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Abstract 
Purpose: We introduce the concept of intraoperative Trifecta during lapa-
roscopic partial nephrectomy (LPN) as the simultaneous achievement of es-
timated blood loss (EBL) < 500 ml, warm ischemia time (WIT) < 20 minutes 
and minimal changes of the intraoperative course. The study’s aim was to 
find preoperative factors that could predict the likelihood of achieving intra-
operative Trifecta and build a surgical nomogram. Methods: We retrospec-
tively evaluated 122 patients who underwent LPN. Preoperative factors like 
age, sex, body-mass index (BMI), kidney function, tumor characteristics 
(R.E.N.A.L. score) and Charlson-Comorbidity-Index (CCI) were recorded. 
Intraoperative complication (IOC) was graded according to the Rosenthal 
classification. R software was used to find a predicting model for achievement 
of Trifecta using preoperative variables and a nomogram was built. Results: 
The surgical features include median EBL of 100 ml having 6.5% bleed > 500 
ml, median WIT of 12 minutes having 7.3% more than 20 minutes. There was 
recorded a 12.3% IOC with a mean Rosenthal’s grade of 0.2. Intraoperative 
Trifecta was achieved in 105 patients (86%) and three preoperative factors 
were chosen for the predictive model: BMI (p = 0.041), CCI (p = 0.037) and 
RENAL score (p = 0.002). A nomogram was generated and the ROC-AUC of 
the model was 75.8%. Conclusion: We have defined an intraoperative Tri-
fecta concept as the achievement of EBL < 500 ml, WIT < 20 minutes and 
minimal changes of the intraoperative course. A nomogram was developed 
from preoperative factors like BMI, CCI and R.E.N.A.L. score. It can be used 
to estimate the probability of Trifecta achievement in patients treated with 
LPN. 
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1. Introduction 

Partial nephrectomy (PN) represents the standard of care for patients diagnosed 
with T1a kidney cancer [1]. Minimally invasive nephron-sparing surgery should 
be performed if this approach does not compromise oncological, functional and 
perioperative outcomes. However, these approaches are technically challenging 
and are associated with a high rate of complications that has been reported in up 
to 30% of cases [2]. Hemorrhage and transient renal insufficiency are the most 
common concerns during PN. An increased hospital mortality [3] and risk for 
intraoperative transfusion [4] were found in those patients whose estimated 
blood loss (EBL) exceeded 500 ml. Vascular clamping during PN is associated 
with kidney function impairment and attempts should be done to limit warm 
ischemia time (WIT) to 20 minutes [5]. 

Many trials fail to report intraoperative complications (IOC). Rosenthal et al. 
defined in 2015 and classified IOC depending on the need for treatment and the 
severity of complication [6]. We tried to evaluate these complications by using a 
Trifecta concept and we defined the intraoperative Trifecta as the achievement 
of EBL < 500 ml, WIT < 20 minutes and no other change of normal intraopera-
tive course/or changes without any consequences. 

The study’s aim was to find preoperative factor that could predict the likelih-
ood of achieving intraoperative Trifecta and build a surgical nomogram. 

2. Materials and Methods 

We retrospectively evaluated the patients who underwent laparoscopic PN (LPN) 
at our institution between January 2015-December 2018 and 122 patients had 
registered the IOC directly after surgery and qualified for the statistical analysis. 

In order to achieve our study’s aim, we first did a univariate analysis of preo-
perative variables and a multivariate one, having achievement of Trifecta as the 
main variable, and then built a nomogram for those factors that showed to be 
predictable for our newly introduced intraoperative Trifecta. 

