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Abstract. The aim of the present study was to evaluate
the clinical value of preoperative computed tomography
angiography (CTA) imaging for guiding the superselective
clamping of renal arterial branches during a laparoscopic
partial nephrectomy (LPN). A total of 42 patients with
renal masses of <4 cm, who had undergone a LNP, were
retrospectively enrolled in the study between May 2008 and
December 2013. CTA was performed preoperatively and the
renal arterial anatomy was evaluated independently by two
radiologists. Surgical observations, including the number,
location and branching patterns of the renal arteries, were
documented by the surgeon. Subsequently, the descrip-
tion of the renal arterial anatomy obtained using CTA was
compared with the actual renal vascular structure observed
during surgery. In total, 42 patients successfully underwent
an LNP with superselective clamping of the renal arterial
branches. The accuracy of CTA for the detection of the renal
artery and renal tumor-feeding branches was 97.6 and 85.7%,
respectively. The CTA images facilitated the correct identifi-
cation of 36/36 single renal arteries (100%), while 5/6 renal
accessory arteries were preoperatively detected using the
CTA images. Statistical analyses indicated no statistically
significant differences between the preoperative CTA and
surgical LPN results for the number of clamped segmental
arteries. Therefore, CTA was demonstrated to accurately
visualize renal vascular anatomy and provide an advantage by
enhancing the detection of tumor-feeding arteries. Thus, the
use of CTA may facilitate improved segmental renal artery
clamping during LPN.
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Introduction

Partial nephrectomy is currently the standard treatment
for low-stage renal cell carcinoma, providing oncological
outcomes that are comparable to radical nephrectomy (1).
Recently, advances in surgical techniques have resulted in the
development of minimally invasive surgical approaches (2).
Application of a laparoscopic partial nephrectomy (LPN)
facilitates a reduced hospital duration, and decreased operative
bleeding and operative duration when compared with an open
partial nephrectomy procedure (3). However, a LPN remains a
challenging procedure for surgeons to perform.

In general, the main renal artery is clamped during a LPN
in order to reduce hemorrhage. Clamping of the main renal
artery allows for improved visualization, which enables the
repair of the renal collecting system and the resection of the
tumor (4). However, hilar occlusion may result in renal ischemic
injury and impair renal function. Loss of renal function occurs
if the duration of warm ischemia is >28 min (5). A number
of techniques have been developed with the aim of mini-
mizing warm ischemic injury (2,6,7). The technique of renal
segmental artery clamping involves the selective clamping of
renal arterial branches, and may eliminate renal ischemia from
the entire kidney and minimize renal functional loss (4). It is
crucial that surgeons obtain preoperative knowledge of the
renal arterial anatomy in order to successfully perform selec-
tive renal arterial branch clamping.

Computed tomography angiography (CTA) has previ-
ously been used to accurately visualize renal vascular
anatomy (8,9). In the present study, patients underwent a
LPN with CTA to enable the superselective clamping of the
renal arterial branches. The aim of the present study was
to evaluate the clinical value of CTA in the preoperative
assessment of renal arterial anatomy by comparing the
preoperative CTA results with the surgical observations
obtained during LPN.

Patients and methods
Ethical approval and patient selection. The study protocol

was approved by the Dongguan People's Hospital ethical
committee (Dongguan, China), and patients provided written
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informed consent for the publication of the present case
details.

A total of 42 patients with renal masses of <4 cm were
retrospectively enrolled in the study between May 2008 and
December 2013. All the patients had undergone a LPN with
superselective clamping of the renal arterial branches. The
inclusion criteria for the LPN was a tumor size of <4 cm.
Patients were excluded from the study if the LPN surgical
observations were insufficiently documented to permit
comparison with the preoperative CTA images.

CTA protocol. Patients underwent a preoperative CTA exami-
nation. A Brilliance iCT multidetector spiral CT scanner
(Philips Medical Systems, Inc., Cleveland, OH, USA) was
used to examine the 42 patients. CTA was performed using
the following parameters: Standard modality; gantry rotation,
0.4 sec; pitch, 0.915; tube potential, 120 kV; tube current,
300 mA; collimation, 128x0.625 mm; matrix, 512x512; thick-
ness, 0.9 mm; increment, -0.45 mm; and dose length product,
802.3 mGyecm.

