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ABSTRACT

Objectives: To identify risk factors for conversion, develop a predictive Conversion Risk
Score (CRS), and assess the association between conversion and severe postoperative
complications.

Background: Conversion occurs in 15-30% of minimally invasive left pancreatectomies
(MILP). Risk factors and potential negative impacts on postoperative outcomes are poorly
described.

Methods: Retrospective, nationwide, multicenter study including all MILP (laparoscopy and
robot) performed between 2010 and 2021. Risk factors for conversion were identified by
multivariate mixed model, and a CRS was developed on a "training-set" and validated
(calibration diagrams and ROC curves) on a "validation-set.” The association between severe
complications and conversion was assessed using a propensity score based on the main risk
factors for severe complications: age, sex, BMI, ASA score, tumor malignancy, multi-organ
resection, operative duration, blood loss, splenectomy.

Results: 2104 patients included from 55 centers. Conversion occurred in 15.6% of MILP. Its
risk factors were male sex (OR=1.67;p=0.048), BMI>25kg/m? (OR=2.15;p=0.004), history of
laparotomy (OR=2.9;p<0.001), initial pancreatitis (OR=3.58;p=0.007), tumor size>40mm
(OR=2.12;p=0.003), planned splenectomy (OR=2.63;p<0.001), unplanned splenectomy

(OR=4.05;p=0.028), portal vein resection (OR=36.3;p=0.002), multi-organ resection



(OR=12.97;p<0.001). A predictive CRS was created based only on preoperatively available
variables (the first six), with scores ranging from 0 to 7, corresponding to a conversion risk of
2% to 100%. No association was observed with tumor malignancy, robotic approach, or
pancreatectomy volume. Conversion was significantly associated with severe complications
[OR=1.80(1.16-2.54)], independent of other risk factors for complications.

Conclusions: Conversion during MILP can be predicted by CRS, aiding surgeons in decision-

making, given its significant association with severe complications.



INTRODUCTION

While the minimally invasive approach has been established as the gold standard for
various surgical procedures (1), its application has also been extended and validated for
minimally invasive left pancreatectomy (MILP) ¥, resulting in reduced intraoperative blood
loss and shorter hospital stay ). The robot-assisted approach seems to provide comparable
outcomes to laparoscopy, but its relevance is still under evaluation ¢®. Nevertheless, the
choice between open and minimally invasive approaches requires careful patient selection to
prevent intraoperative complications and conversion. The conversion rates reported in the
literature are highly variable, ranging from 15% to 30% *°-!12. Existing data on risk factors
for conversion during MILP are notably inconsistent, potentially including tumor size and
malignancy (!¥), extent of pancreatic resection '*!5, unplanned splenectomy ), increased
body mass index (BMI), low preoperative albumin levels, current smoking habits, chronic
pancreatitis 19, male sex, multi-organ resection, laparoscopy (compared to robotic
approaches) 17, volume of the center !®, and learning curve (). These divergent findings
make it challenging for surgeons to confidently select patients for a minimally invasive
approach in daily practice. To date, no robust predictive score has been proposed to guide
surgeons preoperatively during the decision-making process. Given the data suggesting an
association between conversion and severe postoperative morbidity ?%2D_ attempts to reduce
the risk of conversion seem relevant. However, several risk factors are common to both
conversion and postoperative complications (1), leading to a potential bias in accurately
evaluating the consequences of conversion.

Given these considerations, the present study has two interrelated objectives. First, to

identify and assess preoperative risk factors for conversion during MILP and to create a



clinically applicable predictive Conversion Risk Score (CRS). Second, to investigate the
association between conversion during MILP and severe postoperative complications.

METHODS

Population

This multicenter retrospective study included patients undergoing minimally invasive
left pancreatectomy (MILP) @2 in both private and public hospitals, both academic and non-
academic. The participating centers were contacted through the Association Frangaise de
Chirurgie. All adult patients (>18 years) who underwent MILP (laparoscopic and robot-
assisted) between January 2010 and December 2021 were included, regardless of indication.
Patients who had undergone previous pancreatectomy were excluded. Patients who underwent
pancreatic surgical biopsy or necrosectomy, as well as those who underwent pancreatectomy
by initial laparotomy or using a hybrid procedure, defined as planned surgery combining a
first-stage minimally invasive procedure followed by a planned open approach (except for
specimen extraction), including hand-assisted procedures, were also excluded.

This study was approved by the Ethics and Research Committee of Paris Sorbonne
University (CER-2022-055) and performed in accordance with the ethical principles of the
Declaration of Helsinki. The Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) guidelines were followed 3.

Creation of the Predictive Conversion Risk Score (CRS)

The first aim was to build a predictive CRS based on preoperative factors to assess the
risk of conversion during MILP. To calculate this score, univariate and multivariate analyses
were performed on a training set randomly derived from the entire cohort. Based on these

results, only preoperative variables that were significantly associated with the risk of



conversion were selected. Their coefficients, obtained using the multivariate mixed model,
were rounded to the nearest integer to obtain values without decimals, which are easier to use
in clinical practice. The CRS was then validated on a validation set, randomly derived from
the entire cohort, using ROC curve analysis and calibration diagrams.
Propensity Score Matching

The association between conversion and severe postoperative morbidity (according to
Dindo-Clavien classification >3) % was assessed using propensity score matching based on
the main risk factors for postoperative complications after MILP *27): Age, Sex, BMI, ASA
score, Malignancy, Multi-organ resection, Operative time, Blood loss, and Splenectomy
(planned and unplanned). Multiple logistic regression analysis was applied to generate a
propensity score, and the “nearest-neighbor matching method” was used, which involves
pairing each point with the closest one, to achieve 1:1 matching using the “Matchlt” package
in R software. Correct balance of the propensity score variables was verified by ensuring that
the standardized mean differences were <0.1 (Supplement 1, Supplemental Digital Content

1, http://links.Iww.com/SLA/F424 ).

