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This study aims to verify the safety and effectiveness of complex surgical procedures like hepato-
pancreatic and biliary (HPB) surgery also in General Surgery Units when performing an Hub&Spoke
Learning Program (H&S) with a referral center. This approach leads reduction of health migration and
related costs for patients and health system granting the same standard of medical and surgical care

in Spoke Units. Implementation of H&S through a retrospective analysis of prospectively collected
database comparing, after a Propensity Score Matching (PSM) analysis, baseline characteristics and
peri-operative outcomes of patients undergone HPB surgery in a referral center (Hub) and in three
peripheral centers (Spokes) under the mentoring program. Hub Hospital was represented by the
Hepatobiliary and Pancreatic Surgery Center in Pineta Grande Hospital (Castel Volturno, Caserta, Italy),
while the Spoke Units were the General Surgery Unit of Padre Pio Hospital (Mondragone, Caserta,
Italy), the General Surgery Unit of C.T.O. Hospital (Naples, Italy) and the General and Emergency
Surgery Unit of A. Cardarelli Hospital, University of Molise (Campobasso, Italy). During the partnership
program, from January 2016 to June 2023, H&S enrolled 298 and 156 consecutive patients respectively.
After PSM, data of 150 patients for each group were analyzed. After PSM no differences were found
concerning patients baseline characteristics. Hub group selected more often primary liver cancers
versus benign lesions and liver metastasis more frequent in the Spoke group. All peri-operative data
were superimposable except for blood transfusion, Pringle maneuver and length of hospital stay that
were more frequent in the Hub group. We can conclude that the treatment of liver cancers in peripheral
centers is possible, safe and effective especially under a H&S. There are some requisites to be successful
like experienced surgeon(s), interdisciplinary meetings to discuss and minimum requirements in each
hospital such as Intensive Care Unit, interventional radiology and emergency facilities.
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Widespread Healthcare is worldwide suffering!. Furthermore, the COVID-19 pandemic has drastically reduced
resources devoted to wide-range programs for basic and complex healthcare procedures*?. As a consequence,
the life expectancy in Italy has decreased by 1.2 year? and complex cases come to surgical evaluation in worse
clinical conditions>®.

Particularly, Italy has been suffering since longtime of health migration from south to the northbound
because of the different number of referral centers/regions covering all health needs in specialized fields such as
transplants, cardiac surgery, hepatobiliary and pancreatic surgery”® and many more non-surgical specialties’.

The COVID-19 pandemic has inevitably reduced health mobility because of health restrictions and economic
shortages, therefore challenging southern specialty Centers to take care of more complex cases!®12,

Some papers have already been published concerning the efficacy of Hub&Spoke training programs (H&S)
either in hepato-pancreatic and biliary (HPB) Surgery either in other surgical specialties'>!*.

Following previous experiences in HPB'%!® our institution Pineta Grande Hospital (PGH, Castel Volturno,
Caserta) has progressively started in the years a transregional cooperation program in Hepato-Biliary Surgery
(HBS) with the Padre Pio Hospital (Mondragone, Caserta), the C.T.O. Hospital (Naples) and the University
Hospital A. Cardarelli (Campobasso).

The purpose of this paper is to demonstrate the safety and reliability of H&S in hepatobiliary surgery (HB)
in three different Units dedicated to general surgery in Southern Italy. We will analyze as primary endpoint the
safety and efficacy of the training program evaluating the peri-operative mortality defined as Clavien-Dindo
(CD) V classification of complications after surgery, and the number, the type and CD score occurred in the Hub
Center (1 Unit) and in the Spoke centers (3 Units).

Despite we well know that very complex clinical pictures will be always treated in referral centers, for low-and
medium-complex surgeries, our underlying aim is to encourage the implementation of these programs, allowing
the improvement surgical and non-surgical skills of peripheral centers in the management of HPB patients, in
the hope of reducing the need for health migration and following nuisance and costs for our patients granting
the same standard of medical and surgical care.

