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ABSTRACT

ARTICLE HISTORY

Objectives: To describe a direct access partial nephrectomy technique through a transperitoneal working space (Roskilde technique).
Materials and methods: Prospective single-center descriptive study between April 2015 and January
2017. The surgical outcomes are evaluated according to the Trifecta criteria (negative margins, warm
ischemia time < 20 min and a Clavien-Dindo complication score < 3).
Surgical procedure: The same access to the transperitoneal cavity as in a Standard transperitoneal
Partial Nephrectomy was used. A direct access was established by incision of the peritoneum directly
onto the renal fascia. The renal vessels and tumor were identified and the tumor removed with standard technique. The perinephric fat and peritoneum were then closed with a running suture.
Results: In total, 122 patients underwent the Roskilde technique. The mean age was 62.2 years, the
median Padua score was 12 (IQR ¼ 9–12) and the median tumor size was 32 mm (IQR ¼ 12–90). The
median operative time was 101 min (IQR ¼ 90–125). The trifecta achievement criteria goal was
achieved in 116/122 (95%), with a median warm ischemia time of 8 min (IQR ¼ 0-12).
Conclusions: The Roskilde technique is safe and feasible. It can be performed on complex renal
masses, and it seems to result in short operative times and high Trifecta achievement.
Trial registration: None
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Introduction
The rate of incidentally detected small (< 4 cm) asymptomatic renal tumors has increased dramatically due to a rise in
computed tomography (CT) scans for other purposes [1].
Nephron-sparing surgery has become the gold standard for
small renal masses whenever technically feasible [2] because
of its equivalent oncological results compared to radical
nephrectomy [3]. Robot-assisted partial nephrectomy has
emerged as a viable option in such procedures [4–6]. Here, a
transperitoneal approach is the most common, as it offers a
larger working space compared to the retroperitoneal
approach. Meanwhile, the retroperitoneal approach, traditionally used for open surgeries, offers many advantages,
including direct access to the kidney and renal hilum, reduction of the operative time and minimization of the dissection
during surgery. In addition, it has been reported that the
transperitoneal approach may increase post-operative
adhesion and complications [7, 8]. Due to these factors,
retrospective studies have explored the retroperitoneal
robot-assisted partial nephrectomy and shown that this
approach may reduce the operating time and length of the
post-operative hospital stay, especially for posterior and
laterally located tumors [9]. On the other hand, these studies
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have also acknowledged difficulties caused by limited working space and a lack of surgical landmarks [10]. Many criteria
have been used to evaluate the quality of surgical approaches,
some focusing on the safety and others on the oncological
outcome. To encompass both perspectives, Buffi et al. [11]
developed an important system to evaluate the optimal outcome after nephron-sparing surgery called Trifecta, which is
defined as negative margins, warm ischemia time (WIT)
<20 min and a Clavien-Dindo complication score < 3.
We propose that a novel approach of direct access partial
nephrectomy through a transperitoneal working space
(Roskilde technique) may preserve the retroperitoneal cavity,
while providing quick access to the renal hilum and reducing
unnecessary dissection to the transperitoneal organs. These
advantages, combined with a large working space through
the transperitoneal access, may lead to a maximal benefit of
this new approach. Here, we describe the Roskilde technique
for the first time.

Materials and methods
Patients with renal tumors were eligible for robot-assisted
partial nephrectomy if surgery was deemed technically
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possible, regardless of tumor size and renal function. The
Roskilde technique for laparoscopic partial nephrectomies
was introduced at our center in April 2015 and all subsequent procedures were performed with this technique. All
patients operated on between April 2015 and January 2017
were included in the study. All surgeries were performed by
the same team of experienced surgeons.
Information on age, gender, operative time, WIT, surgical
margin, conversion rates, length of hospital stay (LOS), reoperation, 30-day peri- and post-operative complications
according to the Clavien-Dindo classification, estimated
glomerular filtrations rate (eGFR) before and after surgery
and 30-day mortality rate were collected. Tumors were classified according to the Padua scoring system (the preoperative
aspects and dimensions were used for the anatomical
score) [12].
Achievement of the trifecta criteria (negative margins, WIT
< 20 min and Clavien-Dindo complication score < 3) was
considered the main endpoint. All tests were two-sided and
the significance level was set at p < 0.05.
The study was approved by the data protection agency
and the Danish Patient Safety Authorities in accordance with
Danish law (case no. 3-3013-2056/1).

