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ABSTRACT

Introduction: Dynamic spectral imaging (DSI) colposcopy has previously been found to improve 

sensitivity of CIN2+ detection. The aim of this study was to compare the histological diagnosis of 

colposcopic-directed biopsies (CDB) to that DSI-directed biopsies in women undergoing 

conization, using the histological diagnosis of the conization specimen as gold standard. Material 

and methods: Women referred to colposcopy were included in a prospective cohort study at 

Randers Regional Hospital, Denmark from January 2016 to February 2019. All women had four 

cervical punch biopsies taken. The first biopsy was taken from the area that appeared most 

abnormal by conventional colposcopy (i.e. CDB) and the second biopsy from the area that 

appeared most abnormal using the DSI map. An additional two biopsies were taken from either 

other visible lesions or as random biopsies. Biopsies were analyzed separately. If any biopsies 

revealed cervical dysplasia of such a degree that excisional treatment was recommended the 

patient was referred for conization. Subsequently, we compared the histological diagnosis of CDB 

and DSI-directed biopsies to that of the cone biopsy. Results: A total of 573 women were 

enrolled, 170 of which underwent conization. In women with an adequate colposcopy and 

representative biopsies (n=124) there was an overall agreement rate between the worst biopsy 

diagnosis (of any four) and the conization diagnosis in 95.2% (95% CI 89.8-98.2) of women. CDB 

diagnosis agreed with the cone diagnosis in 80.6% (95% CI 72.6-87.2) of women. DSI-directed 

biopsy agreed with the cone diagnosis in 83.9% (95% CI 76.2-89.9) of women. The difference in 

detection rate between the CDB and the DSI-directed biopsy was however not significant 

(p=0.54). Taking four biopsies increase the detection rate of cervical dysplasia to 95.2%, this was 

a significant increase from both CDB alone (p=0.0008) and DSI-directed biopsy alone (p=0.0053). 

Conclusions: We found no significant difference in the ability to identify the cervical dysplasia 

grade between CDB and DSI-directed biopsies. A greater detection rate of cervical dysplasia was 

achieved through four biopsies compared to one CDB biopsy or one DSI-directed biopsy.

Keywords 

Cervical Intraepithelial Neoplasia, Colposcopy, Conization, Biopsy, DySIS, precancerous 

conditions, DiagnosisA
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Abbreviations

DSI – dynamic spectral imaging 

TZ – transformation zone 

CIN – cervical intraepitheial neoplasia 

LEEP – loop electrosurgical excision procedure 

CDB – colposcopy-directed biopsy

Key Message 

Accuracy of colposcopy was not significantly increased with dynamic spectral imaging 

colposcopy when comparing biopsy histology to final LEEP histology; however, taking additional 

biopsies was able to significantly increase the detection rate of high-grade cervical dysplasia. 
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INTRODUCTION

In Denmark, approximately 30.000 colposcopies are performed yearly.1  Recent studies have 

shown suboptimal sensitivities of colposcopy with high inter-observer variation 2, 3 and ability to 

correctly diagnose cervical dysplasia positively correlated with the number of biopsies taken.4-6 To 

avoid under-diagnosis of cervical intraepithelial neoplasia (CIN), the Danish national guidelines 

on cervical dysplasia7 recommend that four biopsies are taken in every woman who undergoes 

colposcopy.

New colposcopy technology is now available and has been suggested to improve the performance 

of colposcopy.8-16 Dynamic spectral imaging (DSI) digital colposcopy measures the aceto-white 

changes that may occur after application of acetic acid and suggests sites for biopsy through a 

color coded map. This new technology may be able to increase the sensitivity of colposcopy from 

55% to 86%.8 The most recent studies from the IMPROVE-COLPO trial indicate a 30% relative 

increase in the DSI colposcope’s ability to find high-grade CIN compared with standard 

colposcopy alone.9 However, these studies have a high degree of verification bias, as only one 

biopsy was taken from the majority of women and some had no biopsies taken at all.

