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Abstract

Background Hilar tumours are the renal tumours, which abut the renal artery or vein. Nephron sparing surgery
(NSS) is of proven benefit among those with small renal masses. Hilar tumours are usually offered radical surgery due
to the presumed difficulty in dissection, upgrading to tumour stage, and risk of conversion to radical surgery. We
present our results of patients with hilar tumour undergoing nephron sparing surgery.

Methods We performed a retrospective analysis of patients who underwent NSS for renal hilar tumours in our ter-
tiary referral institute from June 2017 to December 2022. The case sheets of all the patients who had undergone NSS
were analysed and their radiology images reviewed. Those with hilar tumours were analysed based on demographic
characters, perioperative and postoperative and follow-up details.

Results Among a total of 21 patients undergoing partial nephrectomy, ten had hilar tumours. The median age

was 43 years. Nine patients had robot-assisted partial nephrectomy and one underwent open partial nephrectomy.
Seven patients had incidentally detected tumours. One had Grade 3 chronic kidney disease. The mean operative
time and robot console time were 225 and 125 min, respectively. Median warm ischaemia time (WIT) was 36 min
(25-48 min). One patient had grade 2 complication and two had grade 3 complication. Eight had clear cell renal cell
carcinoma and one had positive margin. None had recurrence at a median follow-up of 38 months.

Conclusion Nephron sparing surgery, especially with robot-assisted approach, is feasible in hilar tumours with prog-
nosis and complications similar to non-hilar tumours in short-term follow-up.
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1 Background

Nephron sparing surgery (NSS) is the treatment of choice
for clinically Tla and some T1b and T2 tumours[1].
Renal hilar tumours are those tumours which abut the
renal artery or vein in the renal hilum [2, 3]. Though
nephrometry scoring is used to assess the complexity of
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renal tumours, hilar tumours form a special group due to
their proximity to major renal vessels [4].

Radical surgery was usually offered in many centres for
hilar tumours [5]. NSS in such tumours is surgically chal-
lenging and mainly performed in high volume centres.
The probable reason for less use of NSS in these tumours
is the probability of upstaging to T3a (sinus involvement),
though studies suggest otherwise [6]. The other reason
could be the need for precise dissection near the hilum.
Robot-assisted surgery has increased the feasibility of
such surgery with the better dexterity and magnification
[7]. Robotic surgery has expanded the indication for NSS
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to even include synchronous ureteric and renal tumours
[8].

NSS should be offered to these small tumours since
the benefits are manifold. Many patients present in the
fourth or fifth decade with incidentally detected tumours
[9]. Comorbidities like diabetes and hypertension, which
might compromise renal function are prevalent in elderly
age group. Radical nephrectomy in these patients make
them more prone to chronic kidney disease (CKD) [10].
Patient acceptance and quality of life is also better among
those offered NSS [11, 12]. Hence NSS should be offered
even to those with hilar small renal tumours. We present
the results of short-term follow-up of patients undergo-
ing NSS for hilar tumours.

2 Methods

We conducted a retrospective analysis of the patients
who underwent partial nephrectomy for renal hilar
tumours in our quarternary care institute from June 2017
to December 2022. Institutional ethical committee clear-
ance was obtained and the case records of the patients
who underwent partial nephrectomy were retrieved.
Contrast enhanced Computed Tomography (CECT)
images of the patients were analysed and those tumours
which were abutting the renal artery and/or renal vein
were classified as hilar tumours. The preoperative clini-
cal parameters, preoperative details and postoperative
course and minimum of 1 year follow-up details were
analysed. All the surgeries were done by a single surgeon.

2.1 Surgical technique

Under General anaesthesia, all the patients had retro-
grade ipsilateral ureteric catheterization and urethral
catheter insertion.