An Ultravist contrast agent (iopromide, 370 mgl/ml; Bayer
HealthCare Pharmaceuticals, Berlin, Germany) was adminis-
tered via a CT high-pressure syringe, with a moderate injection
rate (4-5 ml/sec) and dose (1.0-1.5 ml/kg). Following an unen-
hanced CT examination of the abdomen, a high-resolution
contrast-enhanced scan was performed on the kidneys in the
arterial, venous and urographic phases.

Images were postprocessed using an Extended Brilliance
Workspace independent workstation (version 4.5; Philips
Medical Systems, Inc.) to obtain multiplanar reconstructions
and maximum intensity projections, in addition to surface and
volume renderings.

Image analysis. CTA images were independently reviewed by
two radiologists that were blinded to the study. The number,
location and branching patterns of the renal arteries were
documented and the extrarenal length of the tumor-feeding
arteries (from the first branch of the main renal artery to the
distal part of segmental artery reaching the renal capsule)
was measured. For supernumerary renal arteries, the artery
with the maximum diameter was recorded as the main renal
artery and all others were classified as renal accessory
arteries.

Surgical protocol. All 42 cases underwent a LPN via the retro-
peritoneal approach. Surgery was performed following the
CTA examination by a surgeon with 10 years experience of
performing LPNs. Tumor-feeding arteries were preoperatively
selected by two radiologists on the basis of the CTA images.
Following the superselective renal arterial clamping of the
tumor-feeding arteries, the tumors were resected. For each
patient the surgeon recorded a number of surgical observa-
tions, including the number, location, extrarenal length and
branching patterns of the renal arteries. In addition, clinical,
perioperative and follow-up outcomes (9-75 months) were
recorded.

Statistical analysis. LPN surgical observations were consid-
ered to be the reference standard for comparison. Statistical
analysis was performed using SPSS software, version 17.0
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Table I. Patient demographics, tumor characteristics, surgical
details and outcome.

Variables Mean + SD Median (range)
Patients (n) 42 -
Age (years) 58.4+14.8 56 (45-72)
Male/female (n) 24/18 -
BMI (kg/m?) 22.5+1.5  21.9(19.0-25.3)
Right/left side (n) 17/25 -
Tumor diameter (cm) 32404 3.2(1.8-3.9)
Tumor location (n)
Polar 25 -
Anterior 7 -
Posterior 9 -
R.E.N.A L score 5.2+1.6 5(3-9)
Perioperative
Surgery time (min) 103x12 99 (86-145)
EBL (ml) 263+136 227 (105-725)
WIT (min) 23+3.6 22.5 (18-35)
Transfusion (n) 3 -
Postoperative complication
Clavien grade I/I1 4/3 -
eGFR absolute change of the
affected side (ml/min/1.73 m?) 24.9+4.4 24 (16-38)
Histology (n)
Clear-cell RCC 34
Papillary RCC 1 -
Angiomyolipoma 7 -
Margins negative (n) 42 -

BMI, body mass index; EBL, estimated blood loss; WIT, warm isch-
emia time; eGFR, estimated glomerular filtration rate; RCC, renal
cell carcinoma; SD, standard deviation.

(SPSS, Inc., Chicago, IL, USA). Data are presented as the
mean + standard deviation, or as the median and range.
Continuous variables were compared using the paired
Wilcoxon test, while nominal variables were analyzed using
Pearson's y test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Patient characteristics. In total, 42 patients success-
fully underwent a LPN for renal masses of <4 cm. Patient
demographics and tumor characteristics are presented
in Table I. The mean tumor diameter was 3.2+0.4 cm, the
mean operative time was 10312 min, the estimated blood
loss was 263+136 ml and the mean warm ischemia time
was 23+3.6 min. A total of three patients (7.1%) required a
blood transfusion (Clavien grade II); however, no patients
developed a renal arteriovenous fistula or required embolo-
therapy following surgery. The mean absolute reduction in
the estimated glomerular filtration rate (¢GFR) at 3-6 months
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Figure 1. A single tumor-feeding artery identified using computed tomography angiography images. (A) Maximum intensity projection (MIP) image from
the anterior view depicting the tumor-feeding branch (white arrow) and tumor (green arrow). (B) Tumor-feeding branch (white arrow) was annotated on the
merged volume rendering (VR) and MIP image from the anterior view. (C) VR image from the anterior view displaying the tumor-feeding branch (white arrow)

leading into the renal hilum.