Materials and methods

We retrospectively reviewed a prospectively collected database of patients undergoing HB surgery at the
Hub Hospital represented by the Hepatobiliary and Pancreatic Surgery Center in Pineta Grande Hospital
(Castel Volturno, Caserta, Italy), while the Spoke Units were the General Surgery Unit of Padre Pio Hospital
(Mondragone, Caserta, Italy), the General Surgery Unit of C.T.O. Hospital (Naples, Italy) and the General and
Emergency Surgery Unit of A. Cardarelli Hospital, University of Molise (Campobasso, Italy) from January 2016
to June 2023. Appendix 1 resume surgeons’ skills and hospitals’ facilities. Patients were divided in two cohorts:
Hub group and Spoke Units group (Fig. 1, A-B).

From January 2016 to June 2023 the Hub Unit performed more than 40 liver resections per year. During the
partnership program Hub and Spoke Units enrolled 298 and 156 consecutive patients respectively (Fig. 1). After
1:1 PSM, data of 150 patients for each group were analyzed (Tables 1, 2, 3 and 4). An informed consent to the
anonymous scientific use of clinical data was obtained by each patient. This study was conducted according to
the Declaration of Helsinki guidelines and was approved by the Institutional Review Board of the University of
Molise (protocol number 10/21, approved date: May 12, 2021).

Inclusion criteria were:

o Age>18y.o0,;

A B
= Hub Unit Spoke Units
300 300
298
225 225
12
]
[ —
2
-1
8 150 150
k]
z
75 75
0 0 o
2016 2017 2018 2019 2020 2021 2022 2023
Hub Spokes

Fig. 1. (A) Number of patients underwent hepatobiliary surgery in Hub and Spoke Units from January 2016 to
June 2023; (B) Linear improvement of hepatobiliary procedures performed during Hub&Spoke program.
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Before matching After matching
All Hub Spoke Units | p value | All Hub Spoke Units | p value

S R F N I
Age,years mean::SD R T R e R T T
Female gender; n. (%) fiéz_ 69) 2271_31) (7;5_51) 0.7666 | 150 (50) | 81 (54) 69 (46) 0.2039
mean 4D, N R e e R R T
ASA score

ASA T n. (%) 37 (8.15) 23(7.72) 14 (8.97) 0.7184 | 18 (6) 6(4) 12 (8) 0.2234
ASA L, n. (%) 231 (50.88) | 126 (42.28) | 105 (67.31) | 0.0001 | 202 (67.33) | 100 (66.67) | 102 (68) 0.9021
ASA 11T, n. (%) 186 (40.97) | 149 (50) 37 (23.72) 0.0001 | 80 (26.67) |44 (29.33) |36(24) 0.3608
ASA IV, n. (%) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Cardiac disease; n. (%) 59 (13) 46 (15.44) 13 (8.33) 0.0391 | 19 (6.33) 10 (6.67) 9 (6) 1.0000
COPD; n. (%) 46 (10.13) | 44 (14.76) |2 (1.28) 0.0001 | 16(5.33) 9 (6) 7 (4.67) 0.7982
Hypertension; n. (%) 260 (57.27) | 182 (61.07) | 78 (50) 0.0279 | 158 (52.67) | 82 (54.67) |76 (50.67) | 0.5632
Diabetes mellitus; n. (%) 76 (16.74) | 58 (19.46) 18 (11.53) 0.0343 | 34 (11.33) |20 (13.33) 14 (9.33) 0.3627
HBV infection, n. (%) 21 (4.62) 16 (5.37) 5(3.20) 0.3542 | 11 (3.67) 6(4) 5(3.33) 1.0000
HCYV infection, n. (%) 45(9.91) |34(11.41) |11(7.05) 0.1853 |23(7.67) |13(8.67) |10(6.67) 0.6651
Disease

