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Abstract

Objectives: Robotic-assisted partial nephrectomy (RAPN) is preferred to radical nephrectomy because it
guarantees superior functional outcomes in patients with small renal masses (RMs). Only a few studies so far
have evaluated the feasibility of RAPN for the treatment of RM q4 cm.
The aim of this study is to evaluate the safety and feasibility of RAPN based on a comparison of trifecta and
pentafecta rates for RMs q4 cm.
Material and Methods: We retrospectively analyzed prospectively collected data from an institutional database
of patients undergoing RAPN from September 2013 to November 2016. Demographic and perioperative data
were collected and statistically analyzed. Pentafecta is defined as achievement of trifecta (negative surgical
margins, no postoperative complications, and warm ischemia time p25 minutes) with the addition of two other
variables, namely, over 90% estimated glomerular filtration rate preservation and no chronic kidney disease
stage progression 1 year after surgery.
Results: Overall, 123 patients underwent RAPN. Of those, 38 (30.9%) had RMs q4 cm. Trifecta was achieved
in 72.9% of patients with RMs <4 cm and in 44.7% of those with q4 cm, whereas pentafecta was achieved by
23.5% of patients with RMs <4 cm and by 10.5% of those with RMs q4 cm. No significant predictive factors
were found in connection with trifecta, whereas only one was found in connection with pentafecta, namely, age
(odds ratio: 0.91; 95% confidence interval 0.85–0.98; P = .01).
Conclusions: RAPN may be considered a feasible and safe surgical approach ensuring good functional outcome
even for patients with RMs q4 cm. Pentafecta rates after RAPN were comparable between RMs <4 and q4 cm
in diameter.
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Introduction

K idney cancer is the 14th most common type of cancer
in the world.1 Over the last two decades, the incidence

of renal masses (RMs) has increased both worldwide and in
Europe, although it is not clear whether such an increase is
genuine or simply due to greater use of abdominal imaging.2,3

Evidence of small RMs at diagnosis has furthered the de-
velopment and adoption of nephron sparing techniques with
excellent outcomes. Nowadays, partial nephrectomy (PN) is
preferred to radical nephrectomy because it guarantees su-

perior functional outcomes even in patients with RMs larger
than 4 cm.4,5 In fact, the European Association of Urology’s
guidelines recommend PN also for RMs larger than 4 cm
whenever feasible.6 Moreover, robotic assisted partial ne-
phrectomy (RAPN) simplifies the reconstruction step and
thus allows conservative treatment of more complex and
larger RMs.7

The trifecta concept, introduced to evaluate PN success
rate as a surrogate of oncological and functional safety, is
defined as a combination of negative surgical margins,
warm ischemia time (WIT) less than 25 minutes, and no
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perioperative complications.4,8,9 For evaluating long-term
outcomes, the notion of pentafecta has recently been intro-
duced. Pentafecta is defined as achievement of trifecta with
the addition of two other variables, namely, over 90% esti-
mated glomerular filtration rate (eGFR) preservation and no
chronic kidney disease (CKD) stage progression at 12-month
postoperatively.10–13

In this study, we hypothesized that RAPN may be a safe
and reliable procedure also in patients with RMs larger than
4 cm. We also hypothesized that trifecta and pentafecta rates,
as surrogate measures of short- and long-term oncological
and functional outcomes, would be similar in RMs smaller
and larger than 4 cm treated with RAPN.

The aim of this study is to evaluate the safety and feasi-
bility of RAPN for RM q4 cm by comparing trifecta and
pentafecta rates, thus contributing to fill a perceived gap in
the literature.

Materials and Methods

We retrospectively analyzed prospectively collected data
from an institutional database. All 128 RAPNs were per-
formed by a single expert surgeon (L.S.), from September
2013 to November 2016. From this cohort, 5 patients with
solitary kidney were excluded.

Patient characteristics included age, gender, body mass
index, hypertension, diabetes, and Charlson comorbidity in-
dex, in addition to preoperative hemoglobin, creatinine,
eGFR calculated using the Cockcroft–Gault equation, and
CKD stage. Tumor characteristics included tumor size, side,
and preoperative aspects and dimensions used for an anatom-
ical (PADUA) score.14 Treatment characteristics included in-
traoperative data such as operative time (OT), WIT, estimated
blood loss (EBL), and perioperative complications. Finally,
pathology reports such as surgical margin status and post-
operative renal function were investigated.

