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Abstract: Partial nephrectomy (PN) is increasingly considered the gold standard treatment for localized
renal cell carcinomas (RCCs) where technically feasible. The advantage of nephron-sparing surgery lies
in preservation of parenchyma and hence renal function. However, this advantage is counterbalanced with
increased surgical risk. In recent years with the popularization of minimally invasive partial nephrectomy
(laparoscopic and robotic), the contemporary role of open PN (OPN) has changed. OPN has several
advantages, particularly in complex patients such as those with a solitary kidney, multi-focal tumors, and
significant surgical history, as well as providing improved application of renoprotective measures. As such,
it is a technique that remains relevant in current urology practice. In this article we discuss the evidence,
indications, operative considerations and surgical technique, along with the role of OPN in contemporary

nephron-sparing surgery.
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Introduction of renal hypothermia. Modern medical imaging has further

Partial nephrectomy (PN) has emerged as the widely revolutionized the role of PN due to the increasing volume

. of incidentally diagnosed small renal masses.
recommended treatment for small renal tumors, clinical

T1la-b, following publication of favorable oncological and As urology has embraced the gradual shift from open to

functional outcomes over radical nephrectomy (RN) (1). minimally invasive surgery (MIS), PN is being completed
Open PN (OPN) was first performed by Spencer Wells

in 1884, when one-third of a kidney was inadvertently

more often by laparoscopic and robotic methods (4). This
has led to significant reassessment of the role of OPN. An

removed with the excision of a peri-renal fibroadenoma (2). increasing desire for nephron-sparing surgery has enabled

It was 3 years later when Czerny was credited with
performing the first deliberate OPN for angiosarcoma
(2,3). Advances to nephron-sparing surgery were largely
made in the 1960s with increased understanding of the
segmental arterial supply of the kidney and the utilization

surgeons to test the boundaries with more challenging
clinical scenarios and complex tumors. Although there is
debate over the role of OPN in an era of MIS, current
international guidelines cite the priority being renal
preservation regardless of approach (5,6).

A ORCID: 0000-0001-8576-586X.

© Translational Andrology and Urology. All rights reserved.

Transl Androl Urol 2020;9(6):3149-3159 | http://dx.doi.org/10.21037/tau-20-474


https://crossmark.crossref.org/dialog/?doi=10.21037/tau-20-474

3150

Table 1 RCC T staging and proportion at diagnosis

O’Connor et al. OPN: current review

Staging score Description (6)

Incidence at diagnosis (%) (7-9)

T1a Tumor <4 cm size, limited to kidney 55-70

T1b Tumor >4 cm, but <7 cm, limited to kidney

T2 Tumor >7cm, limited to kidney 10-23.3

T3 Tumor extends into major veins or perinephric tissues, but not 8-13.9
beyond Gerota fascia

T4 Tumor extends beyond Gerota fascia 11-18.7

RCC, renal cell carcinoma.

Table 2 Indications and contraindications for OPN

Description
Indications
Absolute Single anatomical or functional kidney
Bilateral renal masses
Relative Chronic renal impairment
Hereditary RCC syndromes
Elective Localized unilateral RCC (healthy

contralateral kidney)
Contraindications
Absolute Metastatic or locally advanced disease

Insufficient volume of remaining
parenchyma
Renal vein thrombosis
Uncorrected bleeding disorder
Non-reversible anticoagulation
Relative Significant cardiopulmonary compromise
Cl time >45 minutes
Tumor encasement of renal pedicle

Diffuse tumor invasion of central collecting
system

OPN, open partial nephrectomy; RCC, renal cell carcinoma; Cl,
cold ischemia.