We analyzed the preoperative factors like age, sex, body-mass index (BMI), 
kidney function evaluated by estimated glomerular filtration rate (eGFR) and 
tumor characteristics, like size, side, type (solid or cystic) and number. Mor-
phometric score like R.E.N.A.L.-score (Radius, Exophytic/endophytic, Nearness, 
Anterior/posterior, Location), as described by Kutikov [7], was assigned in an 
unblinded manner by the same urologist (OSB). Comorbidity status was eva-
luated using the Charlson Comorbidity Index (CCI) and physical status by the 
American Society of Anesthesiologists (ASA) classification system. All the data 
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were collected from patients’ electronic medical record, in a retrospective man-
ner, and stored in our kidney cancer database reviewed and accepted by our In-
stitution’s Research and Ethics Committee. Variables like BMI were obtained 
using an online calculator  
(https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/english_bmi_calc
ulator/bmi_calculator.html) the same way as CCI  
(https://www.mdcalc.com/charlson-comorbidity-index-cci). GFR was automati-
cally calculated by our Laboratory Unit. 

There were to surgeons that performed the procedures and both of them have 
overcome a learning curve of more than 300 LPN before the observational pe-
riod. Both surgeons started doing LPN in our Unit in 2004 and performed more 
than 30 procedures per year, each. The procedures were performed using both 
pure laparoscopic or hand-assisted technique.  

The intraoperative covariates consisted of total operation time, WIT and EBL, 
both recorded and agreed between the surgeon and the anesthesiologist, the 
usage of drainage tube, and performance of standard or hand-assisted technique. 

Any deviation from the ideal intraoperative course occurring between skin in-
cision and skin closure, regardless whether it was related to surgery or anesthe-
sia, was considered as an IOC and graded according to the Rosenthal classifica-
tion [6]. The classification includes four grades depending on the need for 
treatment (no need, grade 1; need for treatment, grade 2) and the severity of the 
complication (life-threatening/permanent disability, grade 3; death, grade 4). 
Because of expected variability in reporting complications of grade 1, both grade 
0 (no deviation from the ideal intraoperative course) and 1 (any deviation with-
out need of treatment) war taken together for subsequent analysis. No cystic le-
sion were cut or ruptured during the resection. 

Statistical Analysis 

Demographic and clinical outcomes were analyzed using descriptive statistics. R 
Core Team (2019) software was used to find the best predicting model for the 
achievement of intraoperative Trifecta using preoperative variables. A nomo-
gram was built and receiver operating curve (ROC) and areas under the curve 
(AUC) were calculated and used to quantify predictive discrimination. Statistical 
significance was set at p < 0.05. Internal validation and variance of AUC-ROC 
processes were performed using bootstrapping with 10,000 repetitions. 

3. Results 

The clinical characteristics of the population are summarized in Table 1. The 
cohort comprised 65.6% males, mean BMI was 27.5 kg/m2 and median CCI was 
5. Most of the patients had ASA II with a median preoperative kidney function 
of 89.5 ml/min/1.73 m2. Most of the tumors were solid (73.8%) with a median 
tumor diameter of 2.45 cm and a median RENAL score of 6.5 points. The sur-
gical features include a median operation time of 157 minutes, median EBL 100 
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ml having 6.5% (eight patients) bleed more than 500 ml, median WIT of 12 minutes 
having 7.3% (nine patients) more than 20 minutes. There was used a drainage tube 
in 82% of the patients and a hand-assisted technique was performed in 23%. General 
and surgical postoperative complications (POC) occurred in 27% and 4% respec-
tively (three patients with bleeding, one bowel injury and one chylous ascites).  

There was recorded a 12.3% (15 patients) IOC with a mean Rosenthal’s grade 
of 0.213. Of these 15 patients, six had a grade 1, six had grade 2 and three had 
grade 3 (two conversions to nephrectomy and one splenectomy). Some patients 
(three) had more than one complication but only the highest grade was assigned. 
 
Table 1. Patient demographics. 

