
cance for the relatively narrow operating space in RLRN surgery.
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