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In the Netherlands, a new guideline was introduced for the diagnosis and treatment of ectopic pregnancy (EP) and pregnancy of unknown location (PUL) in 2016. Although the Dutch association of Obstetrics and Gynaecology published this guideline, there were still doubts about the treatment outcomes and adherence to the new guideline. Compared to the previous guideline, the new guideline had a more prominent role for conservative treatment. In this large retrospective, multicenter cohort study at the department of Obstetrics and Gynaecology of six hospitals in the Netherlands, we evaluated the implementation of a new guideline for diagnosis and treatment in 1306 women with EP or PUL. Since the implementation of the new guideline more women were diagnosed with PUL and treated conservatively with methotrexate. Although the success rate of treatment with methotrexate was significantly lower than surgery, there were no observed differences in complications and adverse events between the guideline cohorts. In addition, the overall adherence to the new guideline was reasonable and similar to what is known in literature. This guideline was evidenced based and we showed that there is still a gap between daily practice and evidenced based care. Guidelines are developed to close the gap between research and practice, but the implementation of a guideline is challenging. We found that the overall adherence and treatment outcomes did not change with the implementation of the new guideline.
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Abstract  
Objective: Evaluation of the implementation of a new guideline for diagnosis and treatment of women  with pregnancy of unknown location (PUL) or ectopic pregnancy (EP).
Design: Multicenter retrospective cohort study
Setting: Six hospitals in the Northern part of the Netherlands
Population and methods: Women above 18-years old with a final diagnosis of PUL or EP between January 2012 to April 2020. 
Main outcome measures: Diagnostic findings, type of treatment and outcomes, before and after implementation of the guideline. User interpretation of the guidelines. 
Results: 1306 women with PUL or EP were included. The amount of women diagnosed with PUL has significantly increased between the guideline cohorts (28.4%;174/693 versus 16.6%;115/613 P<0.001). A significantly lower percentage of women using the new guideline underwent surgical management versus treatment with MTX (odds ratio [OR] =0.516, 95% confidence interval [CI] 0.399 – 0.668 P<0.001). Among women treated with MTX, the overall success rate was significantly lower compared to surgery (80.5%;103/128 versus 95.2%; 943/991 P=0.007). There was no observed difference in adverse events or guideline adherence between the guidelines. 
Conclusion: The implementation of the new guideline contributes to an increase in women diagnosed with PUL and treated with MTX. Treatment with MTX caused more complications and a lower treatment success compared to women undergoing surgery. This did not lead to an increase in adverse events between the guidelines. The overall adherence to the guidelines was equal. 
Keywords: Ectopic pregnancy; pregnancy of unknown location; methotrexate; surgical management; guideline; adherence

Tweetable abstract: Implementation of the new guideline contributes to an increase in women diagnosed with PUL and conservative treatment with methotrexate (a drug with a higher risk of complications and a lower succesfull treatment compared to surgery), however this did not lead to an increase in adverse events between the old and new guidelines.  

Introduction 
An ectopic pregnancy (EP) is a potentially life threatening condition where the implementation of the blastocyst is outside the uterine cavity.1 It occurs in 1-2% of all pregnancies.1,2 In some cases, no evidence of an intrauterine pregnancy, miscarriage or EP can be found. In those cases, pregnancy of unknown location (PUL) is the preferred terminology.3,4 A diagnostic laparoscopy to confirm the diagnosis, mostly followed by a salpingectomy, still is the gold standard.5 Over the last decades, treatment with methotrexate (MTX) has become more common in selected cases.5 Guidelines increasingly embrace this option. This study investigated the effect of a new guideline for diagnosis and treatment for women with an EP or PUL.
Most women with a suspected PUL or EP are seen around six to eight weeks.2 Measurement beta subunit of human chorionic gonadotropin (β-hCG) is needed to confirm pregnancy.5,6 Transvaginal ultrasound (TVS) is used to locate a possible pregnancy. Due to the improvement of the TVS, the specificity of the combined approach of measurements of the serum β-hCG and TVS to detect an EP has increased over the last decennia to 95%.7 Because of these improvements more women are eligible for conservative treatment. Nowadays, MTX – an antagonist of folic acid, which leads to regression of the pregnancy8,9 – is worldwide accepted as standard treatment for hemodynamic stable woman with a high suspicion of an EP or PUL based on the TVS and β-hCG. Expectant management consists of serial β-hCG measurements and repeated TVS.5,8

In the Netherlands, a new guideline was introduced by the Dutch Society of Obstetrics and Gynecology for the diagnosis and treatment of EP and PUL in 2016.10 Compared to the previous guideline11, the new guideline had a more prominent role for radical surgery (salpingectomy) and conservative treatment strategies, such as expectant management and treatment with MTX. The recommendations in this new guideline are similar to that of other international guidelines.12,13,14 Implementation of a guideline is often challenging14 and can lead to a gap between daily practice and evidence-based care. Therefore, it is important to evaluate this to reduce the gap between research and daily practice.
This study aims to evaluate the implementation of a new guideline for diagnosis and treatment of women with PUL or tubal EP, by doing a retrospective care evaluation. This includes evaluation of: user interpretation of the guideline; changes in treatment administered and outcomes, before and after implementation of the new guideline.















