
Abstract. Background/Aim: Trifecta represents a composite
outcome reflecting the quality level of treatment in nephron
sparing surgery. However, there is substantial heterogeneity
concerning the criteria required for its fulfilment. The
present study aimed to highlight the potential of a unified
view for the different definitions of trifecta when comparing
robotic and open approaches in partial nephrectomy.
Materials and Methods: A systematic literature search was
carried out for all relevant comparative studies published
until April 2022. Trifecta definitions were clustered
according to two criteria for postoperative renal function
reduction. The first set as an upper limit the 10% decrease
in the estimated glomerular filtration rate, while the second
set as an upper limit 25 min of ischemia. To mathematically
investigate the point of intersection between the above two
groups, a suitable model of volume conservation equations

was formulated. Results: A total of 11 studies were
investigated for their methodological features and grouped
accordingly. The ischemic zone volume surrounding the
tumor resection site emerged as the central parameter
connecting the two main definitions. Specifically, for patients
with solitary renal masses, a given change in the value of
one parameter resulted in a fixed change in the value of the
other. Conclusion: The two main definitions of the “trifecta
outcome” extracted from the international literature
represent the two sides of the same coin. Thus, trifecta
achievement rates could be utilized by future studies as
aggregate data to yield a quantitative estimate of the
comparative effect between robotic and open approaches in
partial nephrectomy procedures.

Complete resection of primary solitary kidney tumors is the
standard of treatment for renal cell carcinoma (RCC).
However, newer trends in renal surgery are moving towards
the approach of nephron sparing surgery (NSS) in order to
maintain optimal renal function postoperatively, as this has
been found to be associated with the most favorable long-
term outcomes (1, 2). The evaluation of the surgical
specimen margins after partial nephrectomy reflects the most
effective method for determining the completeness of tumor
resection (2, 3). A positive surgical margin involves the
presence of cancer cells at the level of the ink-stained
periphery of the specimen. However, the evaluation of
postoperative renal function is much more complicated (4).
The effect of surgery on postoperative renal function is
determined by a set of parameters that are related to the
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patient but also to the resection procedure itself. The
parameter of outmost importance found to be related to
postoperative renal function is that of warm ischemia time
(WIT), defined as the time period during which, locoregional
vascular occlusion of the renal blood supply is maintained.
As a parameter, the duration of warm ischemia is considered
continuous, and a reasonable range within which it can
regress is between 20-30 min. The literature indicated the
mean value of 25 min as the maximum time of warm
ischemia for optimal postoperative performance in terms of
renal function (4, 5). Finally, concerning perioperative
complications, the prevailing classification in the
international literature according to the Clavien–Dindo
classification (6, 7), seems to be effective regarding their
systematic standardization, offering the potential to strictly
formulate the criteria in terms of their incidence, as well as
their severity of impact (4). The three aforementioned
parameters, namely surgical margins, renal function
diminishment, and complications rate are summarized in
modern kidney surgery with the complex concept of trifecta,
which has been argued to represent a quality measure in
terms of the effectiveness of surgical treatment in patients
with small renal masses (8, 9). 

Definitional heterogeneity is a term that characterizes
international literature regarding the trinity of parameters
utilized for the composition of the "trifecta outcome", with the
majority of authors however referring to it in general as a
single concept (9-11). In the present investigation, we
reviewed studies that reported data on the “trifecta outcome”
achievement, showing particular interest in comparing robotic
partial nephrectomy (RPN) or robotic-assisted (RAPN) and
the conventional open partial nephrectomy (OPN). 

The main goal of this study was to examine the different
definitions of trifecta utilized by the relevant literature
comparing RPN/RAPN and OPN, and to group the studies
into as few clusters as possible, in order to investigate the
deeper meaning of trifecta through a mathematical model of
volume conservation equations. Our ultimate objective was
to determine whether the results of the comparative studies
included could be utilized as aggregate data by future studies
to derive a quantitative estimate of the comparative effect of
RPN/RAPN and OPN on the “trifecta outcome” as a single
entity.

Materials and Methods
Methodology. Initially, a systematic literature search was carried out,
for all studies that compare RPN/RAPN and OPN and highlight
differences in the frequency of the composite outcome of trifecta
achievement. The first objective included the investigation of all
definitions attributed to the trifecta concept, and their classification
at the minimum number of clusters. The second goal of the study
was to highlight the feasibility of the complex “trifecta outcome”
as a single parameter. This process aimed to investigate whether a

quantitative representation of the comparative effect between the
robotic and open approaches for partial nephrectomy on the “trifecta
outcome”, as a single qualitative parameter, is possible from
subsequent studies. The methodology was divided into four distinct
parts. The first part concerns the literature search and the isolation
of a set of relevant comparative studies, with data that can be used
for estimating the comparative effect between the robotic and open
approach in partial nephrectomy procedures as for the “trifecta
outcome” frequency of achievement. The second part includes the
process of grouping the studies based on the two main definitions
found to prevail in the international literature concerning trifecta.
The third part reflects the backbone of our analysis where we
modeled partial nephrectomy with volume conservation equations
in order to investigate by using mathematical notations whether or
not the two main definitions can be reduced to a single conceptual
parameter. In the fourth part, the relevant results of analytical
procedure are presented, as well as the necessary conclusions for
the potential of comparatively utilizing the respective trifecta
achievement rates when examining the application of the robotic
over the conventional open approach in partial nephrectomy.

Data acquisition. Regarding the first and second part of this study,
a search of electronic databases was carried out using the keywords:
"open", "robotic", "robot-assisted", "partial nephrectomy". The
inclusion criteria were: studies only in the English language,
comparative studies examining robotic or robot-assisted partial
nephrectomy versus the open approach, comparative studies with
useful data in both parts of the comparison for further statistical
analysis, and also comparative studies which include cost analysis.
The exclusion criteria were: studies that are not in English, studies
that were retrieved only in the form of a summary or reports without
the accompanying data or the necessary text, non-comparative
studies, comparative studies with insufficient data for further
statistical analysis, comparative studies which include data for only
one part of the comparison, studies including patient populations
with solitary kidney, and lastly studies involving pediatric patients.

The literature search procedure included all available
comparative studies until December 2021. This process aimed at the
extraction of all relevant reports from the “Google scholar”,
“PubMed”, and the “CENTRAL” databases. Finally, and regarding
the above, the open-source “R” programming language version:
4.2.0 (12), along with the “OriginPro 2017®” (13) and the “Visible
Body 3D®” (14, 15) modeling software were used to configure the
necessary graphical representations.

The “trifecta outcome” has been a real challenge in terms of
content analysis as it is related to the adequacy of surgical treatment
in the context of partial nephrectomy, which makes it an extremely
important parameter for this intervention; however, the definition
used by researchers in the international literature is not strictly
defined. During the overview of the available literature, it was
possible to derive two dominant definitions regarding trifecta.
According to the first definition, the absence of positive surgical
margins and complications and the absolute percentage decrement
in the estimated glomerular filtration rate (|ΔeGFR|) by less than or
equal to 10% were incorporated in the trinity of the trifecta concept
(3, 16-18). On the other hand, according to the second definition,
the trinity of the trifecta outcome included the absence of positive
surgical margins and complications as well as duration of ischemia
time (IT) less than 25 min (2, 19-23). In the present study, we
considered valid the view of Zargar and his colleagues (11),
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according to which both definitions mentioned above correspond to
the same basic concept, which is the effectiveness of surgery in
partial nephrectomy for small renal tumors and the degree of
recovery of renal function in the postoperative period. In order to
mathematically investigate the interconnection between two
definitions we worked successively on three different levels. At the
first level, a model based on the principle of volume conservation
was defined and the related equations were constructed
appropriately. At the second level, a series of mathematical
expressions and relationships between the variables of interest were
formulated, as derived from data available in the literature. Finally
at the third level, the proportionality expressions that will have
already been formulated are written in the form of proper equations
in order to finally arrive at our definitive conclusions.