Trifecta is defined as a combination of negative surgical
margins, no postoperative complications, and WIT less than
25 minutes.9 Positive surgical margin is defined as the pres-
ence of tumor cells on the inked parenchymal margin at
pathology report. Pentafecta is defined as achievement of
trifecta with the addition of two other variables, namely,
12-month renal function expressed as over 90% eGFR pre-
servation and no CKD stage progression.10 Practice guide-
lines for CKD by the U.S. National Kidney Foundation
attribute significance to CKD stages III, IV, or V, so CKD
stage progressing beyond stage III is considered clinically
significant.15

Descriptive statistics of categorical variables focused on
frequencies and proportions. Means and standard deviations
were reported for continuous variables. The chi-squared test
and Student’s t test were used to compare the statistical sig-
nificance of differences for categorical and continuous vari-
ables, respectively. Odds ratios (ORs) and the corresponding
95% confidence interval (95% CI) for trifecta and pentafecta
were calculated using a logistic regression model. In multi-
variate analysis, the final model included sex and age and
only those variables (symptoms at diagnosis, tumor diame-
ter, PADUA risk group, eGFR, Hb, EBL, and OT) that were
statistically significant in univariate analysis. All statistical
tests were two sided with a significance level set at <.05. All
statistical analyses were performed using SAS version 9.2
(SAS Institute, Cary, NC).

Results

Overall, 123 patients underwent RAPN. Of those, 38
(30.9%) had RMs q4 cm. These patients were more fre-
quently symptomatic at diagnosis (23.7% versus 8.2%,
P = .03) and had high PADUA scores (13.2% versus 3.5%,
P = .02) (Table 1). As expected, patients with RMs q4 cm
had longer OT (133.4 minutes versus 105.9 minutes, P < .01),

Table 1. Demographic and Preoperative Characteristics of 123 Patients who Underwent Robotic

Assisted Partial Nephrectomy

Variables Total (n = 123)

Renal mass

P<4 cm (n = 85) q4 cm (n = 38)

Male, n (%) 70 (56.9) 50 (58.8) 20 (52.6) .52
Age, years, mean (SD) 63.2 (13.6) 62.7 (14.1) 64.1 (12.8) .60
BMI, kg/m2, mean (SD) 26.8 (4.0) 26.6 (3.8) 27.3 (4.5) .32
Symptoms at diagnosis, n (%) 16 (13) 7 (8.2) 9 (23.7) .03
Hb, g/dL, mean (SD) 14.3 (1.6) 14.2 (1.4) 14.5 (1.8) .42
Creatinine, mg/dL, mean (SD) 0.9 (0.3) 0.9 (0.3) 0.9 (0.4) .77
eGFR, mean (SD) 90.6 (34.5) 90.2 (34.1) 91.4 (36.2) .86

CKD stage
I 53 (43.1) 36 (42.4) 17 (44.7)
II 50 (40.7) 36 (42.4) 14 (36.8)
III 18 (14.6) 12 (14.1) 6 (15.8)
IV 2 (1.6) 1 (1.2) 1 (2.6) .89

PADUA score
Missing 33 (26.8) 23 (27.1) 10 (26.3)
Low 54 (43.9) 43 (50.6) 11 (29.0)
Medium 28 (22.8) 16 (18.8) 12 (31.6)
High 8 (6.5) 3 (3.5) 5 (13.2) .02

BMI, body mass index; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; PADUA, preoperative aspects and
dimensions used for an anatomical score.
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higher EBL (287.4 mL versus 166.3 mL, P < .01), and more
frequently showed WIT >25 minutes (0% versus 26.3%,
P < .01). Mean pathologic tumor size was 2.4 cm in patients
with RMs smaller than 4 cm and 4.8 cm in those with RMs
larger than 4 cm. In our study, no significant differences in
postoperative complications were found between these two
groups. Fifteen of our patients had Clavien Dindo (CD) grade
II complications (13 postbleeding anemia treated with
transfusions, 1 fever, and 1 myocardial infarction), 7 had CD
complications graded as III (6 patients undergoing emboli-
zation for renal bleeding and 1 pneumothorax), and finally 1
patient was classified as CD IV (intestinal perforation and
sepsis) (Table 2). Overall, trifecta and pentafecta were
achieved in 64.2% and 19.5% of cases, respectively. When
patients were stratified according to tumor size, trifecta was
achieved in 72.9% of those with RMs <4 cm and in 44.7% of

those with RMs q4 cm, whereas achievement rates for
pentafecta were 23.5% and 10.5%, respectively (Table 2). In
logistic regression models, patients with RMs q4 cm were
less likely to achieve trifecta (P < .01); however, RMs
q4 cm were not associated with lower pentafecta rates
(P = .08) (Table 2). On multivariable regression analysis, no
significant predictive factors were found in connection with
trifecta, whereas with regard to pentafecta the only signif-
icant predictor was age (OR: 0.91; 95% CI 0.85–0.98;
P = .01) (Tables 3 and 4).