Main variables and outcomes

The primary endpoint was conversion, defined according to the last standardized
terminology for minimally invasive pancreatic resection, as any procedure that started as
minimally invasive but terminated by an unplanned or unintended laparotomy %,
Tumor malignancy included all indications for cancer (pancreatic duct

adenocarcinoma, sarcoma, and metastases) and conditions requiring lymph node dissection

(pancreatic neuroendocrine tumor).

Statistical Analysis



Quantitative variables were expressed as mean (+ SD) or median (IQR) based on the
normality of their distribution, assessed both graphically and using the Shapiro-Wilk test.
These variables were compared in univariate analyses using the Mann-Whitney U test or
Student's t-test, depending on their respective applicability. Qualitative variables were
expressed as numbers and percentages and compared in univariate analyses using the Chi-
square test or Fisher's exact test, depending on the sample size and test conditions.

For missing data representing less than 15% of observations and defined as “missing
at random,” multiple imputation using Predictive Mean Matching (PMM) sampling was
conducted with ten iterations, and the results were pooled from these ten imputed datasets 9.
If the missing data exceeded 15% or were not “missing at random,” the variable was omitted.

The training and validation sets were randomly created from the entire cohort using R
software’s “sample” function (sampling without replacement). The size of the sets was
chosen according to the cohort size and the representativeness of the primary endpoint. The
commonly applied ratios in this type of study are 70%/30% or 80%/20% %33, However, to
avoid the risk of overfitting during model validation, a larger size was allocated to the
validation set, with ratios of 70% (training set) and 30% (validation set). No statistical tests
were performed to compare and verify the correct distribution of variables to avoid inflation
of alpha risk. Therefore, the quality of the distribution between the two sets was determined
using an “eyeball test” (Supplement 2, Supplemental Digital Content 2,
http://links.Iww.com/SLA/F425)).

In multivariate analyses, the center effect was converted into a random effect variable
and addressed using a generalized linear mixed model (GLMM) @ to satisfy the conditions
for applying logistic regression. Variables incorporated into the GLMM were selected based
on a p-value <0.10 in the univariate analyses, as well as variables with well-established

associations with the outcome in the literature. Variables linked to the type of center were not



included in the multivariate model since the center effect was already accounted for by the
GLMM to avoid redundancy and collinearity, which could compromise model convergence.
The quantitative variables in the multivariate analysis were discretized into binary variables
(cut-off points obtained from an analysis of distribution curve breakpoints using an ROC
curve) to make the predictive score more efficient for clinical use at the risk of losing power.
The predictive score was subsequently based on the coefficients derived from the GLMM for
variables with p <0.05.

In the analysis following propensity score matching, the center effect was again
converted into a random effect variable and addressed using a GLMM.

All tests were two-sided with a type I error rate of 5%. Analyses were performed using
R software version 4.2.3 on macOS.

RESULTS

Cohort characteristics (Figure 1)

Overall, 55 centers included 2104 MILP: 13.4% (n=281) by robotic approach and
86.6% (n=1823) by laparoscopy. Table 1 and 2 details the characteristics of the entire cohort.
The average age of the patients was 59.9 (£14.9) years, with a slight female predominance of
57.2% (n=1203). The average BMI was 25.9 (+4.9) kg/m? and 17.4% (n=357) had an ASA
score >3. Malignant tumors accounted for 58.0% (n=1221), including 30.1% (n=633)
pancreatic neuroendocrine tumors and 23.8% (n=500) pancreatic ductal adenocarcinomas.
Pancreatic lesions were mainly discovered incidentally (47.1%; n=990).

Conversion to laparotomy was performed in 15.6% (n=329) of the patients: 34.3%
(n=113) for exposure and technical issues, 26.1% (n=86) for hemorrhage, 20.1% (n=66) for

inflammatory adhesions, 18.5% (n=61) for oncological reasons, and 0.9% (n=3) for anesthetic



issues. Regarding patients operated on by the robot-assisted approach, all conversions were
performed using an open approach. Splenectomy was performed in 46.3% (n=974) of the
cases, including 4.1% (n=86) that were performed emergently. Colectomy or duodenojejunal
flexure resection, partial gastrectomy, hepatectomy, and nephrectomy were performed in
1.8% (n=37), 1.5% (n=32), 0.1% (n=3), and 0.3% (n=7) of the patients, respectively. Anterior
and posterior radical antegrade modular pancreatosplenectomy (RAMPS) @9 were performed
in 26.2% (n=552) and 1.7% (n=35) of the patients, respectively.

The postoperative mortality and severe morbidity rates were 1.3% (n=28) and 17.8%
(n=375), respectively. Postoperative pancreatic fistula (POPF) grades B and C @9 occurred in
18.7% (n=393) of patients. The mean length of hospital stay was 11.8 (£9.6) days, and
reoperation occurred in 5.6% (n=118) of the patients due to hemorrhage in 3% (n=59), sepsis
in 2% (n=44), intestinal obstruction in 0.2% (n=4), evisceration in 0.2% (n=4), oncological
needs in 0.1% (n=3), drainage issues in 0.1% (n=3), and digestive ischemia in 0.05% (n=1).

Creation of a clinical predictive Conversion Risk Score (CRS)

Identification of risk factors of conversion, in the training set

The results of univariate and multivariate analyses of the preoperative and
intraoperative risk factors for conversion are provided in Table 3. Independent risk factors for
conversion in the multivariate analysis were male sex (OR=1.67; 95% CI=1.01-2.80),
overweight with BMI >25kg/m? (OR=2.15; 95% CI=1.28-3.68), history of abdominal
laparotomy (OR=5.68; 95% CI=2.59-12.62), initial pancreatitis (OR=3.58; 95% CI=1.42-
9.13), tumor size >40 mm (OR=2.12; 95% CI=1.34-3.38), portal vein resection (OR=36.3;
95% CI1=4.74-422.45), planned splenectomy (OR=2.63; 95% CI=1.51-4.67), unplanned
splenectomy (OR=4.05; 95% CI=1.16-14.39), and multi-organ resection (OR=12.97; 95%

CI=3.95-45.84). In multivariate analysis, there was no significant difference according to age,



ASA score, tumor malignancy, robot-assisted approach, right pancreatic section at the head-
neck junction, or RAMPS.

