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Abstract
AIM: To clarify whether the performance of liver resections (LR) for incidental gallbladder carcinoma (IGBC)’s depends more on the experience of the hospitals in liver surgery than on complying with the guidelines in Germany.

METHODS: For data analysis, we used the Surgical Association of Endoscopy and Ultrasound and Minimally Invasive Surgery Central Registry of “IGBC” of the German Society of Surgery (the German Registry). In 2010, we started a second form by requesting the frequency of liver resections (LR) at the various hospitals in Germany. The indication for LR was irrelevant. The aim was to determine the overall frequency of liver resections at the hospitals. We divided the hospitals according to their experience in liver surgery into high- (HV), mid- (MV), and low-volume (LV) LR hospitals. 
 
RESULTS: This study includes 487 IGBC’s from 167 centers. There were 36 high-volume, 32 mid-volume, and 99 low-volume centers. In the high-volume centers, the mean (range) number of liver resections was 101 (40-300). In the mid-volume centers, the mean (range) number of liver resections was 26 (20-39). In the low-volume centers, the mean (range) number of liver resections was 6.5 (0-19) (P < 0.001). LV’s perform LR for T2-3 gallbladder carcinomas significantly less often than high-volume or mid-volume centers (χ2 = 13.78, P = 0.001). In HV’s and MV’s, 61% of the patients with an indication for liver resection underwent LR, but in LV centers, only 41% with an indication for LR underwent LR (P < 0.001). In cases of T1b carcinomas, LR was performed significantly more often in HV’s (P = 0.009).