Discussion

We hypothesized that RAPN would be a safe and reliable
procedure even in patients with RMs larger than 4 cm. We
also hypothesized that achievement of trifecta and pentafecta,

Table 2. Perioperative Characteristic and Outcomes After Robotic Partial Nephrectomy

Variables Total (n = 123)

Renal mass

P<4 cm (n = 85) q4 cm (n = 38)

Hg, g/dL, mean (SD) 11. 8 (1.4) 11.9 (1.4) 11.5 (1.4) .11
Creatinine, mg/dL, mean (SD) 1.0 (0.4) 1.0 (0.4) 1.1 (0.5) .6
Estimated blood loss, mL, mean (SD) 204.7 (194.7) 166.3 (162.8) 287.4 (231.7) <.01
Operative time, minutes, mean (SD) 114.5 (35.7) 105.9 (31.4) 133.4 (37.8) <.01
WIT >25 minutes, n (%) 10 (8.1) — (—) 10 (26.3) <.01
Positive surgical margins, n (%) 14 (11.4) 10 (11.8) 4 (10.5) .84

CD classification, n (%)
II 15 (12.2) 8 (9.4) 7 (18.4)
III 7 (5.7) 6 (7.1) 1 (2.6)
IV 1 (0.8) 1 (12) — .37

90% eGFR preservation, n (%) 54 (43.9) 35 (41.2) 19 (50.0) .38
Postoperative upstaged to CKD III-IV-V 32 (26.0) 23 (27.1) 9 (23.7) .66
Trifecta achievement, n (%) 79 (64.2) 62 (72.9) 17 (44.7) <.01
Pentafecta achievement, n (%) 24 (19.5) 20 (23.5) 4 (10.5) .08

CD, Clavien Dindo; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; WIT, warm ischemia time.

Table 3. Univariate and Multivariate Analysis of the Factors Predicting Trifecta Achievement

After Robotic Assisted Partial Nephrectomy

Variables

Univariable Multivariable

OR (95% CI) P OR (95% CI) P

Age (years) 1.00 (0.98–1.03) .83 1.01 (0.96–1.07) .66
BMI (kg/m2) 1.03 (0.94–1.13) .54
Symptoms at diagnosis 0.27 (0.09–0.82) .02 0.36 (0.07–1.75) .21

Preoperative CKD
I Ref.
II 1.09 (0.48–2.44) .84
III–IV 0.84 (0.29–2.41) .74

Tumor diameter (cm)
<4 Ref. Ref.
q4 0.30 (0.14–0.67) <.01 0.63 (0.20–2.03) .44

PADUA score
Low Ref. Ref.
Medium 0.32 (0.12–0.84) .02 0.46 (0.14–1.49) 0.34 .19
High 0.27 (0.06–1.25) .10 (0.05–2.09) .24

Preoperative eGFR (mL/minutes) 1.01 (0.99–1.02) .31 1.01 (0.98–1.03) .65
EBL (mL) 1.00 (0.99–1.01) .08 1.00 (0.99–1.00) .96
Operative time (minutes) 0.99 (0.98–1.00) .06 0.99 (0.97–1.01) .36

BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; EBL, estimated
blood loss; OR, odds ratio; PADUA, preoperative aspects and dimensions used for an anatomical score.
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as surrogate markers of surgical success, as well as of short-
and long-term functional outcomes, would be similar for
RMs smaller or larger than 4 cm treated with RAPN. We
tested our hypothesis in an institutional database. Since pre-
vious studies had shown that the surgeon’s learning curve is a
predictive factor of trifecta rate in small RMs,8 we decided to
include only patients operated by the same experienced sur-
geon to minimize intersurgeon bias resulting from varied
degrees of surgical experience and skill.

Finally, we evaluated the main predictive factors for
achievement of trifecta and pentafecta. In our study, surgical
outcomes such as WIT, OT, and EBL were shorter for RMs
<4 cm. These results are expected because resection time for
larger masses may well be longer. Our data overlap favorably
with data available in the literature. In a recent review and
meta-analysis, Pavan et al. analyzed data from a cohort of
5465 patients (4441 with renal tumor <4 cm and 1024 with
renal tumors >4 cm) and found no significant differences with
regard to positive surgical margins in patients undergoing PN
for RMs smaller or larger than 4 cm.16 Our study reports
similar findings, namely, no significant differences in posi-
tive margin rates between patients with RMs smaller and
larger than 4 cm (P = .84) (Table 2).