Finally, no significant association was found between the risk of conversion and the
activity volume of each center, both in terms of the number of pancreatic surgeries performed
using a minimally invasive approach per center and the number of MILP performed.

Within the subgroup of patients who underwent MILP for pancreatic ductal
adenocarcinoma (n=500), a similar univariate and multivariate analysis was performed
(Supplement 3, Supplemental Digital Content 3, http://links.lww.com/SLA/F426 ),
revealing the same variables associated with conversion, except for age, pancreatic
consistency, transection to the right of the isthmus, and splenectomy. Neither resectable
(n=461), borderline (n=34), nor locally advanced (n=5) status, nor the administration of
neoadjuvant treatment with chemotherapy alone (n=48) or chemoradiotherapy (n=15) was
independently associated with conversion, particularly when accounting for multiorgan

resection or portal vein resection.

Development of the predictive CRS, in the training set

Based on the results obtained from the multivariate analysis (Table 3), only
preoperatively available variables associated with the risk of conversion were selected: male
sex, overweight (BMI >25kg/m?), history of abdominal laparotomy, initial pancreatitis, tumor
size >40 mm, and planned splenectomy. A predictive CRS was then created (Table 4) and a
coefficient of 1 or 2 was assigned to each variable, resulting in a total score ranging from 0 to

7 points.

Validation of the CRS, in the validation set



The area under the curve (AUC) of the predictive CRS obtained was AUC=0.75 in the
training set and AUC=0.74 in the validation set (Figure 2). The concordance between the
predicted probabilities and the actual observations was confirmed using a calibration diagram
in the validation set (Figure 2), with a mean absolute error (MAE) of 0.014, a mean squared
error (MSE) of 0.0003, and a quantile of absolute error of 0.029, demonstrating good
calibration of the model without overestimation or underestimation of the risk of conversion.

The predictive CRS developed showed an almost linear relationship with the score
achieved, with a risk of conversion ranging from 2% (for a CRS=0/7) to 100% (for a CRS

>6/7) (Figure 2).

Consequences of conversion on postoperative outcomes

The propensity score, based on the main risk factors for severe postoperative
complications, was used to compare patients with severe complications (n=375) to those
without severe complications (n=375). A significant association between conversion and
severe postoperative complications was demonstrated (OR=1.80; 95%CI=1.16-2.54)
(Supplement 4, Supplemental Digital Content 4, http://links.lww.com/SLA/F427 ). No
significant difference was observed between severe complications and indications for
conversion: emergency/hemorrhage (6.4% vs. 4.8%; p=0.906), exposure and technical issues
(7.7% vs. 4.5%; p=0.102), inflammatory adhesion (4.0% vs. 4.0%; p=0.352), and oncological
reasons (4.3% vs. 4.0%; p=0.246).

DISCUSSION

This is the first study to develop an easy-to-use predictive CRS during MILP, based on
clinical and preoperative parameters through a statistically valid and well-established

methodology. The preoperatively available risk factors identified and included in the CRS



were male sex, overweight, history of laparotomy, initial pancreatitis, tumor size, and planned
splenectomy. The score obtained has an almost linear association with the risk of conversion,
ranging from 2% for a score of 0/7 to 100% for a score of >6/7. Other easily understandable
intraoperative factors associated with the risk of conversion were also identified: portal vein

resection, unplanned splenectomy, and multi-organ resection.

Various risk factors for conversion during MILP have been published with
considerable heterogeneity across articles (1213.15:16,18.2037-40) 'Tp the present study, the extent
of pancreatectomy, often found as a risk factor in the literature (121415:38) "wags higher in the
converted group but was not significant in multivariate analysis for two reasons. On one hand,
the number of pancreatectomies requiring resection on the right side of the isthmus, in general
and in this cohort, was too low (0.5%; n=11) to identify an association with conversion risk.
In contrast, portal vein resection (frequently associated with resection extended to the right)
was significantly associated with conversion in multivariate analysis and could mask the
association between the extent of pancreatectomy and conversion. No association between
neoadjuvant treatment, borderline or locally advanced status, and conversion was observed in
the univariate and multivariate analyses within the pancreatic ductal adenocarcinoma
subgroup. First, we suggest that sub-characteristics of resectability (vascular resection,
multiorgan resection, splenectomy) are captured in the multivariate model and the predictive
score, rather than borderline or locally advanced status itself. Second, the number of
borderline and locally advanced tumors, as well as pre-treated patients (neoadjuvant
chemotherapy alone or chemoradiotherapy) remains limited. This suggests that patients
undergoing MILP are already highly selected by their surgeons. The results, based on a small
subset of patients, may also reflect a lack of statistical power. Therefore, making any

suggestion regarding MILP for borderline and locally advanced tumors is challenging.