CONCLUSION: The central problem is that the performance of the required liver resection in IGBC in Germany depends on the hospital experience in liver surgery and not on the recommendations of the German guidelines.
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Core tip: The indication for radical liver resection in incidental gallbladder carcinomas depends more on the experience of the hospitals in liver surgery than on the tumor stage of the primary carcinoma. In addition, the recommendations of high quality guidelines seemed to be ignored in radical surgery in incidental gallbladder carcinoma cases.
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INTRODUCTION
The 5-year survival rate for patients with gallbladder carcinoma is less than 5%[1–3]. Stage-adjusted therapy including radical surgery remains the only effective treatment[4,5]. If gallbladder carcinoma is discovered in the early stages, the 5-year survival rate can reach 75%[6]. Guidelines for radical resection vary worldwide[5,7,8]. According to the S3 Guidelines[8], the recommended treatment for gallbladder carcinoma in Germany is liver resection in the form of wedge resection of the gallbladder bed with a 3 cm margin in the liver, or in cases of T2 or more advanced carcinomas, a resection of liver segments 4b and 5, always combined with dissection of the regional lymph nodes along the hepatoduodenal ligament. Similarly, a radical cholecystectomy for T1b and more advanced carcinomas is recommended by the Guidelines of the National Comprehensive Cancer Network[7].
Despite the publication of these guidelines, surgical management of gallbladder cancer remains inadequate. Data from the German Registry and recent scientific literature show an underutilization of radical resection as a critical component for the treatment of gallbladder cancer[9,10]. In the era of minimally invasive surgery, most early-stage gallbladder carcinomas are identified by laparoscopy, and radical cholecystectomy is needed in a second surgery[6,11]. The effectiveness of the wedge-resection technique and the bisegmentectomy of segments IVb/V in liver resection combined with standardized lymph node dissection have already been demonstrated based on 624 patients in the German Registry (GR)[6]. However, only 49% of the T2 and T3 carcinomas in the GR underwent a second radical surgery, despite the recommendation of the S3 Guidelines[8] to perform radical liver resection in cases of T2 and T3 carcinomas. Hepatic resection has been shown to be associated with high morbidity and mortality[12-14]. Improvements in surgical techniques and perioperative care have resulted in a reduction in morbidity, with reports of nearly no mortality in some centers[15,16]. Therefore, there may be some regional variation in treatment, whereby high-volume hospitals perform the recommended procedures in a higher portion of cases because they have accumulated enough experience to feel confident about performing these procedures.
 The question is whether the performance of liver resection for gallbladder carcinoma cases depends more on the experience of the different hospitals with liver surgery than on complying with the recommendations of the S3 Guidelines in Germany[8]. According to the literature, there is an association between mortality rate and volume of liver resection surgery, but arbitrary cut-offs have been used to differentiate high-volume from low-volume hospitals[17-19]. Thresholds ranging from 15 to 50 cases per year have been used to define a high-volume center[17-19]. The volume cut-off for a high-volume center was 20 or more cases. Volume cut-offs of 15 and 50 cases has also been previously examined[17,18]. The aim is to determine whether clinics with more experience in liver surgery, represented by means of so-called high-volume centers, more often follow the S3 Guidelines regarding liver resection or radical cholecystectomy in gallbladder cancer surgery. A further question addresses the definition of high-volume in liver surgery. Especially in cancers without a high incidence, the definition of high volume in the literature is often inconsistent. “High-volume centers” in liver and pancreas surgery was defined by Fong et al[20] as more than 25 cases per year. However, they also mentioned that there is no exact science concerning the cut off thresholds, so there is no major break at that point. Regarding the more seldom type of cancers, data are sparse concerning what is high and low volume and most cut-offs are arbitrarily. Langer et al[21] provided a list of articles defining “high-volume” in pancreas resection differing from 2 to 20 resections per year. A Report by the Cancer Care Ontario task force on the regionalization of pancreatic cancer surgery in Ontario in 1999[22], defined the volumes of major pancreatic surgery with at least 10 cases per year and total hepatobiliary surgery with at least 25 cases per year as high-volume centers for this type of cancer surgery. In 2006, an expert panel, “Cancer Care Ontario, hepatic, pancreatic and biliary (HPB) Surgical Oncology Standards”[23], published a report entitled ”HPB Surgical Oncology Standards”. According to this document, the volume targets were 20 major pancreatic cases and 50 major HPB cases per year for a high-volume center. Glasgow et al[24] states that in general surgical practice, standards for the minimum experience necessary to perform highly complex and risky procedures (i.e., major hepatic, pancreatic, or esophageal resections for neoplasia) do not exist, which again indicates that a clear definition for cut-offs in the more rare cancers seems to be complicated. Finlayson et al[25] defined three groups: low-, mid-, and high-volume. In pancreatic resection, the mid-volume group was designated by 3-13 operations, whereas the mid-volume group for the more frequent colon resection procedures was designated by 61-116 cases, similar to the analysis of Schrag et al[26] in JAMA 2000. According to Schrag et al[26], the definition of different case volumes for colon cancer were as follows: 1 to 57 low volume; 58 to 112 mid-volume; 113 to 165 high-volume; and 166 to 383, very high-volume. For the types of carcinomas with higher incidence, the cut-offs seem to be more consistent. Based on a systematic review of 12 studies with a total of 19688 patients, van Heek et al[27] were not able to define a clear cut-off volume for pancreas resection.

MATERIALS AND METHODS
Data collection
For data analysis, we used the Surgical Association of Endoscopy, currently called the Surgical Association of Endoscopy and Ultrasound (CAE, currently CAES), and the Surgical Association of Minimally Invasive Surgery (CAMIC) Central Registry of “incidental gallbladder carcinoma (IGBC)” of the German Society of Surgery (the GR). The GR was established in 1997[28], and is supported by CAES/CAMIC, which are both part of the German Society of Surgery. Cases of IGBC in Germany are registered in the GR. Patients who underwent a radical re-resection were treated under the conditions of the S3 guidelines for the diagnosis and treatment of gallstones from the German Society for Digestive and Metabolic Diseases and the German Society for Surgery of the Alimentary Tract[8]. The patients underwent a liver resection that involved either a wedge resection of the gallbladder bed with a 3 cm margin in the liver or a liver resection of segments 4b and 5, always in addition to standardized lymph node dissection of the hepatoduodenal ligament. According to the S3 Guidelines, liver resection is recommended in cases of T2 tumors and more advanced carcinomas.

Questionnaire
A standardized form was sent periodically (every 3 mo) to all surgical hospitals to collect data for the GR. This form also contained questions about whether immediate re-resection was performed, and if so by which technique. 