Women who are diagnosed with CIN grade 2 or more (CIN2+) are treated by conization. The 

conization specimen is considered to represent the true dysplasia grade (the golden standard), as 

ideally the entire transformation zone (TZ) is represented.17 Using a standard colposcope the 

agreement rate between histological diagnosis of colposcopy-directed biopsies (CDB) and 

histological diagnosis of conization specimens have been found to vary between 45% 18 and 

89.6%.5, 19-22 To the best of our knowledge, no study has compared the histological diagnosis of 

the biopsy/ies taken with the DSI colposcope to the histological diagnosis of the conization 

specimen.

The aim of this study was to compare the histological diagnosis of CDB to that of DSI-directed 

biopsies in women undergoing conization, using the histological diagnosis of the conization 

specimen as gold standard.  
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MATERIAL AND METHODS

This study was conducted at the Department of Gynecology and Obstetrics, Randers Regional 

Hospital, Denmark. In Denmark, women are referred for colposcopy due to an abnormal cervical 

cytology (atypical squamous cells of undetermined significance or worse, ASCUS+) with 

cytology taken either as part of routine cervical cancer screening23, opportunistic screening, or due 

to symptoms, such as coital spotting. Women may also undergo colposcopy as part of a control 

program after a previous CIN diagnosis. In accordance with national guidelines all women who 

undergo a colposcopic examination have four cervical biopsies taken, regardless of visible signs of 

CIN or not.7 Women who are diagnosed with CIN grade 3 or worse (CIN3+) undergo conization. 

Women diagnosed with CIN grade 2 (CIN2) may be referred for conization if they have no 

fertility desire, or they may undergo watchful waiting. 

Between January 2016 and February 2019 women over the age of 18 who were referred for 

colposcopic examination due to either an abnormal smear (ASCUS+) or follow-up after a previous 

CIN diagnosis, were invited to participate in the study. Exclusion criteria were having a cervical 

biopsy taken within the last 6 months, current or terminated pregnancy within the last three 

months, previous conization, or previous pelvic radiation therapy. 

All study participants were examined using the DSI colposcope (DYSIS Medical Ltd. Edinburgh, 

UK). Examiners at our department were all trained in using the DSI colposcope and performed 

colposcopies routinely at the facility. Nurse colposcopists attended the Comprehensive 

Colposcopy course by the American Society of Colposcopy and Cervical Pathology (ASCCP) and 

were directly supervised by consultants for a time period. 

The DSI colposcope measures the intensity and duration of aceto-white changes which might 

occur on the cervix. Acetic acid (3%) is applied through a built in applicator system initiating the 

exam. After approximately 120 seconds the DSI color-coded map is overlaid on an image of the 

cervix, suggesting areas of interest for biopsy.15  The color scale is light blue, dark blue, green, 

red, yellow, and white. Light blue being the lowest color on the scale, indicating no or low-grade 

dysplasia, and white being the highest color, indicating high-grade dysplasia. 
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The examiner performed a conventional colposcopy while the DSI colposcope performed the 

analysis. Prior to viewing the DSI map the examiner were asked to select one biopsy site which 

they interpreted as the most suspicious area and subsequently report this in the DSI system 

(marked biopsy number one). Biopsy number two was marked in the DSI system based on the area 

the DSI map identified as the most suspicious. If these two biopsy sites were the same, this was 

noted. The remaining two or three biopsies were additional biopsies taken from either other visible 

lesions or as random biopsies from the remaining cervical quadrants. All biopsies were taken with 

three-millimeter (mm) biopsy forceps and placed in separate containers containing formalin and 

marked with the corresponding numbers one to four. Biopsies were analyzed separately by one of 

two gynecological histopathologists, blinded to the biopsy number. A detailed record of each 

exam was stored on the DSI database, including all images, noted biopsy sites, and colposcopic 

assessment. Examiners also noted whether the TZ was type 1 (fully visible), type 2 (partially 

visible) or type 3 (not visible). All women were subsequently managed clinically according to 

national guidelines.7 

Women were referred to either follow-up or conization based on the worst histo-pathological 

diagnosis. Conization was performed by loop electrosurgical excision procedure (LEEP) in the 

out-patient clinic using local anesthesia. All conizations were performed by physicians. 