Indications for PN

Owing primarily to widespread use of cross-sectional
imaging such as computerized tomography (CT) and
ultrasound, incidence of primary renal cell carcinoma (RCC)
has increased globally. With the vast majority of small renal
masses being diagnosed incidentally, close to 50% of renal
neoplasms are now stage T'la at diagnosis (7able 1) (7,10,11).
This is associated with a corresponding improvement in
mortality rates (11,12). The associated stage migration
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towards earlier stage disease has led to a desire for surgery
with maximal preservation of renal parenchyma and
nephrons. It is now widely acknowledged that nephron-
sparing surgery has the ability to better preserve long-
term renal function and therefore reduce subsequent risk of
cardiovascular and metabolic disorders (13). Given excellent
long-term cancer survival outcomes in patients undergoing
PN [85-96% cancer-specific survival at 10-year after
surgery (12)], these functional outcomes are significant.

While PN was initially reserved for cases with a
contraindication to RN, such as solitary kidney, chronic
kidney disease (CKD) and multi-focal or bilateral tumors,
it has now become the surgical gold standard for all small
renal tumors when technically feasible. Current guidelines
from both American Urological Association (AUA) and
European Association of Urology (EAU) recommend
PN for all ¢cT1a-b tumors (5,6). This change in guideline
recommendations has come following the publication
of multiple retrospective studies and one prospective
randomized control trial (RCT) by Van Poppel er al.
demonstrating that PN is not inferior to RN for clinically
Tla-b renal tumors (1,14). PN can additionally be used in
the management of benign renal pathology such as removal
of benign tumors (angiomyolipoma and oncocytoma),
infected calyceal diverticula, segmental traumatic and
irreversible renal injury. Indications and contraindications
for PN are outlined in 7izble 2.

Open versus minimally invasive PN

To date, good quality direct comparisons between OPN
and minimally-invasive PN techniques are scarce. Many
studies are limited by retrospective design, incomplete
data series and lack of detail regarding tumor complexity.
It is recognized that minimally invasive options provide
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Table 3 Overview of anatomical classification systems RENAL and PADUA
Variables RENAL nephrometry score (21) PADUA score (22)
Maximal tumor diameter 1 pt: <4 cm; 2 pts: >4 cm but <7 cm; 3 pts: =7 cm 1 pt: <4 cm; 2 pts: >4 cm but <7 cm; 3 pts: =7 cm
Exophytic/endophytic 1 pt: =50%); 2 pts: <60%; 3 pts: entirely endophytic 1 pt: =50%; 2 pts: <50%; 3 pts: endophytic
Collecting system 1 pt: =7 mm; 2 pts: >4 mm but <7 mm; 3 pts: <4 mm 1 pt: not involved; 2 pts: dislocated/infiltrated
Renal sinus N/A 1 pt: not involved; 2 pts: involved
Anterior/posterior Mass assigned a, p, or x Mass assigned a or p

Polar location

1 pt: above upper or below lower polar line; 2 pts: crosses 1 pt: superior/inferior; 2 pts: middle

polar line; 3 pts: >50% of mass is across polar line (1), or
crosses axial midline (ll), or is between polar lines (IIl)

Renal rim location N/A

1 pt: lateral; 2 pts: medial

pt, point.

an advantage regarding perioperative morbidity. However,
oncological and functional results remain comparable
(15,16). Bravi et al. undertook a prospective observational
review comparing open, robotic and laparoscopic PN
perioperative outcomes in 2,331 patients where OPN was
found to be associated with shorter ischemia time when
compared to both robotic and laparoscopic approaches (17).
The authors postulated several possible explanations
for this finding including lack of haptic feedback,
compromised vision and surgical team experience. In terms
of perioperative outcomes such as length of stay and blood
loss however, the robotic approach proved superior. Studies
comparing more complex and larger (T2) tumors have
further tried to characterize the role of robotic PN over
OPN. Once again conceding the limitations of retrospective
and observational study designs, the perioperative,
functional and oncological outcomes appear to be
equivalent (18,19). Acknowledging the well documented
peri-operative advantages to minimally invasive PN, there
is no evidence to suggest that OPN should be considered
inferior (5,6). This is especially pertinent in institutions
which may lack robotic technology or surgical expertise in
minimally invasive techniques.

