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Abstract: Background: Pediatric liver surgery is complex, and complications are not uncommon.
Centralization of highly specialized surgery has been shown to improve quality of care. In 2012,
pediatric liver surgery was centralized in Switzerland in one national center. This study analyses
results before and after centralization. Methods: Retrospective monocentric comparative study.
Analysis of medical records of children (0–16 years) operated for any liver tumor between 1 January
2001 and 31 December 2020. Forty-one patients were included: 14 before centralization (before
1 January 2012) and 27 after centralization (after 1 January 2012). Epidemiological, pre-, intra-, and
post-operative data were collected. Fischer’s exact and t-test were used to compare groups. Results:
The two cohorts were homogeneous. Operating time was reduced, although not significantly, from
366 to 277 min. Length of postoperative stay and mortality were not statistically different between
groups. Yet, after centralization, overall postoperative complication rate decreased significantly from
57% to 15% (p = 0.01), Clavien > III complications decreased from 50% to 7% (p < 0.01), and hepatic
recurrences were also significantly reduced (40% to 5%, p = 0.03). Conclusion: Centralization of the
surgical management of liver tumors in Switzerland has improved quality of care in our center by
significantly reducing postoperative complications and hepatic recurrence.

Keywords: centralization; pediatric; hepatic; surgery; oncology; complications; relapses

1. Introduction

Liver tumors are rare in children, accounting for 1% of all pediatric tumors. Ap-
proximately two-thirds of cases are malignant, with hepatoblastoma (37%), hepatocellular
carcinoma (21%), and undifferentiated embryonal sarcoma of the liver (8%) being the
most frequent ones; one-third are benign tumors, such as hemangioma, focal nodular
hyperplasia, and mesenchymal hamartoma [1]. Although rare, liver tumors are associated
with prematurity, chronic hepatitis, Beckwith–Wiedemann syndrome, neurofibromatosis,
trisomy 21, and other conditions that may favor their occurrence [2].
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Liver tumors are mostly asymptomatic for a long period of time and are often detected
during abdominal palpation by the parents or the pediatrician [3]. The differential diagnosis
of a hepatic mass is extensive and varies according to age. In newborns and infants, the
most common tumor encountered is hemangioma, followed by mesenchymal hamartoma
and hepatoblastoma; in children under five years of age, 90% of the malignant tumors
are hepatoblastomas, and in those older than five years, hepatocellular carcinoma is most
frequently seen [4].

Surgery with complete resection is the gold-standard in the treatment of patients with
a hepatic mass. Whether patients receive (neo-)adjuvant chemotherapy depends on the
protocol used and the tumor stage of the disease [5]. Liver surgery is complex, requiring
specific technical expertise, and is often burdened with complications. Reported morbidity
after pediatric liver resections ranges between 15.5% and 69.2%, with a pooled morbidity
of 33.9%; surgery-related mortality was reported to be <5% [6].

Centralization for complex surgical procedure is being increasingly recognized to im-
prove the quality of patient care, to optimize the use of resources, and to improve patient
outcome [7]. In Switzerland, starting in 2009, the Swiss Conference of Cantonal Health Di-
rectors has assigned different specialties to “highly specialized medicine.” Thus, pediatric
liver surgery received this status in 2012 and accordingly was centralized to a single, national
center, the University Hospitals of Geneva (Swiss pediatric liver center) [7–11]. Before 2012,
pediatric liver surgery was performed in seven different centers in Switzerland.

The objective of this study was to analyze the clinical data concerning the surgical
management of pediatric patients operated for liver tumors at the Swiss pediatric liver
center and to analyze outcomes in the two cohorts before and after centralization. We
hypothesized that outcome improved in the second period, the primary outcome being the
rate of postoperative complications.

