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abstract
aims: Cervical cancer is the fourth most common malignancy in females worldwide. Large loop excision of the transformation zone 
(LLETZ) procedures remain the preferred surgical technique to remove squamous cervical intraepithelial neoplasia (CIN) lesions 
globally. This study aimed to assess whether the depth of LLETZ procedures at Counties Manukau District Health Board (CMDHB) 
met established standards of care. 
methods: Hospital records were reviewed for all LLETZ procedures performed at CMDHB between 1 June 2020 to 3 May 2021, and 
these were compared to Public Health England’s (PHE) 2020 Colposcopy Guidelines.
results: One hundred and eighty-four cases were identified. Forty-eight percent of all LLETZ procedures were the correct  
excision depth relative to PHE’s ≥95% threshold, primarily due to excisions being too shallow, particularly in patients with type 
2 and 3 transformation zones (TZ), 48% and 86%, respectively. Māori and Pasifika patients represented only 16% and 13% of all 
LLETZ procedures in this study, respectively. 
conclusions: This study identified significant oversampling of LLETZ excisions in patients with type 1 TZs, and significant under- 
sampling in patients with types 2 and 3 TZs. Ultimately, these findings highlight the need for additional quality improvement processes 
and emphasise the importance of auditing LLETZ procedures nationwide. 

Cervical cancer is the fourth most common 
malignancy in females worldwide, affect-
ing 5.7 per 100,000 women in New Zealand, 

with higher rates in Māori compared to non-
Māori (8.1 vs 4.4, per 100,000 women, respec-
tively).1-3 Despite Australia and New Zealand 
both having some of the lowest rates of cervical 
cancer in the world,4 cervical cancer remains an 
important and preventable cause of morbidity 
and mortality.5,6 Squamous cervical intraepithe-
lial (CIN) lesions are the precursor lesions to the 
majority of cervical cancers. These lesions are 
clinically detectable for many years prior to the 
development of cancer, through cervical cytol-
ogy screening.7 Due to the long latency period of 
cervical cancer, the identification and removal 
of precancerous cervical lesions is highly effec-
tive in preventing the development of invasive 
disease.3,6 In New Zealand, the National Cervical 
Screening Programme and the human papillo-
mavirus vaccine have both significantly reduced 
the incidence of abnormal cervical cytology and 
cervical cancer over the past 40 years.8,9

The majority of CIN lesions occur in the cervi-
cal transformation zone (TZ), due to the ability 

of simple columnar epithelium within this site to 
transform into stratified squamous epithelium via 
metaplasia.10 TZ location varies between patients, 
with younger patients typically having a distal TZ 
along the cervical canal, which is more exposed 
and thus more susceptible to infection.11 HPV 
infection of these specialised TZ cells is associated 
with a high risk of cancer progression.10 Correct 
identification of TZ type is therefore critical when 
determining the appropriate depth of excision 
within the cervical canal.10–12

Large loop excision of the transformation zone 
(LLETZ) procedure remain the preferred method 
for removal of squamous cervical intraepithelial 
neoplasia (CIN) lesions worldwide.13 Excisional 
techniques enable histological analysis of CIN 
lesions and identification of resection margins; two 
important prognostic indicators of residual dis-
ease or recurrence.12,13 The recommended depth of 
LLETZ excision is dependent on TZ type, alongside 
other patient and obstetric variables.14,15 Inade-
quate excision depth and positive excisional mar-
gins increase the risk of residual precancerous 
cells, and hence are both associated with a signif-
icant risk of treatment failure.16 In contrast, mul-
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tiple excisions and increasing excision depths are 
both associated with an increased risk of cervi-
cal incompetence and preterm birth, which is of 
particular importance in patients of reproductive 
age.14,17,18

In 2020, Public Health England (PHE) updated 
their colposcopy management guidelines, on 
which New Zealand’s standards of care for LLETZ 
procedures are based.15 The PHE standards are 
derived from large clinical studies and meta-anal-
yses that guide the minimum depth to avoid treat-
ment failure and the depth at which preterm 
birth rates significantly increase.19,20 Given the 
risks associated with under- and over-sampling 
of LLETZ excisions, this study aimed to audit the 
depth of cervical tissue excised in LLETZ proce-
dures performed at Counties Manukau District 
Health Board (CMDHB), relative to PHE’s stan-
dards of care.

Methods
Ethics statement

Ethics approval was obtained for this study 
from the University of Auckland Human Partic-
ipants Ethics Committee on 19 November 2018 
(Ethics number: 021825). 

Study procedures
NHIs of patients undergoing LLETZ procedures 

at CMDHB between 1 June 2020 to 30 May 2021 
were obtained by the healthAlliance health ana-
lysts. Hospital records were reviewed to deter-
mine eligibility. Patients who did not undergo 
LLETZ procedures, or had inadequate or miss-
ing surgical or histological data, were excluded. 
Demographic, clinical, and laboratory variables 
were collected following a review of clinic letters, 
surgical or examination notes, and laboratory 
records using the Regional Clinical Portal and the 
CMDHB Colposcopy Database. Demographic vari-
ables included age at the time of procedure, eth-
nicity, and menopausal status (where menopausal 
status was not clearly documented, patients ≤45 
years old were assumed to be pre-menopausal). 
Treatment variables included excision depth 
as reported by the pathologist (where multiple 
passes were taken, the depth of all passes and 
the location of each pass i.e., central or periph-
eral were recorded), reported transformation 
zone classification as per operating surgeon 
(types 1–3), primary operator (Registered Medi-
cal Officer (RMO) or Consultant Senior Medical 
Officer (SMO)), type of anaesthesia (local vs gen-

eral anaesthesia), indication for treatment, and 
the number of passes performed. Outcome data 
included completeness of TZ excision (as recorded 
“complete” by the pathologist on the histopathol-
ogy report) and margin status of the excised tis-
sue (as recorded “clear” by the pathologist on the 
histopathology report). Where the histopathology 
report described the completeness of excision 
margins or TZ as being unclear, the excision/TZ 
was considered incomplete.