HCC, n. (%) 106 (23.35) | 71(23.82) | 35(22.43) 0.2583 | 62(20.67) |28(18.67) |34(22.67) 0.4761
CRLM, n. (%) 117 (25.77) | 59 (19.80) |58 (37.18) | 0.0001 | 78 (26) 25(16.67) |53 (35.33) | 0.0003
iCCA, n. (%) 77 (16.97) | 76 (25.50) | 1(0.64) 0.0001 |36 (12) 35(23.33) | 1(0.67) 0.0001
Gallbladder cancer, n. (%) 41 (9.03) 19 (6.37) 22 (14.10) 0.0091 |31(10.33) |9(6) 22 (14.67) 0.0216
Other metastases, n. (%) 9 (1.98) 9 (3.02) 0(0) 0.0310 | 3(1) 3(2) 0(0) 0.2475
Benign liver lesion, n. (%) 28 (6.17) 20 (6.72) 8(5.14) 0.6816 | 26 (8.67) 18 (12) 8(5.33) 0.0630
Hepatic cyst, n. (%) 57 (12.55) | 25 (8.40) 32 (20.51) 0.0003 | 51 (17) 19 (12.67) |32(21.33) 0.0644
Latrogenic biliary duct injury, n. (%) | 19 (4.18) 19 (6.37) 0(0) 0.0003 | 13 (4.33) 13 (8.66) 0(0) 0.0002
Previous abdominal surgery; n. (%) 240 (52.86) | 163 (54.70) | 77 (49.36) 0.3223 | 160 (53.33) | 83(55.33) | 77 (51.33) 0.5629

Table 1. Baseline characteristics of patients according to hub and spokes hospitals. Significant values are in

[bold and italics].

Before matching After matching
All Hub Spoke Units | p value | All Hub Spoke Units | p value
. 454 298 156 300 150 150
- (0
Number of patients; (%) (100) (65.64) (34.36) (100) (50) (50)
Surgical approach
Open, n. (%) 328 (72.25) | 227 (76.17) | 101 (64.74) 199 (66.33) | 104 (69.33) | 95 (63.33)
Laparoscopy, n. (%) 126 (27.75) | 71 (23.83) | 55(35.36) 0.0112 | 101 (33.67) | 46 (30.67) | 55 (36.67) 0.3284
Conversion to open, 25/126 14/71* 11/55* 21/101 10/46 11/55
Major liver resection; n. (%) 145 (49.78) | 161 (54.03) | 65 (41.66) 0.0136 | 139 (48.67) | 74 (49.33) | 65 (43.33) 0.3543
Size of biggest resection
<5 cm, n. (%) 178 (39.21) | 101 (33.89) | 77 (49.36) 135 (45) 61 (40.67) | 74 (49.33)
0.0017 0.1636
>5 cm, n. (%) 276 (60.79) | 197 (66.11) | 79 (50.64) 165 (55) 89 (59.33) | 76 (50.67)
Operative time, min; 285 286 281 283 290 277
mean +SD £17582 | +13496 |+23299 | %77 |i1o136 |+12892 |x23602 | 09O
Pringle maneuverer
Yes, n. (%) 276 (60.79) | 206 (69.13) | 70 (44.87) 161 (53.67) | 91 (60.67) | 70 (46.67)
0.0001 0.0204
Mean (min) 3x15 3x15 3x15 3x15 3x15 3x15
Intraoperative Blood Transfusion;
n. (%) 46 (10.13) | 36(12.08) | 10(6.41) 0.0709 | 31(10.33) |22(14.67) |9(6) 0.0216

Table 2. Intraoperative outcomes according to hub and spokes hospitals. Significant values are in [bold and

italics].
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Before matching After matching