The following information regarding the women was collected via questionnaire at inclusion; age, 

weight, height, smoking habits, parity, contraception, human papilloma virus (HPV) vaccination 

status, and via medical records: referral cytology, and previous CIN diagnosis.

Statistical analyses

To detect a 30% relative increase in colposcopy performance, a required minimum sample size of 

113 women was calculated based on Alpha = 0.05 and Power = 0.9. All histo-pathological 

diagnoses (i.e., biopsies and LEEP specimen) were divided into the following three categories: No 

dysplasia (including inflammation and unspecific reactive changes), CIN grade 1, and CIN2+ 

(CIN grade 2 or worse, including ungradable CIN). When analyzing all four cervical biopsies 

together, the worst histological diagnosis of any four was considered the grade of dysplasia 

present. Percent agreement between the histological diagnosis of the biopsies and the histological A
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diagnosis of the cone specimen was calculated. Chi-squared test was performed with 95 % 

confidence intervals (CI) and a p-value of ≤ 0.05 was considered statistically significant. Stata 

15.0 analytic software (Stata Corp LP, College Station, TX) was used. 

Ethical approval

All women provided oral and signed consent. The study was approved by The Danish Data 

Protection Agency (jr.nr. 1-16-02-534-16, date 29.09.2016). The Central Denmark Region 

Committees on Biomedical Research Ethics concluded the project did not require their approval 

(jr.nr. 1-10-72-262-16, date 17.11.2016).

RESULTS

In total, 573 women were enrolled in the study and examined by a DSI colposcope, of which 170 

women underwent LEEP. Of the total 170 women who underwent a LEEP, 18 women had a type 

3 TZ, i.e. the squamous columnar junction (SCJ) was not visible. In an additional 28 women the 

CDB or the DSI directed biopsy did not represent the SCJ, leaving 124 women for further analysis 

(figure 1).

The median age of the women who underwent LEEP was 31.2 years (range 20-82 years). The 

majority of women (145/170, 85.3%), who underwent LEEP, were new referrals and 25 out of 

170, 14.7% had a colposcopy procedure performed due to follow-up on previous cervical biopsy 

results. See table 1 for further information. 

The mean time from colposcopy to LEEP was 54 days (SD 18.7), ranging from 22 days to 175 

days. LEEP was performed within 12 weeks (i.e. 84 days) in 95.8% of women. The longest 

duration between the colposcopy exam and LEEP was due to patient non-compliance.

In women with an adequate colposcopy and representative biopsies (n=124) the overall agreement 

between the worst histological biopsy diagnosis (of any four) and the histological LEEP diagnosis 

was 95.2% (95% CI 89.8-98.2). The histological diagnosis of the biopsies underestimated the CIN 

grade compared to the LEEP diagnosis in 0.0% (95% CI 0-2.9), while biopsies overestimated (or 

removed) the CIN grade in 4.8% (95% CI 1.8-10.2). See table 2. A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

The histological diagnosis of the CDB agreed with the histological diagnosis of the LEEP 

specimen in 80.6% (95% CI 72.6-87.2) of cases, with an underestimation of CIN grade in the 

biopsies in 16.9% (95% CI 10.8-24-7) and an overestimation (or removal) of disease in 2.4% 

(95% CI 0.5-6.9). See table 2. 

The histological diagnosis of the DSI-directed biopsy agreed with the histological diagnosis of the 

LEEP specimen in 83.9% (95% CI 76.2-89.9) of cases, with biopsies underestimating the CIN 

grade in 15.3% (95% CI 9.5-22.9) and overestimating (or removing) the CIN grade in 0.8% (95% 

CI 0.02-4-4). See table 2.

