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Introduction

Hysterectomy is the most frequently performed major surgical procedure in gynecology across many places in the world [START_REF] Lefebvre | SOGC clinical guidelines. Hysterectomy[END_REF]. Several studies have shown marked variations of hysterectomy rates across and within industrialized countries

(2-7) and over time (2;7-9). It has been shown that selected factors influence hysterectomy rates beyond the incidence of genital tract diseases such as availability of obstetricians and gynecologists, the number of hospital beds per capita, the type of health-care insurance available, the gender of the gynecologists, the social class of the patient (10;11), available information about the different treatment modalities among patients [START_REF] Domenighetti | Effect of information campaign by the mass media on hysterectomy rates[END_REF], and cultural norms related to fertility-sparing, less definitive procedures. The increasing prevalence of obesity has also contributed to an increased rate of abnormal uterine bleeding, which, in turn, may contribute to greater use of hysterectomy (13;14).

Hysterectomy surveillance provides an indication of female reproductive health and how women are being treated for problems of the reproductive system. Populationbased nationwide hysterectomy rates in Germany (population of 42 million women)

have not been estimated until the current study. Hysterectomies are not performed in ambulatory surgery centers in Germany. In 2004, Germany introduced the DRG (diagnosis related groups) system for reimbursement of inpatient hospital services.

All individual hospitalizations with individual diagnostic and therapeutic codes contribute to the nationwide DRG statistics that provide a useful data source for epidemiologic purposes as recent studies with these data have shown [START_REF] Stang | Inpatient management of patients with skin cancer in Germany: an analysis of the nationwide DRG-statistic 2005-2006[END_REF][START_REF] Stang | A novel approach to estimate the German-wide incidence of testicular cancer[END_REF][START_REF] Stang | Micrographic surgery of skin cancer in German hospitals 2005-2006[END_REF].

The purpose of this study is to quantify nationwide hysterectomy rates by indication groups and by type of surgical approach. Furthermore, we studied factors that might be associated with the rate of conversion from hysterectomies that were started as vaginal or laparoscopic hysterectomies to open abdominal hysterectomies. German hysterectomy rates will be compared with recent studies of other countries.

Material and Methods

Based on an amendment of the hospital financing system in Germany in 1999, the We identified hysterectomies by use of the OPS codes 5-682: subtotal hysterectomy, produce the same reimbursement if the diagnoses (primary and secondary diagnoses) are identical. For example, hysterectomy for leiomyoma of the uterusgiven no comorbidity-produces a single DRG code N21.Z regardless of surgical approach. This DRG code is the basis for reimbursement.

Statistical Methods

Crude and age-specific hysterectomy rates were calculated with the midyear populations of the years 2005 and 2006 as the denominator. In a sensitivity analysis, we corrected the denominator in the rate calculation for women who have already had a hysterectomy. In other words, the denominator was adjusted by removing the estimated prevalence of women who have already had a hysterectomy. The agespecific prevalence of hysterectomy in the general population was estimated from a recent regional survey in Bremen among women aged 45-74 years [START_REF]Frauengesundheitsbericht Bremen[END_REF]. As agespecific prevalence of hysterectomy revealed a S-shaped pattern in Bremen, Germany, as well as in a survey in Utah, USA [START_REF] Merrill | Comparison of two methods based on crosssectional data for correcting corpus uterine cancer incidence and probabilities[END_REF], we estimated age-specific probabilities of hysterectomy prevalence and extrapolated hysterectomy probabilities (outside the observed age range) from a logistic regression model. Based on this model, we found an upper limit of hysterectomy prevalence in the population of 40.7% among women aged 85 years and more. This value minimized the Pearson goodness-of-fit statistic from an iterative search across a range (40%-60%) of upper limits of the hysterectomy prevalence among women aged 85 years or more.

Thereafter, we corrected the person-years at risk of the population and recalculated hysterectomy rates in Germany for all age groups. We estimated age-specific risks of conversion from laparoscopic or vaginal hysterectomy to open hysterectomy by linear risk models with disjoint indicator variables for the indication groups and age as a further covariate [START_REF] Greenland | Introduction to Regression Models[END_REF]. As the term "conversion risk" may be confused with adverse effects following conversion, we instead use the term "conversion rate" throughout the manuscript although the term "rate" is usually reserved for measures that include time in the denominator [START_REF] Rc | Definition of rates: some remarks on their use and misuse[END_REF]. Statistical analyses were performed using SAS 9.2 [START_REF]SAS for windows[END_REF].