2. Materials and Methods

This is a retrospective monocentric comparative study (historical cohort) based on data
from medical records of patients treated for any liver tumor between 1 January 2001 and
31 December 2020 at the University Hospitals of Geneva. During this period, 61 children
(0–16 years old) were treated for a benign or malignant primary liver tumor. Patients who
had a total hepatectomy and received a liver transplant (n = 7), atypical hepatectomy for
metastases (n = 4), hepatic tumor in the context of a cavernoma (n = 4), unresectable tumors
(n = 2), as well as previous hepatic surgery performed at another center (n = 3) were all
excluded from further analysis. Finally, 41 patients met the inclusion’s criteria: 14 patients
before centralization (January 2001–December 2011) and 27 patients after centralization
(January 2012–December 2020) (Figure 1).
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Figure 1. Flow-chart of included and excluded patients.
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We collected epidemiological data (sex, gestational age at birth, birth weight, comor-
bidities, age at diagnosis), preoperative data (type of tumor, extension, rupture, biopsy,
number of neoadjuvant chemotherapy cycles, time from diagnosis to surgery, time from last
chemotherapy to surgery, administration of preoperative Granulocyte-Colony Stimulating
Factor (GCSF), portal embolization or other preoperative intervention), intraoperative data
(weight at surgery, type of resection, R0 margins, duration of surgery, vascular exclusion
and its duration), and postoperative data (length of stay, type and number of complications,
disease relapses, number of adjuvant chemotherapy cycles, duration of follow-up, and
mortality).

The used statistical methods were purely descriptive: the continuous variables were
expressed as median with the respective interquartile ranges and/or in percentage. For
categorical data, we used the Fischer’s exact test to analyze the different variables of the
two study groups; continuous data were compared using the t-test. A p-value of <0.05 was
considered statistically significant.

3. Results

Demographic, clinical, and pathological characteristics of the study population and
comparisons between the two subgroups are summarized in Table 1.

The two cohorts (before and after centralization) were homogeneous. There were no
differences between groups in regards to gender distribution, age at diagnosis, prematurity,
birth weight, associated conditions or syndromes (the most frequent being the Beckwith–
Wiedemann syndrome), tumor characteristics, and weight at surgery. The only difference
between the two groups was that all patients in the recent era had a biopsy before surgery,
whereas only 80% had one in the early group.

In both groups, roughly 75% of liver tumors were malignant, the most frequent tumor
being hepatoblastoma. Among the benign tumors, the most frequent were mesenchymal
hamartoma and focal nodular hyperplasia. In terms of presentation at diagnosis, the
majority of malignant tumors were neither ruptured nor metastatic.

Table 2 compares the pre-, peri-, and postoperative data of the two study subgroups.
There was no statistically significant difference between the two groups in terms of preop-
erative GCSF administration, preoperative portal embolization, other abdominal surgery
before liver surgery, type of liver resection, and resection margins (R0 resection); all op-
erations were open surgeries. Operating time was reduced by 96 min after centralization
(366 min vs. 270 min) but did not reach statistical significance. The number of cases re-
ceiving vascular exclusion during hepatectomy was significantly lower after centralization
(29% vs. 0%, p = 0.01). There was also no statistically significant difference between the two
groups for length of stay and 30-day mortality. The number of surgeons performing the
liver resections was not different before and after centralization. The number of annually
performed hepatectomies increased significantly by three times from one to three per year
(p < 0.0001) before and after centralization, respectively.
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Table 1. Demographic, clinical and pathological characteristics of the study population and the
two subgroups. * Beckwith–Wiedemann syndrome (3), neurofibromatosis type 1 (1), prematurity
associated comorbidity (2), congenital porto-systemic shunt (1), trisomy 18 (1), umbilical cord cysts (1).

