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3.3.0
Executive Summary

This part of the guideline will give an explanation of cervical cytology. It  is a general introduction to explain cytology as a method with its principles, advantages and shortcomings. The content of the chapter 3.3 is organised as follows: 

· Introduction to Cervical Cytology 

· Historical Background 

· Principles of the cytological method 

· Reading a Cervical smear 

· Screening Technique and Localisation 

· Cell analysis: Interpretation 

· The cytological report 

· Clinical application of cervical cytology 

· Use of cervical Cytology for primary screening 

· Use of Cytology in the follow up of lesions or after Therapy 

· Use of Cytology after Reports of Abnormal Cytology (Triaging) 

· Variants of cervical cytology 

· Automation in cytology 

· Liquid based cytology

Since cervical cytology is at present generally the recommended method of cervical cancer screening aspects of cytology will be dealt with throughout this guideline. For this reason this chapter is closely linked to the other chapters and appendices: Appendix on reporting in cytology,  Liquid based cytology, Automated cervical cytology, Comparison of methods, Management of patients with abnormal cytology, training and proficiency testing. 

3.3.1
Introduction to Cervical Cytology 

Cytology can be defined as the science of cells. In the clinical medical context this is generally understood as cytology applied for diagnostic medical purposes. So synonyms are applied cytology, diagnostic cytology, clinical cytology,  and cytopathology. The latter indicates, that cytology is used to recognise disease, where pathology is the science of disease. For this chapter the term cervical cytology is preferred to other terms like vaginal cytology, gynaecologic cytology, Pap test, and Pap smear. 

The preference for "cervical cytology" also indicates that the test is largely used as the standard screening method throughout the world for cervical cancer and that vaginal carcinoma as the old term vaginal smear might suggest is relatively rare and not the primary target of screening programs. 

To perform the test cells detached from the cervix with a sampling device are analysed under a microscope. If precursor lesions or cervical carcinoma are detected, adequate triage or treatment are initiated. If well organised,  especially when imbedded in screening programs reaching a high coverage of the target population, deaths from cervical cancer can be prevented in most cases.  

3.3.2
Historical Background

Diagnostic cytology has been used as a early as in the 19th century, even before biopsy - generally defined as histological analysis of a tissue of a living being - became a clinical method. Publications by Babes (1926) and Papanicolaou (1927) related to the cytological diagnosis of cervical cancer were not transferred into medical practice. Only after a monograph by Papanicolaou and Traut in the early 1940s the method found widespread use  and in honour of George Papanicolaou the method became often referred to as "Pap Test" or "Pap Smear". Papanicolaous' name also became widely known since he classified the results with a system of 5 groups with the Roman numbers I to V, which was useful in its time and has been replaced by report schemes arranged to the expected underlying histological type of lesion. Since the introduction of cytology as a method of cancer detection the knowledge about the test has growing including the definition of special lesions to be found like endometrial carcinoma, ovarian carcinoma. The most important development was the finding that the test is not only able to detect cancer but also its precursor lesion. With the development of differential cytology several degrees of intraepithelial lesion were diagnosed and separation of intraepithelal lesions like carcinoma in situ from invasive carcinoma can be performed with reasonable results that can guide patient management. Probably, there is no other field of pathology where issues of quality assurance were addressed so early. Further major topics of development were related to improving the test performance by special techniques like automation or liquid based cytology. At the same time continuous research has been devoted to develop alternative or complementary tests.

3.3.3
Principles of the cytological method

Cells are sampled with a sampling device from the surface of the uterine cervix and the cervical canal. Cells are smeared on a glass slide either directly or deposited on a slide after being first transferred to a liquid medium. For visual evaluation by the human observer the cells must be stained. The cells are then analysed using a microscope. The result of the microscopical examination forms the basis of the cytological report, which may guide further actions where indicated.