All Hub Spoke Units | p value | All Hub Spoke Units | p value
Numberof patientss ) | (100) | (364) | (3430 awo e |60
PO-ICU stay
Yes, n. (%) 112 (24.69) | 97 (32.55) | 15(9.61) 0.0001 | 61 (20.33) 46 (30.66) 15 (10) 0.0001
Days, mean +SD 2.7+4.55 2.6+4.65 4.1+4.55 0.2384 |2+4.51 1.8+2.14 3.4+3.68 0.0001
Clavien-Dindo classification
I-11, n. (%) 297 (65.42) | 163 (80.87) | 134 (85.90) |0.0001 | 251 (83.67) | 120 (80) 131 (87.33) | 0.6623
1I-1V, n. (%) 61 (13.44) |42(14.10) |19(12.18) 0.6643 | 43 (14.33) 26 (17.33) 17 (11.34) 0.1870
V, n. (%) 18(3.96) | 15(5.03) |3(1.92) 0.1318 |6(2) 4(2.67) 2(1.33) 0.6843
PHLE n. (%) 10 (2.20) 7 (2.35) 3(1.92) 1.0000 |6 (2) 3(2) 3(2) 1.0000
Bile leak, n. (%) 15 (3.30) 11 (3.69) 4(2.56) 0.5939 |10 (3.33) 7 (4.67) 3(2) 0.3354
Blood trasfusion rate, n. (%) | 122 (26.87) | 83 (27.85) |39 (25) 0.5756 |79 (26.33) |41 (27.33) 38 (25.33) 0.7933
Hospital stay, mean +SD 10.8£9.98 | 12+11.78 |8.44%5.56 0.0004 | 9.81+£10.01 | 11.57+£12.9 | 9.08+5.20 0.0291

Table 3. Postoperative outcomes of patients undergoing surgery according to hub and spokes hospitals.

Significant values are in [bold and italics].

Before matching After matching

All Hub Spoke Units | p value | All Hub Spoke Units | p value
Number of patients; (%) ?15([)10) 569;3.64) (13?236) ??80) (1558) (1558)
Right hepatectomy, n. (%) 39 (8.59) 32(10.74) | 7 (4.49) 0.0329 |19 (6.33) 14 (9.33) | 5(3.34) 0.0554
Left hepatectomy, n. (%) 40(8.81) [26(8.72) |14(8.97) 1.0000 |24 (8) 11(7.33) |13 (8.67) 0.8320
Mesohepatectomy, n. (%) 8(1.77) 8(2.7) 0(0) 0.0554 |3(1) 3(2) 0(0) 0.2475
Right trisectionectomy, n. (%) 18 (3.96) 16 (5.37) | 2(1.28) 0.0411 |10 (3.33) 8(5.33) 2(1.33) 0.1035
Left trisectionectomy, n. (%) 5(1.10) 3(1) 2(1.28) 1.0000 |3(1) 1 (0.66) 2(1.33) 1.0000
Left lateral sectionectomy, n. (%) 28 (6.17) 10 (3.35) | 18 (11.54) 0.0015 |23 (7.67) 7 (4.67) 16 (10.67) 0.0806
Bi-sectionectomy, n. (%) 20 (4.40) 11(3.68) |9(5.77) 0.3389 | 17 (5.67) 8(5.33) 9(6) 1.0000
Sectionectomy, n. (%) 42(925) [29(9.73) |13(8.33) 0.0712 |33 (11) 20 (13.33) | 13 (8.67) 0.2681
Wedge, n. (%) 151 (33.26) | 84 (28.20) | 67 (42.95) 0.0023 | 131 (43.66) | 65 (43.33) | 66 (44) 1.0000
Cyst fenestration, n. (%) 28 (6.17) 8(2.7) 20 (12.83) 0.0001 |24 (8) 4(2.67) 20 (13.34) 0.0010
ALPPS, n. (%) 36(7.93) | 35(11.74) | 1(0.64) 0.0001 |3 (1) 2(133) | 1(0.66) 1.0000
Biliodigestive anastomosis, n. (%) 27 (5.95) 26(8.72) | 1(0.64) 0.0002 | 5(1.67) 4(2.67) 1 (0.66) 0.3708
Simultaneous resection of CRC and SCRLM, n. (%) | 12 (2.64) 10 (3.35) |2(1.28) 0.2333 | 5(1.67) 3(2) 2(1.33) 1.0000

Table 4. Surgical procedures performed in hub and spokes hospitals. Significant values are in [bold and

italics].

o Acquired informed consensus;
o Patients undergone liver surgery.

Exclusion criteria were represented by:

o Age<l8y.o.

« Lack of patient compliance,
« Patients affected by perihilar cholangiocarcinoma.