 
Overall (n = 122) 

Age 
 

Mean (SD) 61.5 (12.2) 

Median [Min, Max] 65.0 [18.0, 85.0] 

Sex 
 

Man 80 (65.6%) 

Woman 42 (34.4%) 

BMI (kg/m2) 
 

Mean (SD) 27.5 (4.78) 

Median [Min, Max] 27.1 [17.3, 47.9] 

CCI 
 

Mean (SD) 4.58 (1.55) 

ASA 
 

ASA I 6 (4.9%) 

ASA II 71 (58.2%) 

ASA III 44 (36.1%) 

ASA IV 1 (0.8%) 

Tumor type 
 

Solid 90 (73.8%) 

Bosniak 2F 0 (0%) 

Bosniak 3 13 (10.7%) 

Bosniak 4 19 (15.6%) 

Tumor number 
 

Mean (SD) 1.04 (0.237) 

Side 
 

Right 66 (54.1%) 

Left 56 (45.9%) 

CT diameter 
 

Mean (SD) 2.69 (1.20) 

R.E.N.A.L. score 
 

Mean (SD) 6.42 (1.79) 

Median [Min, Max] 6.50 [4.00, 10.0] 

BMI: body mass index, CCI: Charlson Comorbidities Index, ASA: American Society of Anesthesiologists 
classification system. 
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Intraoperative Trifecta was achieved in 105 patients (86%) and four preopera-
tive factors correlated with Trifecta: BMI (p = 0.041), CCI (p = 0.037), CT di-
ameter (p = 0.036) and R.E.N.A.L. score (p = 0.002) as shown in Table 2. The best 
nomogram generated of R software included just BMI, CCI and R.E.N.A.L.-score 
(Figure 1). The ROC AUC of the model was 75.8%. After a bootstrapping with 
10,000 repetitions, the model reported a bias of −0.022 and a standard error of 
0.216. 
 
Table 2. Multivariate analysis assessing the association between intraoperative Trifecta 
achievement and preoperative factors. 

 
Trifecta NOT achieved 

(n = 17) 
Trifecta achieved 

(n = 105) 
p-value 

Age 
   

Mean (SD) 63.9 (11.2) 61.1 (12.4) 0.348 

Sex 
   

Man 14 (82.4%) 66 (62.9%) 0.196 

Woman 3 (17.6%) 39 (37.1%) 
 

BMI (kg/m2) 
   

Mean (SD) 29.0 (3.70) 27.3 (4.90) 0.041 

CCI 
   

Mean (SD) 5.29 (1.86) 4.47 (1.47) 0.037 

Number 
   

Mean (SD) 1.06 (0.243) 1.04 (0.237) 0.746 

Side 
   

Right 9 (52.9%) 57 (54.3%) 0.912 

Left 8 (47.1%) 48 (45.7%) 
 

CT diameter 
   

Mean (SD) 3.55 (1.77) 2.56 (1.02) 0.036 

R.E.N.A.L. score 
   

Mean (SD) 7.59 (1.46) 6.23 (1.77) 0.002 

Surgeon 
   

1 14 (82.4%) 75 (71.4%) 0.518 

2 3 (17.6%) 30 (28.6%) 
 

Drainage 
   

No 0 (0%) 22 (21.0%) 0.081 

Yes 17 (100%) 83 (79.0%) 
 

Hand-assisted 
   

Yes 3 (17.6%) 25 (23.8%) 0.803 

No 14 (82.4%) 80 (76.2%) 
 

Tumor (Solid) 
   

FALSE 4 (23.5%) 28 (26.7%) 1 

TRUE 13 (76.5%) 77 (73.3%) 
 

BMI: body mass index, CCI: Charlson Comorbidities Index, ASA: American Society of Anesthesiologists 
classification system. 
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Figure 1. Nomogram predicting intraoperative Trifecta achievement. BMI: body mass 
index, CCI: Charlson Comorbidities Index. 