The principle which allows cervical cancer screening with cervical cytology can be simplified as follows: Cervical cancer is a frequent cancer developing on the basis of long term easily diagnosable precursor lesions, which allow definitive curative treatment in an easily accessible non vital organ. The Pap test is available as a safe screening method with high sensitivity and specificity, is simple and sampling causes only minimal discomfort to allow for a high compliance even among healthy feeling woman. Aside from primary prevention of cervical cancer that might become possible in the future by vaccination the situation seems ideal with cancer prevention via early detection of the precursor lesions and their elimination. For those patients who have already developed cervical cancer the preponement of the diagnosis by the test improves the prognosis, since cervical carcinoma shows a clear stage related cure rate. Concerning severe dysplasia and carcinoma in situ which do not tend to regress spontaneously conisation is available allowing both final diagnosis of the lesion and its cure.

Based on these premises cervical cancer screening has been initiated in many places throughout the world. Where in place and available and accepted by the women it has resulted in a dramatic decrease in cervical cancer incidence and mortality. The cervical smear became the most successful cancer test in medical history and is used almost without changes since its introduction into practice 60 years ago.

Still, it became also clear that the method is not perfect, still woman are dying of cervical cancer, among them women who had cervical smears. Many Pap test scandals have been reported and there is no doubt, there are more still to come. In contrast to the oversimplification presented above, cervical cancer screening is highly complex.  These are the major reasons explaining the need for guidelines for cervical cancer screening.

3.3.4
Reading a Cervical Smear

Reading a cervical smear is a rather complex procedure. Primarily it can be understood as a search procedure including single cell classification and a slide interpretation. With a number of e.g. 50.000 squamous and 5.000 endocervical cells it is clear that not all of these are evaluated visually in detail. The number of atypical cells in a smear may be quite low, especially in low grade intraepithelial lesions. The problem of searching for a few atypical cells in a large area has been the basis for the development of the cytotechnologists' profession, and a thorough visual screening of cervical smears is still the basis for all cervical cancer screening programs. This chapter will address both the localisation phase and the interpretation phase of cervical cytology. In reality both cannot be easily separated.

3.3.5
Screening Technique and Localisation

Magnification: The resolution of the unaided human eye is about  0.1mm, 100µ. Considering a nuclear size of 10µ, a ten power magnification is about the minimal enlargement required if regular sized nuclei are to be detected at all. At this magnification no nuclear detail can be recognised. For screening purposes generally another 10 power magnification is used. With this set up we end up with a standard of  a 10 power objective and  a 10 power eye piece magnification resulting in a 100 power total magnification, which is today the standard for screening purposes. With this magnification nuclear features are mainly size and contrast, structural resolution is very poor even after foveal fixation. Lower magnification can be used for orientation but not for screening in gynaecological cytology. Higher magnification,  25x and 40x is used to view objects of interest in more detail. Obviously, cytological preparations have to be read with a microscope. 

Screening technique: Generally, the screening of a case starts on one of the edges of the cover glass. After the inspection of the field of view, the observer passes on to the next field of view with a quick movement of the stage. This process of alternating movements and stops is continued in the same direction until the opposite side of the cover slip is reached. Here the observer moves to the next line where the screening is continued in the opposite direction. In this way the slide is screened in a "meander"-like fashion until the total area of the slide has been screened. 

Detailed understanding of the screening process: The screening process can be understood as follows. With a duration of about 180 msec the slide is moved from one field of view to the next . During this time there is no foveal fixation.  The new field of view is examined during the latency period by peripheral vision. If no conspicuous object is found, after about 230 msec the microscope stage is moved to the next field of view. If there is a conspicuous object, it will be fixed by the fovea after a very rapid eye movement, a saccade. If necessary, in the same field of view several objects will be fixed, each after a saccadic eye movement. Then the stage will be moved to the next field of view. This process shows some obvious limitations in screening performance. Only a limited part of the specimen area is analysed with stationary fields of view. During stage movement no fixation takes place. Most of the area can be covered only by peripheral vision. In the periphery of the fields of view foveal fixation is found less frequently. Functionally the optical system works like a dual magnification system. 