However, in our opinion, caution should remain the guiding principle when considering MILP
for borderline and locally advanced tumors. Unplanned splenectomy performed during MILP
is a risk factor for conversion, which is consistent with the literature ). In contrast, to the best
of our knowledge, no published study has demonstrated that spleen preservation is a
protective factor against conversion. While it may appear counterintuitive, a planned
splenectomy actually increases the risk of conversion, highlighting the technical and exposure
challenges associated with splenopancreatectomy, compared to spleen-preserving left
pancreatectomy, particularly when utilizing the Warshaw technique. This finding also aligns
with the trend that the risk of conversion seems to increase with the extent of resection, as
indicated by variables such as multi-organ resection, RAMPS, pancreatic section to the right
of the neck, and tumor size. Moreover, among patients who underwent spleen preservation, no
significant difference in the risk of conversion was found according to whether or not the
splenic vessels were resected. Although the Kimura vs. Warshaw categorization was based
primarily on the surgeon's preoperative intentions, it cannot be ruled out that some procedures
intended by Kimura might have been performed as Warshaw for technical reasons, potentially
biasing this lack of association with conversion.

The robotic approach appears to be associated with a lower risk of conversion
compared to laparoscopy, as noted by several authors 74D, The recent 2024 recommendation
on Robotic Hepato-Pancreato-Biliary Surgery by Hobeika et al. ® reaffirms the advantage of
the robot-assisted approach in reducing the risk of conversion in left pancreatectomy. This
observation aligns with our univariate analysis, which demonstrated a significant difference in
conversion rates between robotic and laparoscopic approaches. However, the number of
MILPs performed using the robot-assisted approach in this cohort remains limited (n=281,
13.4%), reducing the statistical power and the ability to detect significance in multivariate

analyses. Furthermore, among the 55 participating centers, fewer than half (n=26) performed



MILP using the robot-assisted approach, and only 6 centers averaged more than one robotic
MILP per year. This limited volume of robot-assisted surgery prevents a robust analysis of the
robotic volume threshold. It is therefore likely that the benefits of the robot-assisted approach
on conversion, clearly suggested in the univariate analysis, are obscured in the multivariate
analysis by other variables strongly associated with conversion. This limitation can be
attributed to the heterogeneity of practices and the varying levels of experience across centers,
which are not fully accounted for in the GLMM model, despite the inclusion of the center
effect. Despite the advantages of robotics in terms of ergonomics and expanded indications,
these results also suggest that conversion is primarily a matter of patient selection for
minimally invasive approaches ®.

In the study by Lof et al., there was a significant difference between the number of
conversions and the surgeon's experience and learning curve, with a breakpoint of
approximately 40 MILP (95%CI=11-68) (!®. Data per surgeon were not available in this
cohort; however, no threshold per center was identified in this study as being associated with

the risk of conversion.

The developed CRS raises questions about the threshold at which proposing a
minimally invasive approach to the patient seems unreasonable. In the literature and in our

cohort, the risk of conversion during MILP is approximately 15-30% (2040

. In our study, a
score of 4/7 correlated with a 35% conversion risk. Thus, it can be suggested that a score of
4/7 or higher indicated a conversion risk above the range reported in the literature. However,
it is clear that this threshold can be adjusted for each surgeon, depending on their expertise
and progress along the learning curve. Therefore, surgeons can incorporate an additional

corrective variable to further refine the results obtained by the general predictive CRS

proposed or set a stricter target according to their own conversion rates.



Proposing such a score is clinically relevant since this study also demonstrated a
significant association between conversion during MILP and the risk of severe postoperative
complications, independent of other known risk factors for postoperative complications. This
result is consistent with the trends observed in colorectal surgery 4?43, In addition, there was
no difference between severe complications and the indication for conversion (notably
emergently for hemorrhage or not), although the study may be underpowered to examine this
specific question. It remains likely that emergency conversion is associated with higher
complications and a “loss of chance” for the patient %, It is also important to note that while
the benefits of the minimally invasive approach in left pancreatectomies are evident regarding
pain, cosmetic results, and abdominal wall complications, they remain clinically moderate,
mainly on length of stay, functional recovery, and intraoperative blood loss, and null
regarding POPF, which remains the Achilles’ heel of pancreatic surgery 4449, All these
results support the idea that it is essential to carefully select patients to avoid exposing them to

the risk of conversion, which could negatively affect postoperative outcomes.

This study had several limitations. First, the AUC of the predictive CRS in the
validation set was moderate, approximately 0.74. Nevertheless, such a moderate AUC score
reflects the great heterogeneity of data in the literature on MILP conversion risk factors and
the numerous factors influencing the conversion risk. Second, it is challenging to achieve a
higher AUC score since some variables, such as surgeons’ skill, experience, and learning
curve, are difficult to capture. Our choice was also to include only variables that are clearly
identifiable preoperatively for the clinical relevance of the CRS and not to include other risk
factors identified intraoperatively (multiorgan resection, unplanned splenectomy, portal vein

resection) that would have improved the score's parameters. Nevertheless, the calibration



diagram provided a good indicator of the performance of this score after bootstrapping. Third,
the design of this study only allowed us to assess the significant association between
conversion and severe complications, and no other postoperative outcomes, including
oncological results. However, severe complications are more clinically significant than the
length of hospital stay or rehospitalization rate. Finally, although this has already been
demonstrated in colorectal procedures 9, our study was not designed to compare
postoperative outcomes between MILP with conversion and left pancreatectomy by open
approach from the outset to confirm the deleterious impact of conversion on postoperative

outcomes.

In conclusion, this study is the largest of its kind, and its national multicenter design
and robust methodology provide strong results with wide clinical applicability. MILP
conversion can be accurately predicted using a simple score based on six preoperatively
available parameters and can help surgeons in their decision-making during preoperative
consultation regarding the choice of the surgical approach. Identifying the causes of
conversion and proposing such a score is clinically relevant since conversion is associated

with a higher risk of severe complications.

AKNOWLEDGEMENTS
Dr Willy Sutter for his support in carrying out this study.
Association Frangaise de Chirurgie, the French Association of Surgery (AFC), for its support

in the realization of this cohort.



REFERENCES

1. van der Pas MH, Haglind E, Cuesta MA, Fiirst A, Lacy AM, Hop WC, et al.
Laparoscopic versus open surgery for rectal cancer (COLOR II): short-term outcomes of a
randomised, phase 3 trial. Lancet Oncol. 2013;14(3):210-8.