Total Cohort
(n = 41)

Before
Centralisation

(n = 14)

After Centralisation
(n = 27) p-Value

Gender, n (%)
Male 24 (59) 7 (50) 17 (63)

0.51
Female 17 (41) 7 (50) 10 (37)

Age at diagnosis (months), median (IQR) 24 m (9–77 m) 21 m (7–132 m) 24 m (10–54 m) 0.13

Weight at surgery, median (IQR) 12 kg (9–20 kg) 13 kg (9–30 kg) 12 kg (9–17 kg) 0.20

Birth data n = 22 n = 7 n = 15

0.63Term born (38–42 SA), n (%) 15 (68) 4 (57) 11 (73)

Pre term (< 38 SA), n (%) 6 (27) 3 (43) 3 (20)

Late term (> 42 SA), n (%) 1 (5) 0 (0) 1 (7)

Birth weight, median (IQR) 2840 g (2509–3473 g) 2645 g (2635–2898 g) 2840 g (2145–3473 g) 0.99

Comorbidity * Yes, n (%) 9 (22) 4 (29) 5 (19)
0.69

No, n (%) 32 (78) 10 (71) 22 (81)

Biopsy before
surgery

Yes, n (%) 38 (93) 11 (79) 27 (100)
0.03

No, n (%) 3 (7) 3 (21) 0 (0)

Tumor characteristics

0.71

Benign disease, n (%) 10 (24) 4 (29) 6 (22)

Mesenchymal hamartoma 4 2 2

Focal nodular hyperplasia 3 2 1

Lipoblastoma 1 0 1

Hemangioma 1 0 1

Adenoma 1 0 1

Malignant disease, n (%) 31 (76) 10 (71) 21 (78)

Hepatoblastoma 27 (87) 7 (70) 20 (95)

Embryonal sarcoma 4 (23) 3 (30) 1 (5)

Rupture (R) and/or metastases n = 31 n = 10 n = 21

(M) at diagnosis

R– M–, n (%) 19 (61) 6 (60) 13 (62)

R+ M–, n (%) 7 (23) 1 (10) 6 (28)

R– M+, n (%) 4 (13) 2 (20) 2 (10)

R+M+, n (%) 1 (3) 1 (10) 0 (0)
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Table 2. Pre-, peri-, and post-operative characteristics of the two subgroups before and after centralization.

Before
Centralization

(n = 14)

After
Centralization

(n = 27)
p-Value

Cycles neoadjuvant chemotherapy n = 10 n = 21

Median (IQR) 2 (0–4) 4 (3–4) 0.76

GCSF administration before surgery, n (%) 1 (7) 3 (11) 1.00

Embolization before surgery, n (%) 2 (14) 2 (7) 0.60

Prior abdominal surgery before hepatic
surgery, n (%) 1 (7) 1 (4) 1.00

Type of resection, n (%)

Right lobectomy 3 (21) 7 (26) 1.00

Left lobectomy 2 (14) 6 (22) 0.69

Extended right lobectomy 3 (21) 3 (11) 0.39

Left lateral segmentectomy 2 (14) 5 (19) 1.00

Extended left lobectomy 2 (14) 1 (4) 0.26

Segmentectomy 1 (7) 3 (11) 1.00

Atypical resection 1 (7) 2 (7) 1.00

Surgical margins, n (%)
Negative 14 (100) 27 (100)

1.00
Positive 0 (0) 0 (0)

Operative time in minutes, median (IQR) 366 (302–496) 270 (219–335) 0.17

Vascular exclusion
Number, n (%) 4 (29) 0 (0)

0.01
Minutes, median

(IQR) 71 (55–81) - (-)

Days of postoperative stay, median (IQR) 7.0 (7.0–10.0) 8.0 (7.0–9.5) 0.37

Post-operative’s cycles chemotherapy,
median (IQR)

n = 10 n = 21

2 (1–3) 2 (2–2) 0.29

Surgical complications, n (%) 8 (57) 4 (15) 0.01

Duration of follow-up in months, median
(IQR) 5 (1–23) 47 (12–60) 0.15

30-day mortality, n (%) 0 (0) 0 (0)

Overall, postoperative complications were significantly reduced after centralization,
decreasing from 57% to 15% (p = 0.01). Details of complications in the two subgroups
are described in Table 3. If only Clavien III complications and higher were considered,
significance increased to p < 0.01, with an extensive lower rate after centralization (50%
versus 7%). When complications were dichotomized into “early” (less than one month after
surgery) and “late” (beyond one month after surgery), there was no statistically significant
difference between the two subgroups for “early” but a statistically significant difference
for “late” complications, which decreased from 50% before to 25% after centralization
(p = 0.04). Those late complications were exclusively local hepatic recurrences in patients
with malignant tumors, which occurred in 40% of patients before centralization and in 5%
of patients after centralization (p = 0.03).
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Table 3. Surgical postoperative complications and hepatic relapses before and after centralization.