Volume conservation model. The volume conservation principle-
based model is shown in Figure 1. This figure shows the area of the
tumor (Vtumor) which is incorporated into the resection volume
corresponding to the volume of the surgical specimen (Vspecimen) as
well as the area of the renal parenchyma around the resection site,
whose functionality is considered to be extremely reduced, even
down to zero, due to the application of ischemia (Vischemia).
Equation 1 describes the baseline volume balance between
preoperative (Vpreoperative) and postoperative (Vpostoperative) renal
parenchyma.

Vpreoperative = Vpostoperative + Vspecimen (1)

In this equation the difference in renal parenchymal volume pre- and
post-surgery equals the volume of the removed surgical specimen.
Subsequently, in Equation 2, a distinction is made regarding the
postoperative renal parenchyma volume (Vpostoperative), in functional
(Vpostop.functional) and non-functional (Vpostop.non functional) parenchyma. 

Vpostoperative = Vpostop.functional + Vpostop.non functional (2)

According to Mir et al., Vpostoperative is the determining factor for
maintaining renal function postoperatively. However, ischemia also
plays a prominent role in this connection, as it has been found that
post-ischemia nephrons recovery is not complete (24). In another
study, Simmons et al. claim that the loss of functional renal tissue
is mainly due to resection (Vspecimen) and not to the volume of the
ischemic zone (Vischemia). According to the same authors, the above
two parameters practically begin to acquire the same order of
magnitude after the application of at least 40 minutes of ischemia
(25). In fact, it is noted that ischemia leads mainly to loss of
functionality without a corresponding loss of volume, with this
effect being characterized as reduction in the glomerular density
(GD) (26). Based on the above, and according to Bechara et al., it
follows that around the resection site a volume-stable zone of
ischemic renal parenchyma is formed, which is particularly evident
after the application of both arterial and venous clamping (27). This
technique is used in a significant number of partial nephrectomy
procedures with the aim of limiting intraoperative blood loss (28-
31). At this point, it was hypothesized that ischemia reflects the
main mechanism responsible for the loss of functional renal
parenchyma around the resection site, being caused either by
applying hemostasis locally with heat release, or by proximal
vascular clamping during the operation. Therefore, under this
assumption, Equation 3 was derived. 

Vpostop.non functional = Vischemia (3)

Substituting Equation 3 into Equation 2 finally yields Equation 4,
that identifies the preoperative renal parenchymal volume
(Vpreoperative) as a function of the remaining functional renal
parenchyma postoperatively (Vpostop.functional), the zone of virtually
zero renal parenchymal functionality due to ischemia (Vischemia), as
well as the volume of the surgical specimen (Vspecimen). 

Vpreoperative = Vpostop.functional + Vischemia + Vspecimen (4)

Rearranging the terms of Equation 1 and utilizing Equation 4 finally
leads to Equation 5.1. The latter identifies the postoperative renal
parenchyma volume as a function of the preoperative renal
parenchyma and the specimen volume (Vpreoperative, Vspecimen), as
well as the residual functional parenchyma and the ischemic zone
volume (Vpostop.functional, Vischemia).

Vpostoperative = Vpreoperative – Vspecimen = Vpostop.functional + Vischemia

(5.1)

Finally, by reordering the terms of Equation 5.1 we arrive at
Equation 5.2 presented below.

Vpreoperative – Vpostop.functional – Vspecimen – Vischemia = 0 (5.2)

According to Pasichnyk et al., the functional renal parenchyma
preoperatively is determined by the volume of the neoplastic lesion,
while in the mathematical model developed by the authors the
tumor volume was considered to have practically zero functionality
(32). In Equation 6.1 we express the preoperative renal volume
(Vpreoperative) as the sum of functional (Vpreop.functional) and non-
functional parenchyma (Vpreop.non functional), while in Equation 6.2
we assign the non-functional part to the lesion volume (Vtumor).
Finally, in Equation 6.3 follows the combination of the above two
equations.

Vpreoperative = Vpreop.functional + Vpreop.non functional (6.1)

Vpreop.non functional = Vtumor (6.2)

Vpreoperative = Vpreop.functional + Vtumor (6.3)

Then, by combining Equations 5.2 and 6.3 we are led to the
formulation of Equation 7.1.

Vpreop.functional + Vtumor – Vpostop.functional – Vspecimen – Vischemia = 0 

(7.1)

After the rearrangement of the terms in Equation 7.1, finally
Equation 7.2 emerges.

Vpreop.functional – Vpostop.functional – (Vspecimen – Vtumor) – Vischemia = 0

(7.2)

The difference: Vspecimen – Vtumor practically expresses the marginal
zone volume of healthy renal parenchyma around the tumor that is
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resected as part of the surgical specimen along with the neoplastic
lesion (ΔVthreshold). Therefore, according to the above we can arrive
at Equation 7.3.

ΔVthreshold = Vspecimen – Vtumor (7.3)

The combination of Equations 7.3 and 7.2 finally results in Equation
8.1, which is the final equation describing renal parenchyma volume
balance after partial nephrectomy procedures.

Vpreop.functional – Vpostop.functional – ΔVthreshold – Vischemia = 0   (8.1)

By rearranging the terms of Equation 8.1 we finally arrive at
Equation 8.2 that is presented below.

Vpreop.functional – Vpostop.functional = ΔVthreshold + Vischemia (8.2)

By defining the difference: Vpreop.functional – Vpostop.functional as the
absolute decrement in functional renal parenchyma volume (FRPV)
after partial nephrectomy (|ΔVfunctional|), we are led to Equation 8.3.

|ΔVfunctional| = Vpreop.functional – Vpostop.functional (8.3)

Substituting Equation 8.3 into Equation 8.2 finally yields Equation 9.

|ΔVfunctional| = ΔVthreshold + Vischemia (9)

Equation 9 expresses the total volume balance after partial
nephrectomy procedures. The above mathematical relationship
defines the absolute reduction of FRPV as the sum of the ischemic
zone volume around the resection site, and the volume of normal
renal parenchyma contained in the surgical specimen of the
operation. 

By delving into the above equation, we could hypothesize that
since no predefined surgical margins threshold is required in NSS
procedures (33), the average proportion of normal renal parenchyma
removed along with the tumor could be considered approximately
constant. The above assumption implies that the quantity ΔVthreshold
can be considered fixed among different patients undergoing partial
nephrectomy. Therefore, considering the parameters: |ΔVfunctional|
and Vischemia as variables, while the ΔVthreshold parameter as a fixed
term, it emerges that the change in FRPV depends on the zero-
functionality zone (ZFZ) induced by the intraoperative application
of ischemia among patients undergoing PN. The above position can
be further supported by the assumption of uniformity in both GD as
well as nephron functionality per unit of FRPV. Additionally, in
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Figure 1. Schematic representation of the renal parenchyma zones that are functionally affected after partial nephrectomy surgery. Green color
corresponds to the tumor volume (Vtumor), yellow corresponds to the resection volume (Vspecimen) and blue corresponds to the remaining renal
parenchyma around the resection site, with reduced functionality due to previous application of some type of ischemia (Vischemia). The anatomical
3D model was created via the Visible Body 3D® software. 



order for the Equation 9 to be considered valid, the absence of
complications such as the development of postoperative renal infarct
away from the resection site is also necessary, as in this case the
induced necrobiotic region would be added to ZFZ. An additional
limitation stems from the fact that the ΔVthreshold term cannot be
considered constant in the case of heterogeneous populations of
patients with solitary and multiple renal tumors undergoing single-
stage resection. Finally, an interesting observation has to do with
the fact that due to the determination of the change in FRPV, the
parameters of the size of the tumor as well as the level of
functionality of the kidney are eliminated on a case-by-case basis.