Roskilde technique
The same access to the transperitoneal space as in the standard transperitoneal technique was used. The colon and duodenum on the right side, and the colon, pancreas and spleen
on the left side were not mobilized. In some cases of large
livers, the right lobe of the liver needed mobilization
(Figure 1).
A direct access was established by incision of the peritoneum directly onto the renal fascia away from the colon
through the whole length of kidney, entering the perinephric
fat at the right or left paracolic gutter space (Figure 2).
Depending on the location of the tumor, the dissection continued toward the renal vessels on the opposite side of the
tumor with degloving of the kidney (Figure 3). If the tumor
was located by the renal hilum, some fat layers were left on
the surface of tumor and the vessel dissection was performed toward the tumor with a close contact to the vessel
walls. In case of toxic perinephric fat, some fat layers were
left on the kidney surface to simplify the dissection. This

Figure 1. Standard view for the transperitoneal approach for robot-assisted
renal surgery.

Figure 2. Direct access established by regular incision to the peritoneum direct
to the renal fascia.

Figure 3. Degloving the kidney and identification of the renal hilum.

Figure 4. Excision or enucleation of the renal mass with a standard technique.

approach allowed the surgeon to access the peripheral
branches of renal vessels directly, which gave the opportunity to perform the selective arterial clamping technique.
Here, peripheral renal vessels supplying the tumor directly
were controlled, with or without the firefly technique.
Afterward the dissection of the hilum continued close to the
main renal artery and vein. The tumor margins were identified with the help of endoscopic ultrasound. Either the main
renal arteria or selected renal arteria branches were clamped
or the off-clamp technique was used during tumor excision
or tumor enucleation (Figure 4). The excision bed was closed
with 2-0 running monofilament absorbable (Biosorb) sutures,
and the kidney parenchyma was closed with 2-0 braided
absorbable (Polysorb) interrupted sutures, all with the sliding
technique (Figure 5). Perinephric fat and peritoneum were
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Table 1. Pathological outcome after partial nephrectomy.
Pathological results
Benign
T1a
T1b
T2a
T2b
T3a
Total

Figure 5. Reconstruction of renal tumor bed with standard renorrhaphy sliding technique.

then closed with a running 2-0 Polysorb suture to preserve
the retroperitoneal operative space (Figure 6).

32
64
18
2
1
5
122

(26.23)
(52.46)
(14.75)
(1.64)
(0.82)
(4.1)
(100)

Table 2. Complication rate within 30 post-operative days according to
Clavien-Dindo classification.
Clavien-Dindo score
No complications
1
2
3
4
5
Total

Figure 6. Perinephric fat and peritoneum closed with a running suture preserving the retroperitoneal operative space.

Roskilde technique, n (%)

Roskilde technique, n (%)
81
17
23
1

(66.39)
(13.93)
(18.85)
(0.82)
—
—
122 (100.00)

reported in one (0.8%) patient who needed reoperation due
to a fascia rupture (Table 2).
Perioperative blood transfusions were needed in 3/122
(2.5%) patients. No patients needed embolization. The
median LOS was 2 days (IQR ¼ 1-12).
Six months after surgery, the eGFR was reduced by a
mean of 6.07 ml/min/cm3 compared to pre-operative values.
According to the trifecta achievement criteria [11], the margin, ischemia and complication goal were achieved in 116/
122 (95%) patients.