Preoperative workup
The preoperative study of patients was carried out according to the gold standard clinical assessment and imaging
technique for each HB case!®"'%. A multidisciplinary team (surgeons, radiologists, interventional radiologists,
endoscopists, anesthesiologists and oncologists) discussed each case identifying the best patient management.
When the clinical and radiological characteristics of the Spoke Units cases pointed out a high risk of potential
complications or a poor prognosis prediction (high anesthesiological risk, =5 number of lesions, challenging
position of lesions, high risk of liver failure) the patient was transferred to the Hub Unit, allowing the Spoke
surgeons to perform the surgical procedure in a high volume center!. Patients were informed of the surgical
collaboration to improve the quality of health care assistance.
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Hub and spoke training program

Our H&S model was based on HPB surgical mentor (Castel Volturno team) supervised the pre-, intra-, and
post-operative care of patients to train spoke centers. Multidisciplinary online conferences were conducted to
review patient data (Fig. 2). These discussions included thorough assessments of patients’ surgical fitness and
comprehensive reviews of radiological imaging. The weekly MDT discussions have not only the aim to assess
patient treatment strategy but also being education session for spoke teams. The postoperative management
involved sharing clinical data, blood test results, and radiological findings daily to address complications
effectively. The H&S model engaged both physicians and nurses from both centers. Notably, after completing
the H&S training program, the teams significantly improved their surgical skills, reducing their reliance on a
mentor for less complex procedures. During the learning curve, the mentor actively performed one-on-one
liver resections. In the latter part of the program, the mentor’s role shifted to providing guidance within the
operating room. The mentor mandates participation in at least two specialized courses or congresses organized
by prominent national and international scientific societies, aiming to advance the theoretical knowledge and
practical expertise of all personnel undergoing training.

Postoperative follow-up

After surgery, the postoperative management of patients was performed thanks to a continuously sharing of
clinical data, imaging, and blood tests day-by-day to treat any eventual complications. After discharge, the
patient underwent oncological follow-up according to Italian Guidelines!6-18.

Primary and secondary endpoints

The perioperative outcomes of the patients were evaluated to assess the safety and effectiveness of the H&S
Training Program. Baseline characteristics of patients were set up including: histological diagnosis, surgical
approach (open, laparoscopy), definition of minor or major resection according to Brisbane classification?,
operative time (min), blood loss (ml), transfusion rate (%), use and duration (min) of the Pringle maneuver,
ICU stay (days), hospital stay (days), mortality rate (%). Major hepatectomy was defined as the resection of
>3 Couinaud segments?’. Postoperative complications were stratified according to Clavien-Dindo classification
(CD)?. Liver-specific complications were recorded: ascites, abdominal drainage output>10 ml per kg
bodyweight per day on POD 3, biliary leakage as a bilirubin concentration x3 times compared to serum level in
abdominal drainage fluid, eventual liver failure on POD 522,

Propensity-score matching and power analysis

A Propensity Score Matching (PSM) was performed to overcome the bias due to patients’ selection and
characteristics. We obtained the PSM using a logistic regression model that included: age?*?, sex**?°, American
Society of Anesthesiologists (ASA) classification??°, major and minor surgical resections. After estimation of
PSM, a regular 1:1 Nearest-Neighbour matching was performed?’. The PSM was carried out using XLSTAT
statistical and data analysis solution (Lumivero 2023, Paris, France). The power analysis was carried out to
evaluate the non-inferiority of surgical procedures performed by Spoke Unites when compared to Hub. With
a significance criterion of a=0.05 and power=0.80, the minimum sample size required is N=118%. Thus, the
obtained sample size of N=300 (150 patients in Hub and 150 patients in Spoke Units) is deemed to be adequate
to test the study hypothesis®.

Patients affected by

HB di
Spoke center e HUB center

[ Multidisciplinary team discussion j

Spoke surgeons referred to

Hub Unit

High risk of complications Surgery

No —— b Yes

Spoke surgeons referred to

Hub Unit

Surgery performed in

Patient referred to the Hub
Spoke center center

Fig. 2. Flowchart for the management and treatment of patients with hepatobiliary diseases referred to Spoke
and Hub centers. HB, hepatobiliary.
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Statistical analysis

Each team collected a default Microsoft Excel Database. First step consisted of a lengthily analysis to assess
the data quality. Then data were collected into a single Microsoft Excel Database. Quantitative variables were
described as mean * Standard Deviation (SD) or median and interquartile range (IQR). T-test was performed
to analyze normal distributed variables, while Chi-square test (x?) or Fisher’s exact test was used to compare
qualitative variables. A two-tailed p value <0.05 was recognized as statistically significant. Data analysis was
pointed out with IBM Statistical Package for the Social Sciences (IBM SPSS®).