Proportionality expressions. In this section, we focus our analysis
on the key-parameters determining the two main trifecta definitions.
Specifically, we are going to explore the proportionality
relationships interconnecting each one of them with the volumetric
terms already discussed in Equation 9. In the analysis that is to
follow, the proportions are notated via the symbol “∝”, as in the
corresponding study of Cerbus et al. (34). The first part of the
section is concerned with investigating the relationship between
ischemia time (IT) and the ZFZ volume (ZFZV) around the
resection site. Finally, in the second part, the effect of the absolute
change in FRPV on the corresponding decrement in eGFR is
investigated. 

According to Damasceno-Ferreira et al. (35), about a quarter of
the glomeruli are lost after the application of about 30 min of
ischemia, while the limit of 20 min is the beginning of the formation
of the ischemia zone. In their study dealing with the effect of the
application of warm ischemia in a pig model, the researchers
observed a progressive loss of nephrons with the prolongation of
the ischemia duration, attributing to the above parameters a clearly
proportional relationship. The response of normal renal tissue to the
application of ischemia is generally considered to be homogeneous,
as supported by the relevant study of Bechara et al. (36). In a
previous study it was determined that the effect of ischemia, results
in the formation of a well-defined zone characterized
microscopically by the destruction of the microvascular architecture
(37). This finding was linked to the hypothesis that revascularization
is not particularly likely in this area (ZFZ). In another study
investigating the impact of warm ischemia time (WIT) on ZFZ
formation in a porcine model, de Souza et al. observed a significant
decrease in glomerular density (GD) with prolonged application of
WIT (26). GD was defined as the quotient of the number of
nephrons per unit of renal parenchyma volume, while an interesting
finding was the observation of a decrease in the absolute number of
functional nephrons without a corresponding decrease in their
distribution area. In this study, it is clearly described that the ZFZ
refers to a strictly defined spatial area characterized by an almost
total loss of the number of functional nephrons, while in its
development the effect of ischemia time is also implied to be linear.
Another interesting finding was that the serum creatinine levels
remained unchanged, which was attributed to the normal function
of the contralateral kidney (26). Finally, Mir and her colleagues in
their related study sought to formulate a model for predicting
postoperative renal function based on data on the type and duration
of ischemia and the percentage of normal renal parenchyma
preservation in patients submitted to PN (24). Specifically, the
researchers utilized as a control variable the ratio of the percentage
of preserved GFR to the percentage of preserved renal parenchyma
volume (PRPV). They attributed to this variable the property of

representing the proportion of nephron function recovery in the
parenchyma that remains after resection of the surgical specimen.
Theoretically, the recovery rate would be expected to be around
100%, however in their results it was estimated at approximately
80% with the difference been attributed to the application of WIT.
The point of intersection with what we have already mentioned,
concerns the PRPV, defined as the volume difference between the
preoperative renal parenchyma (Vpreoperative) and the surgical
specimen (Vspecimen), thus representing Vpostop.functional. This
parameter appears to decrease almost linearly with increasing
ischemia duration (24). Therefore, according to Equation 5.1
(Vpostop.functional = Vpostoperative – Vischemia), an equally linear increase
in ZFZV (Vischemia) emerges. Assigning the weight factor k1 to the
interaction between IT, Vischemia and based on the above, we can
directly proceed to the assumption of the Expression 10.

IT ∝ kI • Vischemia + const                (10)

In the above study, the authors also investigated the relationship
between PRPV and renal function as expressed through GFR,
additionally to the effect of ischemia. In particular, a direct
correlation was observed between the change in GFR (ΔGFR) and
the proportion of PRPV. In particular, this effect was found to be
much stronger than that in which IT intervenes as a prognostic
factor (24). Moreover, considering the glomerular filtration rate
proportional to the number of nephrons (38), it follows that in case
of homogeneous GD, there is a given d (GFR) per unit of FRPV. In
this case the total GFR is obtained as the sum of the individual d
(GFR), and is proportionally related to FRPV. In a study of renal
function in living kidney donors (LKD), Nunes-Carneiro et al.
observed a direct correlation between the ratio of residual kidney
volume (RKV) to weight (W) and the medium-term renal function,
as expressed through the eGFR (39). The RKV parameter utilized
by the authors, corresponds in our study to the postoperative FRPV
(Vpostop.functional). Upon careful review of the model developed by
the authors, it becomes apparent that in case of approximating
ΔeGFR through the change in FRPV (|ΔVfunctional|), then the weight
of each patient is introduced as a multiplication constant to the
decrement in renal function. In another related study carried out by
Shinoda et al. in LKD it was observed that age, Body Mass Index
(BMI), pre-operative GFR and preserved kidney volume (PKV) are
independent predictors of postoperative GFR (40). It is noted that
the PKV parameter used in the above study corresponds to that of
Vpostop.functional in the present investigation. From this model we can
observe the direct proportional correlation of FRPV with GFR,
while it is of particular interest that the other parameters that seem
to interfere, are related to individual patient characteristics, and are
therefore eliminated during the determination of ΔeGFR. In the
study conducted by Pasichnyk et al., it is explicitly stated that GFR
is directly proportional to the number of nephrons or otherwise to
the functional renal parenchyma (32). In the model presented by the
authors for the determination of GFR, the parameters involved
included the patients’ age and weight, FRPV and the corresponding
serum creatinine level. However, it is useful to note that creatinine
concentration is expressed in units: mmol/l, while FRPV in mm3
and therefore there is a significant difference in the order of
magnitude between the above two parameters. Finally, in this case
as well, it becomes evident that the parameters related to patient
characteristics are eliminated during the calculation of ΔeGFR. In
another model intending to estimate postoperative GFR in living
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kidney donors (LKD), Herts et al. observed that renal parenchymal
volume correlates well with the level of renal function, with their
relationship being strongly linear (41). Specifically, the above 
model resulted in an equation for determining GFR
(GFR=70.77–0.444A+0.366W+0.20VR–37.317Cr), in which its
proportional relationship with age (A), weight (W), residual normal
renal parenchyma (VR; FRPV), and serum creatinine level (Cr) was
evident. Almost identical were the conclusions drawn from a similar
study conducted by Goh et al. aiming also to determine
postoperative GFR in LKD (42). Verifying the predictive value of
the respective model formulated by Herts et al., the authors reported
that it outperforms the already available MDRD4, MDRD6 (43) and
CKD-EPI equations which have been judged to have the highest
validities among all available equations for determining GFR (44).
From the above two studies, the proportional relationship that exists
between GFR and FRPV as well as the level of serum creatinine in
patients undergoing nephrectomy as living donors becomes evident.
Focusing now on studies involving patients undergoing partial
nephrectomy, we observe that the role of creatinine may not be as
important as the PRPV parameter. Specifically, Simmons et al.
investigated the effect of volume preservation on postoperative renal
function of patients undergoing partial nephrectomy (45). In their
conclusions, the authors stated that the preoperative functional renal
parenchyma as well as its preservation rate are the primary
determinants of long-term functional outcomes post PN. In fact, the
correlation coefficient between the proportion of preserved FRPV
and eGFR was estimated ranging from 83% to 96%, highlighting a
clearly linear relationship. Finally, in another study of similar
interest, Liu et al. aimed to preoperatively predict the level of renal
function in patients submitted to partial nephrectomy by developing
an image-based volumetric analysis model (46). In their model the
researchers utilized three basic equations, while they also included
the volume of the contralateral healthy kidney in their volumetric
calculations. In the first equation (Vpost = Vpre – Vdef), postoperative
renal volume (Vpost) was defined as the difference between the
preoperative parenchymal volume (Vpre) and that remaining
nonfunctional after the resection (Vdef). The above equation lies in
agreement with Equation 4 of the present study with Vpost
corresponding to Vpostop.functional, Vpre to Vpreoperative, and Vdef to the
sum: Vspecimen + Vischemia. In their second equation, the authors
defined as “f” the proportion of renal parenchyma preservation 

while in their third equation they implemented a parametric
adjustment (FI) on their original hypothesis to include the
contralateral kidney in the calculations [FI=0.5(1+f)]. From the
analysis that was carried out, a robust linear relationship emerged
between GFR and Vdef. Moreover, kidney function expressed via
GFR was even divided into short- and long-term, with WIT being
an independent prognostic indicator for the first, and Vdef mainly
affecting the second. 