2. Hyung WJ, Yang HK, Park YK, Lee HJ, AnJY, Kim W, et al. Long-Term Outcomes
of Laparoscopic Distal Gastrectomy for Locally Advanced Gastric Cancer: The KLASS-02-
RCT Randomized Clinical Trial. J Clin Oncol Off J Am Soc Clin Oncol.
2020;38(28):3304-13.

3. de Rooij T, van Hilst J, van Santvoort H, Boerma D, van den Boezem P, Daams F, et
al. Minimally Invasive Versus Open Distal Pancreatectomy (LEOPARD): A Multicenter
Patient-blinded Randomized Controlled Trial. Ann Surg. 2019;269(1):2-9.

4. van Hilst J, de Rooij T, Klompmaker S, Rawashdeh M, Aleotti F, Al-Sarireh B, et al.
Minimally Invasive versus Open Distal Pancreatectomy for Ductal Adenocarcinoma
(DIPLOMA): A Pan-European Propensity Score Matched Study. Ann Surg.
2019;269(1):10-7.

5. Cucchetti A, Bocchino A, Crippa S, Solaini L, Partelli S, Falconi M, et al. Advantages
of laparoscopic distal pancreatectomy: Systematic review and meta-analysis of randomized
and matched studies. Surgery. 2023;173(4):1023-9.

6. Lof S, van der Heijde N, Abuawwad M, Al-Sarireh B, Boggi U, Butturini G, et al.
Robotic versus laparoscopic distal pancreatectomy: multicentre analysis. Br J Surg.
2021;108(2):188-95.

7. Gavriilidis P, Lim C, Menahem B, Lahat E, Salloum C, Azoulay D. Robotic versus

laparoscopic distal pancreatectomy - The first meta-analysis. HPB. 2016;18(7):567-74.



8. Hobeika C, Pfister M, Geller D, Tsung A, Chan A, Troisi RI, et al. Recommendations
on Robotic Hepato-Pancreato-Biliary Surgery. The Paris Jury-Based Consensus Conference.
Ann Surg. 2024;

9. Korrel M, Lof S, Al Sarireh B, Bjérnsson B, Boggi U, Butturini G, et al. Short-term
Outcomes After Spleen-preserving Minimally Invasive Distal Pancreatectomy With or
Without Preservation of Splenic Vessels: A Pan-European Retrospective Study in High-
volume Centers. Ann Surg. 2023;277(1):¢119-25.

10. van der Heijde N, Vissers FL, Manzoni A, Zimmitti G, Balsells J, Berrevoet F, et al.
Use and outcome of minimally invasive pancreatic surgery in the European E-MIPS registry.
HPB. 2023;25(4):400-8.

11. de Rooij T, van Hilst J, Boerma D, Bonsing BA, Daams F, van Dam RM, et al. Impact
of a Nationwide Training Program in Minimally Invasive Distal Pancreatectomy (LAELAPS).
Ann Surg. 2016;264(5):754-62.

12. Balduzzi A, van der Heijde N, Alseidi A, Dokmak S, Kendrick ML, Polanco PM, et al.
Risk factors and outcomes of conversion in minimally invasive distal pancreatectomy: a
systematic review. Langenbecks Arch Surg. 2021;406(3):597-605.

13. Jiang Z, Pan L, Chen M, Zhang B, Sarun J, Fan S, et al. Risk factors and consequences
of conversion in minimally invasive distal pancreatectomy. J Minimal Access Surg.
2022;18(3):384-90.

14. Casadei R, Ricci C, Pacilio CA, Ingaldi C, Taffurelli G, Minni F. Laparoscopic distal
pancreatectomy: which factors are related to open conversion? Lessons learned from 68
consecutive procedures in a high-volume pancreatic center. Surg Endosc.
2018;32(9):3839-45.

15. Park Y, Hwang DW, Lee JH, Song KB, Jun E, Lee W, et al. Minimally invasive distal

pancreatectomy: Chronologic changes in the trends and clinical outcomes through a 15-year,



single-center experience with 2212 patients. J Hepato-Biliary-Pancreat Sci.
2022;29(5):540-51.

16. Nassour I, Wang SC, Porembka MR, Augustine MM, Yopp AC, Mansour JC, et al.
Conversion of Minimally Invasive Distal Pancreatectomy: Predictors and Outcomes. Ann
Surg Oncol. 2017;24(12):3725-31.

17. Giani A, van Ramshorst T, Mazzola M, Bassi C, Esposito A, de Pastena M, et al.
Benchmarking of minimally invasive distal pancreatectomy with splenectomy: European
multicentre study. Br J Surg. 2022;109(11):1124-30.

18. Lof S, Claassen L, Hannink G, Al-Sarireh B, Bjornsson B, Boggi U, et al. Learning
Curves of Minimally Invasive Distal Pancreatectomy in Experienced Pancreatic Centers.
JAMA Surg. 2023;e232279.

19.  Huang B, Feng L, Zhao J. Systematic review and meta-analysis of robotic versus
laparoscopic distal pancreatectomy for benign and malignant pancreatic lesions. Surg Endosc.
2016;30(9):4078-85.

20. Stiles ZE, Dickson PV, Deneve JL, Glazer ES, Dong L, Wan JY, et al. The impact of
unplanned conversion to an open procedure during minimally invasive pancreatectomy. J
Surg Res. 2018;227:168-77.

21.  Beane JD, Pitt HA, Dolejs SC, Hogg ME, Zeh HJ, Zureikat AH. Assessing the impact
of conversion on outcomes of minimally invasive distal pancreatectomy and
pancreatoduodenectomy. HPB. 2018;20(4):356-63.

