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Abstract 
 
Background:  Population-based data on the early postoperative outcome after surgery for gastric 

cancer are very sparse. We examined the development in the quality of surgery and early 

postoperative outcomes in Denmark following centralization of gastric cancer surgery and 

implementation of national clinical guidelines. 

Methods: All patients in Denmark who underwent resection with curative intent for gastric cancer 

between 1th. July 2003 to 31th. December 2008 in one of five university hospitals were registered 

in a national database. Data on surgical quality and mortality was obtained from the database and 

compared with the results from the period before centralization (1999-2003). 

Results: A total of 416 patients underwent resection in the study period. The risk of anastomotic 

leakages for the whole period was 5.0% (95%CI; 3.2-7.7) compared to 6.1 % (95%CI; 4.3-8.6 ) 

before centralization, whereas the 30-days hospital mortality was 2.4 % (95%CI;1.2-4.4) compared 

to 8.2 % (95%CI;6.0-10.4) before centralization. In addition, the percentage of patients with at least 

15 lymph node removed increased during the study period from 19 in 2003 to 76 in 2008. 

Conclusions: Centralization of gastric cancer surgery in Denmark and implementation of national 

clinical guidelines monitored by a national database was associated with improvements in surgical 

quality and a substantially lower in-hospital mortality. 
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Introduction 
 
Several reports [1-4] have concluded that hospital volume is associated with in-hospital as well as 

long-term survival following major cancer surgery. Many of the studies have supported the 

hypothesis that treatment of complex oncologic diseases should be carried out by multidisciplinary 

teams in high-volume hospitals [3,5,6] thereby reducing in-hospital morbidity and mortality as well 

as improving long-term survival [3,7,8]). However, up-to-date population-based data on operative 

mortality after gastric cancer resection are lacking [9] 

 In Denmark with approximately 5.5 million inhabitants gastric cancer surgery has 

previously been carried out in a total of 37 different departments with an overall in-hospital 

mortality of 8.2% [10]. However, both in 1996 and in 2001 The National Board of Health 

recommended [11] reorganization, so that all major surgical procedures were carried out in fewer 

departments, and especially gastric cancer surgery was recommended to be restricted to five 

university departments only. 

 Furthermore, in 1999 the Danish Societies of General and Thoracic Surgery 

established a working group with the purpose of establishing national clinical guidelines for 

diagnosis and treatment of cancer in the upper gastrointestinal tract. The guidelines were introduced 

in 2002 and hereafter a national database was launched in 2003 with the primary aim of monitoring 

the implementation of the guidelines.  

 The aim of the present study was to examine the development of the quality of surgery 

and early postoperative outcomes following the centralization of gastric cancer surgery in Denmark 

together with the implementation of national clinical guidelines.  
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Patients and Methods 

The Danish National Health Service provides tax-supported health care to all Danish residents, 

including free access to general practitioners and hospitals.  

We identified all the patients who had underwent resections with curative intent for 

gastric cancer between 1th. July 2003 to 31th. December 2008 at one of the five university hospitals 

in Denmark using the national database on gastric cancer. Data are reported prospectively to the 

database both when the diagnostic procedures have been completed, when a specific treatment has 

been finished and at follow up. From 2009, data on oncologic treatment have also been registered.  

However, these data are not included in the present study.  

  All Danish citizens are assigned a unique 10-digit civil registration number, which is 

used in all Danish registries and therefore enables unambiguous, individual-level record linkage 

between the registries. Using the civil registration number we linked the data from the national 

database with data from the National Pathology Registry, the National Registry of Patients and the 

Danish Civil Registration System. The National Pathology Registry holds detailed data on all 

pathology specimens analysed in Denmark since 1997 [12]. The National Registry of Patients 

contains data on all discharges from all non psychiatric hospitals in Denmark since 1977 [13]. Data 

from the National Pathology Registry and the National Registry of Patients were used to ensure the 

completeness on the national gastric cancer database. The Danish Civil Registration System has 

maintained electronic records of changes in the vital status of all citizens since 1968 [14]. Data from 

the Civil Registration System were used to determine survival following gastric cancer surgery.   