Results

Overall, 3.6 per 1,000 women (any age) per year in Germany underwent hysterectomy. The corrected rate of hysterectomy that accounts for the hysterectomy prevalence was 4.3 per 1,000 women per year, reflecting a 19% increase. Hereafter, uncorrected rates for hysterectomy prevalence are reported. The highest hysterectomy rates were among women aged 40-49 years (9.9 per 1,000 women).

Mean and median age at hysterectomy were 52 years (standard deviation 13 years)

and 48 years (10% percentile 39 years, 90% percentile 72 years) respectively; and mean and median lengths of stay in the hospital were 9.8 days (standard deviation:

5.9 days) and 9 days (10% percentile: 5 days, 90% percentile: 15 days) respectively.

Twelve percent of all hysterectomies were associated with a primary malignant tumor of the genital organs and of these, primary malignant tumors of the uterus were the most frequent diagnosis (57%). Overall, 81% of all hysterectomies were associated with benign diseases of the genital tract. The ten most frequent primary diagnoses associated with hysterectomy for benign diseases of the genital tract accounted for 96% of all hysterectomies of this group. Leiomyoma of the uterus, genital prolapse, and excessive, frequent and irregular menstruation were the three most common primary diagnoses associated with hysterectomy accounting for 86% of all hysterectomies associated with benign diseases of the genital tract (Table 1).

As hysterectomies associated with benign diseases of the genital tract including benign cancers are often associated with more than one diagnosis, the relative frequencies of benign diseases of the genital tract are considerably higher if secondary diagnoses are also accounted for. For example, we observed overall However, an additional 53,816 hysterectomies were associated with a secondary diagnosis of N92. Only 0.16% of all hysterectomies associated with benign diseases of the genital tract had primary diagnoses that did not match any diagnosis of our pre-specified list of 24 frequent benign indications of hysterectomy.

Age-specific hysterectomy rates peaked at different ages depending on indication.

For example, highest hysterectomy rates for the treatment of genital tract cancers occurred among women aged 60-69 years whereas hysterectomy rates for the treatment of in-situ cancer and benign diseases of the genital tract were highest among women aged 40-49 years (Table 2).

The majority of hysterectomies were performed by the vaginal route (48.1%)

followed by abdominal open procedure (40.0%). Six percent of all hysterectomies were performed by LAVH and five percent were performed laparoscopically. 3). Whereas the conversion rate of laparoscopical hysterectomies monotoneously increased by age, this rate was about constant for vaginal hysterectomies (Figure 1).

The international comparison of population-wide hysterectomy rates among women aged 20 years or more related to benign diseases of the genital tract of the recent years shows that Sweden has the lowest hysterectomy rate and that the United

States and Australia have the highest rates. Germany has a rate between these extremes (Table 4).

Discussion

The German-wide hysterectomy rate was 3.6 per 1,000 women per year. Correcting the population used in the rate calculation for hysterectomy prevalence resulted in a 19% increase, a similar increase to that found in another study conducted in Australia [START_REF] Spilsbury | Persistent high rates of hysterectomy in Western Australia: a population-based study of 83 000 procedures over 23 years[END_REF]. As found in studies conducted in the United States (2;3), the highest hysterectomy rates were among women aged 40-49 years (9.9 per 1,000) with benign diseases of the genital tract as the most frequent indication group. As seen in other studies, uterine leiomyoma, genital prolapse, and excessive, frequent and irregular menstruation were the most frequent primary diagnoses for hysterectomy accounting for 86% of all hysterectomies in this indication group (2;3;8;9;13;22;28). The ACOG (American Congress of Obstetricians and Gynecologists) has suggested that concomitant bilateral oophorectomy should be considered during a hysterectomy for benign uterine diseases in peri-and postmenopausal women [START_REF] Camanni | Prophylactic bilateral oophorectomy during vaginal hysterectomy for benign pathology[END_REF].

In Germany, 4% and 26% of all hysterectomies for benign diseases of the genital tract included bilateral oophorectomy among women aged < 50 years and ≥ 50 years (most likely peri-and postmenopausal women) respectively. From 2000 through 2004, Whiteman et al. in the US observed that 37% of hysterectomies among women with benign diseases of the genital tract aged 15-44 years were accompanied by bilateral oophorectomy (2). This proportion was only 3% in Germany.