Before Centralization
(n = 14)

After Centralization
(n = 27) p-Value

All complications, n (%) 8 (57) 4 (15) 0.01
Complications Clavien III

and higher, n (%) 7 (50) 2 (7) <0.00

Early (<1 month), n (%) 4 (50) 3 (75) 0.21
Respiratory, n (Clavien

classification) 2 (IIIb) 2 (I)

Infectious, n (Clavien
classification) 1 (II) 0 (-)

Biliary, n (Clavien
classification) 1 (IIIb) 0 (-)

Intestinal, n (Clavien
classification) 0 (-) 1 (IIIb)

Late (>1 month), n (%) 4 (50) 1 (25) 0.04
Surgical complications 0 0

Malignant tumors n = 10 n = 21
0.03Hepatic relapses, n (%) 4 (40) 1 (5)

4. Discussion

This study, in the setting of children needing liver surgery, scientifically confirms the
intuitive impression that an increased case load after centralization reduces the rate of
postoperative complications and hence increases the quality of care.

The median age of patients in our study cohort was two years, and the most fre-
quently encountered malignant tumor was hepatoblastoma, both in accordance with the
literature [12,13].

Centralization is a strategy that aims to improve the quality of care and is particularly
applied to the most specialized fields of medicine. Indeed, several European countries have
felt the need to centralize subspecialties of surgery in a single center [14]. A special edition
of the European Journal of Pediatric Surgery addressed this issue in 2017: Durkin et al. [15],
Wijnen et al. [16], and Pintér et al. [17] described the motivations and the importance of
centralization in the United Kingdom, the Netherlands, and Hungary, respectively, yet
unfortunately without offering any statistical results. Only one analytic pediatric study
exists from Sweden [18], which studied the mortality rate associated with cardiac surgery
before and after centralization: before centralization, the overall 30-day mortality was 9.5%,
which decreased to 1.9% after centralization. Interestingly, centralization does seemingly
not only improve outcome but can also influence the epidemiological landscape: in the
Netherlands, renal tumors have been centralized from 2015 and first results, published
in 2022, showed that centralization of care for children with renal tumors led to referral
of more than expected cases. Further and very promising, national centralization led to
enhanced development of molecular diagnostics and other innovation-based treatments
for the future [19]. In adults, studies addressing the effect of centralization are much more
numerous and conclusive. For example, Sheetz et al. [20] showed a difference in outcomes
after centralization for high-risk oncological surgeries in the United States of America.
In particular, the authors demonstrated a reduced rate of complications and death for
lung resection, esophagectomy, and pancreatectomy and an absolute reduction in 30-day
mortality after pancreatectomy for each 20% increase in the degree of centralization within
systems. In Canada, Siemens et al. [21] identified 5574 adult patients who underwent radical
cystectomy. The mean annual surgeon volume and hospital volume of radical cystectomy
from 1994 to 2008 was a low 4.5 (95% confidence interval (CI) 4.4–4.7) and 12.2 (95% CI
11.8–12.5), respectively. From 2009 to 2013, these volumes increased significantly to 6.8 (95%
CI 6.5–7.1) and to 16.4 (95% CI 15.8–16.9), respectively. Over the study period, there was a
substantial improvement in cancer-specific survival, and hence, the study clearly showed
that there was a real improvement in quality of care through the “passive centralization”
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of this procedure (there was no active, compulsory centralization). Similar results were
presented in a recent systematic review and meta-analysis regarding pancreatic cancer
resection: the authors confirmed a clear relationship between patient volume and clinical
outcome in this setting. Interestingly, they also showed that more complex surgeries were
performed in high-volume centers; however, these more complication-prone surgeries did
not worsen outcome, such as mortality, morbidity, failure-to-rescue, and positive resection
margin rates [22]. This is also valid for the centralization of highly complex low-volume
procedures in upper and lower gastrointestinal surgery. A systematic review and meta-
analyses showed that a majority (>90%) of the twelve reviews revealed a lower mortality
after complex upper gastrointestinal surgery in high-volume hospitals [23]. The same
seems true for colorectal cancer surgery: in a review including 23 articles, high-volume
providers had a significantly lower postoperative mortality and better long-term survival
for their patients [24]. In short, all these studies and results come with one common single
conclusion: centralization favors better patient outcome, in adults as in children.