Methods
Study design and population
This was a multicenter retrospective cohort study evaluating the implementation of the new guideline for the diagnosis and treatment of women with suspected EP or PUL. The evaluation was conducted from May 2020 until May 2021 at the department of Obstetrics and Gynaecology in six hospitals in the North an eastern part of the Netherlands; the University Medical Centre Groningen (UMCG), Isala Zwolle, Medical Centre Leeuwarden, Martini Hospital Groningen, Medical Spectrum Twente Enschede and Deventer Hospital. The study group consisted of all women with a suspected EP or PUL or diagnosed and treated for EP or PUL in one of the six hospitals from January 2012 until April 2020. In the Deventer Hospital data from January 2012 up to January 2014 were not available. All women under 18 years of age and women transferred from or to another hospital with no adequate reporting were excluded. 

Ethical approval 	
Approval for this study was obtained in the form of an exemption of the Medical Research Involving Human subject Acts (WMO) ruled by the Medical Ethics Review Board of the six involving hospitals. The boards of all the hospitals ruled that this study is not clinical research with human subject as meant in the WMO (UMCG RR number 202000376). 

Study process 
Women were identified by screening for the Diagnosis Treatment Combination (DBC) code (a code used by the Dutch Healthcare Authority to register the delivered care) from the electronic patient files (EPF) in the programs Hix, Epic and Xcare. The DBC code Z12 (what used to be the V21) represents all women who have a miscarriage, EP, PUL, or other pathology associated within the first 16 weeks of gestation. Women that did not meet the inclusion criteria were excluded for further analysis. Three groups of women where identified: women with final diagnosis PUL, non-tubal EP or tubal EP. This study population was subdivided in two groups; women diagnosed and treated according to the previous guideline and women diagnosed and treated according to the new guideline. All data were collected retrospectively and anonymized.

Variables 
Demographic characteristics, risk factors and clinical and laboratory data were obtained in patients files. The data collection consisted of the year of clinical signs and symptoms, age, gestational age, gravidity, parity, risk factors for an EP and the presence of clinical signs (abdominal pain or vaginal bleeding). Regarding the diagnosis, measurement of the serum β-hCG levels at t0 hours, t48 hours, t96 hours, t7 days and t14 days and the hemoglobin values at presentation (T0), before administration of MTX (Tmtx) and before surgery (Tsurgery) were collected. The TVS findings were collected, including presence of an adnexal mass, free fluid and fetal heartrate. 

Outcomes
Treatment and outcome
Data on treatment included: expectant management, medical (MTX) or surgical (diagnostic laparoscopy, salpingotomy or salpingectomy). For each treatment the date of treatment, side effects, complications, treatment success and follow-up period were noted. Re-interventions were noted for cases where primary treatment was unsuccessful (defined as insufficient drop in the serum β-hCG levels or when symptoms worsen despite treatment). 

[bookmark: _tyjcwt]Guideline adherence
Diagnosis and treatment according to the guideline were obtained by determining for each individual woman what guideline was used. The new guideline was released in December 2016, hence most women presenting until the end of December 2016 were included in the previous guideline group and most women presenting after the 1st of January 2017 were included in the new guideline group. For diagnosis following the guideline, we registered whether the process of making the diagnosis was according to the applicable guideline10,11, by looking at the β-hCG levels and TVS findings (figure S1, S2 and S3). For treatment according to the guideline, we noted whether the administered treatment was according to the applicable guideline (figure S4).10,11  In addition, these two variables were also registered together as the variable overall guideline adherence. Furthermore, the reason for deviation from the guideline was registered. 

Statistical analysis 
Data were collected in IBM SPSS version 23.0 for Windows (IBM Corporation, Armonk, NY) for the use of statistical analysis. The data were expressed as a percentage (%) for categorical data, as a mean ± standard deviations (SD) or a median with interquartile ranges (IQR), depending on the distribution of the continuous data. Normality was checked using a histogram and a Q-Q plot. When there was doubt about the normality, the Kolmogorov-Smirnov test and the Shapiro-Wilk test were performed. Differences in dichotomous outcomes were analyzed with the chi-squared test or the Fisher’s exact test. Student’s T-test was used for analysis of continuous variables with a normal distribution, and the Mann-Whitney U-test for analysis of continuous variables with a skewed distribution. P-value of 0.05 or less was considered significant. Multivariable logistic regression was performed with a stepwise selection for potential confounders. If a potential confounder changed the odds-ratio (exp b) more than 10% it was considered a confounder.