A few limitations to the study need mention. First, although we used a hierarchical algorithm similar to those that have been repeatedly used in other studies to group indications of hysterectomies [START_REF] Keshavarz | Hysterectomy surveillance -United States, 1994-1999[END_REF] (2) (36) [START_REF] Lepine | Hysterectomy surveillance -United States. 1980-1993[END_REF], this approach does not reflect the entire complexity of diagnoses for women undergoing hysterectomies [START_REF] Brett | Epidemiology of hysterectomy in the United States: demographic and reproductive factors in a nationally representative sample[END_REF]. Second, a more detailed stratification of hysterectomy rates for benign diseases of the uterus by single indications like uterine leiomyoma, prolaps etc. could not be reliably done based on DRG data and would necessitate a medical chart review that was impossible due to data protection laws in Germany. For the same reasons, we could not run detailed analysis of the causes of conversion (disease-related factors and clinician-related factors). Third, due to data confidentiality laws, German DRG data are completely anonymized and therefore validation studies of a random sample of these data is impossible.

In conclusion, this descriptive study provides unbiased nationwide hysterectomy rates for Germany and a benchmark for further studies. We provided a prevalenceadjusted hysterectomy rate. In addition, the rate of conversion of laparoscopical hysterectomies was considerably higher than the rate of vaginal hysterectomies. Age 

  DRG reimbursement system became compulsory for hospitals in 2004. Hospitals annually transfer their individual hospitalization data to the Institute for the Hospital Renumeration System (InEK). After a plausibility control, the InEK forwards anonymized data to the Federal Bureau of Statistics. Since 2005, the Federal Bureau of Statistics provides individual hospitalization data for scientific uses. Hospitalizations are anonymized, which means that patients that are hospitalized more than once during the study period cannot be re-identified. We were able to use the hospitalization years 2005 and 2006 including overall 17.4 million hospitalizations among women.For each hospitalization, one primary diagnosis and up to 89 secondary diagnoses coded by ICD-10 can be documented. The diagnosis that led to the hospitalization assessed at the end of the hospitalization (i.e., when pathology and radiology reports were available) is defined as the primary one. In 2005, diagnoses were coded according to the ICD-10-GM (German Modification) version 2005[START_REF]ICD-10-GM 2005 Systematisches Verzeichnis: Internationale statistische Klassifikation der Krankheiten und verwandter Gesundheitsprobleme[END_REF]. In 2006, the ICD-10-GM version 2006 was used[START_REF]ICD-10-GM 2006 Systematisches Verzeichnis: Internationale statistische Klassifikation der Krankheiten und verwandter Gesundheitsprobleme[END_REF]. Up to 100 medical procedures can be coded according to a national classification of operations and procedures (OPS). In 2005 and 2006, the OPS versions of the years 2005 and 2006 respectively were used (20;21). For each hospital stay, the number of in-hospital days was recorded. The few differences between the ICD-10-GM and OPS versions of the years 2005 and 2006 were not relevant for our study question.