Figure 2. A 60-year-old woman underwent a right laparoscopic partial nephrectomy (LPN). (A) Axial maximum intensity projection image shows the tumor
(grey arrow). (B and C) Tumor-feeding arteries (white arrow) were identified using computed tomography angiography images. (D) Target vessel (white arrow)

was isolated during the LPN.

following surgery was 24.9+4.4 ml/min/1.73 m?. Pathological
examination detected clear-cell cancer in 34 cases, angio-
myolipoma in seven cases and papillary cancer in one case,
without positive margins.

Comparison between CTA and LPN surgical observations
for renal arteries. CTA was performed in 42 patients,
providing a preoperative map of the renal arteries.

Postprocessing images of all 42 cases accurately displayed
the main renal trunks and vessel branches (Figs. 1 and 2).
Comparison between the CTA and LPN observations for the
renal arteries are summarized in Table II. Preoperatively,
57 renal arteries were identified using the CTA images.
Among the 42 cases, CTA successfully detected 36 single
renal arteries (97.3%). Furthermore, a total of 5/6 accessory
arteries were observed preoperatively using the CTA images
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Table II. Comparison between preoperative CTA predictions and LPN surgical observations for the renal arteries.

LPN observations

CTA prediction 1 artery 2 artery Accuracy (%) Overall accuracy (%)
CTA results - - 97.6

1 artery 36 1 97.3

2 artery 0 5 100

LPN, laparoscopic partial nephrectomy; CTA, computed tomography angiography.

Table III. Comparison between preoperative CTA predictions and LPN surgical observations for tumor-feeding arteries.

LPN observation

CTA prediction 1 artery 2 artery 3 artery Accuracy (%) Overall accuracy (%) P-value
1 artery 28 4 0 87.5
2 artery 1 7 1 77.8 85.7 0.839°
3 artery 0 0 1 100

*Comparison between CTA predictions and LPN observations for the tumor-feeding arteries. LPN, laparoscopic partial nephrectomy; CTA,
computed tomography angiography.

Table IV. Comparison between CTA predictions and LPN observations for the extrarenal length of the tumor-feeding arteries.

Variable CTA prediction LPN observation P-value

Extrarenal length of the tumor
feeding arteries (mm) 30.2+2.8 30.4+2.7 0.183

Results are expressed as the mean + standard deviation. LPN, laparoscopic partial nephrectromy; CTA, computed tomography angiography.

Figure 3. Accessory renal arteries were visualized using computed tomography angiography imaging for a 40-year-old woman that underwent a left laparo-
scopic partial nephrectomy. (A) Merged volume rendering and maximum intensity projection (MIP) image and (B) MIP image alone from the posterior view,
depicting the accessory renal artery (white arrow) and the tumor (grey arrow).

(Fig. 3), while one accessory artery of <2 mm in diameter  Comparison between CTA and LPN surgical observations
was not detected. Thus, the accuracy of detection for the  for tumor-feeding arteries. Comparisons between preopera-
renal arteries using preoperative CTA was 97.6% (41/42  tive CTA predictions and LPN surgical observations for the
arteries detected). number of tumor-feeding arteries are summarized in Table III.
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The accuracy of CTA for the detection of renal tumor-feeding
branches was 85.7%. Statistical analysis identified no statisti-
cally significant differences between the CTA predictions and
LPN observations with regard to the number of tumor-feeding
arteries (P=0.839). The comparisons between the preoperative
CTA and LPN surgical results for the extrarenal length of the
tumor-feeding arteries are summarized in Table IV (P=0.183).

Discussion

A partial nephrectomy results in comparable oncological
outcomes to a radical nephrectomy for small renal tumors, and
is associated with a reduced risk of chronic kidney disease (1).
As surgical techniques have improved, LPN has replicated
the techniques of open partial nephrectomy for small
renal tumors (10). Temporary hilar occlusion is commonly
employed during a LPN; however, hilar occlusion may result
in warm ischemic injury, which frequently impairs renal func-
tion (11). The safe upper limit for a period of warm ischemia
remains controversial, ranging between 20 and 40 min (5,12).
Thompson et al suggested that the warm ischemic period
should be restricted as much as possible during a partial
nephrectomy (13). In the present study, the warm ischemic
period was 23+3.6 min.

Hilar occlusion involves clamping the main renal vascula-
ture to allow for improved visualization; however, the process
may result in global renal ischemia. A number of techniques
have been developed with the aim to minimize warm isch-
emic injury (2,6,7). One approach, namely segmental renal
artery clamping, eliminates global renal ischemia and mini-
mizes the loss of renal function (4). Segmental renal artery
clamping involves the selective clamping of renal arterial
branches in order to eliminate global renal ischemia. In the
present study, between May 2008 and December 2013, patients
underwent a LPN with superselective clamping of the renal
arterial branches. The mean absolute reduction in the eGFR at
3-6 months following surgery was 24.9+4.4 ml/min/1.73 m?.