According to the guidelines the standard surgical procedures are total gastrectomy or 

distal gastric resections (tumour-free margin of at least five cm to the proximal resection line). 

Patients with carcinoma in the gastric cardia are excluded from this study when resection included a 

partial gastrectomy in combination with resection of a part of the esophagus. In accordance with the 
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guidelines established by the Japanese Cancer Association [15] it is recommended, that a D2 – 

lymphadenectomy has to be considered, but without resection of the tail of pancreas and without 

removal of the spleen. However in accordance with other studies a minimum of 15 lymphnodes 

should be removed [16], and therefore this is one of several quality of care indicators which is 

monitored in the national database.  

Other quality of care indicators include postoperative morbidity defined as 

anastomotic leakages, hospital mortality (defined as postoperative death within 30 days) and five-

year survival after surgery.  

Concerning the performance the database provides feed-back on a regular basis (every 

3 months) to all of the clinical departments in order to enable local audits. Furthermore, a 

nationwide audit is held annually resulting in an annual report, presenting the national and 

department specific data together with comments, conclusions and recommendations from a 

multidisciplinary steering committee including gastric and thoracic surgeons, pathologists, 

oncologists, clinical epidemiologists and biostatisticians. The report is distributed to the 

departments, to all relevant scientific societies and to administrators and is also made publicly 

available by publication on the internet. 

Data from the annual reports from 2003-2008 are used in the present study and are 

compared with data from the period before centralization and implementation of national clinical 

guidelines [10]. Results are given with confidence limits of 95%. 
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Results 

A total of 416 patients with gastric cancer underwent resection with curative intent during the study 

period (Table 1). The patients were treated at one of the five university departments from 2003 to 

2007. Two departments merged in 2007 and the treatment continued at four departments hereafter. 

Using data from the National Pathology Registry and the National Registry of Patients we identified 

four to six patients annually between 2003-2006, who were treated outside the university 

departments and not registered in the gastric cancer database. Since 2007 no patient has been 

operated outside the university departments. 

Total gastrectomy was performed in 264 patients whereas 152 patients underwent 

subtotal gastrectomy or a distal gastric resection (Billroth-II-resection) (Table 1). 

For the whole period the risk of anastomotic leakage was 5.0%, with 7.2 % for total 

gastrectomy and 1.3% for other resections (Tabel 1). The risk tended to decline during the study 

period. The 30-day hospital mortality was 2.4 % for the whole period with 2.7% for total 

gastrectomy and 2.0% for other resections.   

The number of patients who had at least 15 lymph nodes removed increased 

considerably during the study period as only 19% fulfilled the indicator requirements in 2003 

whereas it was 76% in 2008 (Fig 1). In 2008, the mean number of nodes removed was 24 (3-52) for 

total gastrectomy and 15 (1-41) for other resections. 

The 5-year survival for patients who had undergone treatment with curative intent was 

43 % (95%CI; 36-50). 

A comparison between the results obtained after centralization and the period just 

before centralization of gastric cancer surgery [10] is shown in Table 2. Significantly (p<0.01) more 

partial resections compared to total gastrectomy were performed during the period before 
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centralization compared to after. Furthermore, the hospital mortality decreased from 8.2% before 

centralization to 2.4% after centralization (p<0.05). 
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Discussion 

This nationwide Danish study of patients undergoing operation for gastric cancer found that  

centralization of treatment to five (four) university departments together with implementation of 

national clinical guidelines and the establishment of a national database was followed by clear 

improvement in surgical quality and in-hospital mortality. 

 It was remarkable that even if the National Board of Health in agreement with the 

Danish Surgical Society already in 1996 and again in 2001 [11] recommended that gastrectomies 

should be performed only at four to five dedicated university departments, this goal was not 

obtained before the preparation and implementation of national clinical guidelines and a national 

database for registration.   