Results 
Recruitment of patients data
In this study, a total of 1306 women with PUL or EP, who visited one of the six participating hospitals between January 2012 and April 2020, were included. A total of 20614 women were excluded (figure 1). Of the in total 1306 women included, 289 women had the final diagnosis PUL and 1017 had the final diagnosis EP. For the previous guideline cohort, the final diagnosis of PUL is lower than for the new guideline cohort (16.6%; 115/693 versus 28.4%; 174/613 P<0.001). For the previous guideline cohort, the final diagnosis of EP is higher than for the new guideline cohort (83.4%; 578/693 versus 71.6%; 439/613 P<0.001).

Main patient characteristics 
The mean age at time of presentation was 31,0 years with a standard deviation of 5,1. Mean gestational age was 44,9 (with a standard deviation of 13,1) days. Around 60% (N=776) of women had vaginal bleeding and/or abdominal pain. Moreover, between 11% (N=77) and 14% (N=87) had acute abdominal pain. There were no differences between the groups with respect their obstetric history. A significant difference was found in TVS findings (free fluid and adnexal mass) between the two guidelines. The baseline characteristics are presented in table 1. There were no differences found in de populations of the six hospitals regarding the baseline characteristics. 

Outcomes
Administered treatment    
There was a shift in preferred treatment with fewer surgeries and more expectant management and MTX after the introduction of the new guideline (graphic 1). Women in the new guideline cohort had less chance to undergo surgery (odds ratio [OR] =0.516, 95% confidence interval [CI] 0.399 – 0.668 P<0.001) and increased chance to get MTX (odds ratio [OR] =2.529, 95% confidence interval [CI] 1.719 – 3.723 P<0.001). Thus, women treated after implementation of the new guideline had a two times less chance to get surgical treatment and almost two and a half times more chance to receive MTX. No confounders were found that interfere within the effect of the guideline. In the previous guideline cohort, 103 (14.9%) women followed expectant management, 42 (6.1%) women received MTX and 565 (81.5%) women underwent surgery. In the new guideline cohort, 130 (21.2%) women followed expectant management, 86 (14.0%) women were treated with MTX and 426 (69.5%) women received surgery.

In the previous guideline cohort, 467 (76.4%) women had an indication for a salpingectomy versus 372 (60.7%) women in the new guideline. Also 38 (5.5%) women had a salpingotomy in the previous guideline versus 3 (0.5%) in the new guideline.  There was a significantly difference in the sort of surgery women received between the two guideline cohorts (P<0.001).

Adverse events and success of the administered treatment
The overall success of treatment with MTX was 80.5% (N=103) compared to 95.2% (N=907) of surgery (P<0.007). No difference was found in adverse events between guideline cohorts (5.3% (N=37) versus 8.8% (N=54)). During treatment with MTX, 18.7% (N=24) of women developed an adverse event, compared to 6.8% (N=62) of the women who underwent surgery. The most common adverse event where surgery was indicated were acute abdominal pain or acute bleeding. Women undergoing surgery, reported the following adverse events infection 1.1% (N=11), bleeding >1L 2.8% (N=28) or even re-operation in 0.7% (N=7). The most common side effects registered in women treated with MTX in this study include gastro-intestinal complaints (diarrhea, abdominal pain, nausea), dizziness, reddened eyes, decreased appetite and oral mucositis. 

Guideline adherence 
Between the different hospitals, differences were found in the adherence of the guideline (P<0.001). The guideline adherence overall is 72.8% in the old guideline cohort and in the new guideline cohort 70.5% (P=0.363).The diagnostic part of the guideline was followed properly in 79.2% and 81.5% of women respectively (P=0.516). Low adherence in planning of follow-up visits after two and particularly after four days was observed. Moreover, in some cases only the β-hCG serum values were measured during these visits and no TVS was performed. The treatment part of the guideline was followed properly in 82.1% and 81.0% of women respectively (P=0.280). In this study, some women with low-serum β-hCG levels, MTX was not considered although this was indicated.




