Results
In Table 1 we collected baseline characteristics of patients before and after PSM.

No differences were found according to age, sex and BMI between Hub and Spoke unites. Although, before
PSM there were statistical differences between Hub and Spoke Unites according to ASA II and IIT (p=0.0001),
after PSM the two groups were homogeneous.

Before matching, patients in the Hub hospital had a higher prevalence of cardiac disease (15.44% vs. 8.33%,
p=0.0391) and Chronic Obstructive Pulmonary Disease (COPD) (14.76% vs. 1.28%, p=0.0001) compared to
those in the Spoke units.

The main surgical indication in the Hub Unit were Colorectal Liver Metastasis (CLRM, 35.33%), Intrahepatic
Cholangiocarcinoma (iCCA, 23.33%) followed by Hepatocarcinoma (HCC, 18.67%), while CRLM (35.33%) and
HCC (22.67%) were the most representative diseases in the Spoke Units (Table 1).

Iatrogenic injuries were not excluded from the analysis either to demonstrate the efficacy of the referral
program to the Hub centers for complex cases, either because the less complex procedures were performed
by training surgeons under the supervision of tutors with benefits of the Hub centres facilities (included
anesthesiologic and radiological skills). Future perspectives of our collaboration will be taken into account the
chance to manage less complex biliary injuries also in Spoke Units.

There was a significantly lower rate of liver resections for benign lesions in the Hub Unit. We reported
cyst fenestration as observational data to demonstrate that the laparoscopic approach to liver cysts might be
used as a training step for surgeons in Spoke Units. The importance of cyst management is underlined by its
management also in the Hub centers. Furthermore, in Hub&Spoke learning program to speed up the waiting
list Hub centers might safely address cyst management in Spokes Units. About gallbladder cancers, according
to national and international guidelines, we performed gallbladder bed resections and lymph node excision. It
might be considered as a minor liver resection associated to regional lymphadenectomy which is also common
in other surgical procedures. So, gallbladder cancers may be indicated as learning stepwise procedures under
tutoring in Spoke Units. Those considerations are added in the discussion paragraph.

Nevertheless, after PSM no statistical differences were observed between major or minor surgical procedures
and open or laparoscopic approaches (Table 2). Intraoperative outcomes are listed in Table 2.

Before matching, the Hub hospital performed significantly more open surgical approaches (76.17%
vs. 64.74%, p=0.0112) and major liver resections (54.03% vs. 41.66%, p=0.0136) compared to Spoke units.
Additionally, patients in the Hub hospital underwent the Pringle maneuver more frequently (69.13% vs. 44.87%,
p=0.0001). After matching, the differences in the type of surgical approach, major liver resections, and operative
time between the Hub and Spoke hospitals were not statistically significant. However, the use of the Pringle
maneuver remained significantly higher in the Hub hospital (60.67% vs. 46.67%, p=0.0204). Intraoperative
blood transfusion rates were also higher in the Hub hospital (14.67% vs. 6%, p=0.0216) (Table 2).

The postoperative ICU stay was higher in Spoke Unites (1.8 vs. 3.4 days, p=0.0001), while CD >III showed
similar rates between the two groups (p=0.1870) (Table 3). Mortality was 2% in whole series, with 4 patients
died into the HUB group and 2 patients died in the Spoke one.

Length of hospital stay was shorter in the Spoke Unites (9.08 vs. 11.57 days, p=0.0291).

Table 4 included surgical procedures performed in Hub and Spoke Unites during collaboration period.

Baseline characteristics and intra- and post-operative outcomes of patients transferred to Hub Unit were
listed in Table 5.