Pre-operative considerations

Important patient factors which need to be assessed pre-
operatively include age, baseline renal function and
medical co-morbidities. All patients should undergo
routine blood tests including electrolytes, renal- and
liver-function, coagulation profile and group and hold.
Antiplatelet and anticoagulant medication should be
withheld based on product pharmacodynamics and patient
factors, and patients with uncorrected coagulopathies
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should be carefully considered and undergo hematology
consultation. Prior surgical history is important, especially
in the event of suspected adhesions or loss of tissue planes,
this is especially pertinent in the event of re-operation on
a kidney for tumor recurrence or positive surgical margins.
In these situations, open surgery may be a preferred
approach over laparoscopic or robotic techniques due to
increased technical difficulty (20).

Tumor factors which require careful pre-operative
consideration include tumor staging, location, size and
depth. Adequate cross-sectional imaging is imperative in
assessing tumor complexity and surrounding anatomical
relations when deciding to perform an OPN. Objective
anatomical classification systems have been developed to
standardize the description of renal tumors and assist in
patient and surgical technique selection. These includes
the C-index, RENAL nephrometry score and Preoperative
Aspects and Dimensions Used for an Anatomical (PADUA)
classification system amongst others (Zable 3) (21-23). Use
of these systems is helpful for objective decision making
and comparison between treatment modalities. Renal
scintigraphy may be necessary pre-operatively to evaluate
split renal function. In a tumor containing kidney that
is poorly functioning, RN may be the preferred option
provided the contralateral kidney is healthy.

Patient specific anatomical variation has an important
role regarding planning for nephron-sparing surgery.
Given the importance of sufficient hilar access, pre-
operative imaging needs to adequately identify the renal
artery and vein as well as any accessory or aberrant
vessels. Conceptualization of the tumor location is key to
assisting intra-operative resection and ensure the tumor
is excised in its entirety without sacrificing excess normal
renal parenchyma. Three-dimensional reconstruction and
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Figure 1 Axial CT demonstrating a right renal mass in a patient

who has previously undergone left nephrectomy and right PN
for RCC. Following successful OPN with renal hypothermia,
eGFR stabilized to 45 mL/min/1.73 m® post-operatively. CT,
computerized tomography; PN, partial nephrectomy; OPN, open

partial nephrectomy; RCC, renal cell carcinoma.

Table 4 Considerations favoring OPN over minimally invasive PN

Prior renal surgery

High tumor complexity or multiple tumors
Solitary kidney

CKD

Expected prolonged ischemic time
Extracorporeal surgery

Lack of minimally-invasive surgical expertise

Lack of equipment required for minimally-invasive PN (e.g.,
robotic equipment, laparoscopic ultrasound)

OPN, open partial nephrectomy; CKD, chronic kidney disease.

printing has been developed to assist with this process at
some institutions, particularly for hilar or completely intra-
parenchymal tumors (24). A particularly difficult intra-
operative finding in PN is that of adherent perinephric fat.
This so-called “toxic fat” introduces an added challenge
when it comes to identification and isolation of the tumor.
While few surgeons would normally plan for this factor
pre-operatively, recent studies have proposed methods
to identify this occurrence before surgery and the open
surgical technique may be preferable to minimally invasive
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in these instances (25,26).

The above pre-operative considerations are made even
more essential in the context of the complex urological
patient. Solitary kidney, bilateral tumors and familial RCC
pose unique treatment dilemmas, some of the few instances
where PN is an absolute indication (Figure I). With regard
to recurrent or metachronous tumors in patients with
hereditary forms of RCC, such as von Hippel-Lindau
disease, repeat salvage PN has been shown to provide
adequate oncological outcomes whilst avoiding dialysis
in this younger demographic of patients (27,28). Patients
with CKD are more susceptible to renal ischemia than
those with healthy kidneys (29). Preservation of healthy
renal parenchyma in these situations is imperative and
therefore the surgical approach with the shortest ischemia
time and minimal excision of normal parenchyma is
paramount thereby favoring OPN. A list of considerations
which may favor OPN over minimally-invasive PN are
outlined in Table 4.