From the bibliographic data discussed, it is possible to observe
that in the studies dealing with patients undergoing PN and not
radical surgery as kidney donors, the intrusion of the creatinine level
as an additional parameter is not observed in the relevant models
for the determination of GFR through FRPV. This observation can
reasonably be attributed to the pronounced difference between the
above procedures in terms of the volume of functional renal
parenchyma removed by surgery. Therefore, in the following

mathematical expressions, initially the creatinine term (Cr) is
included, while after the final formulation of the proportionality
relationships for the variables of interest, an appropriate assumption
will be made for its elimination regarding patients undergoing
partial nephrectomy. As it becomes evident in the relevant study of
Herts et al., the effects from VR and Cr on GFR are generally
different from each other (41, 42). In the relationships listed below,
kV, kCr, refer to weighting constants of proportionality for volume
and creatinine parameters respectively, in terms of the determination
of eGFR. Thus, in line with the above and assuming a linear
relationship among eGFR, FRPV, and Cr both pre- and
postoperatively, the Expressions 11.1 and 11.2 emerge.

eGFRpreoperative ∝ kV • Vpreop.functional + kCr • Crpreoperative + const.  

(11.1)

eGFRpostoperative ∝ kV • Vpostop.functional + kCr • Crpostoperative + const. 

(11.2)

Then, substituting Equation 8.1 into the Expression 11.1 finally
yields the Expression 11.3.

eGFRpreoperative ∝ kV • (Vpostop.functional + Vischemia + ΔVthreshold)
+ kCr • Crpreoperative + const.     (11.3)

Subsequently, we consider the absolute decrease in glomerular
filtration rate as defined in Equation 12.

|ΔeGFR| = eGFRpreoperative – eGFRpostoperative (12) 

Thus, substituting the Expressions 11.2 and 11.3 into Equation 12
finally results in Expression 13.1.

|ΔeGFR| ∝ kV • (Vischemia + ΔVthreshold) + 
kCr • (Crpreoperative – Crpostoperative) + const. (13.1)

Rearranging the terms of Expression 13.1 finally yields the
Expression 13.2.

|ΔeGFR| ∝ kV • (Vischemia + ΔVthreshold) –
kCr • (Crpostoperative – Crpreoperative) + const. (13.2)

In the above expression, the difference: Crpostoperative – Crpreoperative
reflects the absolute increase in serum creatinine postoperatively
due to the loss of functional renal parenchyma and is
mathematically defined in Equation 14.

|ΔCr| = Crpostoperative – Crpreoperative                 (14)

Thus, substituting Equation 14 in the Expression 13.2 finally results
in the Expression 15.1.

|ΔeGFR| ∝ kV • (Vischemia + ΔVthreshold) –
kCr • |ΔCr| + const. (15.1)

Rendering the proportional relationship described in Expression
15.1 in the form of an equation, assuming "α" as the proportionality
factor and "c" as a constant, yields Equation 15.2.
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|ΔeGFR| = α • kV • (Vischemia + ΔVthreshold) –
α • kCr • |ΔCr| + c (15.2)

By rearranging the terms of Equation 15.2 we finally get Equation
15.3.

|ΔeGFR| + α • kCr • |ΔCr| = α • kV • (Vischemia + ΔVthreshold) + c (15.3)

Finally, by rendering Equation 15.3 to reflect the proportionality
relationship, we finally arrive at the Expression 15.4.

|ΔeGFR| + α • kCr • |ΔCr| ∝ Vischemia + ΔVthreshold + const. (15.4)

According to the above mathematical expression, the overall change
in renal function as expressed by the absolute decrement in
glomerular filtration rate and serum creatinine level adjusted by the
factor α • kCr, is directly proportional to the sum of the ischemic zone
volume around the resection site and the excess normal renal
parenchyma that is resected along with the tumor as part of the
surgical specimen. The above observation is reinforced by the
position of Mir et al. in their relevant study, according to which
preserving as much of well-vascularized healthy renal parenchyma
as possible during PN procedures, represents the outmost importance
strategy for maximizing postoperative renal function (24).

Linear equations. In the following, the final mathematical
expressions of the previous section will first be rendered in the form
of linear equations. Subsequently, the analysis is going to be
extended by studying the interaction between the two parameters
describing renal function (|ΔeGFR|, IT) and are involved in the
various definitions of the "trifecta outcome". To achieve the
investigation of the above interconnection, the variability of
parameters related to renal function is controlled for all patients
undergoing partial nephrectomy according to the hypotheses already
declared in the concluding part of the first section. Finally,
appropriate conclusions will be drawn regarding all patients with
solitary renal masses undergoing PN by formulating mathematical
expressions containing differentials.

Starting with the Expression 10, this can be written in the form of
the linear Equation 16.1.

IT = α1 • Vischemia + c1 (16.1)

As mentioned above, the introduction of the creatinine term in the
proportionality relationships obtained in the previous section, was
based on studies involving radical nephrectomy operations in living
kidney donors (39-42). In these types of operations, the volume of
functional renal parenchyma that is removed is much lesser
compared to partial nephrectomy procedures. This statement is
supported by relevant volumetric analysis studies on the effect of
FRPV change on renal function decrement in patients undergoing
PN (45, 46). Consequently, by neglecting the term of the absolute
change in creatinine levels in Expression 15.4, the linear Equation
16.2 is finally obtained.

|ΔeGFR| = α2 • (Vischemia + ΔVthreshold) + c2 (16.2)

We will then explore the forms that the Equations 16.1 and 16.2 can
receive for the various patients undergoing partial nephrectomy.

From Equation 16.1 it appears that the change in ZFZV
[Δ(Vischemia)] occurs mainly due to the change in intraoperatively
applied ischemia duration [Δ(IT)]. Thus, by differentiating the
above equation with respect to IT, Equation 16.3 is finally obtained.

(16.3)

While Equation 16.3 can be approximated in a simpler form through
Equation 16.4.

(16.4)

On the other hand, in Equation 16.2 it becomes apparent that the
variation in the absolute decrement in glomerular filtration rate
[Δ(|ΔeGFR|)] among different patients undergoing PN is a linear
combination of the change in ZFZV [Δ(Vischemia)] and the variation
in the volume of excess normal renal parenchyma excised along
with the lesion [Δ(ΔVthreshold)]. Thus, by differentiating the above
equation with respect to Vischemia, Equation 16.5 is finally obtained.

(16.5)

As discussed above, among the various PN procedures no
proportional relationship between tumor size and resection margin
threshold is imposed oncologically (47). Therefore, it could be
assumed that the variation of ΔVthreshold is relatively small among
patients with solitary renal masses submitted to PN. In practice, this
margin ranges around 5 mm beyond the periphery of the neoplastic
lesion, while it does not seem to depend on the duration of ischemia
(48). Consequently, the term   

in Equations 16.5 can be eliminated and therefore it can receive the
form of the Equation 16.6.

(16.6)

While Equation 16.6 can be approximated in a simpler form through
Equation 16.7.

Δ(|ΔeGFR|) = α2 • Δ(Vischemia) (16.7)

Finally, from the combination of Equations 16.3 and 16.6 it is
possible to arrive at Equation 16.8.

(16.8)

While Equation 16.8 can be approximated in a simpler form through
Equation 16.9.
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(16.9)

From the above equation, the direct proportional relationship that
appears to exist between the two main parameters of kidney
function that are incorporated in the various trifecta definitions
becomes apparent. Thus, for a given change in ischemia duration
Δ(IT)=Δt, Equation 16.4 yields a corresponding change in the
ischemic zone volume equal to:  

Finally, from Equation 16.7 there is a corresponding change in the
absolute reduction of the glomerular filtration rate equal to:  

As can be seen from the calculation process of the above
parameters, the sequence of effects follows the direct causality that
connects the three variables according to the physiology of renal
function. Expression 17.1 lists the causal sequence between the
changes: Δ(IT), Δ(Vischemia) and Δ(|ΔeGFR|), with the arrows
connecting cause and effect in each case, while immediately above
the arrows the transformation factor is also demonstrated (49).