As regards perioperative complications after RAPN for
larger RMs, data from the literature are controversial. Patel
and Ficarra reported higher complication rates for tumors
>4 cm, than for tumors <4 cm (26.6% versus 8.9% and 26.5%
versus 9.4%, respectively).17,18 In a multicenter study, Petros
et al. analyzed data of 445 patients, 83 of whom had RMs
>4 cm, and found no increased risk of perioperative compli-
cations after RAPN.19 In our study, patients with RMs
smaller or larger than 4 cm had similar perioperative com-
plication rates, again with no significant differences (P = .37).
Likewise, no significant differences were recorded in con-
nection with postoperative 90% eGFR preservation in RMs
<4 or q4 cm (P = .38).

The success of partial nephrectomy may be evaluated
with reference to trifecta and pentafecta rates. No stan-
dardized definition has been developed for trifecta,10,20,21

and achievement rates range between 58 and 81.9,22,23 Pen-
tafecta, on the other hand, has been examined only in a few
studies.10,11 Zargar et al. reported a rate of trifecta and pen-
tafecta achievement of 70% and 38.5%, respectively, in pT1a
patients only.11 To the best of our knowledge, only Kim et al.
examined differences in trifecta and pentafecta rates in pa-
tients with pT1a and pT1b tumors. In their study, 65.3% of
pT1a patients and 43.3% of pT1b patients achieved trifecta,
while pentafecta was achieved by 38.3% of pT1a patients and
by 26.7% of pT1b patients.10 Our results corroborate data
from the literature, with overall trifecta and pentafecta rates
being achieved in 64.2% and 19.5% of cases, respectively.
When patients were stratified according to tumor size, trifecta
was achieved in 72.9% of those with RMs <4 cm and in
44.7% of those with RMs q4 cm, whereas achievement rates
for pentafecta were 23.5% and 10.5%, respectively. In lo-
gistic regression models, patients with RMs q4 cm were less
likely to achieve trifecta (P < .01), whereas no differences in
pentafecta rates were found between patients with RMs
smaller or larger than 4 cm (P = .08). In the short term we
found a statistically significant difference in trifecta rates
between patients with RMs <4 and q4 cm, which does not
translate, however, into an equally significant difference in
long-term renal function. Our results therefore suggest that
RAPN may be considered a safe and reliable option even in
patients with larger RMs.

As a secondary endpoint, we evaluated all predictive fac-
tors for assessing trifecta and pentafecta rates. No significant
predictive factors were found in connection with trifecta,
whereas age was the only predictor for pentafecta (P = .01)
(Tables 3 and 4).

Our study has some limitations. In terms of design, this is a
retrospective, nonrandomized single-center study with a

Table 4. Univariate and Multivariate Analysis of the Factors Predicting Pentafecta Achievement

After Robotic Assisted Partial Nephrectomy

Variables

Univariable Multivariable

OR (95% CI) P OR (95% CI) P

Age (years) 0.96 (0.93–0.99) .01 0.91 (0.85–0.98) .01
BMI (kg/m2) 0.99 (0.88–1.11) .82
Symptoms at diagnosis 0.01 (0.25–4.05) .99 3.88 (0.53–28.44) .18
Preoperative CKD

I Ref.
II 1.26 (0.49–3.26) .95
III–IV —

Tumor diameter (cm)
<4 Ref. Ref.
q4 0.36 (0.11–1.15) .08 0.39 (0.08–4.90) .25

PADUA score
Low Ref. Ref.
Medium 0.53 (0.13–2.11) .37 0.76 (0.12–4.89) .77
High 0.99 (1.17–5.66) .99 0.01 (0.11–9.02) .99

Preoperative eGFR (mL/minutes) 1.01 (0.99–1.03) .12 0.99 (0.96–1.02) .56
EBL (mL) 1.00 (0.99–1.01) .62 1.00 (0.99–1.01) .54
Operative time (minutes) 1.00 (0.98–1.01) .50 1.00 (0.98–1.02) .88

BMI, body mass index; CI, confidence interval; CKD, chronic kidney disease; EBL, estimated blood loss; OR, odds ratio; PADUA,
preoperative aspects and dimensions used for an anatomical score; eGFR, estimated glomerular filtration rate.
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limited patient cohort. More importantly, no standardized
definition exists for trifecta and pentafecta nor are these
measures universally accepted: without further validation
and more widespread adoption their usefulness may therefore
be deemed marred.

Conclusion

RAPN is a feasible and safe procedure with good long-
term renal outcomes even for patients with large RMs
(q4 cm). Trifecta and pentafecta are important tools for
evaluating both short- and long-term perioperative and
functional renal outcomes.
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