Discussion

This paper is the result of a challenge: putting into reality the H&S principles of teaching and disseminating
complex surgery, like hepatobiliary in the case. The analysis of data demonstrates that performing liver resections
also in peripheral centers might be safe and effective. Requisites to be successful are: experienced surgeon(s),
interdisciplinary meetings to discuss each case and minimum requirements in each hospital such as Intensive
Care Unit, interventional radiology and emergency facilities*.

More in detail we want underline that the National Agency for Regional Health Services (AGENAS) has
revealed that the Campania Region has lost the 33% of patients affected by HB diseases going to Center-North
centres in the country to take care of liver cancers from 2017 to 2022°.

To limit health migration, regional health institutions have therefore allowed formal relationships between
referral centers and peripheral units to improve patient care in the nearby of their residence, for this reason it is
important to test the safeness and effectiveness of the H&S program.

First, it should be considered that baseline characteristics between the two groups of patients are very well
balanced after PSM analysis, allowing a reliable analysis of data, considering that patients allocation was not
random but consequent to MDT discussions and indications.

Concerning surgical indications, we can affirm that benign pathologies and CRLM resections are performed
more common in peripheral centers, on the other hand challenging clinical picture, like HCC, Biliary cancers
and biliary injuries are preferably transferred to the referral center. It is clear that the multidisciplinary discussion
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Number of patients; (%) 37
Age, years; mean +SD 69.93 +£9.72
Female gender; n. (%) ?657.69)
the/gﬁigs/gzg 23.02 £6.55
ASA score

ASA L n. (%) 0 (0)
ASATL, n. (%) 23 (62.16)
ASA 1T, n. (%) 14 (37.84)
ASA TV, n. (%) 0(0)
Cardiac disease; n. (%) 29 (78.38)
COPD; n. (%) 16 (43.24)
Hypertension; n. (%) 34 (91.89)
Diabetes mellitus; n. (%) 26 (70.27)
HBYV infection, n. (%) 19 (51.35)
HCYV infection, n. (%) 11 (29.73)
Disease

HCC, n. (%) 14 (37.84)
CRLM, n. (%) 11 (29.73)
CCA, n. (%) 5(13.51)
Gallbladder cancer, n. (%) 3(8.11)
Other metastases, n. (%) 4(10.81)
Surgical approach

Open, n. (%) 37 (100)
Major liver resection; n. (%) 32 (86.49)
Palliative surgery; n. (%) 5(13.51)
Size of biggest resection

<5cm, n. (%) 0(39.21)
>5cm, n. (%) 29 (78.38)
Operative time, min; 331
mean +SD +143.27
Pringle maneuver

Yes, n. (%) 37 (100)
Mean (min) 3x15
ill?t(roe/:())perative blood transfusion; 11(29.73)
PO-ICU stay

Yes, n. (%) 26 (70.27)
Days, mean +SD 3.4+4.11
Clavien-Dindo classification

I-1L, n. (%) 23 (62.16)
M-IV, . (%) 12 (32.43)
V, n. (%) 2 (5.40)
PHLE n. (%) 2 (5.40)
Bile leak, n. (%) 0(0)
Hospital stay, mean +SD 16.9+9.56

Table 5. Patients referred to hub units and excluded from our analysis.

with both equips decided if it was reliable to treat the patient in the Hub or in the Spoke units, probably also for
this reason the most complex procedures were related to Hub.

Before PSM, baseline characteristics of patients who underwent HB surgery at Hub and Spoke Units
were aligned with other literature experiences'>*"*2. The higher ASA score in Hub Unit (p=0.0001) and the
significative higher number of comorbidities should be noted. Therefore, the use of PSM allowed to homogenize
populations to reduce the bias during intra- and post-operative outcomes analysis (Table 1), considering the age
and comorbidities impact on postoperative complications®>*3,

Intra-operative data revealed superimposable outcomes regarding operative time and type of surgical
approaches. After PSM, similar distributions of major and minor liver resection were reported. Despite these
findings higher Pringle Maneuver and blood transfusion rates were performed in the Hub Unit, it is probably
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due to the type of indications and the greater number of cirrhotic patients who needed stricter management
of bleeding due to coagulation disorder®!. Despite these findings, our data are in line with other literature
experiences®>3>3¢,

Major morbidity and mortality rates range around 15% and 2% respectively, in trend with the standard of
care for liver surgery as demonstrated in several reports from high experienced centers®’~*. Furthermore, the
majority of complications are Clavien-Dindo I-II representing more than the 80% of cases**41.