Although studies have shown that outcome is improved for institutions with “high-
volume surgeons,” compared to surgeons performing less frequently certain types of
complex surgery [24,25], it is essential to mention that the positive effect of centralization
on postoperative complications is certainly not only due to the increased experience of
surgeons but also attributable to the entire treating institution. In our study, the stream-
lined and protocoled multidisciplinary care by the entire team undoubtedly must have
contributed to the better outcome. The larger volume of surgeries after centralization
allowed for implementation of pre-, peri-, and postoperative protocols, and we feel the
entire team was more at ease with these patients and procedures. It has long been shown
that standardized protocols improve outcomes for patients after surgical procedures, as
demonstrated in 1998 by Bradshaw and Thirlby in the setting of colorectal surgery [26], and
also Clark et al. showed the positive effect of protocols in a study analyzing open hepatic
surgery in adults [27].

Our study clearly confirms the effect of increased case volume after centralization:
in our center, overall and severe postoperative complications were significantly reduced
after national centralization. Before centralization, complications occurred in more than
one out of two patients and after centralization, in only one of seven patients. There were
no major changes of surgical management before and after centralization neither in GCSF
administration, in the number of performed embolization procedures before surgery, nor
type and quality of resections. This absence of major descriptive differences between the
two subgroups reinforces the stated hypothesis: the only significant change in reducing
postoperative complications seems to be the increased number of procedures performed
by the surgical team and thus their exposure to this complex surgery even more so since
surgical devices have very little changed over the last two decades and are not thought to
have contributed as drastically to the better results. Of note, in Switzerland, before 2012,
hepatectomies were performed by seven different teams, and thus, surgeons were rarely
exposed to this type of surgery, as it is seen from our numbers: during the 11 analyzed
years before centralization, only 14 cases were operated in our center, whereas during
the 9 years after centralization, 27 cases were operated in this same center, increasing
exposition by three times and thus increasing expertise. The volume of 27 hepatectomies
in the 9 years after centralization reveals the recent national incidence of pediatric liver
tumors in Switzerland. This means that before 2012, the three hepatectomies per year in
Switzerland were operated in the seven different centers performing this surgery, showing
that the case volume in each center ranged from very low 0 to 1 hepatectomies per year,
presumably too low to allow for sufficient exposition and consequent expertise. However,
and of note, we lack clinical outcome data to underline this conclusion.

Naturally, we would have expected a decrease in operating time and length of stay
after centralization. The decrease of one and a half hours operating time did not reach
statistical significance, probably due to small numbers in our cohort. However, this will
probably become significant in the future, when more patients will be included in the
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analysis. As for length of stay, this clearly appears to be a multifactorial variable. Not only
do surgical factors but also the fact that patients now come from further afield contribute
to a longer hospital stay. This probably contributes to this non-significant difference.

In the early era, forty percent of our studied children with malignant tumors had a
local relapse of their tumor, whereas only 5% in the recent cohort, the difference being
significant. The collected data show a difference in the number of cycles and type of neo-
adjuvant chemotherapy, which can be explained by changes in SIOPEL/PHITT protocols
over the years. The reduced number of recurrences might thus be partially attributable to
oncological advances with constantly evolving protocols but probably also to improved
surgical management, i.e., increased experience of the surgical team due to amplified
exposure and thus expertise. Of note, hepatic recurrences occurred at a median of one year
after initial hepatectomy, which refutes the explanation that only the shorter follow up of
the recent subgroup explains the observed difference.