  The vaginal route of hysterectomy is considered as a first choice of all benign indications as the post-operative rates of morbidity and complications are lower than abdominal open hysterectomies according to the Society of Obstetricians and Gynaecologists of Canada (SOGC) clinical guidelines[START_REF] Lefebvre | SOGC clinical guidelines. Hysterectomy[END_REF]. We observed that 55% of all hysterectomies for benign indications were vaginal hysterectomies. In contrast, only 29% of hysterectomies for benign indications were vaginal hysterectomies in Sweden from 2001 through 2003[START_REF] Lundholm | Hysterectomy on benign indications in Sweden 1987-2003: a nationwide trend analysis[END_REF]. However, since 1993 the percentage of vaginal hysterectomies for benign indications steadily increased in Sweden and most recent unpublished percentages may be higher than those from 2001 through 2003. In the U.S., about 25% of hysterectomies for benign indications were vaginal hysterectomies[START_REF] Julian | Vaginal hysterectomy: an apparent exception to evidence-based decision making[END_REF].To the best of our knowledge, these are the first population-based, unbiased nationwide rate estimates of the conversion from laparoscopic or vaginal hysterectomy to open abdominal hysterectomy in Germany. For both types of hysterectomies, the rates of conversion were highest for indications including primary malignant genital tract cancer, other cancers as primary diagnosis, and neoplasia of uncertain behavior. The crude rates of conversion from laparoscopic and vaginal hysterectomy to open abdominal hysterectomy among benign indications were 10.5% and 1.1%. In contrast to studies that report conversion rates in highly selected patient series usually treated at a few centers, we provide nationwide, population-based conversion rates which complicates the comparison of our results with those reports.Published conversion rates vary considerably and may depend on several factors including patient-related factors like uterine size, pelvic and bowel adhesions, and body mass index, physician-related factors like the surgeons' experience, iatrogenic injuries (for example bleeding, perforation, uterovaginal fistula), and extent of surgery (adnexectomy, pelvic/aortic lymph node dissection)[START_REF] Leonard | Total laparoscopic hysterectomy: preoperative risk factors for conversion to laparotomy[END_REF][START_REF] Ng | Retrospective study of the success rates and complications associated with total laparoscopic hysterectomy[END_REF][START_REF] Tohic | Hysterectomy for benign uterine pathology among women without previous vaginal delivery[END_REF][START_REF] Eisenkop | Total laparoscopic hysterectomy with pelvic/aortic lymph node dissection for endometrial cancer--a consecutive series without case selection and comparison to laparotomy[END_REF][START_REF] Tunitsky | Does surgical volume influence short-term outcomes of laparoscopic hysterectomy?[END_REF]. The age-associated risk patterns of conversion differed by type of hysterectomy. For example, women aged 50 years who underwent hysterectomy for benign diseases of the genital tract had an estimated conversion risk of 11% and 1.1% for laparoscopic and vaginal hysterectomy respectively. In contrast, women aged 80 years who underwent hysterectomy for benign diseases of the genital tract had an estimated conversion risk of 22% and 0.5% for laparoscopic and vaginal hysterectomy respectively. Given the many factors that influence the decision to convert to open abdominal hysterectomy we cannot provide an explanation of the different age-associated risk patterns as clinical details beyond ICD-10 codes and procedure codes are missing in the DRG data set.

(

  laparoscopical hysterectomies only) and indication group (laparoscopical and vaginal hysterectomies) were associated with the rate of conversion to open abdominal hysterectomy.

  132,514 hysterectomies associated with leiomyoma of the uterus as the primary diagnosis. However, an additional 25,316 hysterectomies with a secondary diagnosis of leiomyoma of the uterus were observed. Similarly, 57,260 hysterectomies were

	associated with genital prolapse as the primary diagnosis and an additional 11,430
	hysterectomies had a secondary diagnosis of genital prolapse. The primary
	diagnosis "excessive, frequent & irregular menstruation (ICD-10: N92)" occurred only
	among 23,537 hysterectomies associated with benign diseases of the genital tract.

Table 1 Hysterectomy Indication Groups derived from a Hierarchical Algorithm and Diagnoses associated with 305.015 Hysterectomies in Germany from 2005 to 2006

 1 

	Indication Groups and ICD-10 Codes	N	%	Bilateral
				Ooph. %
	Primary or secondary diagnosis: Primary	37,037	12.1	86.9
	malignant cancer of the female genital			
	organs 1			
	Cervix uteri (C53)	6,862		
	Uterus (C54-C55)	20,982		
	Ovary (C56)	9,838		
	Other & unspecified female genital organs	709		
	(C57)			
	Placenta (C58)	13		
	Primary or secondary diagnosis: Endometrial	5,063	1.7	40.3
	adenomatous hyperplasia (N85.1)			
	Primary or secondary diagnosis: In-situ	6,337	2.1	14.3
	neoplasm of the genital organs 1			
	Cervix uteri (D06)	6,145		
	Other & unspecified part of the uterus	125		
	(D07.0)			
	Other & unspecified female genital organs	84		
	(D07.3)			

Primary or secondary diagnosis: Neoplasm of uncertain or unknown behaviour of female genital organs (D39) 5,646 1.9 55.2 Primary diagnosis: Primary malignant cancer other than C53-C58 as the primary diagnosis

  