Screening Technique and Quality Assurance: The relation of total screening time, number of fields of view and the slide area in stationary fields of view can be calculated. It is evident that there is a correlation between total screening time and the specimen area that can be overseen during the stops in the screening process. There is no doubt that with less screening time per specimen, not the total slide area but just part of it is seen. The use of large-field binoculars (e.g., 40° visual angles) does not really solve the problem since the detection threshold of peripheral vision increases towards the margin of the fields of view. The use of miniature cover glasses also does not seem acceptable. The use of special cell preparation techniques like liquid based cytology resulting in deposition of the representative sample with a randomised distribution in a limited slide area has been discussed and is at present the only acceptable approach to reduce the deposition area substantially. If the time spent by a cytotechnologist on a case is evaluated, not only the screening time but also some time for documentation of the screening results have to be taken into account. If a cytotechnologist needs on the average five minutes per slide and one minute for documentation, he or she will be able to read 10 cases per hour and 60 cases per day in six hours spent at the microscope. Of this time, about 60 minutes will be used for reading patient documents and filling in forms. Organisation of the lab should focus on keeping the inter case interval short in relation to the microscopy time.

Under almost optimal working conditions the cytotechnologist has to do a superb job. The problem of searching for a suspicious cell can be illustrated by the following analogy: detect large cars among smaller cars while flying 1,000 m high in an area 230 km in length and 720 m broad within five minutes at a velocity of twice the speed of sound. If a cytotechnologist screens 180 slides per day, as has been reported from some laboratories, she will need approximately three hours for reading sheets and documentation. In the case of a total microscopy time of six hours per day, the time devoted to screening slides would be about three hours, which means that only about one minute of screening time can be devoted to a single, one-slide case. Cervical cytology becomes a method that is comparable to rapid prescreening can help with early detection in some cases of cervical carcinoma, yet the aim of early detection of precursors and applying therapy to avoid invasive cervical carcinoma cannot be reached with an acceptable sensitivity. 

A woman who undergoes a Papanicolaou smear cannot be sure that her smear is being screened adequately. Our data show that visual screening has many limitations; therefore, we have generally suggested a daily screening maximum of 60 slides, presuming six hours at the microscope. It seems essential to define such daily limits per cytotechnologist and 24 hours. Definitions of the maximum slide numbers per year and primary screener are not useful for quality assurance in daily practice.  

Essentially, modern techniques did not change the workplace or working conditions for the cytotechnologist in recent years. Regular recording of the screening pattern in the daily routine could be an important step in quality improvement. Computer programs can ask the cytotechnologist to rescreen all areas in a slide that might have been omitted. Implementing approaches to documenting all screening coordinates on a slide lead only to a minor increase in the costs of screening programs but on a large scale improve quality and potentially cost effectiveness. In future settings where cytological diagnosis might be a co-operative approach of man and machine, the technical microscope set up might anyhow need special microscope stages allowing for documentation of screening coordinates and relocation of objects. Such microscope stages also allow a presetting of the screening meander.

3.3.6
Cell analysis: Interpretation

The basic assumption of cytological diagnosis is that it is related to the histology of the relevant tissue. This means that there is an equivalent appearance of cells even after the cells are detached from tissue and all three dimensional information is lost. This basis including its limitations have been essential for cytology as a successful diagnostic tool both in other fields of exfoliative cytology and in fine needle cytology.

There are two main approaches to the interpretation of cells that are usually combined. One is based on the recognition and identification of cell types, the other is the criteria oriented approach e.g. analysing cells for the so called criteria of malignancy. A number of characteristic cell types are important for the interpretation of the cells. In most cases the cytological diagnosis is based on a cell population rather than on a single cell. In any case cytological interpretation is subjective. The complexity of these processes explains why training (Chapter 10) and proficiency testing (Chapter 7) are so important in clinical cytology. 