Study design
In 2010, we implemented a second form requesting data on the frequency of liver resections per year at the various hospitals with approval of the German Society of General and Visceral Surgery. The indication for liver resections was irrelevant. We were not only interested in the number of liver resections for gallbladder carcinoma. 
The aim was to determine the overall frequency of liver resections at the different clinics to determine a conclusion regarding the experience in liver resection of the different clinics. The form sought to determine whether the indication for liver resection in gallbladder carcinoma depends on the experience of the clinics in liver surgery more than on the recommendations of the S3 Guidelines.
Based on results from the literature and the statistical analysis we divided the hospitals into three groups according to their frequency of liver resections (LR) per year. High-volume LR hospitals were defined as hospitals performing 40 or more resections per year, mid-volume LR hospitals were defined as hospitals performing 20-39 resections per year, and low-volume LR hospitals are defined as hospitals performing less than 20 resections per year. We choose to use three groups because a binary cut-off consisting of high- and low-volume hospitals seemed to be too sharp a limit that does not reflect the reality.

Staging
Clinical and histopathological staging was based on the 6th edition of the UICC/AJCC classification of 2002[29].

Statistical analysis
SPSS version 11.5 (SPSS Inc., Chicago, IL, United States) was used. We used ANOVA-analysis (analysis of variance), Box plots and χ2 tests, and a P-value < 0.05 was considered statistically significant.

RESULTS
This study includes 487 gallbladder carcinoma patients from 167 centers. There were 36 high-volume, 32 mid-volume, and 99 low-volume centers. 
A total of 31.5% of patients who underwent re-resection of the liver underwent the liver resection at a high-volume center, whereas 23% of patients who underwent re-resection of the liver underwent the liver resection at a mid-volume center, and 45.5% of patients who underwent re-resection of the liver underwent the liver resection at a low- volume center.
At high-volume centers, 60% of patients with an indication for liver resection (T2-3 carcinomas) underwent the required liver resection, and at mid-volume centers, 61% did. In contrast, only 41% of patients with an indication for liver resection (T2-3 carcinomas) underwent the required liver resection at low-volume centers. The Chi-square test indicates that low-volume centers perform liver resection (for T2-3 carcinomas) significantly less often than high-volume or mid-volume centers (χ2 = 13.78, P = 0.001) (Table 1).
The direct internal comparison of the three volume groups with boxplots (Figure 1) shows that low-volume centers ignore the indications for liver resection significantly more often than the guidelines stipulate; however, mid-volume centers perform liver resections significantly more often than not. High-volume centers show the same trend as mid-volume centers, but the difference was not statistically significant.
Combining the high- and mid-volume centers into one group and comparing them to the low volume centers produced the following results (Figure 2). Based on an ANOVA, 358 patients at tumor stage T2-3 were analyzed: 160 patients at high/mid-volume centers and 198 patients at low-volume centers. The mean of re-resections at high-/mid-volume centers was 61 vs 41 at low volume centers (P < 0.001). According to the means, the high-/mid-volume centers perform liver resection significantly more often for T2-3 carcinomas than low-volume centers.
The corresponding analysis (combining the high- and mid-volume groups into one group) using a χ2 test shows similar results (Table 1). A total of 54.5 percent of patients who underwent liver resection (in the T2-3 tumor stage) underwent liver surgery at high- or mid-volume centers, whereas 45.5% underwent liver surgery at low-volume centers. At high- and mid-volume centers, 61% of the patients with an indication for liver resection underwent liver resection, but at low-volume centers, only 41% of patients with an indication for liver resection actually underwent a liver resection (χ2 = 13.76, P < 0.001). 
 Figure 3 shows the results of an ANOVA of the number of liver resections in the 487 patients with Tis-T4 carcinomas at all volume centers separated according to high-, mid-, and low-volume centers. At high-volume centers, the mean (range) number of liver resections was 101 (40-300), whereas at mid-volume centers, the mean (range) number of liver resections was 26 (20-39) and at low-volume centers, the mean (range) number of liver resections was 6.5 (0-19) (P< 0.001).
Figure 4 shows the distribution of the number of resections at high-, mid-, and low- volume centers for patients at all T stages/all volume centers. 
A non-parametric χ2 showed that only 178 of 358 patients (49%) with T2-3 stage disease underwent liver resection (P= 0.011). 
In addition, 9 patients (2.5%) with T2-3 carcinomas were referred from a low- volume to a high-volume center. Three of these patients have already been reported by a high-volume center; three patients were referred by one hospital, and the remaining 3 patients were referred by 3 different hospitals. 
In cases of T1b carcinomas, liver resection was performed significantly more often at high-volume centers than at mid or low volume centers (Table 1, χ2 = 9.48, P = 0.009).