4. Discussion 

Various trifecta combinations exist, all of which are mostly used to measure 
postoperative outcomes after PN; for example Buffi [8] and Porpiglia [9] using 
the term MIC (negative Margin, Ischemia time < 20 minutes and no major 
Complications), Khalifeh [10] encompassed no positive surgical margin, zero 
complications and WIT < 25 minutes. Hung [11] defined Trifecta as a composite 
outcome of negative margin, no urological complications and no renal function 
loss of > 90%. We are the first to define a Trifecta only using intraoperative va-
riables and tried to correlate it with preoperative factors in order to predict its 
accomplishment. Our intraoperative Trifecta was achieved in 86% of the patients 
attesting to the efficacy of LPN in the minimally invasive surgical treatment of 
kidney cancer. 

EBL is the first component in our definition and intraoperative hemorrhage 
from the PN bed is an important concern. In no case in our group did significant 
hemorrhage occur during parenchymal and tumor resection, and in just two 
cases critical bleeding occurred after hilar unclamping. An increased risk for 
intraoperative transfusion [4] was found in those patients whose EBL exceeded 
500 ml, the value chosen for our Trifecta. Most of the patients bleed < 100 ml 
and only eight bleed > 500 ml with need of transfusion in five patients (three of 
them with grade 2 according with Rosenthal classification and the 2 patients that 
needed nephrectomy and intraoperative transfusion). 

Our second component was WIT with the cut-off value of 20 minutes as first 
used by Thompson et al. [5]. Zargar [12] and Khalifeh [10] used the 25 minutes 
cut-off to define their Trifecta and Propiglia [13] have shown no renal function 
impairment in WIT < 30 minutes. Ficarra [14] reported a group of patients with 
36% having a WIT over 20 minutes and found tumor size, PADUA score and 
surgeon experience to be predictors of a WIT more than 20 minutes and IOC. In 
our study median WIT was 12 minutes and only in 7.3% was more than 20 mi-
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nutes and in two patients more than 30 minutes, which, again, suggests that LPN 
is a feasible technique. 

Third, and last component, included in our Trifecta was the common variab-
leused in all previous definitions being that the presence of complications, in our 
case intraoperative complications. The classification most widely used and with 
most evidence in literature we found to be the Rosenthal classification [6]. Grade 
0 and 1 were taken together as both no complication (grade 0) and complication 
with no need for treatment (grade 1), have no consequence for the surgical out-
come. The six patients assigned as grade 1 included four patients with bleeding 
from trocar site, kidney dissection or kidney vein injury without any need for 
transfusion and two patients with respiratory distress or atrial flutter recorded 
intraoperatively without any hemodynamic consequence or need for treatment. 
Only nine patients had complications grade 2 and 3 and no death (grade 4) was 
recorded in our series.  