Our study has several limitations. The retrospective nature cannot guarantee the
accuracy of all collected variables. The limited number of cases, even though the cohort
“after centralization” includes all Swiss cases of liver tumors, limits the power of the
study and therefore the interpretation of the results; yet, results are clearly significant
and thus counterbalance the possible lack of power. The form of our study could evoke
selection biases because the population before centralization would not be the same as
after centralization (we might, for instance, expect an increase in severe cases in the second
period); however, our analysis shows that the only parameter that changed between the
two eras was the “catchment area.” Indeed, there is no statistically significant difference
between the two subgroups neither in terms of epidemiological data nor in terms of pre-
and peri-operative descriptive data.

5. Conclusions

The increased case load after centralization of the surgical management of liver tumors
in Switzerland has significantly improved the results of the management of children
undergoing hepatectomy in our center, in particular by significantly reducing postoperative
complications. These results represent, to our knowledge, the first pediatric study in
the field and are consistent with those found in the adult literature. A study with a
larger population would improve the power of the obtained results. Nevertheless, our
results clearly strengthen and support the trend for the centralization of highly specialized
pediatric surgery.

Author Contributions: Conceptualization, J.L. and B.E.W.; methodology, J.L.; software, J.L.; valida-
tion, J.L., B.E.W.; formal analysis, J.L.; investigation, J.L.; resources, J.L. and B.E.W.; data curation J.L.;
writing—original draft preparation, J.L.; writing—review and editing, J.L., B.E.W., A.-L.R., A.M.C.,
M.A., P.C. and J.C.H.W.; visualization, J.L., B.E.W., A.-L.R., A.M.C., M.A., P.C. and J.C.H.W.; supervi-
sion, J.L., B.E.W., A.-L.R., A.M.C., M.A., P.C. and J.C.H.W.; project administration, B.E.W. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Swissethics (projectID 2021-00521,
18 May 2021).

Informed Consent Statement: Since the data were collected using “search-codes” and personal data
anonymized, in agreement with the ethics commission it wasn’t necessary to obtain a consent.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.



Children 2022, 9, 217 9 of 9

References
1. Darbari, A.; Sabin, K.; Shapiro, C.N.; Schwarz, K.B. Epidemiology of primary hepatic malignancies in U.S. children. Hepatology

2003, 38, 560–566. [CrossRef] [PubMed]
2. Finegold, M.J.; Egler, R.A.; Goss, J.A.; Guillerman, R.P.; Karpen, S.J.; Krishnamurthy, R.; O’Mahony, C.A. Liver tumors: Pediatric

population. Liver Transplant. 2008, 14, 1545–1556. [CrossRef]
3. Ng, K.; Mogul, D.B. Pediatric Liver Tumors. Clin. Liver Dis. 2018, 22, 753–772. [CrossRef] [PubMed]
4. Isaacs, H. Fetal and neonatal hepatic tumors. J. Pediatr. Surg. 2007, 42, 1797–1803. [CrossRef]
5. Roebuck, D.J. Assessment of malignant liver tumors in children. Cancer Imaging 2009, 9, S98–S103. [CrossRef] [PubMed]
6. Fuchs, J.; Hoffmann, K.; Murtha-Lemekhova, A.; Kessler, M.; Günther, P.; Frongia, G.; Probst, P.; Mehrabi, A. Establishing a

Standardized Measure of Quality in Pediatric Liver Surgery: Definition and Validation of Textbook Outcome with Associated
Predictors. Front. Surg. 2021, 8, 708351. [CrossRef]

7. Vonlanthen, R.; Lodge, P.; Barkun, J.S.; Farges, O.; Rogiers, X.; Soreide, K.; Kehlet, H.; Reynolds, J.V.; Käser, S.A.; Naredi, P.; et al.
Toward a Consensus on Centralization in Surgery. Ann. Surg. 2018, 268, 712–724. [CrossRef]