22. van Ramshorst TME, van Hilst J, Boggi U, Dokmak S, Edwin B, Keck T, et al.
Standardizing definitions and terminology of left-sided pancreatic resections through an
international Delphi consensus. Br J Surg. 2024;111(4):znae039.

23. von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP, et al.

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)



statement: guidelines for reporting observational studies. Lancet Lond Engl.
2007;370(9596):1453-7.

24.  Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new
proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg.
2004;240(2):205-13.

25. Kelly KJ, Greenblatt DY, Wan Y, Rettammel RJ, Winslow E, Cho CS, et al. Risk
stratification for distal pancreatectomy utilizing ACS-NSQIP: preoperative factors predict
morbidity and mortality. J Gastrointest Surg Off J Soc Surg Aliment Tract. 2011;15(2):250-9,
discussion 259-261.

26. Daniel FE, Tamim HM, Hosni MN, Mailhac AC, Khalife MJ, Jamali FR, et al. Short-
term surgical morbidity and mortality of distal pancreatectomy performed for benign versus
malignant diseases: a NSQIP analysis. Surg Endosc. 2020;34(9):3927-35.

27. Goh BKP, Tan YM, Chung YFA, Cheow PC, Ong HS, Chan WH, et al. Critical
appraisal of 232 consecutive distal pancreatectomies with emphasis on risk factors, outcome,
and management of the postoperative pancreatic fistula: a 21-year experience at a single
institution. Arch Surg Chic 111 1960. 2008;143(10):956-65.

28. Montagnini AL, Resok BI, Asbun HJ, Barkun J, Besselink MG, Boggi U, et al.
Standardizing terminology for minimally invasive pancreatic resection. HPB.
2017;19(3):182-9.

29.  Lee M, Kong L, Weissfeld L. Multiple imputation for left-censored biomarker data
based on Gibbs sampling method. Stat Med. 2012;31(17):1838-48.

30. SunY, Li C, Jin L, Gao P, Zhao W, Ma W, et al. Radiomics for lung adenocarcinoma
manifesting as pure ground-glass nodules: invasive prediction. Eur Radiol.

2020;30(7):3650-9.



31. Budhathoki S, Diergaarde B, Liu G, Olshan A, Ness A, Waterboer T, et al. A risk
prediction model for head and neck cancers incorporating lifestyle factors, HPV serology and
genetic markers. Int J Cancer. 2023;152(10):2069-80.

32. WangL, Lv Y. Construction of a Prediction Model for the Mortality of Elderly
Patients with Diabetic Nephropathy. J Healthc Eng. 2022:5724050.

33. Lee J, Kim SH, Kim Y, Park J, Park GE, Kang BJ. Radiomics Nomogram: Prediction
of 2-Year Disease-Free Survival in Young Age Breast Cancer. Cancers. 2022;14(18):4461.
34, Tuerlinckx F, Rijmen F, Verbeke G, De Boeck P. Statistical inference in generalized
linear mixed models: a review. Br J Math Stat Psychol. 2006;59(Pt 2):225-55.

35. Strasberg SM, Drebin JA, Linehan D. Radical antegrade modular
pancreatosplenectomy. Surgery. 2003;133(5):521-7.

36. Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al. The 2016
update of the International Study Group (ISGPS) definition and grading of postoperative
pancreatic fistula: 11 Years After. Surgery. 2017;161(3):584-91.

37. Lee SY, Allen PJ, Sadot E, D’ Angelica MI, DeMatteo RP, Fong Y, et al. Distal
pancreatectomy: a single institution’s experience in open, laparoscopic, and robotic
approaches. J] Am Coll Surg. 2015;220(1):18-27.

38. Casadei R, Ricci C, Ingaldi C, Alberici L, Vaccaro MC, Galasso E, et al. The
Usefulness of a Preoperative Nomogram for Predicting the Probability of Conversion from
Laparoscopic to Open Distal Pancreatectomy: A Single-Center Experience. World J Surg.
2021;45(1):252-60.

39. Matsumoto I, Kamei K, Satoi S, Murase T, Matsumoto M, Kawaguchi K, et al.
Conversion to open laparotomy during laparoscopic distal pancreatectomy: lessons from a

single-center experience in 70 consecutive patients. Surg Today. 2021;51(1):70-8.



40. Hua Y, Javed AA, Burkhart RA, Makary MA, Weiss MJ, Wolfgang CL, et al.
Preoperative risk factors for conversion and learning curve of minimally invasive distal
pancreatectomy. Surgery. 2017;162(5):1040-7.

41. Miiller PC, Breuer E, Nickel F, Zani S, Kauffmann E, De Franco L, et al. Robotic
Distal Pancreatectomy: A Novel Standard of Care? Benchmark Values for Surgical Outcomes
From 16 International Expert Centers. Ann Surg. 2023;278(2):253-9.

42.  Giglio MC, Celentano V, Tarquini R, Luglio G, De Palma GD, Bucci L. Conversion
during laparoscopic colorectal resections: a complication or a drawback? A systematic review
and meta-analysis of short-term outcomes. Int J Colorectal Dis. 2015;30(11):1445-55.

43, Parascandola SA, Hota S, Tampo MMT, Sparks AD, Obias V. The Impact of
Conversion to Laparotomy in Rectal Cancer : A National Cancer Database Analysis of 57 574
Patients. Am Surg. 2020;86(7):811-8.

44, Bjornsson B, Larsson AL, Hjalmarsson C, Gasslander T, Sandstrom P. Comparison of
the duration of hospital stay after laparoscopic or open distal pancreatectomy: randomized
controlled trial. Br J Surg. 2020;107(10):1281-8.

45. Korrel M, Jones LR, van Hilst J, Balzano G, Bjornsson B, Boggi U, et al. Minimally
invasive versus open distal pancreatectomy for resectable pancreatic cancer (DIPLOMA): an
international randomised non-inferiority trial. Lancet Reg Health Eur. 2023;31:100673.