Already, during the first years after the surveillance of clinical practice and treatment 

outcome was introduced only few patients were operated outside the recommended departments, 

and hereafter gastric cancer surgery have been entirely restricted to the university departments as 

recommended.  

 In the earlier Danish study [10] it was demonstrated that operations for gastric cancer 

were performed at up to 37 departments in a five year period (1999 – 2003) before centralization, 

resulting in a total hospital mortality of 8.2% with 8.5% for total gastrectomy and 7.9% for other 

resections.  No clear trends were observed from 1999-2003 or between the 37 departments. 

However, only one department operated more than 20 cases/year [10]. Thus, the total number of 

operations at the department classified as “high-volume” before centralization was not comparable 

with high-volume centres outside Denmark reporting lower mortality [1,2,7]. Similar observations 

were made in a Dutch study [17] reporting that all hospitals in one region performed only between 3 
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and 13 resections for gastric cancer per year and therefore none of these could be classified as 

“high-volume” departments. Moreover, it was remarkable that before centralization the operative 

procedures for gastric cancer consisted of a significantly smaller number of total gastrectomies 

compared to the period after centralization. The great spread of operations, with few procedures per 

surgeon, probably resulted in less surgical training, which may explain the preference for a less 

technical demanding procedure. Also, the introduction of the national clinical guidelines as well as 

the regularly audits after centralization resulted in high priority and attention towards surgical 

quality.  

Despite centralization, the overall decreasing incidence of gastric carcinoma will 

result in fewer cases per department over time. We identified a total of 416 operations during 5½ 

year study period, which corresponds to a maximum of 80 procedures per year calling for further 

centralization. However, the “cut-off-point” for the number of gastrectomies to be carried out 

resulting in improved short-term as well as long-term results cannot be defined exactly. Moreover it 

has to be taken into consideration that a parallel reduction in gastric resections for benign diseases 

during the study period also has a big impact on training as it is reducing any potential volume [18]. 

Other studies have argued that mortality decreased significantly at hospitals performing more than 

63 gastrectomies per year [2]. Furthermore, it has been reported that each increase of ten patients in 

a surgeon’s annual caseload is associated with a 41% lower hospital mortality [6,19]. 

 In the present study the case-load per department actually declined a little every year. 

However, the surgeons involved in surgery for gastric carcinoma are identical with the surgeons 

involved in surgery for carcinoma of the esophagus and gastro-esophageal junction. Due to the 

national clinical guidelines a close collaboration between gastric and thoracic surgeons has been 

implemented resulting in an increased case-load for similar operations. This might also explain why 

the short-term results in this study are quite comparable to the best results obtained at high-volume 
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international centers [1,2,7]. Besides, other factors may also have contributed to the decline in both 

morbidity (anastomotic leakages) and hospital mortality. In accordance with the reflections made by 

others this includes the establishment of specialist multidisciplinary teams improving patient 

selection, as well as great advances in anaesthetic and postoperative care [20] 

The extent of lymphadenectomy has throughout the process been monitored as an 

indicator for surgical quality and in accordance with the classification in the TNM-system we have 

used removal of a minimum of 15 lymph nodes as quality criteria. Moreover, this is also the 

minimum of dissected lymph nodes necessary for proper staging and prognosis [15,21]. The 

proportion of patients, who had at least 15 lymph nodes removed increased substantially during the 

study period.  Moreover, the median number of nodes removed was 24 for total gastrectomy at the 

end of the study period indicating that the recommendations in the guidelines were successfully 

implemented. The discussion concerning D1 and D2-lymphadenectomy in relation to survival 

cannot be qualified here as the data required to answer this question were not available. 