Percutaneous renal mass biopsy (RMB) is typically
not necessary prior to PN owing to improved diagnostic
accuracy of medical imaging and concern regarding non-
diagnostic rate of 14% and limited negative predictive value
(70%) (5). Its primary recommended role is the diagnosis
of indeterminate renal masses planned for non-surgical
management or where differentials are concerning for
inflammatory, infectious or metastatic disease (5). Despite
this, a recent study has demonstrated that routine RMB
does reduce surgery for benign tumor which is relevant as
up to 30% of small renal masses are found to be benign on
histological examination (30). Routine use of RMB in the
United States appears to be increasing (15.3%), however
ultimately RMB is not currently indicated when it is
unlikely to change management (31).

Surgical technique for open partial nephrectomy
Positioning

Following induction of anesthesia, intubation and insertion
of indwelling catheter for urinary output monitoring,
careful attention is made to patient positioning to allow
adequate exposure to the retroperitoneum. The patient is
positioned in the lateral decubitus position with the flank
overlying the break in the table to allow for the table to
be flexed to open the space between the costal margin and
iliac crest. Careful attention to possible high-pressure areas
including the axilla (risk to brachial plexus), the bottom hip
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(pressure sore) and the forearms (radial or ulnar nerves) are
warranted while providing adequate anesthetic access and
insuring the patient is well secured to the table.

Surgical approach

A surgical approach which provides good exposure to
upper and lower poles of the kidney, the tumor and renal
hilum is necessary to avoid intra-operative complications.
A traditional or large flank incision is most often done
superior to the 12% rib as it offers the opportunity to
operate within the retroperitoneum avoiding intraperitoneal
structures. This approach is often described in coordination
with or without resection of the distal third of the 11"
or 12" rib (32,33). As an alternative, cases of mini OPN
where an 8-10 cm incision is made superior to the 11" rib
have been reported by Diblasio et /. and Wang et al. and
found to have equivocal oncologic outcomes with fewer
wound complications and a better cosmetic result (34,35).
The incision is made with care to avoid the intercostal
neurovascular bundles which lie just below the rib above.
The latissimus dorsi, external and obliques are transected
while the transversus abdominis is split in the direction
of its fibers. The transversalis fascia is broached by sharp
dissection and remaining extra-peritoneal by pushing the
peritoneum anteriorly. If operating above the 11™ rib, care
should be taken to avoid the costodiaphragmatic recess
and pleural reflections (34). In the event of previous flank
incision, failed thermoablation or larger complex renal
masses, a transperitoneal approach by anterior subcostal,
midline or Mercedes Benz incision is preferred (36). Finally,
there is a move away from flank incisions in some regions
due to short and long-term morbidity (e.g., bulging) and
thus other incisions such as anterior sub-costal or roof-top,
even if infra-peritoneal, may be preferred (36,37).

Best exposure is obtained through the use of some form
of self-retractor with cephalad and caudal retraction between
the ribs (dependent on where incision has been made) (38).
A mix of blunt and sharp dissection to develop the
retroperitoneal space with views to rotate the kidney
medially for access to the renal pedicle. The plane between
Gerota’s fascia, the quadratus lumborum and psoas is
developed by blunt dissection clipping and dividing
any perforating blood vessels arising from the body
wall. Dependent on surgical site, either the descending
colon or the right colon/duodenum must be retracted
medially. Further mobilization of the kidney from the
retroperitoneum may be required to gain access to the renal
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hilum.