As the DSI colposcope is marketed as an adjunctive technology, and should not stand alone, we 

also combined the CDB and the DSI-directed biopsy results. The histological diagnosis of these 

two biopsies grouped together agreed with the histological diagnosis of the LEEP specimen in 

86.3% (95% CI 78.6-91.8%) of cases, with biopsies underestimating CIN grade in 12.1% (95% CI 

6.9-19-2) and overestimating (or removing) CIN grade in 2.4% (95% CI 0.5-6.9). See table 2.

The detection of the true CIN grade by the CDB and DSI-directed biopsies compared to the 

histological diagnosis of the LEEP specimen showed a 4.1% (from 80.6% to 83.9%) relative 

increase when using the DSI colposcope compared to CDB (p = 0.54). When combining the 

histological results of the CDB and DSI-directed biopsy there was a 7% relative increase in 

detection of the true CIN grade (from 80.6% to 86.3%) compared to CDB alone (p=0.3).

We found a 18.1% relative increase in detection of the true CIN grade between CDB and all four 

biopsies (from 80.6% to 95.2%, p = 0.0008). For the DSI-directed biopsy compared to all four 

biopsies there was a 13.5% relative increase (from 83.9% to 95.2%, p = 0.0053). When grouping 

the CDB and DSI biopsies together and comparing them to all four biopsies there was a relative 

increase in detection of the true CIN grade in 10.3% (from 86.3% to 95.2%, p=0.02).  

In 78 of 124 (62.9%) LEEP cases the worst of any abnormal-looking area marked by the 

colposcopist was also the worst of any abnormal-looking area chosen by the DSI colposcope. In 

these cases one biopsy was taken from this area, and three additional biopsies.
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DISCUSSION

In our study, we found no significant difference between CDB alone, DSI-directed biopsy alone 

and CDB plus DSI-directed biopsy in determining the worst area of all abnormal-looking areas to 

biopsy compared to the final LEEP diagnosis. Our analysis was limited to women who underwent 

a LEEP with type 1 and 2 TZ, and biopsies representative of the SCJ (n=124), as a colposcopy 

exam is defined by being able to see and visually assess the TZ. We found CDB matched the 

LEEP diagnosis in 80.6% of cases, this was 83.9% for the DSI-directed biopsy and 86.3% when 

combining the two. This is equivalent to a 4.1% relative increase in percent agreement when using 

DSI technology compared to CDB, this difference was however not significant (p = 0.54). When 

combining the CDB and DSI-directed biopsy and comparing to CDB alone, there was a 7% 

relative increase in agreement, again however this was not significant (p=0.3).

The IMPROVE-COLPO study revealed a 31.4% relative increase in the amount of CIN2+ found 

in a prospective DSI colposcopy cohort compared to a retrospective regular colposcopy cohort.9  

DeNardis et al. showed a 43.6% relative gain in patients identified with CIN2+ by DSI-assisted 

biopsies compared to CDB alone.11 In our study we only found this to be 7%. In these studies not 

all patients had biopsies taken and only DSI biopsies if the colposcopist found it to be relevant, 

additionally biopsies were not analyzed separately. We can therefore assume a potential high rate 

of verification bias in these studies. It can also be discussed if the retrospective cohort can be 

directly compared to the prospective cohort in the study by Cholkeri-Singh et al. In our study, 

where women acted as their own control and all women had a CDB and a DSI-directed biopsy 

performed, it was not possible to replicate the finding of such a high effect of using the DSI 

colposcope. 

Most other studies using the DSI colposcope have compared the visual interpretation of the degree 

of cervical dysplasia by the colposcopist to the DSI map and biopsy diagnoses. These studies 

reported an increased sensitivity in using DSI from approximately 50% to about 80-85%.8, 12, 13, 15 

However, there is great inter-observer variation2, 3 in the interpretation of the degree of cervical 

dysplasia between colposcopist, and also poor correlation between colposcopic impression and 

biopsy histology.24 Therefore we believe that our approach of comparing the worst histological 
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diagnosis in the biopsies to the histological diagnosis in the conization specimen gives a more 

accurate impression of the effect of DSI on colposcopy performance. 