The overall five year survival rate of 43% appears to be acceptable. No directly 

comparable data from Denmark exist from the period before centralization. However, for the period 

from 1978 to1989 the relative risk of death at 5 years was at least 30% higher in Denmark 

compared to the European average [22]. A recent study report that substantial differences in 

survival after gastric cancer resection within Europe remain [9]. However, the 5 year survival rate 

in Denmark of 43% is now quite comparable to the survival rate of other European countries which 

varies between 24 and 42% [9]. 

In conclusion, the process of centralization of all gastric cancer surgery in Denmark to 

only a few dedicated centers has been combined with the implementation of upgraded national 

clinical guidelines as well as a national database with systematic and continuous audits and annual 
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public reports. Following these initiatives, substantial improvements in surgical quality and patient 

outcomes have been observed.  
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Legend to Figure 1 

Development in percentage of operations where at least 15 lymph nodes are removed during gastric 

cancer surgery in Denmark 2003-2008 
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Table 1. Gastric cancer surgery activity and outcomes in Denmark between 2003-2008 

 2003* 2004 2005 2006 2007 2008 Total
        
No. of departments 5 5 5 5 5 4 4-5
       
No. of operations 37 98 70 82 68 61 416
- Gastrectomy  21 66 44 45 50 38 264
- Resections 16 32 26 37 18 23 152
       
Anastomotic leakages. %, (95% CI) 2.7 (0.1-14.2) 10.2 (5.0-18.0) 5.7 (1.6-14.0)  3.7 (0.8-10.3) 2.9 (0.4-10.2)  1.6 (0.0-8.8) 5.0 (3.2-7.7)
-Total gastrectomy  0 (0.0-16.1) 13.6 (6.4-24.3) 9.1 (2.5-21.7) 6.7 (1.4-18.3) 4.0 (0.4-10.2) 2.6 (0.1-13.8) 7.2 (4.6-11.4)
-Resections 6.3 (0.2-30.2) 3.1 (0.1-16.2) 0.0 (0.0-13.2) 0.0 (0.0-9.5) 0.0 (0.0-18.5) 0.0 (0.0-14.8) 1.3 (0.2-4.7)
       
30-day Mortality. %, (95%CI) 0.0 (0.0-9.5) 2.1 (0.3-7.3) 1.4 (0.0-7.7)  2.4 (0.3-8.5) 4.4 (0.9-12.4 3.3 (0.4-11.5) 2.4 (1.2-4.4)
-Gastrectomy 0.0 (0.0-16.1) 1.5 (0.0-8.0) 0.0 (0.0-8.0) 4.4 (0.5-15.1) 6.0 (1.3-16.5) 2.7 (0.1-14.2) 2.7 (1.1-5.6)
-Resections 0.0 (0.0-20.6) 3.1 (0.1-16.2) 3.8 (0.1-19.6) 0.0 (0.0-18.5) 0.0 (0.0-18.5) 3.3 (0.4-11.5) 2.0 (0.4-5.8)
        
* Only 6 months
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Table 2. Comparison of gastric cancer surgery in Denmark: 1999-2003 versus 2003-2008  

 1999-2003 2003-2008 
   
No. of departments 37 5 
   
No. of operations 537 416 
- Gastrectomy  235 264 
- Resections 302 152 
   
Anastomotic leakages. %, (95%CI) 6.1 (4.3-8.6) 5.0 (3.2-7.7) 
- Gastrectomy  11.1 (7.4-15.7) 7.2 (4.6-11.4) 
- Resections 3.2 (0.9-4.8) 1.3 (0.2-4.7) 
   
   
Hospital Mortality. %, (95% CI) 8.2 (6.0-10.4) 2.4 (1.2-4.4) 
- Gastrectomy 8.5 (5.5-13.4) 2.7 (1.1-5.6) 
- Resections 7.9 (5.0-11.3) 2.0 (0.4-5.8) 
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Figure 1. Development in percentage of operations where at least 15 lymph nodes are removed 
during gastric cancer surgery in Denmark 2003-2008.  

 

 

 