Identification of the hilar structures is paramount to
renal viability and positive surgical outcomes in OPN (32).
If there is difficulty finding the hilum due to factors such
as size and fat content of the abdomen, isolation of the
ureter at the lower pole of the kidney can act as a guide
to its origin and aid identification of the renal artery
and vein. Branches of the renal vein such as the lumbar,
adrenal and gonadal may need to be clipped and ligated
to facilitate access to the renal artery. At this stage both
vessels should be separately isolated and we prefer to
identify with by vessel loops of differing colors. Once the
hilum has been successfully isolated, identification of the
renal mass by texture, visually and ultrasound is required.
While ultrasound may not be required for every case, our
preference is to use it for every case so that you are well-
practized in its use for the difficult cases when required.
De-fatting of a 2-5 mm margin surrounding the mass is
advocated while surveying for unsuspected satellite tumor
which may not have been detected on preoperative imaging
(34,39). When comfortable that a reasonable margin of
resection can be attained without obstruction from other
intraabdominal structures, attention can be turned to
control of the renal blood supply.

Ischemia

Control of renal vessels is paramount for several reasons:
to reduce excessive blood loss, to improve vision at
resection as to avoid incomplete tumor resection, and
reduction of renal turgor which allows for a more easily
palpable mass in endophytic lesions (40). The renal vessels
can be controlled by several methods utilizing either
a bulldog clamp, vascular clamp, or finger/tourniquet
compression of the adjacent parenchyma. The choice to
control the artery and vein, the artery alone or in select
cases, control of a segmental branch of the renal artery
may reduce global renal ischemia (41,42). Segmental
branch control, anatomy permitting, involves clamping
of a distal renal artery branch supplying the region of
the tumor without impacting perfusion to the remaining
normal parenchyma throughout the resection.

Off-clamp PN and parenchymal compression are both
novel techniques being utilized which aim to avoid hilar
clamping entirely (43). Regional ischemia by way of a
parenchymal clamp or tourniquet may be feasible when the
anatomy allows, particularly in the case of tumors in polar
locations. Although off-clamp surgery provides the benefit
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Figure 2 Intra-operative photo demonstrating exposure, retraction

and vessel preparation prior to commencement of resection for

RCC. RCC, renal cell carcinoma.

of avoiding ischemia-related renal injury entirely, the
obvious counterbalance of bleeding risk is apparent (44).

A major advantage of OPN is the ability to safely and
effectively minimize global renal ischemia by decreasing
the core renal temperature. Intra-operative renal
hypothermia and cold ischemia (CI) has the ability to
prolong period of time for resection without compromising
postoperative renal function. This technique has also
been described in relation to robotic and laparoscopic
PN, although it is often cumbersome and technically
difficult (45,46). CI promotes renal hypometabolism and
may cause a reduction of cell swelling and release of free
radicals minimizing risk of long term renal injury (47).
In cases where complex resection or prolonged repair is
anticipated (>25 minutes), CI is an invaluable technique
to reduce risk of renal injury, aiming to decrease the core
renal temperature to 15-20 degrees Celsius (48,49). The
bottom of a bowel bag is split open and then the top of
the bag with the tie is fit snuggly around the renal hilum
still allowing access to the vessels for clamping. The renal
artery (or artery and vein if necessary) is cross-clamped
and ice slush placed in the bag and around the kidney.
After 2-3 minutes, ice is cleared from the area of interest
to create a window to the lesion and begin demarcating the
resection margin. Following completion of the resection
and repair, the ice is removed quickly and then the clamp
removed.

Where time of resection is likely to be less than
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20-25 minutes, CI is not necessary as there is no increased
risk of acute or chronic renal injury and risk of permanent
dialysis secondary to warm ischemia during this time (49).
When compared to laparoscopic and robotic approaches,
OPN has generally has a shorter warm ischemia time in
published studies (50). With improved surgical expertise in
robotic PN however, this is becoming more comparable.
Interestingly, a large RCT is underway to assess the benefits
of renal hypothermia in PN and this may well change
practice (51).

Use of mannitol preconditioning is not recommended
as studies have found it ineffective at preventing ischemia
re-perfusion injury (52,53). There is currently no drug,
preconditioning or postconditioning agent that reliably protect
the kidney against ischemia-reperfusion injury (54,55).