Results

Discussion

In total, 246 patients were diagnosed with RCC in the study
period. Thirty-seven (15%) patients had metastatic disease,
10 (4%) patients were managed by active surveillance, five
(2%) patients underwent ablation therapy, three (1.2%)
patients underwent open partial nephrectomies due to difficulties with the anesthesia and 69 (28%) patients underwent
radical nephrectomies.
In total, 122 (49.6%) patients underwent partial nephrectomies with the Roskilde technique. There were 50 (41%)
females and 72 (59%) males. The mean age was 62.2 years
(standard deviation [SD] ¼ 10.8; confidence interval
[CI] ¼ 60.8–63.7). A Padua score of 6–7 was reported in 18
(14.8%) patients, a Padua score of 8–9 was reported in 22
(18%) patients and a Padua score over 10 was reported in 82
(67.2%) patients. The median Padua score was 12 (IQR ¼
9–12). Thirty-three patients (27%) underwent off-clamp technique and 18 patients (14.7%) underwent the selective clamp
technique. The median WIT was 8 min (IQR ¼ 0–12). Final
histological findings are shown in Table 1. The median tumor
size was 32 mm (IQR ¼ 12–90). Perioperative bleeding was
100 ml (IQR ¼ 0–850). No conversions to open surgery were
performed. The median operative time was 101 min (IQR
¼ 90–125).
Positive surgical margins were reported in 2/122 (1.6%). A
complication with a 30 day Clavien-Dindo score of  3 was

The aim of the Roskilde technique is to preserve the retroperitoneal space after partial nephrectomy, while providing
quick access to the renal hilum and reducing unnecessary
dissection to the transperitoneal organs, which may lower
the complication rate. These advantages, combined with a
large working space through a transperitoneal access, may
lead to the maximal benefit of this new approach. In addition, we hypothesized that perinephric formation of hematoma due to post-operative bleeding may induce pressure
on the renal veins or small arteries and lead to termination
of the delayed bleeding that is the most common complication after partial nephrectomy.
In accordance with this, the trifecta achievement criteria
were achieved more often in our initial series with the
Roskilde Technique than in previous studies describing the
results of standard transperitoneal partial nephrectomies
[11]. Specifically, the Roskilde technique showed shorter
operating times, lower bleeding tendency, less need for
blood transfusions, reduced reoperation rate and lower postoperative radiological embolization in patients with renal
tumors. The differences are all clinically meaningful, but
must be intercepted with caution due to the novelty of our
technique and the comparison across studies [11, 13].
In many cases, our surgeries with the Roskilde technique
were performed with the off clamp technique or selected
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arterial clamping, which would theoretically lead to more
bleeding. Therefore, the advantages of this new approach
are more likely to be under-estimated than over-estimated in
our study. In this regard it should be noted that the occurrence of complications with a Clavien-Dindo score  3 were
lower in Roskilde technique compared to that reported in
the general literature on partial nephrectomies [9, 14, 15].
Likewise, the occurrence is lower than what has been
reported in retroperitoneal robot-assisted partial nephrectomy studies [9, 16].
In addition, the operative time with the Roskilde technique was shorter than that reported in the literature on
retroperitoneal partial nephrectomies [9, 16]. This may be
related to the large working space in the Roskilde technique
compared to the retroperitoneal approach. Finally, the postoperative transfusion rate seen with the Roskilde technique
was comparable to what is reported in previous studies,
reporting on retroperitoneal robot assisted partial nephrectomies [17]. With the large number of patients who underwent
off-clamp or selective clamping techniques in our cohort,
this may indicate that the Roskilde technique can be used to
reduce bleeding. In connection with the low complication
rate, we found that the LOS in our cohort was shorter than
what is reported in the general literature from high volume
hospitals [9, 14, 17]. However, this can also be attributed to
a well-established fast-track approach in our urology department [18, 19].
The potential benefits are further highlighted by the fact
that oncological results were not compromised with our new
technique. Thus, the occurrence of positive surgical margins
with the Roskilde technique was low compared to previous
studies [9, 20].
The Roskilde technique seems to be safe and feasible,
with a high achievement of the trifecta criteria. It can be performed for complex large renal masses resulting in shorter
operative time, less bleeding, reduced complication rates
and fewer reoperations. More studies from different centers
are needed to evaluate this technique and its possible benefits further.
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