(17.1) 

Finally, the transformations of the above variables in both directions
of causality become apparent in Expression 17.2. In this
representation the corresponding transformation factor is assigned
to each arrow that connects cause and effect.

(17.2) 

By closing the present section, we finally arrived at the
configuration of the Expressions 17.1 and 17.2 through the
utilization of the available literature. The represented relationships
describe in mathematical terms the central role played by ZFZ
(Vischemia) in shaping the postoperative renal function level of
patients with solitary tumors undergoing one-stage partial
nephrectomy. In fact, as can be seen from the combination of
Equations 16.1 and 16.2, and Expressions 17.1 and 17.2, the ratio
of the changes in each of the variables |ΔeGFR| and IT (α2/α1) is
equal to the quotient of the effects that Vischemia has respectively in
their determination. Consequently, it was shown that the two
parameters of renal function that are utilized in the various
definitions of trifecta (|ΔeGFR|, IT) have as their point of
intersection the parameter Vischemia, thus constituting two different
courses for its assessment. More simply they could be characterized
as the two sides of the same coin regarding the theoretical
estimation of the change in renal function. 

Results
The initial set of 180 reports ultimately retrieved from the
international literature, yielded 11 studies describing

comparative data on the “trifecta outcome” achievement
rates. Of those 3 concerned the comparison between robotic
and open partial nephrectomy (RPN vs. OPN), and 8
concerned the comparison between robot-assisted and open
partial nephrectomy (RAPN vs. OPN). Additionally,
regarding the renal function regulatory parameter utilized in
each case for the definition of trifecta, 6 studies adopted the
ischemia time, while the remaining 5 the estimated
glomerular filtration rate change. The results of the above-
described literature research are presented in the flowchart
of Figure 2 according to the PRISMA statement (50). 

These 11 comparative studies, including a total of 2,877
patients, were used to investigate the parameters that
compose the concept of trifecta and the final configuration
of the prevailing definitions in the international literature.
Table I includes the abovementioned sample of studies,
while highlighting some of their individual characteristics,
such as data regarding author’s name, year of publication,
duration in days, and the methodology. This table also
presents the triads of parameters used to define trifecta in
each study. Based upon these, the included studies were
classified into two main categories. The first incorporated all
studies that used as a criterion for the change of renal
function, the duration of ischemia that does not exceed 25
min. The second category included all studies that adopted
the 10% threshold as the criterion for the percentage change
in estimated glomerular filtration rate. Figure 3 depicts in the
form of pie charts, the amount of data that were utilized
according to the country of origin, both at the level of studies
and at that of patients. These data are also presented in the
form of a map chart with color percentage scale in Figure 4,
where the adequacy of the representativeness of the sample
of studies at an international level becomes apparent, while
the majority of the patient population came mainly from the
United States, Canada and Italy. Figure 5 shows the
percentages of studies and patients included in the analysis,
according to whether any kind of patient characteristics
matching protocol was implemented, prior to any statistical
analysis procedure. From this diagram it becomes apparent
that approximately 25% of the available data, as an average
of both study and patient levels, were derived from studies
that applied some sort of patient matching. Figure 6 shows
the corresponding percentages of studies and patients,
according to whether each included study was conducted as
single- or multicenter. In this case, it emerges that
approximately 60% of all the data, as an average from both
levels, came from multicenter studies. Finally, Figure 7
presents the percentages of studies and patients included in
the analysis, according to the renal function decline
parameter utilized in each case as the definition of the
“trifecta outcome”. By taking into account both the level of
studies and that of patients, the sample of studies included
was balanced regarding the aforementioned study subgroups.
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Figure 2. Flow-chart of studies according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).
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Table I. Table of the final set of 11 studies included, providing information about the title, author, country of origin, year of publication, the study-
specific definition of the “trifecta outcome”, the study groups based on the renal function reduction criterion for the definition of trifecta, and other
specific characteristics, such as whether each study was performed in a single or multiple centers, or whether any sort of patient characteristics
matching protocol was applied, as well as the exact arms and corresponding patient populations under comparison in each study. 

Study                                            Author & year    Country    Original criteria     Grouping based on       Single-/      Study with/        Experimental 
title                                                   (Population                       for the definition     the renal function     Multicenter       without                 (nexp)
                                                             under                                  of trifecta              diminishment              study             patient             vs. Control 
                                                        comparison)                         (as reported in            criterion for                                   matching           group (nctrl)
                                                                                                     each respective          the definition
                                                                                                            study)                     of trifecta

Which patients with clinical        Bianchi et al.        Italy     1.  WIT <20 min             IT <25 min          Single-center      Without                RAPN
localized renal mass would             2020 (23)                        2.  No PSM                                                                              patient              (nexp=83)
achieve the trifecta after              (326 patients)                     3.  No postoperative                                                             matching             vs. OPN
partial nephrectomy?                                                                    complications                                                                                              (nctrl=243)
The impact of surgical 
technique.

Trifecta outcomes of partial         Bindayi et al.       USA     1.  |ΔeGFR| <10%       |ΔeGFR| <10%        Multicenter       Without               RAPN 
nephrectomy in patients                  2019 (18)                        2.  No PSM                                                                              patient             (nexp=152)
over 75 years old:                         (477 patients)                     3.  No complications                                                            matching              vs. OPN 
Analysis of the Renal                                                                   of grade CD > II                                                                                         (nctrl=325)
SURGery in Elderly 
(RESURGE) group.

Functional and oncologic              Chang et al.        Korea    1.  WIT <25 min             IT <25 min           Multicenter          With                  RAPN 
outcomes of open,                           2018 (19)                        2.  No PSM                                                                              patient             (nexp=122)
laparoscopic, and                          (244 patients)                     3.  No overall                                                                        matching             vs. OPN
robotic partial                                                                                complications                                                                                              (nctrl=122)
nephrectomy: 
A Multicenter 
comparative 
matched-pair 
analyses with 
a median 5 years 
follow up.

Robotic partial                                Ghali et al.         USA     1.  |ΔeGFR| <10%       |ΔeGFR| <10%      Single-center      Without                 RPN
nephrectomy for                               2020 (16)                        2.  No PSM                                                                              patient              (nexp=59)
clinical T2a renal                          (150 patients)                     3.  No complications                                                            matching              vs. OPN 
mass is associated                                                                         of grade CD > II                                                                                          (nctrl=91)
with improved trifecta 
outcome compared to 
open partial 
nephrectomy: 
A single surgeon 
comparative analysis.

Achieving the "trifecta"              Ghavimi et al.    Canada   1.  |ΔeGFR| <10%       |ΔeGFR| <10%        Multicenter       Without                 RPN
with open versus                              2020 (17)                        2.  No PSM                                                                              patient             (nexp=284)
minimally invasive                      (1030 patients)                    3.  No urological                                                                   matching              vs. OPN 
partial nephrectomy.                                                                      complications                                                                                             (nctrl=746)

Are there limits of                         Harke et al.      Gemany  1.  WIT <25 min             IT <25 min           Multicenter       Without               RAPN 
robotic partial                                   2018 (20)                        2.  No PSM                                                                              patient              (nexp=64)
nephrectomy                                 (140 patients)                     3.  No overall                                                                        matching              vs. OPN 
TRIFECTA outcomes                                                                   complications                                                                                               (nctrl=76)
of open and robotic 
partial nephrectomy for
completely endophytic
renal tumors?