Resection

The primary objective of resection is to remove the entire
renal mass with negative margins, while preserving as much
unaffected renal parenchyma as possible. Preoperative
imaging paired with intraoperative ultrasound and
palpation to define deep margins is important for successful
removal of the mass. Sharp dissection of the capsule can
be undertaken by blade or diathermy followed by use
of tenotomy scissors to develop the deep margins of the
specimen (Figure 2). Use of intra-operative cell salvage may
be considered to conserve intra-operative blood loss and
reduce blood transfusion rates (56).

Optimal oncologic control is gained where a normal
tissue rim is removed with an undisrupted tumor. Reported
margins offering oncological advantage are commonly
quoted as 2-3 mm of normal tissue, although retrospective
case studies with short term follow up have suggested <1 mm
can equally offer control as long as the margins are ‘negative’
(57,58). Enucleation, or blunt dissection of the pseudocapsule
surrounding the tumor is not advocated due to the risk
of micro-invasion into normal renal parenchyma. While
exophytic lesions often have easily defined peripheral borders,
deep margins are more difficult to define as is the case for
all margins in purely endophytic lesions. Intraoperative
frozen section of margin biopsies may be required in some
circumstances; however, utility is controversial as it may not
always correlate with final margin status (32,59). Positive
surgical margin is an especially unwanted finding following
PN regardless of technique with an incidence of 0-10% (60).
This does not appear to differ significantly between open,
laparoscopic and robotic PN.
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Table 5 Complications and risk following OPN
Risk (%) (14,38,65-68)

Complication

Intra-operative

Hemorrhage 1.2-5.26
Damage to other organ (e.g., Spleen) 0.4-2.6
Pleural injury 5.1-11.5
Early post-operative
AKI 24-54
Urinary leak 1.4-17
Hemorrhage 1.4-7.9
Chest infection/atelectasis 125
lleus 12.7
Late post-operative
Urinary fistula 1.4-17.4
Arteriovenous fistula <1
Hernia 0.6
Death within 1 year 0.2-2.3

OPN, open partial nephrectomy; AKI, acute kidney injury.

Renorrbaphy

Renorrhaphy aims to achieve watertight closure of the
collecting system, hemostasis, and repair the renal defect
while minimizing the effect on normal healthy vascularized
parenchyma (61). Vessels on the cut surface of the kidney
are identified and oversewn with absorbable sutures as
required. Our preference is to use a barbed suture (e.g.,
3-0 V-Loc™, Medtronic/Covidien®, MN, USA) as our
hemostatic suture, running it along the cut surface of
the kidney closing vessels and breaches in the collecting
system. Advances in hemostatic products has allowed for
less oversewing and can minimize ischemic time allowing
for early unclamping. After unclamping and assessment
for further bleeding vessels, we will perform a single layer
renorrhaphy with single 0-vicryl sutures secured at both
ends with a clip (e.g., Hem-o-lok®, Teleflex®, NC, USA).
We will occasionally use hemostatic agents for persistent
ooze (e.g., Floseal® or TachoSil®, Baxter Healthcare, IL,
USA). We avoid Surgicel® bolsters (Johnson and Johnson,
NJ, USA) in the renorrhaphy as these give the appearance
of locules of gas in post-operative imaging. Single layer
renorrhaphy has demonstrated improved renal functional
outcomes compared with double layer renorrhaphy,
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although choice of interrupted or running suture closures
have been equivocal (61). In cases where there is a breach
of the collecting system leaving a postoperative drain
should be considered to monitor for persistent urine leak.
The routine use of a drain may be avoided with the aim of
improving patient comfort without putting the operative
outcome at risk (62).