2.2 Open partial nephrectomy

In lateral kidney position, 11th rib bed approach was
used for exposure of the kidney. Uretero gonadal packet
was dissected and traced till hilum and the renal artery
and vein was dissected and looped. Gerota’s fascia
was opened and perirenal fat excised leaving some fat
around the tumour. Artery was clamped and tumour
divided with a rim of renal tissue margin. Three layer
renorrhaphy was done, clamp released and haemostasis
ensured. Nephropexy was done, and drain was placed.

2.3 Robot-assisted partial nephrectomy

Patient was placed in lateral kidney position, and stand-
ard 6 ports were placed. Colon was deflected medially
and uretero gonadal packet was dissected and traced
till hilum. Renal artery and vein were dissected and
looped separately. For the tumours located in the inter-
polar region over the hilum, intrasinus dissection of the
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renal vessels was done along the Gilvernet plane, till the
tumour was elevated from the vessels. The branches and
tributaries infiltrating or supplying the tumour were
clipped and cut. Tumour elevation was done as much lat-
erally as possible. Kidney was mobilised all around. Peri-
renal fat was excised from the kidney leaving some part
intact around the tumour. Tumour margin was marked
cognitively based on the CT images in partially endo-
phytic tumours. Renal artery alone was clamped and
tumour was divided with a rim of normal renal tissue
and three layer renorrhaphy was done. Declamping was
done, haemostasis ensured, specimen retrieved and drain
placed.

Our technique of three layer renorrhaphy in hilar inter-
polar tumours is fairly standardised. The first layer of 4-0
Polydioxanone suture is used to close the pelvicalyceal
system and open blood vessels in the sinus fat. The sec-
ond layer consists of 3-0 barbed sutures close the part of
the renal sinus fat and inner parenchymal layer. Barbed
sutures help to avoid constant traction and possibility of
suture cut through. The closure is along supero inferior
axis (bringing upper and lower pole closer). Finally, mass
closure is done with 1-0 poly glactin suture by sliding clip
technique along the same plane (Additional File 1: Fig.
S1, Additional File 2: Fig. S2, Additional File 3: Fig. S3).

Postoperatively, orals feeds were started on day 1, ure-
teric and urethral catheter removed on day 3 and drain
removed on day 3 or 4 and discharged after doppler study
of kidney. Follow-up with biochemical analysis (Serum
Creatinine and estimated Glomerular filtration rate
(eGFR) by Modification of Diet in Renal Disease (MDRD)
equation) at 3 months and CECT and biochemical analy-
sis at 1 year.

2.4 Statistical analysis

Quantitative data were expressed as mean, standard
deviation, median and range as appropriate. Qualitative
data were expressed as frequency and percentage. The
percentage change in Se.Creatinine (eGFR) between pre-
operative values and postoperative values were analysed.

3 Results

A total of 21 patients underwent partial nephrectomy,
one open and 20 robot-assisted procedures. Out of
them ten patients had hilar tumours. Their details were
analysed.

The basic demographic and preoperative details are
summarised in Table 1. The median age of the patient was
43 yrs (23-63 yrs). Six of the patients were men. Present-
ing symptoms were varied. One of them had microscopic
hematuria, two patients had non-specific loin pain and
found to have renal mass on evaluation. The rest of them
(seven) were detected during routine screening during
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Table 1 Patient characteristics
Total partial nephrectomy 21
Hilar tumours 10
Age 43 yrs (23-63 yrs)
Male: Female 32
Presentation Incidental detection-7
Loin pain-2
Hematuria-1
Comorbidities 3 (Diabetes-1, Hypertension & Hypothyroidism-1, Chronic kidney disease stage 3-1)
Radiological investigation CECT-9, MRI-1
Tumour size 6.2cm (3.8-9.2cm)
Tumour location Upper pole-3, Interpole-6, Lower pole-1
Surgery approach Open-1; Robot-assisted-9
Total operative time (Mean) 225 min (10 cases)
Console time (Mean) 125 min (9 cases)
Warm ischaemia time (median) 36 min
Estimated blood loss (Mean) 170 ml
Median follow-up 38 mths (12-71 mths)
Complications Grade Ill-2 Grade II-1
Histopathology Clear cell carcinoma-8 (T1a-1; T1b-6, T2a-1) Grade 3-1; Grade 2-4, Grade 1-3 Papil-
lary carcinoma-1 Oncocytoma-1
Positive margin 1