Discussion 
Main findings
This study evaluates the implementation of a new guideline for diagnosis and treatment of women with EP or PUL. With the introduction of the new guideline more women were diagnosed with PUL. Consistent with the recommendation in the new guideline, EP and PUL was increasingly treated with both MTX and expectant management. The overall treatment outcomes did not change with the implementation of the new guideline with regard to treatment success and regarding complications and the need of a re-intervention. The overall adherence to the guidelines was equal. 
Strengths and limitations 
This study has been able to give an overview on the implementation of a new guideline compared to the previous guideline and outcome of the treatments applied. Due to the inclusion of six teaching hospitals in the Northern Netherlands, we were able to create a realistic estimation of the general population in the Netherlands. The benefit of the multicenter approach of this study was not only a large number of participants, but also different geographic locations, wider range of population groups and the ability to compare results among hospitals. By selecting the women with the DBC code, research was specific. This increased the generalizability of the study. In this study there where clear and clinically relevant inclusion criteria used to minimize the risk of bias. Some limitations can be considered. The main limitation of this study was its retrospective nature. Due to the retrospective nature only the documented patient records were obtained, hence it is possible that clinical management may have been dictated by information not documented in the records. In this study, data over an eight-year period were used, which gives a high probability of data loss. However, the EPF of every individual woman who was identified through DBC code has been carefully reviewed, which prevented data loss. Six hospitals were involved and each hospital had a different point in time of implementation of the guideline. Therefore, the comparison of guideline adherence between the hospitals is less accurate. In addition, data from the EPF’s are collected by different observers, so data may have been assessed differently. 
Interpretation
Since the implementation of the new guideline, the amount of women diagnosed with PUL has significantly increased. A possible explanation could be that more emphasis is put on the diagnosis of PUL in the new guideline.10 In addition, more women are treated non-invasively, so the exact location of the pregnancy is not confirmed.16 Overall resulting in a higher incidence of PUL. Medical management with MTX was increased in the period using the new guideline, surgical management was being used less frequently. Availability of MTX and use of early sonography have facilitated a shift to a more non-invasive medical management, also seen in another study.17 
As mentioned before, more women are being treated with MTX in the new guideline – a drug with a higher risk of complications and a lower treatment success than surgery. Our results showed that almost 20% of women who received MTX failed initial treatment and therefore required surgical intervention. Our results align with those of other recent studies where similar surgical intervention rates after MTX failure were found. Between 2016 and 2019, Hawrylyshyn et al18, Bonin et al 19, and Cohen et al20 reported surgical intervention rates respectively 17.8% in a series of 152 patients, 21.5% in 400 patients and 24.4% in 409 patients. The change in the balance of the chosen treatment did not lead to a significant increase in adverse events between the two guidelines. However, a minimal increase of adverse events was seen which could possibly lead to significant differences in adverse events in the futures.
This study showed a decrease of 5% in the amount of performed salpingotomy between the guideline cohorts. This change can be explained by the recommendation in the new guideline to perform salpingectomy instead of salpingotomy in women with an EP and a healthy contralateral tube.10 This recommendation is based on two studies that showed comparable fertility prospects between radical and conservative surgery in women with an EP.21,22  
So far, one study on the implementation and adherence of a guideline for the treatment and diagnosis of PUL and EP has been published.23 This has already shown structural problems with overall adherence of 75% in 317 women to the previous guideline.23 Our study confirms previous findings. In addition, we describe new overall adherence of 69% in 613 women. In our study, we observed low adherence in the planning of follow-up visits after two and particularly after four days. Those findings were in accordance with the study of Mol et al 23, where low adherence in the planning of follow-up visits after two days was observed. In this study, some women with low-serum β-hCG levels, MTX was not considered although this was indicated. This might be a sign of less confidence in treatment with MTX or different user interpretation of the guideline. Moreover, our study found a difference in guideline adherence between the different hospitals. Different time of implantation of the guideline in the different hospitals might affect the adherence. Therefore, it is important to be aware of the time it takes for the full implementation of a guideline. Over time, the adherence might improve due to familiarity with the new guideline. 
Important advantages of the new guideline are less surgeries and fallopian tube preservation. Further research can compare long-term outcomes of these advantages. The change in treatment may lead to fewer hospital admissions, lower costs and better patient experience. In addition, a follow-up study can compare long-term subsequent fertility outcomes after treatment with expectant management, MTX and surgery. 
There is a known gap between daily practice and the evidenced-based care, which results in a practice variation between doctors and in the care for patients that is not based on the new evidence. Guidelines are developed to close the gap between research and practice, but the implementation of a guideline is challenging.24 Therefore it is important to evaluate the implementation of a new guideline. Professionals should be more aware of the evidence-based treatment, leading to better care and less. In addition, important objectives of the new guideline are less surgeries and the potential associated risks, better organization of the care and less overall financial costs.	


Conclusion
This multicenter retrospective cohort study evaluated the implementation of a new guideline for women with EP or PUL and made a comparison with the previous guideline. The implementation of the new guideline contributes to an increase in women diagnosed with PUL and treated with MTX. The treatment with MTX caused more complications and a lower treatment success compared to women undergoing surgery, causing no improvement in the overall treatment outcome. The positive effect on the future pregnancies resulting from the more non-invasive treatment with fallopian tube preservation and the overall financial costs should be investigated and taken into consideration while looking at the overall treatment outcome of the new guideline. The overall adherence is reasonable and similar to what is known in literature. However, there is still a gap between the evidenced-based guideline and the daily practice, which will need the attention of the professionals. 
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