The ability of CDB to correctly identify the degree of cervical dysplasia present was 80.6% in our 

study; this number is higher than we had anticipated. Previous studies have found agreement in 

45-63% cases when comparing the CDB to the LEEP diagnosis.18, 21, 22 A German study, (Müller 

et al.) found similar results to ours with 82.2% agreement. Their biopsy diagnoses were, however, 

grouped slightly differently than ours, combining the overestimation biopsy results together with 

exact agreement.5 Because of this higher performance of the CDB than expected, we consequently 

did not find the same increase in colposcopy performance by DSI as other studies. Had our 

colposcopic abilities been lower, as other studies, we might have seen a greater yield from using 

the DSI colposcope. The DSI colposcope could possibly be of greater use to colposcopists with 

less training and experience, and might provide support in the decision making process of 

choosing biopsy sites. More research is however needed to determine how colposcopists’ training 

level impacts the performance of colposcopy. Another explanation of the lack of difference 

between CDB and DSI technology could be that there was agreement on chosen biopsy site 

between the colposcopist and the DSI map in 62.9% of women (78 out of 124). However, when 

combining the two we did not find a significant increase in the detection of the true dysplasia 

grade. 

Examining the histological diagnosis of all four biopsies, the overall agreement, with the 

histological diagnosis of the conization specimen increased significantly to 95.2%. Müller et al. 

also reported that taking three biopsies compared to only one biopsy was able to significantly 

improve the agreement between the two, from 82.2% to 91.9% (p=0.029).5 These are similar 

results to ours. In a large Chinese study, 37% of CIN2+ was found in random biopsies taken from 

areas which did not look abnormal to the colposcopist.25 In our study the agreement between the 

worst biopsy and the LEEP diagnosis was significantly improved (p = 0.0008) when going from 

the one CDB to taking all four biopsies into account, this was the same for the DSI technology 

alone (p = 0.0053), and when combining the two (p=0.02). This highlights the importance of 

taking more than one biopsy. The role of adjunctive colposcopy technology is to assist in correctly 

identify cervical abnormalities and subsequently reduce the need for additional biopsies, we did 

not find this to be the case in our population.A
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A key strength of our study is that it is a prospective study design and reflective of the real clinical 

setting in Denmark. All patients had both CDB and DSI-directed biopsy taken, and acted as their 

own controls. Colposcopists did not see the DSI map before choosing their worst biopsy site thus 

biopsy number one is a good reflection of standard colposcopy. We were able to limit verification 

bias with taking four biopsies from all women. To our knowledge no other study published using 

DSI colposcopy has taken so many biopsies in all patients.

A limitation of our study is that, for ethical reasons, no women with biopsies showing no dysplasia 

were sent for LEEP, and thus there is still the possibility of verification bias, as these women 

might not be truly negative. A further limitation is inter- and intra-observer variability in grading 

CIN and the limitations in the reproducibility of the CIN2 diagnosis.26, 27  The Central Region of 

Denmark has a tradition of allowing women diagnosed with CIN2 to undergo watchful waiting if 

the women have future fertility wishes in order to avoid overtreatment and side effects of 

conizations. In our population only 13 patients in total had a CIN2 diagnosis in the LEEP 

specimen, and the main reason women were being referred to LEEP was CIN3+. However, these 

limitations are limited as much as possible by taking four biopsies in every woman, and we can 

therefore assume verification bias to be minimal. We might however, have introduced a selection 

bias as the study population only consisted of women referred for LEEP with TZ type 1 or 2. 

Barker et al. (2001) reported a lead-time of up to 12 weeks (84 days) from colposcopy to LEEP 

was acceptable and did not change agreement between the two.18 The majority of women in our 

study (95.8%) were within this limit, and we therefore assume the difference between biopsy 

diagnosis and LEEP diagnosis was not influenced by the regression or progression of CIN 

between the two procedures.