Table I. Continued



In the first part of the analytical procedure followed,
Equations 16.4 and 16.7 showed that for a given change of
one regulatory parameter (IT) a fixed corresponding change
in the other (|ΔeGFR|) occurs. Therefore, having proved
that the two above-mentioned definitions for the "trifecta
outcome" are two sides of the same coin, Equation 16.9
proved to be the mathematical representation of
equivalence of the two definitions prevailing in the
international literature, with the result that the general

conclusion can be described by the phrase: “trifecta: two
definitions - one concept” (11). The main conclusion
derived from the above equations places the volume of the
ischemic renal parenchyma marginal zone around the
resection bed (Vischemia) as the central parameter, which is
apparently the object of estimation from the two main
definitions of trifecta, regarding the term of the
postoperative renal function change in patients undergoing
partial nephrectomy. 
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Table I. Continued

Study                                            Author & year    Country    Original criteria     Grouping based on       Single-/      Study with/        Experimental 
title                                                   (Population                       for the definition     the renal function     Multicenter       without                 (nexp)
                                                             under                                  of trifecta              diminishment              study             patient             vs. Control 
                                                        comparison)                         (as reported in            criterion for                                   matching           group (nctrl)
                                                                                                     each respective          the definition
                                                                                                            study)                     of trifecta

Trifecta outcomes in                      Mehra et al.        India     1.  WIT <30 min             IT <25 min          Single-center        With                  RAPN 
open, laparoscopy or                        2019 (2)                         2.  No PSM                                                                              patient              (nexp=13)
robotic partial                                (39 patients)                      3.  No complications                                                            matching              vs. OPN 
nephrectomy: does the                                                                  of grade CD > II                                                                                          (nctrl=26)
surgical approach matter?

Early single-center                     Motoyama et al.    Japan    1.  IT <25 min                IT <25 min          Single-center        With                  RAPN
experience with robotic                   2019 (21)                        2.  No PSM                                                                              patient              (nexp=37)
partial nephrectomy                       (74 patients)                      3.  No complications                                                            matching              vs. OPN 
using the da Vinci Xi:                                                                  of grade CD > II                                                                                          (nctrl=37)
Comparative assessment 
with conventional open 
partial nephrectomy.

Partial Nephrectomy in               Porpiglia et al.      Italy     1.  IT <25 min                IT <25 min           Multicenter       Without               RAPN 
Clinical T1b Renal Tumors:            2016 (22)                        2.  No PSM                                                                              patient              (nexp=95)
Multicenter Comparative             (228 patients)                     3.  No overall                                                                        matching              vs. OPN 
Study of Open, Laparoscopic                                                       complications                                                                                              (nctrl=133)
and Robot-assisted Approach 
(the RECORd Project).

Comparative Outcomes and      Soisrithong et al. Thailand  1.  |ΔeGFR| <10%       |ΔeGFR| <10%      Single-center      Without               RAPN 
Predictive Assessment of                2021 (60)                        2.  No PSM                                                                              patient              (nexp=41)
Trifecta in Open,                           (59 patients)                      3.  No complications                                                            matching              vs. OPN 
Laparoscopic, and Robotic-                                                          of grade CD > II                                                                                          (nctrl=18)
Assisted Partial Nephrectomy 
Cases with Renal Cell 
Carcinoma: A 10-Year 
Experience at Ramathibodi 
Hospital.

Trifecta outcomes in                     Yerram et al.        USA     1.  |ΔeGFR| <10%       |ΔeGFR| <10%      Single-center        With                    RPN
multifocal tumors: a                         2018 (3)                         2.  No PSM                                                                              patient               (nexp=68)
comparison between                     (110 patients)                     3.  No urologic                                                                      matching              vs. OPN 
robotic and open partial                                                               complications                                                                                               (nctrl=42)
nephrectomy.

RAPN: Robot-assisted partial nephrectomy; RPN: robotic partial nephrectomy; OPN: open partial nephrectomy; min: minutes; IT: ischemia time (min);
WIT: warm ischemia time (min); |ΔeGFR|: absolute percentage decrement in the estimated glomerular filtration rate post-surgery (%); PSM: positive
surgical margins; CD: Clavien–Dindo classification of surgical complications (6, 7); Experimental group: RPN / RAPN; Control group: OPN.



All comparative data between robotic and open partial
nephrectomy studied are briefly summarized in Table II. By
carefully observing the differences between the two
approaches regarding the trifecta achievement rates, as well
as the individual sub-parameters incorporated in its various
definitions, none of them seems to perform superiorly over
the other. Specifically, regarding the trifecta achievement
rates, three are those studies that describe statistically
significant differences between robotic and open partial
nephrectomy. Bianchi et al. in 2020 (23) attempted to
formulate a nomogram to predict the achievement of the
trifecta outcome in patients who underwent open,
laparoscopic, and robotic-assisted partial nephrectomy. In
this study no differences were observed between the
characteristics of patients, while in the definition of trifecta,
warm ischemia time (WIT) was restricted at 20 min. In their
results the researchers observed that RAPN outperforms
OPN in terms of the trifecta outcome achievement rate
(69.9% vs. 49%, p=0.003). In a similar study, Ghali et al. in
2020 (16) evaluated clinical T2 stage (cT2) patients who
underwent robotic and open partial nephrectomy. As a
criterion of renal function in the trifecta definition, an upper
limit of 10% was set for the absolute change in estimated
glomerular filtration rate (|ΔeGFR|). The characteristics

between patients of the two groups did not differ
significantly, while no differences were neither observed in
the percentage of positive surgical margins or the absolute
decrease in GFR. However, the robotic approach was
associated with a significantly higher trifecta achievement
rate (47.5% vs. 34%, p=0.047). A careful evaluation of the
results of this study, shows only a marginally significant
benefit on the part of RAPN. Finally, Motoyama et al. in
2019 (21) compared data of patients who underwent RAPN
and OPN. In the above study, a patient matching protocol
was implemented at a ratio of 1:1, while the criterion of
limiting the duration of ischemia to 25 minutes was used to
define trifecta. In their conclusions, the authors describe a
significantly higher rate of its achievement with the adoption
of the robotic approach over open surgery (91.9% vs. 62.2%,
p=0.0057), while no difference was observed in terms of the
median ischemia duration. Moving on to the individual sub-
parameters of the trifecta outcome, we observed that only
two studies emerged with statistically significant differences
between robotic and open partial nephrectomy regarding the
percentages of patients where positive surgical margins were
found. In fact, these studies report conflicting results. The
first study was described earlier and concerns the one
conducted by Bianchi et al. in 2020 (23). In their results the
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Figure 3. Pie charts describing the amount of data that were utilized, according to the country of origin, both at the level of studies and at the level
of patients.
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Figure 4. Map charts describing presenting in a color percentage scale the amount of data that were utilized, both at the level of studies and at
that of patients.



researchers describe the statistically significant superiority
of RAPN over OPN regarding the outcome of positive
surgical margins rates (3.6% vs. 11.5%, p=0.01). On the
contrary, the second study was conducted by Ghavimi and
colleagues in 2020 (17), with the authors considering the
“trifecta outcome” as an overall measure of effectiveness of
the surgical treatment provided in patients with clinical stage
T1 (cT1) renal masses through nephron-sparing surgery
(NSS). Specifically, groups of patients who underwent open,
laparoscopic, and robotic partial nephrectomy were

compared, while their baseline characteristics were
comparable. The "|ΔeGFR| <10%" criterion was used to
define trifecta, while no difference was observed regarding
the frequency of its achievement between RPN and OPN
(47% vs. 53%, p=0.194). However, a significant difference
was observed in the rates of positive surgical margins, with
open surgery having the advantage in this case (RPN: 11%
vs. OPN: 6%, p=0.018). Subsequently, regarding the sub-
parameter of complication rates, relatively low heterogeneity
was observed among the final sample of studies that was
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Figure 5. Pie charts showing the percentage distribution of data utilized, at both the study and patient levels, according to whether any patient
characteristics matching protocol was applied.