	2,712 1,256 117 161 393 230 N 248,220 132,514 57,260 23,537 10,041 3,957 3,449 2,628 2,151 2,038 1,550 9,095 1.) the sum of diagnosis-specific indications does not necessarily add up to the 0.9 Colorectal cancer (C18-C21) Malignant neoplasm of retroperitoneum & peritoneum (C48) Malignant neoplasm of breast (C50) Malignant neoplasm of bladder (C67) Secondary malignant neoplasm of ovary (C79.6) Indication Groups and ICD-10 Codes % Bilateral 72.1 Ooph. % Benign diseases of the genital tract 2 81.4 12.4 Leiomyoma of the uterus (D25) Genital prolaps (N81) Excessive, frequent & irregular menstruation (N92) Endometriosis (N80) Benign neoplasm of ovary (D27) Other noninflammatory disorders of uterus, except cervix (N85) excluding endometrial adenomatous hyperplasia (N85.1) Dysplasia of cervix uteri (N87) Pain and other conditions associated with genital organs and menstrual cycle (N94) Other disorders of urinary system (N39) 3 Menopausal and other perimenopausal disorders (N95) Other diagnoses Legend Table 1 group total as more than one diagnosis of the group may have been the reason for hysterectomy 2.) Ten most frequent primary diagnosis associated with hysterectomy sorted in descending order (these 10 diagnoses include 96% of all hysterectomies associated with benign diseases) Other primary cancers (Table 1 continued) 3.) 1,937 out of 2,038 N39 codes (95%) were N39.3 (stress incontinence)

Table 2 Age-specific and Overall Hysterectomy Rates (per 100,000) in Germany of the Years 2005-2006
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	Indication-specific Age-specific Hysterectomy Rates

Legend Table

2

: SE: standard error of the rate.

Table 3 Crude and Age-adjusted Rates (%) (Conversion per 100 operations) and 95% Confidence Intervals of Conversion from Laparoscopical or Vaginal Hysterectomy to Open Abdominal Hysterectomy by Age in Germany of the Years 2005-2006

 3 Estimated rates are based on linear risk models[START_REF] Greenland | Introduction to Regression Models[END_REF]. Conversion from laparoscopic to open abdominal hysterectomy: 1,707 out of 16,674 hysterectomies (10.1%); conversion from vaginal to open abdominal hysterectomy: 1,616 out of 146,244 hysterectomies (1.1%);

	Hysterectomies (N)	Mean Age	Conversions	Crude Conversion Rate	Age-adj.
		(SD)	(N)		Conversion Rate

Table 4 A Comparison of Hysterectomy Rates per 1,000 Women Across Countries

 4 

	Publication	Population	Calendar	Correction of	Age		Indication for Hysterectomy	
			Period	Population 1	(Years)				
						Any Cancer Precancerous	Benign
								lesions	diseases
	Merrill 2008 (3) 2)	United States	2001-2005	no	18+	5.5	0.4	0.2	4.9
	Spilsbury et al. 2006	Western	2003	no	20+	n.a.	n.a.	n.a.	5.4
	(7) 3)	Australia							
	Lundholm et al., 2009	Sweden	2001-2003	no	18+	n.a.	n.a.	n.a.	2.1
	(9)								
	This study 4)								
		Germany	2005-2006	no	20+	4.5	0.5	0.2	3.6
		Germany	2005-2006	yes	20+	5.4	0.7	0.2	4.4

Table 4 1

 4 ) correction of population at risk for the prevalence of hysterectomy; 2) Cancer of the female genital organs (ICD-9: 179-184); precancerous lesions included endometrial cystic hyperplasia (ICD-9: 621.3) and carcinoma in situ of the genital organs (ICD-9: 233); 3) Spilsbury et al.[START_REF] Spilsbury | Persistent high rates of hysterectomy in Western Australia: a population-based study of 83 000 procedures over 23 years[END_REF] additionally reported the age-standardized (weights of the Australian population of 2001) additionally adjusted for the underlying prevalence of hysterectomy: 4.8 per 1,000 women; 4) This study: precancerous lesions included endometrial adenomatous hyperplasia (ICD-10: N85.1) and in-situ carcinoma of the genital organs (ICD-10: D06, D07.0, D07.3); n.a.: not applicable or not reported;

Acknowledgements

We are very grateful for the many helpful comments by Katrina Spilsbury, CHIRI, Centre for Population Health Research, Curtin University of Technology, Perth, Western Australia, on an earlier draft of this manuscript. We thank Mareike Kunze, Institut für Medizinische Epidemiologie, Biometrie und Informatik, Universitätsklinikum Halle und Medizinische Fakultät, Martin-Luther-Universität Halle-Wittenberg, Halle (Saale)University of Halle, for the preparation of the figures.

Disclosure of funding

No funding.