DISCUSSION
Only 49% of patients in the German registry with an indication for liver resection (T2-3 IGBCs) underwent a liver resection as recommended by the German S3 Guidelines[8]. Thus, it appears that the surgical recommendations of the German S3 Guidelines are often not being followed. The aim of this study was not to discuss the quality of liver resection at the different types of hospitals but rather to determine whether the indication for radical resection depends more on the experience of the hospital in liver surgery than on objective factors such as tumor stage. Therefore, we have analyzed mainly IGBCs in T2 and T3 tumor stages, where liver resection is recommended by the German S3 Guidelines[8]. Additionally, liver resection is recommended for up to T1b gallbladder carcinomas according to the NCCN Guidelines[7]. In addition, there is evidence in the GR that T1b IGBC cases benefit from liver resection[30,31]. Therefore, we have also analyzed the T1b carcinomas. For completeness, data from all other T stages were also added.
A substantial portion of patients in this study with incidental gallbladder carcinoma was treated at low-volume centers. This seems to be logical because most hospitals in Germany that perform cholecystectomy are low-volume centers regarding liver surgery. 
Table 1 shows that 31.5% of T2-3 carcinomas with re-resection of the liver underwent liver resection at a high-volume center, whereas 23% underwent resection at a mid-volume center and 45.5% underwent resection at a low-volume center because the majority of the centers the perform cholecystectomy are low-volume centers. 
At high- and mid-volume centers, respectively, 60% and 61% of patients with an indication for liver resection (T2-3 carcinomas) underwent the required liver resection. However, at low-volume centers, only 41% of the patients with an indication for liver resection (T2-3 carcinomas) underwent the required resection. Therefore, a substantial portion of gallbladder carcinomas was treated at low-volume centers, but low-volume centers perform liver resection significantly less often than high- or mid-volume centers in patients with T2-3 carcinomas, a tumor stage where liver resection is recommended by the S3 Guidelines and the literature[7,8,11,32-37]. The direct comparison using boxplots (Figure 1) of the three volume groups regarding T2-3 carcinomas shows that low-volume centers ignore the indication for liver resection significantly more often than not. In contrast, mid-volume centers perform liver resection significantly more often than not. High-volume centers show the same trend as mid-volume centers. To clarify these results, we have combined high- and mid-volume centers into one group and compared them to low-volume centers (Table 1, Figure 2). According to the mean values (Figure 2), high/mid-volume centers perform liver resection for T2-3 carcinomas significantly more often than low-volume centers. Table 1 shows that at high/mid-volume centers, 61% of patients with an indication for liver resection underwent liver resection, but at low-volume centers, significantly fewer patients (41%) with an indication for liver resection (T2-3 carcinomas) actually underwent the required liver resection.
We have previously shown the positive effect of liver-resection for T1b gallbladder carcinomas[30,31]. The corresponding analysis in the present patient cohort regarding volume centers and T1b carcinomas (n = 59) (Table 1) shows that 70% of the cases with T1b carcinoma at high-volume centers underwent liver resection, but less than 30% of T1b IGBCs at mid- or low-volume centers underwent liver surgery (P = 0.009). The results are more remarkable for Tb carcinomas, showing that only hospitals that are more comfortable performing liver surgery based on the larger number of liver resections per year perform radical cholecystectomy. Nevertheless, there is no clear recommendation by the German S3 Guidelines[8] to perform liver resection for T1b carcinomas, despite evidence in the literature[30,31] and guidelines from abroad[7].
The results show that the referral of patients from a low-volume center to a high- volume one has no practical relevance in the GR.
The division into high-, mid-, and low-volume centers with the cut-offs used here seems reasonable for German hospitals, and the results seem even more precise by combining high- and mid-volume centers into one group. However, there is definitely no clear data regarding the defining of the cut-offs.
The central problem is that the performance of a liver resection in IGBC patients in Germany depends much more on the hospital’s volume of liver surgery than on complying with the S3 Guidelines[8]. 
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Background
Generally incidental gallbladder carcinomas (IGBC) are identified after laparoscopy, and radical cholecystectomy including liver resection (LR) is needed in a second surgery. Stage-adjusted surgery including radical liver resection remains the only effective oncologic treatment for IGBC because of lack of effective alternatives such as chemo- or radiation therapy. It is not known whether the performance of the required LR for IGBC cases depends more on the experience of the hospitals in liver surgery than on complying with the recommendations of the guidelines.