Examples of benign cells: 

· Squamous epithelial cells 

· Atrophic squamous cells 

· Endocervical columnar cells
Cells indicating intrepithelial cell changes:  
· Cells of mild dysplasia 

· 

 HYPERLINK "http://zytologie.schenck.de/bilder/index.php3?action=view&start=72&id=2617" \t "_blank" 
Cells of severe dysplasia and carcinoma in situ

Cells from invasive cancer:
· Cells of invasive squamous cell cancer 

· 

 HYPERLINK "http://zytologie.schenck.de/bilder/index.php3?action=view&start=36&id=593" \t "_blank" 
Adenocarcinoma of the Endocervix

Normal cytological findings

Separating "normal cellular findings" from "benign cellular changes" seems to be major problem. Since the days of Papanicolaou with his Pap classes I and II such separations have survived, still a number of aspects speak in favour of skipping such a separation in favour of a group that me called e.g. "negative", "negative for epithelial abnormality" or similar. Normal components of cervical smears are squamous cell, endocervical cells, endometrials cells at certain age groups and phases of the cycle. Atrophic epithelium may considered as normal or in some settings as benign cellular change, especially if atrophy induces inflammation or degeneration. 

Benign cellular changes

Numerous variants of benign cellular findings have been described. For many of them there is no clinical relevance. Rather many are important if they are not interpreted correctly and lead to over-diagnosis with potential over-treatment.

In general benign cellular changes may be related to:

· microbiology, infection, inflammation, 

· special hormonal situation / epithelial atrophy 

· ongoing or previous therapy 

· reaction to trauma

Examples of benign cellular changes according to the Bethesda System 2001:

Reactive cellular changes associated with:

· inflammation (includes typical repair), 

· radiation, 

· intrauterine contraceptive device (IUD). 

Glandular cells status post hysterectomy.

Atrophy.

Possibilities of clinical relevance of benign cellular changes:

· No clinical relevance at all 

· Cellular changes impeding cytological reading of the specimen 

· Cellular changes potentially inducing overdiagnosis 

· Cellular findings of benign changes needing patient treatment

Findings of follicular cervicitis are an example for a finding without clinical relevance. Still, potential over interpretation makes the findings important. Tissue repair has mostly no clinical meaning, still repair may over interpreted. 

Cytology of selected lesions

Patterns of different lesions are generally expressed by criteria catalogues. Knowledge of such criteria lists is important for training as well as for practical diagnosis. Still many cases do not display the complete set of characteristics but show only some of them, possibly added by some contradicting features. 

Adequacy of the sample

Most report schemes nowadays have a component related to the adequacy of the sample. The cytologist can answer the question, if the slide looks adequate for evaluation, but never will be able to classify a smear as representative. Accepting the smear as representative is a clinical decision based on the cytologic outcome and the observations made by the smear taker at the time of sampling. In general smears should contain both squamous eptithelial cells and endocervical glandular cells, which is documented in the report.

3.3.7
The Cytological Report

The numerical report schemes like Pap classes are obsolete. All reports must be text based and should use a standardised terminology implemented and stored in the laboratory information system (LIS). Since report schemes distribute medical and financial resources, generally national report schemes are used. Unfortunately translation among the different report schemes is difficult. For this reason more uniform reporting in Europe seems highly desirable. Annex  ... provides a suggestion for a uniform report scheme that might be implemented into the cytology laboratory software and allow for uniform data collection still accepting regional variety in the editing of the report. Purely manual reporting without computer documentation is no more acceptable for cervical screening laboratories. Where no national report schemes are in place choosing one of the common report schemes like the Bethesda System, BSCC Report Scheme, CISHOE or Munich report scheme is possible, still additional work to improve translatability is worthwhile. Texts and components should be easily accessible from the LIS by use of mnemonics or assigned codes. The LIS must allow for free-text capabilities which are necessary e.g. for special interpretations, comments and recommendations that deviate from standard routine. 