As the field of view during a LPN is limited, it is crucial
that surgeons obtain preoperative knowledge of the renal arte-
rial anatomy prior to performing selective clamping of the
renal arterial branches. Although digital subtraction angiog-
raphy is currently regarded as the gold standard for inspecting
renal vascular anatomy, CTA is becoming increasingly used
to evaluate renal arterial anatomy since the technique is
less invasive, more accurate and more widely available (14).
A previous study indicated that the sensitivity of CTA for
preoperatively identifying renal arteries was 98.5% (15).
Furthermore, Pozniak er al reported that the sensitivity of
CTA was 100 and 93% for the detection of accessory arteries
and prehilar arterial branches, respectively (16). In the present
study, CTA correctly identified 36/37 single renal arteries,
resulting in a 97.3% rate of accuracy.

In the majority of individuals, the kidney is supplied with
blood by a single renal artery, and the prevalence of multiple
renal arteries reportedly varies between 9 and 76% (17,18). The
location of accessory arteries is crucial knowledge for surgeons
to obtain prior to surgery, as the ligation of an accessory renal
artery may lead to ischemic injury to the portion of the kidney
supplied by that artery. However, hemorrhage may occur if a
tumor-feeding accessory renal artery is not clamped, which
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may further affect the visualization of the laparoscopic field.
Among the 42 cases investigated in the present study, 5/6 acces-
sory arteries were preoperatively detected using CTA images,
with only one accessory artery (diameter, <2 mm) undetected
(Fig. 3). Therefore, preoperative CTA may aid surgeons in
anticipating potential vascular variants and facilitating LNP.

The preoperative identification of tumor-feeding arteries
may crucially affect the outcome of a LPN. Without effective
guidance, renal arteries may go undetected or may be exces-
sively clamped during the LPN, affecting visualization during
surgery or resulting in a loss of renal function. The renal artery
is typically divided into segmental arteries at the renal hilum.
With reformatting techniques, CTA can be used to accurately
elucidate the number, branching pattern and location of the
renal arteries. Thus, surgeons may preoperatively identify
tumor-feeding arteries using CTA images. In the present
study, the accuracy of the identification of tumor-feeding
arteries via 256-channel CTA was evaluated by comparing the
CTA prediction with the actual segmental arteries clamped
during surgery. The accuracy of CTA in detecting the renal
tumor-feeding branches was 85.7%, and statistical analysis
indicated no statistically significant difference between the
CTA predictions and LPN observations with regard to the
number of tumor-feeding arteries (P=0.839; Fig. 2).

The extrarenal length of the tumor-feeding arteries is a
significant factor for the selective clamping of renal arterial
branches. Previously, Nohara et al reported that tumor-feeding
arteries of >10 mm in extrarenal length were necessary for
LPN to be performed (19). Furthermore, a previous study by
Weld et al (20) indicated that the required extrarenal length of
tumor-feeding arteries for conducting a LPN was 31 mm. In
addition, Kang et al reported that tumors in the lower pole may
be more amenable to segmental artery clamping due to the
presence of longer tumor-feeding arteries (8). In the present
study, the extrarenal length of the tumor-feeding arteries was
preoperatively evaluated using CTA, and statistical analysis
indicated no statistically significant difference between the
CTA prediction and LPN observation of the extrarenal length
of the tumor-feeding arteries (P=0.183). In total, 42 patients
successfully underwent a LPN with superselective clamping
of the renal arterial branches, and no patients were converted
to a LPN with hilar occlusion. Therefore, the use of CTA
may allow surgeons to preoperatively evaluate the feasibility
of segmental artery clamping, and thus avoid unnecessary
dissection of the segmental artery.

A number of limitations were identified in the present
study. Firstly, the number of enrolled patients was relatively
limited; thus, further studies with larger population samples
are required to verify the present results. Secondly, there may
be a selection bias due to the retrospective nature of the study.

In conclusion, CTA may be used to preoperatively produce
a map of the renal arteries, subsequently providing a surgical
advantage by optimizing the detection of tumor-feeding
arteries. Therefore, the use of CTA may facilitate successful
segmental renal artery clamping during a LPN.
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