health check up. None of them had any significant clini-
cal findings. Two patients had diabetes and hypertension
and one of them was also hypothyroid. One patient had
CKD stage 3 and was on conservative management. Bio-
chemical and clinical pathology parameters were unre-
markable, except in the patient with CKD.

Three patients had predominantly upper polar tumour,
one had lower polar tumour and six had interpolar
tumour on cross-sectional imaging (Figs. .1, 2). The
patient with CKD had Magnetic resonance imaging and

the rest had CECT for radiological evaluation. One of
the upper polar tumour patient had double ureter. Chest
radiograph was unremarkable.

The patient with double ureter underwent open proce-
dure due to patient preference and the other eight under-
went robot-assisted partial nephrectomy with no open
conversion. The mean operative time and robot console
time were 225 and 125 min, respectively. Median warm
ischaemia time (WIT) was 36 min (25-48 min). The
mean estimated blood loss was 170 ml.

Fig. 1 CECT axial section showing interpolar hilar tumour
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Fig. 2 CECT sagittal image showing hilar tumour

One patient had intraoperative renal vein tributary
injury which was managed with primary suturing (Fig. 3).
Four had arterial branch supplying the tumour, which
was clipped and cut superselectively during intra sinus
dissection (Fig. 4). One patient received blood transfu-
sion. One patient had pseudoaneurysm on follow-up
doppler and underwent angioembolisation (Fig. 5). The
patient with double ureter developed urinoma at 1 month
follow-up which was managed with stenting and aspira-
tion. On Clavien Dindo classification, one had grade 2
complication and two had grade 3.

Histopathology examination showed eight with clear
cell renal cell carcinoma (one T2a, six Tlb and one
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T1a), one had papillary renal cell carcinoma (T1b) and
one patient had oncocytoma. One clear cell tumour had
1 mm positive margin, rest had negative margins. The
median follow-up was 38 months. The patient with posi-
tive margin had no recurrence at 3 years follow-up.

The mean change in Se. Creatinine and eGFR between
preoperative and postoperative values was 10%. The mas-
terchart is provided as Additional File 4 (Table 1).

4 Discussion

NSS is the treatment option for small renal masses irre-
spective of location. Relatively more widespread avail-
ability of robotic surgeries have resulted in more hilar
masses and endophytic tumours being offered NSS [1, 3].

Half of the overall NSS patients were hilar tumours
in our series. Overall, most series have approximately
20-30% of hilar tumours [13, 14]. Our institute is a ter-
tiary / quarternary referral centre with surgical robot.
Patients with hilar tumours, who were offered radi-
cal nephrectomy in secondary care centres were either
referred by their physicians or patients themselves pre-
sented for the option of NSS. This could be the reason for
the higher proportion of hilar tumours in our series.

Though CECT is the radiological investigation of
choice, with 3D reconstruction of vascular pattern [15].
MRI alone was used without contrast in one of our
patients (Figs. 6, 7). With specific sequences, exact vas-
cular anatomy could be delineated for successful vascular
delineation. Good preoperative planning with imaging is
necessary for intra sinus dissection and avoiding bleeding
and positive margins [13].