Based on our data, we did not find an increased performance of the DSI colposcope as previous 

studies found. The DSI colposcope may provide assistance to less experienced colposcopist, 

however further research is needed to determine this.  

CONCLUSION

We found that adding DSI technology did not increase the ability of colposcopy to correctly 

identify the grade of cervical dysplasia compared to conventional colposcopy, when comparing A
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biopsy diagnoses to LEEP diagnoses. The study did find, however, that the performance of 

colposcopy to correctly identify the grade of cervical dysplasia was increased significantly by 

taking more biopsies in every woman, a standard practice in Denmark. 
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Figure legend

Figure 1: Participant flow diagram. CDB, colposcopy-directed biopsy; DSI, dynamic spectral 

imaging; LEEP, loop electrosurgical excision procedure; TZ, transformation zone; SCJ, squamous 

columnar junction.
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Tables:

Table 1: Selected characteristics of the colposcopies performed.

Education level of colposcopists

Nurse 122 (71.8%)

Residents 26 (15.3%)

Consultants 22 (12.9%)

Reason for colposcopy

New referrals (n=145)

ASCUS 16

LSIL 16

ASC-H 22

HSIL 86

AGC 2

Normal Cytology 

with High Risk 

HPV

3

Follow-up (n=25)

Inflammation 1

Ungradable CIN 4

CIN1 3

CIN2 15

CIN3 2

Mean time from colposcopy to LEEP

Mean 54 days

Range 22-175 days
ASCUS, atypical squamous cells of undetermined significance; LSIL, Low grade squamous intraepithelial lesion; 

ASC-H, Atypical squamous cells – cannot exclude HSIL; HSIL, High grade squamous intraepithelial lesion; AGC, 

Atypical Glandular Cells. 
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Table 2: Agreement between histological diagnoses of the biopsies taken during the colposcopy exam and the histological diagnosis of the 

LEEP specimen according to grade of dysplasia in women who underwent conization with visible TZ at colposcopy and CDB and DSI 

biopsy representative of the SCJ (n=124). 

 

 Diagnosis of LEEP 
Agreement between 

biopsy and LEEP 

Biopsy 

overestimates or 

removes disease 

Biopsy 

underestimates 

disease 

 
 

No 

Dysplasia 
CIN1 CIN2+ Total    

  n n n n n % (95% CI) n % (95% CI) n % (95% CI) 

CDB diagnosis 

     

100 
80.6 

(72.6-87.2) 
3 

2.4 

(0.5-6.9) 
21 

16.9 

(10.8-24.7) 

No Dysplasia 2 0 17 19 

CIN1 0 1 4 5 

CIN2+ 1 2 97 100 

Total 3 3 118 124 

        

DSI-directed biopsy 

diagnosis 

     

104 
83.9 

(76.2-89.9) 

1 

 

0.8  

(0.02-4-4) 
19 

15.3 

(9.5-22.9) 

No Dysplasia 3 1 14 18 

CIN1 0 1 4 5 

CIN2+ 0 1 100 101 

Total 3 3 118 124 

        

      

107 
86.3 

(78.6-91.8) 
3 

2.4 

 (0.5-6.9) 
15 

12.1 

(6.9-19.2) 

CDB + DSI-

directed biopsy 

diagnosis 

No Dysplasia 2 0 10 12 

CIN1 0 1 3 4 

CIN2+ 1 2 105 108 

Total 3 3 118 124 



 

 
 

CDB, Colposcopy-directed biopsy; DSI, Dynamic spectral imaging; LEEP, Loop Electrosurgical Excision Procedure; CIN1, Cervical Intraepitheial Neoplasia grade 1; 

CIN2+, Cervical Intraepitheial Neoplasiagrade 2 or worse.  

 

         

Worst of any 4 

biopsy diagnosis 

     

118 
95.2 

(89.8-98.2) 
6 

4.8 

(1.8-10.2) 
0 

0.0 

(0-2.9) 

No Dysplasia 0 0 0 0 

CIN1 0 0 0 0 

CIN2+ 3 3 118 124 

Total 3 3 118 124 
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