Figure 6. Pie charts showing the percentage distribution of data utilized, at both the study and patient levels, according to whether they were derived
from single-/multicenter studies.



isolated. In particular, 8 of the 11 studies (72.7%) contained
coherent data concerning the incidence of major
postoperative complications, two contained comparative data
concerning exclusively urological complications (18.2%),
and finally one described the incidence of in general
postoperative complications (9.1%). In this case, only one
study was found with a statistically significant difference
between robotic and open partial nephrectomy in terms of
the incidence of severe postoperative complications. The
study in question was reported earlier and was conducted by
Ghali et al. in 2020 (16). In their results the authors describe
an advantage of RPN over open surgery (5.1% vs. 16.5%,
p=0.041), with this result being considered in its essence as
marginally statistically significant. The last section of data
analyzed concerns the renal function of patients undergoing
robotic versus open partial nephrectomy. Also, regarding this
field of outcomes, all the assembled studies consistently
presented data regarding the duration of ischemia and the
proportion of patients in whom eGFR preservation was
achieved in a percentage greater than or equal to 90%. For
this group of sub-parameters, three were the studies that
contained statistically significant differences. Chang et al. in
2018 (19) aimed to investigate surgical outcomes in patients
who underwent OPN, LPN and RAPN for a follow-up period
with a median of five years. In this study, patients were
matched with a one-to-one ratio, while no differences were
observed in their baseline characteristics. The "WIT ≤25
min" criterion was utilized to define trifecta, while its
achievement rates did not differ significantly between RAPN
and OPN (61.5% vs. 64.5%, p=0.387). On the other hand,
the mean duration of ischemia was shorter in the group of

patients who underwent partial nephrectomy with the
adoption of the robotic approach (22±14.6 min vs. 27.1±13.2
min, p=0.018). Furthermore, Harke et al. in 2018 (20)
studied patients with completely endophytic renal tumors
who underwent RAPN and OPN. In this study as well, there
were no significant differences between the two groups of
patients, apart from the fact that more patients with a solitary
kidney were included in the open surgery group. It is notable
that also in this case the criterion "WIT ≤25 min" was
utilized to define the "trifecta outcome". In the results of the
study, there was no significant difference in the trifecta
achievement rates between RAPN and OPN (75% vs. 68.4%,
p=0.39). On the other hand, the median duration of ischemia
was found to be shorter for the RAPN group (13 min vs. 18
min, p=0.001). Finally, Porpiglia et al. in 2016 (22)
published a series of results obtained from the "RECORd"
clinical study. Their article aimed to compare surgical
outcomes between patients with clinical stage T1b (cT1b)
renal tumors who underwent OPN, LPN, and RAPN. Trifecta
was defined according to criterion: "IT <25 min". Baseline
characteristics between the patients of different groups were
comparable, while no significant difference was noted in the
trifecta achievement rates between RAPN and OPN (69.5%
vs. 62.4%, p=0.27). In contrast, the median duration of
ischemia was determined to be longer in the RAPN group
(18 min vs. 16 min, p=0.004). 

Based on the above, it can be concluded that from the
body of the available international literature we are unable
to reach at a solid conclusion regarding the superiority or not
of robotic partial nephrectomy over open surgery in terms of
the "trifecta outcome" achievement rates. Likewise, neither
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Figure 7. Pie charts showing the percentage distribution of data utilized, at both the study and patient levels, according to the trifecta definitions clustering.



of the two aforementioned approaches seems to excel with
respect to the sub-parameters that make up the definition of
trifecta. Therefore, there is a need to construct and perform
thorough meta-analyses, accompanied by appropriate

subgroup analyses, meta-regression analyses, but also
sensitivity analyses, with the integration of the maximum
possible number of studies. In particular, this is the specific
field to which the present study contributes. In the present
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Table II. Table containing comparative data from all included studies, regarding the achievement rates of the “trifecta outcome”, as well as its
individual sub-parameters in each arm under comparison. 

Study                             Trifecta achievement          Positive surgical                          Complications                                              Impact on 
(Renal function                       rate (%)                      margins rate (%)                               rate (%)                                                 renal function
parameter 
cluster)                         RPN/      OPN   p-Value    RPN/    OPN    p-Value       RPN/           OPN       p-Value            RPN/                   OPN        p-Value
                                    RAPN                                RAPN                                   RAPN                                                RAPN

Bianchi et al.             69.9%     49%     0.003      3.6%   11.5%     0.01                   Severe                0.60                         WIT (min);                >0.05
2020 (23)                                                                                                             Complications (%)                                     median (IQR)                   
(IT <25 min)                                                                                                        22.2%         20.2%                      14 (10-17) min   14 (9-17) min       

Bindayi et al.              42.1%    38.5%    0.591      5.3%     3.4%       0.47                Urological             0.715                         |ΔeGFR|                     0.953
2019 (18)                                                                                                             Complications (%)                                        <10% (%)
(|ΔeGFR| <10%)                                                                                                   7.2%           5.8%                                48%                  42.8%             

Chang et al.                61.5%    64.8%    0.387      2.5%     1.6%       0.416                 Severe                0.07                         WIT (min);                   0.018
2018 (19)                                                                                                             Complications (%)                                       mean (SD)
(IT <25 min)                                                                                                         5.7%           7.3%                        22 (14.6) min  27.1 (13.2) min      

Ghali et al.                 47.5%     34%     0.047      3.4%     1.1%       0.561                 Severe                0.041                         |ΔeGFR|                     0.504
2020 (16)                                                                                                             Complications (%)                                        <10% (%)
(|ΔeGFR| <10%)                                                                                                   5.1%         16.5%                             54.2%                 47.2%             

Ghavimi et al.              47%       53%      0.194      11%      6%        0.018              Urological             0.595                         |ΔeGFR|                     0.105
2020 (17)                                                                                                             Complications (%)                                        <10% (%)
(|ΔeGFR| <10%)                                                                                                    3%              3%                                  52%                    59%               
                                          
Harke et al.                  75%     68.4%     0.39         0%      2.6%       N/A                   Severe                 0.87                          IT (min);                   0.001
2018 (20)                                                                                                             Complications (%)                                     median (IQR)
(IT <25 min)                                                                                                        10.9%         11.8%                      13 (11-15) min  18 (12-23) min      
                                          
Mehra et al.               61.53%   71.3%     0.73       7.7%     3.8%       N/A                   Severe                 N/A                        WIT (min);                 0.923
2019 (2)                                                                                                               Complications (%)                                          median                         
(IT <25 min)                                                                                                        15.4%          7.7%                              27 min                23 min             
                                          
Motoyama et al.        91.9%   62.2%  0.0057       0%      8.1%       0.24                   Severe                 1.00                          IT (min);                    0.06
2019 (21)                                                                                                             Complications (%)                                    median (range)
(IT <25 min)                                                                                                         2.7%           2.7%                        17 (8-39) min    19 (6-54) min       
                                          
Porpiglia et al.           69.5%    62.4%    0.27        2.5%     6.8%       0.16                   Severe                0.09                           IT (min);                    0.004
2016 (22)                                                                                                             Complications (%)                                     median (IQR)
(IT <25 min)                                                                                                         1.1%           5.3%                       18 (15-24) min  16 (14-20) min      
                                          
Soisrithong et al.       64.71%  64.29%   0.502     4.88%     0%        0.999                 Severe                0.675                         |ΔeGFR|                     0.388
2021 (60)                                                                                                             Complications (%)                                        <10% (%)
(|ΔeGFR| <10%)                                                                                                  7.32%        11.11%                            32.35%               43.75%            
                                                        
Yerram et al.              14.7%     17%      0.83         20%    20.6%      0.95       Overall Postoperative    0.70                           |ΔeGFR|                     0.36
2018 (3)                                                                                                               Complications (%)                                        <10% (%)
(|ΔeGFR| <10%)                                                                                                  32.4%         37.2%                             72.6%                 61.9%             
                                          
RAPN: Robot-assisted partial nephrectomy; RPN: robotic partial nephrectomy; OPN: open partial nephrectomy; min: minutes; IT: ischemia time
(min); WIT: warm ischemia time (min); |ΔeGFR|: absolute percentage decrement in the estimated glomerular filtration rate post-surgery (%), N/A:
missing data. Significant p-Values are given in bold. 



article, by utilizing the principle of volume conservation we
have formulated a model of mathematical equations, through
which it has become possible to highlight the straight
relationship connecting the two main definitions of trifecta
found in the relevant literature. Consequently, with the
knowledge offered by this study, the possibility is given in
later meta-analyses to integrate the maximum possible
number of studies, regardless of whether for the definition
of trifecta the renal function parameter concerns either the
duration of ischemia or the absolute change in the estimated
glomerular filtration rate. At this point it is worth
emphasizing that a necessary condition for the above is the
formation of appropriate subgroups, whose analysis will be
able to investigate any heterogeneity originating from the
principle on the basis of which the "trifecta outcome" is
defined in each case.