Extracorporeal renal surgery and
autotransplantation

Extracorporeal renal surgery with autotransplantation is a
technique rarely used in contemporary urological surgery.
"Today, in even the most complex cases, PN can usually be
performed without the added risk of autotransplantation.
In cases of large or complex renal tumors in patients
with solitary kidneys however, ex vivo resection and
reconstruction incorporating the advances made in the
transplant field with modern perfusates is considered
the ultimate approach to nephron-sparing surgery.
The excellent exposure, lighting and ability to cool in a
completely bloodless surgical field provides an advantage
in this technique, as well as the ability to avoid life-long
hemodialysis. Recent evidence regarding this technique
is limited to short case series. However, these series have
demonstrated utility for this uncommon operation in
maintaining renal function, quality of life and extending life
expectancy (63).

Post-operative issues

Common complications following OPN include blood
loss requiring transfusion, urinary fistula, and acute kidney
injury (AKI) (16,64). Risk increases with tumor complexity
and increased size. Tuble 5 outlines complications and
risk associated with OPN. Post-operative bleeding is a
time-critical complication that may require angiographic
or surgical intervention. Bleeding can arise from either
the kidney, renal hilum or adjacent structures. Early
identification can be made by monitoring post-operative
pain, vital signs, hemoglobin trends, and drain tube
outputs (if utilised). If the patient experiences rapid clinical
deterioration or has required blood transfusion of greater
than two units, early consideration of angioembolization
should be sought for control of potential segmental arterial
bleeding (64). Uncommonly, delayed presentation of
arteriovenous fistulas and renal artery pseudoaneurysms can
present with hematuria, wound site bleeding or flank pain
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and are potentially life-threatening (69). This may also be
managed with embolization (65).

The etiology of post-operative AKI following OPN
is unclear, especially considering shorter or comparable
ischemia time when compared to robotic PN (70). This
suggests contributory effect of alternative perioperative
variables experienced in OPN such as blood loss, contralateral
renal function, and surgical technique. Short-term renal
impairment following OPN is typically transient however,
with return to a new steady state approximately 3 weeks post-
operatively. Observational studies have demonstrated that
most patient’s renal function remain stable after this point
with an 8.8% average loss over time (71).

Immediate urine leak following PN is recognized by
moderate to high output of fluid in the drain, which should
be confirmed biochemically with elevated creatinine or
urea. Urine leak may also present insidiously 2-3 weeks
post-operatively with the development of a fistula. Formal
diagnosis of delayed or persistent urine leak is typically
made by CT intravenous pyelogram (IVP) or retrograde
pyelogram. Management involves decompression of the
collecting system with a ureteric stent, urethral catheter and
percutaneous drainage (66).

Long-term outcomes

Long-term functional and oncological outcomes following
OPN is generally accepted as comparable to RN and
minimally-invasive PN techniques. This is with exception
of the Van Poppel et al. study which failed to show
definitive oncological equivalence (14). However, this study
was underpowered to show a definitive difference. With
regard to higher complexity tumors, more recent literature
is limited to cohort studies, and mostly find comparable
results to RN (19). An OPN series comparing non-complex
and complex renal masses by Bahouth e 4/. demonstrated
excellent 10-year cancer specific survival (99%) and no long-
term change in renal function despite longer clamp time
(26.5 and 28.9 minutes respectively) (72). There is limited
evidence comparing OPN and robotic PN for complex
tumors with most studies having difficulty matching cohorts
for baseline tumor and patient characteristics. Although
robotic PN appears superior in terms of intra-operative
blood loss, hospital length of stay and transfusion rate, OPN
provides comparable longer-term outcomes (4,73,74). The
paucity in evidence suggesting one surgical technique as
superior over another in terms of functional and oncological
outcomes is reflected in current guidelines.
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Conclusions

OPN continues to have an important role in nephron-sparing
surgery by allowing a safe and oncologically successful
surgery in the setting of more complex renal tumors. As
reflected in current guidelines, irrespective of surgical
approach, treatment of small renal masses should focus on
maximizing oncological and functional outcomes. Despite
the growing expertise and technological advances when it
comes to robotic PN techniques, OPN remains an important
skill for an ever-diminishing proportion of renal masses.
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