As main goal of our project we can assess that post-operative complications are similar between centers,
except for ICU stay, but it should be clarified that in the HUB center ICU is only a post-operative intensive care
where patients stay for 24 h, on the other hand this way of post-operative Intensive Care Unit is not available in
spokes where there is only the resuscitation care unit.

From the data analysis, we can infer that several patients affected by benign pathologies or who needed
iterative treatments for colorectal cancer or affected by non-complex liver cancers had the chance to be cured in
the nearby of their home without any discomfort.

This is one of the benefits of the H&S program which allowed peripheral centers to benefit of the
multidisciplinary making process, granting to patients the best therapeutic option, involving all the physicians
from oncology to radiology also expanding the learning process in the whole field of cancer therapy.

On the other hand, surgeons from the Hub hospital, who were highly trained, are happy to share their
knowledge with the Spokes Unites teams having the opportunity to cure some liver patients in the peripheral
centers shortening their waiting lists. At the same time, the training program gave to spoke surgeons the chance
to operate more complex patients, improving their skills and treatments offered to their patients.

It is crucial to understand that the H&S learning program is an iterative process that aims to give the chance
to peripheral centers to set dedicated HB Units who can manage even more patients achieving autonomy and
they can have the help of the training center where patients can be referred in case of need.

One of the weak point of the H&S training program it is always represented by the management of post-
operative complications'?, but the low distance between centers and the presence in both equips of mentor
and training surgeons reduced this criticism, allowing also the mobility of patients from peripheral centers
to the Hub in case of need. Furthermore, as depicted in results, there are not statistical evidences of a worse
management or higher incidence of complication in the Spoke group.

Patient feelings were also supportive, they were aware of the H&S learning program being more confident
about their pathway care without the inconvenience of health mobility. Furthermore the presence of the surgical
hospital in the surrounding of their residence improved the early discharge!’. This may explain why the LOS in
the Hub was longer than in spokes, probably because complex and frail patients are more difficult to discharge
when patients are far from the surgical center.

Especially concerning CRLM it is very important to perform liver surgery in the same hospital where patients
underwent primary resection and chemotherapy, taking advantage of continuity of care.

Noticeably, the objective of our learning program is not to convert peripheral centers into referral centers for
HPB, Hub centers remain the referral for complex cases and specific indications.

Our goal is to reduce costs of health mobility and improve the surgical knowledge physicians always offering
the best care management of liver pathologies.

The age of images has undoubtedly shortened the learning curve, particularly in HPB surgery. To look and
look via videos at the surgical field closer as never before, has raised more quickly surgeons able to face open
difficult surgery and particularly HPB one*?~*.

Conversely, Vigano et al.** reported, through a CUSUM analysis, that a learning curve of 60 cases is
necessary for laparoscopic hepatectomies. Others have reported that the learning curve for Minimally Invasive
Hepatectomies (MIH) ranges widely, from 20 to over 80 cases®4647,

In case of open hepato-biliary surgery the learning curve significantly decreases but it is always related to the
type of hepatectomy, major or minor ones*3%.

Limitations

Our analysis showed some limitations, first of all it is a retrospective analysis, furthermore Spoke Units shows
different characteristics in terms of surgical and hospital facilities. Despite of PSM analysis based on pre- and
intra-operative data of patients, unknown confounders might have a significant impact on post-operative
outcomes.

Conclusion

We can conclude that the treatment of liver disease in peripheral centers is possible, safe and effective especially

under an H&S learning training program. There are some requisites to be successful like experienced surgeon(s),

interdisciplinary meetings to discuss and address each case to the best treatment option and minimum

requirements in each hospital such as Intensive Care Unit, interventional radiology and emergency facilities.
Obviously further prospective studies from different countries may be useful to set the best protocol to

perform H&S learning program especially dedicated to liver surgery.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.
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