Surgical technique for hilar tumours needS to be modi-
fied a little from the classical non-hilar partial nephrec-
tomy [16]. After dissecting the vessels and looping them,
intrasinus dissection is done to separate the tumour from
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Fig. 4 Intraoperative photograph showing arterial branch supplying
tumour (Yellow arrow) delineated by intra sinus dissection, clipped
and divided

Kl P “\

Fig.5 CECT at 2 years follow-up showing normal remnant kidney
perfusion and yellow arrow indicating previously embolised
pseudoaneurysm

the vessel (Fig. 8). We could selectively clip the vessel sup-
plying the tumour by intrasinus dissection, under clear
vision, especially with the use of robot (Fig. 8). This helps
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to avoid sacrificing major branches and tributaries while
dividing the tumour, which is usually associated with
bleeding and poor vision if no clamps or isolated arterial
clamps are used. One patient required reconstruction of
renal vein tributaries in the tumour bed. Postoperatively,
renal function was fairly preserved in the ipsilateral kid-
ney on renogram.

The median WIT of 36 min, though higher than the
recommended standard of less than 30 min, is accept-
able for NSS [17]. The safe duration of warm ischaemia
is debatable [18, 19]. There may be no specific reason
for definite increase in hilar tumours, since the tech-
nique involves maximum mobilisation of tumour and
intra sinus dissection before vessel clamping. We prefer
isolated arterial clamping with venous ‘perfusion’ intact.
Our sample size is small to have conclusive evidence, but
we found no detrimental effects on Se. Creatinine and
estimated glomerular filtration rate in the short duration
follow-up. 10% decrease in renal function is expected in
overall eGFR after partial nephrectomy [20]. Estimation
of GFR by isotope renogram is ideal, but studies have
found overall eGFR to correlate with the residual renal
function [21].

Three patients developed complications. One patient
required angioembolisation for pseudoaneurysm. Angi-
oembolisation was done ‘electively’ without the patient
having any symptoms like hematuria. Studies with elec-
tive CECT show an incidence of 20% for asymptomatic
pseudoaneurysm following NSS [22]. Symptomatic pseu-
doaneurysm was found in 2% of patients [23]. The patient
who developed urinoma, had double ureter and pelvis.
The calyceal suture approximating both walls of one
upper calyceal infundibulum was the cause of leak. This
may not be attributable to the hilar nature of the tumour.
Patient with T2a tumour developed urinoma and T1b
grade 3 clear cell carcinoma patient needed angioembo-
lisation. High grade and high stage tumours may be more
prone to complications [24, 25].

One patient had 1 mm positive surgical margin. He
had no recurrence at follow-up of 3 years. The manage-
ment of patients with positive surgical margins is close
monitoring. Though few studies suggest increased risk
of recurrence, there is no role for radical nephrectomy.
Higher stage and grade tumours were found to have posi-
tive margin, but the contribution of tumour behaviour as
such, or the positive margin contributing to recurrence is
debatable [26-28].

Infiltration of renal artery and vein is very rare. Though
images indicate closely abutting tumour, definite planes
are usually present and tumour could be dissected. But,
the need for conversion to radical nephrectomy should
be explained to all patients planned for NSS, especially in
those with hilar tumours.
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Fig. 6 MRI sagittal image showing tumour with renal vessel anatomy

Fig. 7 MRI axial section showing tumour with renal vessels

The limitation of our study is the small sample size.
We found it plausible to present with such small num-
ber, since we found almost half of our NSS patients
had hilar tumours (Tumours close to or impinging on
the vessels). The other limitation is the non inclusion
of nephrometry score. We did not include it, since the
scoring incorporates size and exophytic status which
may confound the results of exclusive hilar tumours.
The duration of follow-up is small to detect recur-
rence, but the patient with positive margin had two
years follow-up with no recurrence. Isotope renogram
would have been ideal to assess the effect of warm
ischaemia of ipsilateral kidney.
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Fig. 8 Intrasinus dissection showing renal vein tributaries and renal
arterial branches

5 Conclusion

Renal hilar tumours are not uncommon. They can be
managed with nephron sparing surgery with accept-
able complication rate and comparable prognosis.
Robot-assisted intrasinus dissection is helpful in better
preservation of renal parenchyma.
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