Research frontiers
The current article addresses the adequate oncologic therapy for gallbladder carcinomas and its implementation into practice. 

Innovations and breakthroughs
Guidelines for radical resection of gallbladder carcinoma vary worldwide. According to the current literature and the NCCN guidelines, radical cholecystectomy (RC) is recommended for up to T1b gallbladder carcinomas. According to the effective guidelines in Germany, RC is recommended for T2 carcinomas and more advanced stages. Unfortunately, the implementation of the guidelines into practice in Germany occurs in less than 50% of cases. The effort of a more radical surgery in IGBC cases in earlier stages based on the research results seems to be highly questionable if implementation of the guidelines is ignored to the detriment of the patients.

Applications 
It is important that further research seeks to define high and low volume in liver surgery for implantation of cut offs because precise data are lacking. Additional articles are needed to address the problematic cut offs in liver surgery and the implementation of guidelines or innovations of research results into practice. 

Terminology
High- and low- volume centers in surgery are defined according to the frequency of certain surgical techniques. It is difficult to define cut offs because there is no exact science. Large cohorts of patients (such as the German registry) are required to define such values and correlate such values with clinical results and their impact on clinical practice.

Peer review
These results based on the data from the Surgical Association of Endoscopy and Ultrasound and Minimally Invasive Surgery Central Registry of “IGBC” of the German Society of Surgery (the German Registry) and the liver resection study, in which the authors analyze the effect of centralization in surgery in implementing guidelines in oncological stage adjusted therapy for gallbladder carcinomas.
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Figure 1 Box plots of the annual volume of liver resections, separated according to volume strata and occurrence of re-resection (T2-3 carcinomas). The middle bar of the box plot represents the median, while the lower and upper bars of the box represent the 25th and 75th quartiles, respectively. The dots and asterisks represent outliers.
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Figure 2 ANOVA of high/ mid-volume vs low-volume centers according to the mean rate of liver resection.
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[image: ]Figure 3 The mean rate of liver resection in the 3 volume groups including all patients/all volume centers.

Figure 4 Medians of liver resections according to the 3 volume groups (Tis-T4 carcinomas/all patients). The middle bar of the box plot represents the median, whereas the lower and upper bars of the box represent the 25th and 75th quartiles, respectively. The dots and asterisks represent outliers. The boxplot-test of all patients/volume-centers shows that the median of liver resection at high-volume centers was 60, that at mid-volume centers was 28 and that at low-volume centers was 5.
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Table 1 χ2 test 
	
	High-volume
	Mid-volume
	Low-volume
	Total

	HV vs MV vs LV1
	
	

	No ReOP
	37
	26
	117
	180

	ReOP
	56 (31.5)
	41 (23)
	81 (45.5)
	178

	Total
	93 (60)
	67 (61)
	198 (41)
	358

	High + medium vs low2
	
	

	No ReOP
	63
	-
	117
	180

	ReOP
	97 (54.5)
	-
	81 (45.5)
	178

	Total
	160 (61)
	-
	198 (41)
	358

	HV vs MV vs LV3
	
	

	No ReOP
	6
	11
	17
	34

	ReOP
	14 (70)
	4 (26)
	7 (29)
	25

	Total
	20
	15
	24
	59


1χ2 test of 358 patients (T2-3)/volume groups [high-volume (HV) vs mid-volume (MV) vs low-volume (LV)] vs re-resection (χ2 = 13.78, P = 0.001/Cramer’s V of 0.2); 2χ2 test of 358 patients (T2-3)/volume groups (high + medium vs low) vs re-resection (χ2 = 13.76, P < 0.001/Cramer’s V of 0.2); 3χ2 test of 59 T1b patients with the corresponding volume groups (HV vs MV vs LV) vs re-resection (χ2 = 9.48, P = 0.009).
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