8. Lampela, H.; Ritvanen, A.; Kosola, S.; Koivusalo, A.; Rintala, R.; Jalanko, H.; Pakarinen, M. National centralization of biliary
atresia care to an assigned multidisciplinary team provides high-quality outcomes. Scand. J. Gastroenterol. 2011, 47, 99–107.
[CrossRef]

9. Davenport, M.; Ong, E.; Sharif, K.; Alizai, N.; McClean, P.; Hadzic, N.; Kelly, D.A. Biliary atresia in England and Wales: Results of
centralization and new benchmark. J. Pediatr. Surg. 2011, 46, 1689–1694. [CrossRef]

10. Polonski, A.; Izbicki, J.R.; Uzunoglu, F.G. Centralization of Pancreatic Surgery in Europe. J. Gastrointest. Surg. 2019, 23, 2081–2092.
[CrossRef]

11. Wildhaber, B.E.; Majno, P.; Mayr, J.; Zachariou, Z.; Hohlfeld, J.; Schwoebel, M.; Kistler, W.; Meuli, M.; Le Coultre, C.; Mentha, G.;
et al. Biliary Atresia: Swiss National Study, 1994–2004. J. Pediatr. Gastroenterol. Nutr. 2008, 46, 299–307. [CrossRef] [PubMed]

12. Meyers, R.L. Tumors of the liver in children. Surg. Oncol. 2007, 16, 195–203. [CrossRef]
13. Hartley, A.L.; Birch, J.M.; Kelsey, A.M.; Jones, P.H.M.; Harris, M.; Blair, V. Epidemiological and familial aspects of hepatoblastoma.

Med Pediatr. Oncol. 1990, 18, 103–109. [CrossRef] [PubMed]
14. Wijnen, M.H.; Hulscher, J.B. Centralization of pediatric surgical care in the Netherlands: Lessons learned. J. Pediatr. Surg. 2021, 57,

178–181. [CrossRef] [PubMed]
15. Durkin, N.; Davenport, M. Centralization of Pediatric Surgical Procedures in the United Kingdom. Eur. J. Pediatr. Surg. 2017, 27,

416–421. [CrossRef] [PubMed]
16. Wijnen, M.H. Centralization of Pediatric Surgery in The Netherlands. Eur. J. Pediatr. Surg. 2017, 27, 407–409. [CrossRef] [PubMed]
17. Pintér, A.; Vajda, P. Centralization of Pediatric Surgery in Hungary. Eur. J. Pediatr. Surg. 2017, 27, 429–430. [CrossRef]
18. Lundström, N.; Berggren, H.; Björkhem, G.; Jögi, P.; Sunnegårdh, J. Centralization of Pediatric Heart Surgery in Sweden. Pediatr.

Cardiol. 2000, 21, 353–357. [CrossRef]
19. Roy, P.; van Peer, S.E.; de Witte, M.M.; Tytgat, G.A.M.; Karim-Kos, H.E.; van Grotel, M.; van de Ven, C.P.; Mavinkurve-Groothuis,

A.M.C.; Merks, J.H.M.; Kuiper, R.P.; et al. Characteristics and outcome of children with renal tumors in the Netherlands: The first
five-year’s experience of national centralization. PLoS ONE 2022, 17, e0261729. [CrossRef]

20. Sheetz, K.H.; Dimick, J.B.; Nathan, H. Centralization of High-Risk Cancer Surgery Within Existing Hospital Systems. J. Clin.
Oncol. 2019, 37, 3234–3242. [CrossRef]

21. Siemens, D.R.; Visram, K.; Wei, X.; Booth, C. Effect of centralization on complex surgical care: A population-based case study of
radical cystectomy. Can. Urol. Assoc. J. 2019, 14, 91–96. [CrossRef] [PubMed]

22. Ratnayake, B.; Pendharkar, S.A.; Connor, S.; Koea, J.; Sarfati, D.; Dennett, E.; Pandanaboyana, S.; Windsor, J.A. Patient volume and
clinical outcome after pancreatic cancer resection: A contemporary systematic review and meta-analysis. Surgery 2022. [CrossRef]
[PubMed]