BMI, CCI and R.E.N.A.L.-score were the preoperative factors that were pre-
dictive for achievement of intraoperative Trifecta. It is worldwide believed that 
high BMI can increase the operation time and blood loss but data regarding as-
sociation between elevated BMI and POC after LPN is controversial. Wiens [15] 
showed that obese patients undergoing LPN are not at significantly increased 
risk of complication relative to non-obese patients and that comorbidity status 
and R.E.N.A.L.-score should be the main criteria to take into account to evaluate 
feasibility for LPN. On the contrary, Kott [16] found that a BMI over 30 kg/m2 
was a significant factor for POC associated with robot assisted LPN. In our anal-
ysis there was a relative significant correlation between achievement of intra-
operative Trifecta and BMI. Comorbidity status, assessed with CCI, was a pre-
dictive factor for our Trifecta, and there are authors like Larcher [17] showing a 
correlation between CCI and complications after LPN. As for patients perfor-
mance status we included also ASA score that failed to reach significance at mul-
tivariable analysis. ASA score was found to be significant predictive factor in a 
nomogram used by Mari [18] in the RECORD2 project in order to predict the 
likelihood of POC. Tumor anatomy is also a well-known factor that correlates 
with POC and anatomical characteristics of the renal tumor could be evaluated 
by many morphometric scores like, for example, the R.E.N.A.L.-score by Kuti-
kov [7], PADUA by Ficarra [19] and C-index by Simmons [20]. Other anatomi-
cal characteristics like renal tumor invasion [21] were not assessed by the 
RENAL score that we used in our study and chosen as the standard morphome-
tric score in our unit because of its worldwide demonstrated reproducibility and 
validity [22] [23]. This was the preoperative factor that most significantly corre-
lated with the intraoperative Trifecta. We did not find a correlation between the 
suffix of the R.E.N.A.L.-score and the Trifecta as seen by Reddy [24]. There are 
few reports evaluating the true value of a single component included in the ana-
tomical scores [25] and, in our analysis, the tumor density, side and number 
were not significant variables while tumor diameter was. 
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Other preoperative factors like age, sex, and surgeon, use of drainage tube or 
use of hand-assisted technique did not correlate with intraoperative Trifecta 
achievement. Age is a factor found to predict POC by two main nomograms of 
Larcher [17] and Mari [18]. Median age for these studies was 73 and 64 years 
respectively, compared to a younger population in our series with median age of 
61 years. Age is a factor included in the CCI that correlated better in our study 
than age alone. Bindayi and RESURGE group [26] analyzed the Trifecta outcomes 
in elderly patients over 75 years and found a 40% Trifecta achievement and less 
transfusion and lower intraoperative complications in the Trifecta patients.  

In our group, no difference was seen between the two surgeons as both have 
overcome alearning curve of more than 300 procedures, being 70 procedures 
needed according to Buffi to achieve Trifecta in 87.9% of the patients [8]. No 
difference between hand-assisted and pure laparoscopic technique was seen in 
order to achieve all three components of our Trifecta. Azawi [27] studied the 
impact of using a hand-assisted technique on the learning curve and found that 
the surgeon must perform 40 procedures to obtain a WIT of five minutes. Our 
study did not individually analyze the correlation between hand-assisted lapa-
roscopic PN (HALPN) and R.E.N.A.L.-score alone but the three factors of Tri-
fecta together. Elsamra [28] compared HALPN with the robot-assisted and 
found no significant advantage of robot-assisted over HALPN in short-term 
outcomes. 

Our study is the first, in our knowledge, evaluating the factors that could pre-
dict IOC alone, and building a nomogram out of preoperative risk factors. A 
predictive tool, such as this, can enable clinicians to evaluate the risk of IOC ac-
cording to specific patient and tumor related factors. It can also estimate more 
accurately the risk stratification on each individual case before treatment and 
could guide the learning curve of future kidney cancer surgeons allowing to 
choose the right patient for the right step in the learning curve. 

The limitations of the study are the relative small sample size. The tumors op-
erated on were relatively small and low to intermediate complexity, which we 
believe represents patients we typically treat in our daily practice in this era of 
CT-diagnosed abdominal symptoms and incidental finding of early kidney can-
cer. The study offers several opportunities for future research by using the 
intraoperative Trifecta concept in the robot-assisted field and in bigger national 
kidney cancer registers. It can be also used to analyze the correlation with post-
operative outcomes and thereby measure the effect of its achievement. 

The nomogram from our study should to be tested on multicenter cohorts in 
order to externally validate and generalize our findings. We believe there was a 
high-quality report of IOC that was guaranteed by the rigorous recording of data 
of both surgeon and anesthesiologist in our complications register.  

5. Conclusion 

We have defined an intraoperative Trifecta concept to evaluate the IOC during 
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LPN as the achievement of EBL < 500 ml, WIT < 20 minutes and no other 
changes or changes without any consequences over the normal intraoperative 
course. A nomogram was developed from preoperative predictive factors in-
cluding BMI, CCI and R.E.N.A.L.-score and it can be used to estimate the prob-
ability of intraoperative Trifecta achievement in patients treated with LPN. 
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