Discussion

In the present study, we reviewed the different definitions for
the “trifecta outcome” that were adopted in a total of 11
comparative studies investigating any differences between
RPN/RAPN and OPN concerning the frequency of its
achievement. After the appropriate clustering of the included
studies, considering the postoperative renal function change as
the main parameter, we were led to the development of a
mathematical model of volume conservation equations that
allowed a thorough analysis and comparison between the two
definitions found to be prevalent in the international literature.
After completing the above process, we agreed with the
theoretical position that has been supported in the relevant
study by Zargar et al. (21) according to which regardless of the
definition used for the consolidation of the “trifecta outcome”
in each case, the concept that is represented is common.

From a thorough review of the mathematical model of
volume conservation equations we developed, it was
observed that the changes in both the estimated glomerular
filtration rate and the ischemia duration can be used just as
effectively for the assessment of partial nephrectomy’s effect
on the extent of the ischemic zone around the resection site.
The latter also represents the target-parameter related to the
description of the postoperative renal function change
included in the various definitions of trifecta in the
international literature.

The term trifecta has been introduced into modern kidney
surgery practice as an efficacy parameter after PN procedures.
Therefore, concerning PN, the general definition of trifecta
includes negative surgical margins, absence of major urological
or non-urological, complications, and acceptable postoperative
renal function (3). Thus, the therapeutic efficacy of PN is now
defined in the context of the three terms that constitute the
definition of trifecta (triple effect → tripleffect → tri-fect-a) (2).
One way to verify the oncological completeness of the

resection, involves the histopathological analysis of the surgical
specimen. In this sense, a negative surgical margin corresponds
practically to the complete resection of the neoplastic tumor,
while a positive one indicates a surgical failure in terms of the
completeness of the resection. Regarding the safety of PN, it is
usually assessed using the modified classification of
complications according to the Clavien – Dindo scale (6, 7),
which contributes to the detection and systematic recording of
adverse events and complications that are inextricably linked to
the surgical intervention. The goal behind identifying and
maintaining renal function at the highest possible level during
the immediate postoperative period, shapes the driving force
towards the widespread adoption of PN and the establishment
of absolute indications for its implementation. A potentially
adverse effect on renal function after PN may be driven by
multiple factors related to the patient, the surgical intervention,
as well as independent tumor characteristics. In a related study,
Mir et al. (51) showed that the long-term effects on renal
function depend to a large extent on the size of the tumor, which
is a non-modifiable parameter. On the other hand, the most
important potentially modifiable surgical parameter that affects
postoperative renal function, refers to the duration of
intraoperatively applied ischemia (51). Many aspects and
surgical techniques have been described and evaluated over
time, with the main goal of reducing the ischemic damage to
the remaining renal parenchyma in PN procedures mostly
during warm ischemia, with maneuvers such as the selective
clamping technique (52-55). According to this view, the
maximum recipient duration of ischemia is set at 20 min, with
this value being considered a clinically acceptable cut-off value,
to ensure adequate maintenance of renal function
postoperatively. However, the optimal threshold for the
application of warm ischemia is still controversial, a fact that
has led to the development of techniques such as the zero-
ischemia technique or clampless partial nephrectomy (5, 56-59),
to avoid the application of any type of intraoperative ischemia. 

In modern kidney surgery practice, the concept of trifecta
is often used to assess surgical adequacy and practically
shapes the goals of PN (22). Two main definitions of trifecta
prevail in the international literature, the first of which
includes the triple fulfillment of negative surgical margins, the
absence of surgical complications of grade less than or equal
to II according to the Clavien – Dindo classification (6, 7), and
maintenance of the postoperative glomerular filtration rate at
a magnitude greater than or equal to 90% of its preoperative
value. The second definition for accessing postoperative renal
function, utilizes instead of the change in glomerular filtration
rate, the ischemia time interval applied intraoperatively. In this
case, trifecta is defined as the trinity of achieving negative
surgical margins, absence of major complications, and
avoidance of prolonging the duration of ischemia beyond 25
min. However, the parameters affecting the trifecta
achievement rates have not yet been clearly defined (60). The
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above three sub-objectives, despite the existence of multiple
definitions in the international literature, recently have been
incorporated into a single term called "trifecta outcome",
which as a concept, has emerged from the strategy of surgical
treatment of prostate cancer with radical prostatectomy (RP)
(22). In addition to trifecta, an alternative concept, that of MIC
(margin - ischemia - complications), has been proposed in the
literature (4, 10, 61). In this sense, the three main objectives
of partial nephrectomy are also incorporated in the MIC
concept, including the complete removal of tumor cells, as
expressed through negative surgical margins, the preservation
of preoperative renal function to the maximum possible extent
postoperatively, and the reduction in general complications
rates (5).

The primary limitation of this study concerns the
incorporation of a relatively small number of studies from the
main body of the international literature referring to the trifecta
outcome. The reason for this contract is the intention to explore
the different definitions of trifecta when comparing
RPN/RAPN vs. OPN, in order to determine the potential of
utilizing its incidence as a compact variable. The successful
integration of the prevailing definitions theoretically enables
the approximation of the comparative effect between the above
two surgical approaches in terms of the frequency of achieving
trifecta by subsequent meta-analyses, providing them with the
advantage of maximizing the total number of studies included.
A second limitation is derived from Equations 16.4 and 16.7.
The fixed terms in these equations (α1, α2) practically reflect
the degrees to which the two main definitions of trifecta found
in the international literature interact with the central parameter
of the marginal ischemic volume (Vischemia). In the best-case
scenario, the above terms are both equal to 1, which implies
that the effect terms from each of the two parameters on the
configuration of the boundary zone area are equal to each
other. However, the control over the achievement or not of the
“trifecta outcome” is carried out through the selection of
appropriate cut-off values for each of the two regulatory
parameters of renal function (|ΔeGFR|, IT). Thus, in future
studies, the relevant investigation remains as to whether the
cut-off value of 10% with respect to the percentage change in
the estimated glomerular filtration rate, and that of 25 min
concerning the ischemia duration, are ultimately the optimal,
so that the two main definitions to converge definitively in the
description of a single entity. Finally, the third limitation stems
from the individual assumptions made in the relevant
subsections of “Materials and Methods”. Specifically, these
concern the hypotheses of uniformity in glomerular density, a
relatively small variation in ΔVthreshold, the comparison of
uniform patient populations with the same number of renal
tumors undergoing one-stage resection, the absence of adverse
events such as the development of renal infarct, as well as the
negligible increase in serum creatinine postoperatively,
compared to the corresponding decrease in eGFR.

Conclusion

Three are the main conclusions that derive from the present
study. The first is that the two main definitions found in the
international literature regarding the “trifecta outcome”, are
essentially like the two sides of the same coin. The second
conclusion is related to the intention of both definitions to
give an estimate for the volume of the ischemic zone around
the point of excision, which turned out to be the central
parameter that affects the change of renal function after
partial nephrectomy in patients with solitary tumors. Finally,
the third conclusion reveals the theoretical possibility of
grouping comparative data regarding the frequency of
trifecta achievement to determine a quantitative estimate of
the comparative effect between RPN/RAPN and OPN. In
this case it is worth noting that in future studies, in addition
to the analysis of aggregate data, it will be necessary to
formulate a relevant subgroup analysis based on the two
main definitions of trifecta described above, in order to
investigate for any differences between them, and also to
make the analytical process as complete as possible.
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