23. Tol, J.A.M.G.; Van Gulik, T.M.; Busch, O.R.C.; Gouma, D.J. Centralization of Highly Complex Low-Volume Procedures in Upper
Gastrointestinal Surgery. A Summary of Systematic Reviews and Meta-Analyses. Dig. Surg. 2012, 29, 374–383. [CrossRef]
[PubMed]

24. Van Gijn, W.; Gooiker, G.; Wouters, M.; Post, P.; Tollenaar, R.; van de Velde, C. Volume and outcome in colorectal cancer surgery.
Eur. J. Surg. Oncol. 2010, 36, S55–S63. [CrossRef]

25. Archampong, D.; Borowski, D.; Wille-Jørgensen, P.; Iversen, L.H. Workload and surgeon´s specialty for outcome after colorectal
cancer surgery. Cochrane Database Syst. Rev. 2012, 2012, CD005391. [CrossRef] [PubMed]

26. Bradshaw, B.G.; Liu, S.S.; Thirlby, R.C. Standardized Perioperative Care Protocols and Reduced Length of Stay After Colon
Surgery. J. Am. Coll. Surg. 1998, 186, 501–506. [CrossRef]

27. Clark, C.J.; Ali, S.M.; Zaydfudim, V.; Jacob, A.K.; Nagorney, D.M. Safety of an Enhanced Recovery Pathway for Patients
Undergoing Open Hepatic Resection. PLoS ONE 2016, 11, e0150782. [CrossRef] [PubMed]

http://doi.org/10.1053/jhep.2003.50375
http://www.ncbi.nlm.nih.gov/pubmed/12939582
http://doi.org/10.1002/lt.21654
http://doi.org/10.1016/j.cld.2018.06.008
http://www.ncbi.nlm.nih.gov/pubmed/30266161
http://doi.org/10.1016/j.jpedsurg.2007.07.047
http://doi.org/10.1102/1470-7330.2009.9041
http://www.ncbi.nlm.nih.gov/pubmed/19965302
http://doi.org/10.3389/fsurg.2021.708351
http://doi.org/10.1097/SLA.0000000000002965
http://doi.org/10.3109/00365521.2011.627446
http://doi.org/10.1016/j.jpedsurg.2011.04.013
http://doi.org/10.1007/s11605-019-04215-y
http://doi.org/10.1097/MPG.0b013e3181633562
http://www.ncbi.nlm.nih.gov/pubmed/18376248
http://doi.org/10.1016/j.suronc.2007.07.002
http://doi.org/10.1002/mpo.2950180204
http://www.ncbi.nlm.nih.gov/pubmed/2154662
http://doi.org/10.1016/j.jpedsurg.2021.10.023
http://www.ncbi.nlm.nih.gov/pubmed/34836641
http://doi.org/10.1055/s-0037-1607058
http://www.ncbi.nlm.nih.gov/pubmed/28946167
http://doi.org/10.1055/s-0037-1606839
http://www.ncbi.nlm.nih.gov/pubmed/28958097
http://doi.org/10.1055/s-0037-1606838
http://doi.org/10.1007/s002460010079
http://doi.org/10.1371/journal.pone.0261729
http://doi.org/10.1200/JCO.18.02035
http://doi.org/10.5489/cuaj.5998
http://www.ncbi.nlm.nih.gov/pubmed/31702550
http://doi.org/10.1016/j.surg.2021.11.029
http://www.ncbi.nlm.nih.gov/pubmed/35034796
http://doi.org/10.1159/000343929
http://www.ncbi.nlm.nih.gov/pubmed/23128369
http://doi.org/10.1016/j.ejso.2010.06.027
http://doi.org/10.1002/14651858.CD005391.pub3
http://www.ncbi.nlm.nih.gov/pubmed/22419309
http://doi.org/10.1016/S1072-7515(98)00078-7
http://doi.org/10.1371/journal.pone.0150782
http://www.ncbi.nlm.nih.gov/pubmed/26950852

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