3.3.8
Clinical application of cervical cytology

3.3.9
Use of cervical cytology for primary screening

Performance data

Performance data of diagnostic tests are generally expressed in terms of sensitivity, specificity, positive and negative predictive values (See chapter...). Data concerning the performance of cytology are contradicting and controversial. Ideally data from the cytology lab should be collected in a way allowing to subgroup cases, so that different points of a ROC curve can be constructed. 

Cytology works well despite its limited sensitivity due to its very high specificity. With the extremely low prevalence of relevant lesions otherwise the positive predictive value would get extremely low. Screening programs have been organised in a way to compensate with repeated smears the sub-optimal sensitivity of the test. So the program sensitivity is higher than the sensitivity of the individual test.

Weighing sensitivity versus specificity 

Depending on regional paradigms and over time one or the other may be stressed more. Also the behaviour of the  cytopathologist will be influenced by information on priory probabilities and risk. Fear of false negatives and in particular fear of litigation may increase the percentage of non-negative reports (unsatisfactory and abnormal samples) to over 20%. In other settings all non-negative reports may be below 5%.

Major problems for the evaluation of performance data:

· No uniform definition of the target lesion. 

· Definition of thresholds is difficult 

· Lack of gold standard 

· Colposcopy has major deficits in sensitivity and specificity 

· Histology has the character of an alternative test 

· Influence of prevalence on predictive values

Patient factors influencing the sensitivity:

· Size of the lesion 

· Type of the lesion 

· Localisation of the lesion 

· Patient age 

· Hormone situation 

· Microbiological situation and coexisting disease

Effectivity

Cervical cancer screening programmes aim at preventing cervical cancer with minimal negative side-effects using available resources in an optimal way. Effectivity concerning the prevention of cervical cancer has been proven by number of results from screening programs and also opportunistic screening. The documentation on the avoidance of adverse effects of screening seem to be less well documented. 

On an individual basis lesions get increasingly rarer for women with the number of previous negative cervical cytology test results, so that a protective effect can be calculated. Women developing cervical carcinoma are especially those who never had a Pap-smear or only long time ago. 

To evaluate the effectivity of screening programs takes very long time, especially if the measuring endpoint is reduced incidence and mortality of cervical cancer. Comparing the outcome of the screening activity with the aim of the programme is an important aspect of quality assurance.

Lists of parameters which must be monitored and targets to be achieved in a cervical screening programme have been given in the previous European Guidelines and were divided into those that can be measured in the short term and those that can be measured in the long term.

It seems that where the short term parameters are fulfilled as planned, the success of screening programs can be taken as guaranteed even if the long term effectivity will need many years to be proven. Insofar monitoring the short term indicators is important since otherwise there is no chance to recognise diverging of programme and practice and react to deficits. 

It is possible to have an effective preventive programme which is not cost effective or may additionally have more adverse effects, than can reasonably be accepted. Therefore documentation of all aspects related to cervical cancer screening is very important. It is important to reach the optimal effect in relation to the available resources. 

Sensitivity has been generally estimated in the range of 60 to 80% of the high lesions and lower for less severe lesions. 

With increasing duration of population screening programs effectivity can be expected to decrease. According to Bayes theorem with the same sensitivity and specificity of a test the positive predictive value can be  expected to decrease with reduced prevalence of lesions. Till now, for cytology this effect is not proven to influence practice. 

3.3.10   Use of Cytology in the follow up of lesions or after therapy

Cytology can be used to detect persisting, recurring or development of new lesions after therapy of e.g. by conisation, hysterectomy or radiation. Effects of radiation therapy can be observed over decades in a number of cases. Cytological interpretation of such specimens may be difficult.

3.3.11   Use of Cytology after reports of abnormal cytology (triaging)

The usefulness of cytology will be related to the type and grade of abnormality found in the previous report. See chapter: 8 Management of patients with report of abnormal cytology. 