46. Allaix ME, Furnée EJB, Mistrangelo M, Arezzo A, Morino M. Conversion of
laparoscopic colorectal resection for cancer: What is the impact on short-term outcomes and

survival? World J Gastroenterol. 2016;22(37):8304-13.



Figure 1: Flowchart of the study

Eligible patients
n=2127 Exclusion criteria:
MILP for completion (n = 14)
Hybrid procedures (n = 6)
Pancreatic surgical biopsy (n = 1)
3 Aborted surgery (n = 1)
Included patients Extra pancreatic indication (n = 1)
n=2104
Training set Validation set
n=1472 Randomly n=632
Logistic regression (GLMM)
Conversion vs non-conversion
Predictive conversion risk
score (CRS) Validation



Figure 2: ROC curve with AUC for predictive CRS based on model rounded coefficients in
training set (A1) and in validation set (B1), with its calibration diagrams in the training set
(A2) and validation set (B2), and probability of conversion depending on the predictive CRS

obtained in the entire cohort (C)
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Table 1: Overall preoperative and intraoperative characteristics of the cohort

Variables Cohort
n 2104
Age, mean (SD), years 59.9 (14.9)
Male sex (%) 901 (42.8)
BMI, mean (SD), kg/m2 25.9(4.9)
ASA score 3 and 4 (%) 357(17.4)
Surgical history
- Laparotomy (%) ® 167 (7.9)
- Laparoscopy (%) 607 (28.8)
Medical history
- Diabetes mellitus (%) 443 (21.1)
- Cardiorespiratory disease (%) 220 (10.5)
- Chronic pancreatitis (%) 103 (4.9)
- Chronic kidney disease (%) 95 (4.5)
- Chronic liver disease (> F3) (%) 42 (2.0)
Main modes of discovery
- Incidentally (%) 990 (47.1)
- Abdominal pain (%) 535 (25.4)
- Pancreatitis (%) 244 (11.6)
- Diabetes (%) 109 (5.2)
- General status deterioration (%) 93 (4.4)
- Digestive disorders (%) 23 (1.1)
- Others (hypoglycemia, pulmonary embolism, fever, 110 (5.2)
etc.) (%)
Robot-assisted approach (%) 281 (13.4)
“Soft” consistency of the pancreas (%) 1114 (67.6)

Dilated main pancreatic duct at the section level (> 3 mm) (%) 392 (30.1)

Location of the pancreatic section

- Isthmus (%) 1383 (65.7)

- Left side of isthmus (%) 710 (33.7)

- Right side of isthmus (%) 11 (0.5)
Operative time, mean (SD), min 217.4 (90.3)
Blood loss, mean (SD), mL 227.7 (379.2)
Conversion (%) 329 (15.6)
Portal vein resection (%) 25(1.2)
MILP with splenectomy

- Planned (%) 888 (42.2)

- Emergency/unplanned (%) 86 (4.1)
MILP with spleen preservation

- With splenic vessels preservation (Kimura procedure) 539 (25.6)

(%) 591 (28.1)

- With splenic vessels resection (Warshaw procedure) (%)

Colectomy or duodenojejunal flexure resection (%) 37 (1.8)
Partial gastrectomy (%) 32 (1.5)

Hepatectomy (%) 3(0.1)




Cholecystectomy (%) 143 (6.8)
Total nephrectomy (%) 7(0.3)
RAMPS
- Anterior (%) 552 (26.2)
- Posterior (%) 35(1.7)

All percentages are given with a denominator excluding missing data.
RAMPS= Radical Antegrade Modular Pancreatosplenectomy

9All the laparotomies performed except caesarean sections, hernia repairs and
appendectomies.



Table 2: Overall postoperative characteristics of the cohort

Variables Cohort
n 2104
Mortality (%) 28 (1.3)
Complications

- Overall (%) 1064 (50.6)

- Severe (Dindo Clavien > III) (%) 375 (17.8)
POPF (Grade B + C) (%) 393 (18.7)
PPH (%) 122 (5.8)
Delayed gastric emptying (%) 123 (5.8)
ICU admission (%) 142 (6.7)
Re-operation (%) 118 (5.6)
Delay before reoperation, mean (SD), days 13.7 (15.3)
Re-admission (%) 320 (15.2)
Length of hospital stay, mean (SD), days 11.8 (9.6)
Surgical indications: Malignant tumors 1221 (58.0)

- pNETs (%) 633 (30.1)

- Pancreatic ductal adenocarcinoma (%) ? 500 (23.8)

- Metastasis (extra-pancreatic cancer) (%) 63 (3.0)

- Carcinoma/Sarcoma (%) 23 (1.1)

- Others (%) 2(0.1)
Surgical indications: Benign tumors 883 (42.0)

- IPMN (%) 287 (13.6)

- Mucinous cystadenoma (%) 271 (12.9)

- Serous cystadenoma (%) 88 (4.2)

- Solid pseudopapillary neoplasms (%) 72 (3.4)

- Chronic pancreatitis (%) 39(1.9)

- Others (auto-immune pancreatitis, pseudocyst, traumatism) | 126 (6.0)

(%)

Tumor size, mean (SD), mm 32.5(21.8)
Positive resection margins (%) ° 83 (16.6)
Lymph nodes harvested, mean (SD) ° 15.5(9.1)
Lymph nodes involved (N+ status) (%) * 255 (51.0)

All percentages are given with a denominator excluding missing data

ICU= Intensive care unit; pNETs= pancreatic neuroendocrine tumors, POPF=
Postoperative pancreatic fistula;, PPH= Postoperative pancreatic hemorrhage, IPMN=
Intraductal Papillary Mucinous Neoplasm

@ Pancreatic duct adenocarcinoma including invasive IPMN
b Concerns only pancreatic duct adenocarcinoma



Table 3: Univariate and multivariate analyses comparing preoperative and intraoperative data

between converted and non-converted patients in the training-set.