The purpose of cytology after an abnormal cytology may be:

· Continued search for abnormality 

· Confirming the previous findings 

· Controlling for regression of findings

Chapter 3.4: Liquid-based cytology

Due to the shortcomings of cervical cytology a number of techniques have been suggested to improve the diagnostic performance. Some relate to changes related to all cases participating in the program, some relate to a selection of the patients at the smear taking level and some relate to procedures that are performed in the laboratory e.g. for immediate additional information.

· DNA Cytometry 

· In-situ Hybridisation 

· Molecular markers

With the plans to develop automated systems for the analysis of pap smears it became clear very early, that cells smeared on slides in a rather disorderly fashion cannot be the optimal basis for automation. Therefore a number of improved preparation methods were developed. In most of these the cells were sampled into a liquid medium and from there deposited on the slides. The resulting specimen were given names like: Mono-layer slides, thin layer slides, liquid based cytology, sedimentation smears, centrifugal cytology or similar. It seems that liquid based cytology is the preferred term now. Due to the smaller deposition area for the cells, microscopical screening of the slides takes less time. The discussion on its routine application instead of the smearing method considers both the question of improved diagnostic performance, costs and organisational aspects. The comparison of  performance data has been analysed in a number of meta-analysis and liquid bases cytology is being dealt with in a number of health technology assessment report. Since morphological presentation of cells is different in liquid based cytology some additional training is needed to adapt to this type of slides.

 

Chapter 3.5: Automated Screening

Soon after the introduction of the Pap smear first initiatives for its automation were taken. A number of concepts have been followed and have been abandoned again. All concepts that reached the level of clinical application for quality assurance or for primary screening were based on the image analysis of samples that can be checked visually and archived according to standard cytology laboratory practice. 

The goals of automated cytology

The intention to develop automated tools for cervical cytology reading comes from the same problem that also was the origin of the cytotechnology profession: The search for a few small objects i.e. all variants of abnormal cells in the large area of the slide. From an economical point of view the idea was in the seventies and eighties to replace expensive human observers by simple automated systems. Also it was a goal to allow for cytology screening where no cytotechnologists were available. With an increased understanding of the complexity of cytology automation the goal shifted to developing systems that were as good or better that best practice of "manual" cytology. Even today anything like fully automated cytology in not in sight so the gaol has shifted to implementing automated screening system in various ways into the cytology screening labs as computerised helpers for cytotechnologist and cytopathologists.

· Reduce some of the primary screening workload of CTs 

· Do quality assurance of all cases 

· Select cases that need to be screened by CTs completely 

· Select and display objects of interest for medical professional for interaction

Principles of the process of computerised cytology

All automated systems that can be classified as slide oriented automated light microscopes. 

· Mechanical set up for slide transport 

· Identification of the slide 

· Automated stage 

· Autofocus system 

· Image acquisition by via optical system 

· Segmentation of objects of interest 

· Object classification 

· Slide classification 

· Object presentation on screen or relocalisation

Preparations for automated cytology

During the seventies and eighties of last century there was the prevailing view that conventional cytology preparations i.e. smear would not be feasible for automated screening. For this reason a number of techniques for special preparations for cytology have been developed. Two major development have to be noticed: Such preparation are, once preparation gets simple also useful in cytology without beeing use for cytology automation. Secondly, with the fast development of computer technology also automated reading of conventional smear is possible.

Currant status of automated cytology screening

At present (April 2003)  there is not much choice among the systems offered commercially. Both smear and liquid based cell preparation are targeted cellular probes. At present not more than 25% of the cases can be sorted out by computerised systems as negative needing no further review. The rest of the cases can be dealt with either by reviewing objects of interest on a computer monitor or after relocalisation via the microscope or by fully rescreening the slide. A major problem is the question of responsibility. Depending on the local situation this may be with the cytopathologist using the system, with manufacturer or with the health care system. The amount of human interaction may vary and also reflect the medico-legal situation in the country of application.

Required functions and performance

The required functions and the performance needed to be accepted have been discussed over years (Tucker et. al. ). The International Academy of Cytology has worked out criteria in 1984 and discussed the criteria later again (Bartels et. al. 19..). 
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