Non- Univariate | Multivariate analysis
Variables converted Converted | analysis
p value p value | OR (CI 95%)
n 1241 231 - - -
Age, mean (SD), years 59.4 61.9 (13.3) | 0.020* 0.701 -
(15.2)
Male sex (%) 488 (39.3) | 138 (59.7) | <0.001* 0.048 1.67 (1.01-2.80)
BMI, mean (SD), kg/m? 25.8(4.8) |27.4(4.8) |<0.001* 0.004 2.15(1.28-3.68)
b
ASA score =3 or 4 (%) 200 (16.5) [48(21.4) [0.076* 0.635 -
Surgical history of laparotomy (%) 73 (5.9) 50 (21.6) | <0.001* <0.001 | 5.68 (2.59-
12.62)
Medical history
- Diabetes mellitus (%) 246 (19.8) | 60 (26.0) | 0.034* 0.056 -
- Cardiorespiratory disease (%) 122 (9.8) |35(15.2) |0.016* 0.559 -
- Chronic pancreatitis (%) 53 (4.3) 17 (7.4) 0.043* 0.164 -
- Chronic renal failure (%) 48 (3.9) 93.9) 0.984 - -
- Chronic hepatopathy (%) 25 (2.0) 5(2.2) 0.882 - -
Surgical indication: Malign tumors (%) | 723 (58.3) | 150 (64.9) | 0.058* 0.529 -
Tumor size, mean (SD), mm 32.0 38.2 (23.2) | <0.001* 0.003 2.12 (1.34-3.38)
(21.2) b
Main modes of discovery
- Incidentally (%) 605 (48.8) | 97 (42.0) | 0.059* 0.540 -
- Abdominal pain (%) 328(26.4) | 45(19.5) | 0.026* 0.627 -
- Pancreatitis (%) 121 (9.8) |49(21.2) |<0.001* 0.007 3.58 (1.42-9.13)
- Diabetes mellitus (%) 59 (4.8) 15 (6.5) 0.267 - -
- General status deterioration (%) 51(4.1) 9.9 0.880 - -
- Digestive disorders (%) 14 (1.1) 5(22) 0.335 - -
- Others (%) 63 (5.1) 11 (4.8) 0.841 - -
Robot-assisted approach (%) 181 (14.6) | 15(6.5) 0.001* 0.796 -
Dilated MPB (>3mm) (%) 221 (17.8) [ 51(22.1) | 0.228 - -
Soft pancreatic consistency (%) 668 (53.8) | 103 (44.6) | 0.001* 0.094 -
Section on the head-neck junction (%) | 3 (0.2) 4 (1.7 0.002* 0.507 -
Portal vein resection (%) 10 (0.8) 11 (4.8) <0.001* 0.002 36.3 (4.7-422.5)
MILP with planned splenectomy (%) 485 (39.1) | 139 (60.2) | <0.001* <0.001 |2.63 (1.51-4.67)
MILP with unplanned splenectomy (%) | 33 (2.7) 26 (11.3) | <0.001* 0.028 4.05 (1.16-
14.39)
MILP with spleen preservation 0.856 - -
- Kimura technique (%) 348 (28.0) | 31 (13.4)
- Warshaw technique (%) 375(30.2) | 35(15.2)
Cholecystectomy (%) 72 (5.8) 20 (8.7) 0.134 - -
Multiorgan resection <0.0012 | 12.97 (3.95-
45.84)
- Colectomy/Duodenojejunal flexure | 10 (0.8) 15 (6.5) <0.001*

resection (%)




- Partial gastrectomy (%) 9(0.7) 14 (6.1) <0.001*

- Hepatectomy (%) 3(0.2) 0 0.454

- Nephrectomy (%) 0 52.2) <0.001*
Anterior RAMPS (%) 307 (24.7) |64 (27.7) | 0.166 - -
Posterior RAMPS (%) 15(1.2) 6 (2.6) 0.093* 0.633 -

IPMN= Intraductal Papillary Mucinous Neoplasm; MPD= Main Pancreatic Duct; OR= Odds Ratio,
PNETs= pancreatic Neuroendocrine Tumors, RAMPS= Radical Antegrade Modular
Pancreatosplenectomy;

* Variables included in multivariate analysis.
? Due to the absence of observation in one of the two groups for the variable “hepatectomy’ and
“nephrectomy”, all the associated organ resection were grouped in multi-organ resection variable,

that included: gastrectomy, colectomy or small bowel resection, hepatectomy and nephrectomy.

bThe choice of the cut-offs to obtained an odds ratio were obtained from a ROC curve and were: BMI
> 25kg/m2 and Tumor size >40mm



Table 4: Predictive conversion risk score (CRS) in the training set only based on preoperative

risk factors.
Proportion in Proportion in Proportion in GLMM
. . non-converted converted . Score
Variables training set Coefficient . b
(%) group group a assigned
(%) (%)
Male gender 42.5 39.3 59.7 0.52 1
BMI > 25kg/m? 52.2 51.7 66.2 0.76 1
History of 8.4 5.9 21.6 1.74 2
laparotomy
Tumor size >40mm | 31.3 29.5 42.7 0.75 1
Initial pancreatitis 11.5 9.8 21.2 1.28 1
Planned splenectomy | 42.4 39.1 60.2 0.97 1
=17

The others risk factors associated with conversion in multivariate analysis (such as portal
vein resection, unplanned splenectomy and multiorgan resection) were not included in the
CRS given that they are difficult to predict preoperatively.

@ Coefficients obtained from the generalized linear mixed model (GLMM)

b Coefficients rounded to 1 or 2 based on coefficients obtained from the generalized linear
mixed model (GLMM)