Audit standards
All standards used were based on the PHE 

guidelines which is in line with current practice 
in New Zealand.15

• Depth of excision:
• Type 1 TZ—excision should remove a 

depth of more than 7mm; target ≥95% of 
cases.
• In individuals of reproductive age, the 

excision should be no greater than 
10mm. 

• Type 2 TZ—excisions should remove a 
depth of 10–15mm; target ≥95% of cases. 

• Type 3 TZ—excisions should remove a 
depth of 15–25mm; target ≥95% of cases.

• Number of passes: at least 80% of cases 
should have the specimen removed as a 
single sample.

• Local anaesthesia: the proportion of 
individuals managed as outpatients with 
local anaesthesia should be at least 85%. 

When considering whether cases met the stan-
dard of care, pre-menopausal patients with a 
type 1 TZ were only deemed to meet the standard 
if the excised depth was between 7–10 mm. For 
procedures where more than one pass was per-
formed, passes that were central (i.e., an anterior 
lip pass and a posterior lip pass) both had to meet 
the required depth in order to meet PHE’s stan-
dard. However, additional peripheral passes that 
did not meet the required depth did not influence 
whether a procedure met the standard or not. 

Chi-squared test, or Fisher’s exact test (for com-
parisons where there were low frequency cells) 
were used to determine if there were statistically 
significant differences in meeting PHE’s stan-
dards. Where data were missing or unknown, this 
is reported but not included in the analysis. Com-
parisons were made by TZ type, primary opera-
tor, type of anaesthetic, menopausal status or 
ethnicity. Comparisons were also made between 
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groups, based on adequacy of excision depth, to 
determine if adequate versus a depth that was too 
shallow or too deep was associated with positive 
margins on histopathology report. A p-value <0.05 
was regarded as statistically significant. All sta-
tistical analyses were performed using GraphPad 
Prism software (version 9.0). 

Results
A total of 214 patients were identified using the 

outlined sampling strategy, eight of which were 
excluded due to having inaccessible data (Figure 1). 
Of the remaining 206 auditable records, 22 patients 
were excluded with a recorded reason. The main 
indications for exclusion included no recorded exci-
sion depth or no LLETZ procedure taking place. Sub-
sequently, 184 LLETZ procedures were analysed. 

Demographic characteristics
The majority of patients were between 31–40 

years of age, were pre-menopausal (Table 1) and 
had type 1 TZs (Table 2). The majority of patients 
were of NZ European ethnicity (40%), followed 
by Asian (19%), Māori (16%) and Pasifika peoples 
(13%). The demographic characteristics of the 
audit population are summarised in Table 1.

Audit standards
Of the 184 LLETZ procedures performed during 

the study period, the majority of patients had a type 
1 TZ (72%), followed by type 2 TZ (24%) and type 3 
(4%). Only 48% of all LLETZ procedures performed 
during this study were of appropriate excision 
depth, relative to PHE’s ≥95% threshold. Rates of 
successful LLETZ excision depths were similar for 
patients with type 1 and type 2 TZs; however, 86% 
of type 3 TZ excisions did not meet the standard 
of care. The main reason for procedures not meet-
ing the standard of care was a suboptimal excision 
depth, particularly in patients with type 2 and type 
3 TZs (43% and 86%, respectively) (Table 2). 

Treatment characteristics
The majority of procedures were performed by 

an SMO (87%) and under local anaesthesia (67%). 
The majority of LLETZ excisions were performed 
using a single pass (69%), followed by two passes 
(25%) and three passes (5%). Only 36% of all LLETZ 
excisions had clear margins, with the lowest pro-
portion of clear margins in patients with type 1 TZ 
(35% in type 1, 39% in type 2 and 43% in type 3). 
Overall, 18% of TZs were determined to be com-
pletely excised, with low rates seen across all TZ 
types (18.0% in type 1; 18% in type 2; and 14% in 

type 3). The treatment characteristics of the audit 
population are summarised in Table 3.

There were no significant differences in the pro-
portion of patients meeting the standard of care by 
anaesthetic type (local vs other), primary operator 
(SMO vs RMO), TZ type (1, 2 or 3), menopausal sta-
tus (pre or post) or ethnicity (Appendix 1). Finally, 
we observed that when the PHE standard was met, 
margins were most likely to be clear (47% clear 
margins), compared with excisions that were either 
too shallow (30% clear margins) and too deep (20% 
clear margins) (p=0.03).

Discussion
Cervical cancer remains a significant cause of 

morbidity and mortality in New Zealand. LLETZ 
excisions of precancerous CIN lesions can be 
highly effective in preventing the development 
of invasive cervical disease. However, under- and 
over-sampling of LLETZ procedures are both asso-
ciated with complications, including an increased 
risk of disease progression,13 and preterm birth in 
women of child-bearing age,11,14,15,19 respectively. 
Equitable access to LLETZ procedures nationwide is 
crucial, especially in light of the high rates of cervi-
cal cancer in Māori and Pasifika in New Zealand.20 

Herein we report the findings of our audit of 
LLETZ procedures at CMDHB, which shows that 
only 48% of LLETZ procedures were of an appro-
priate excision depth, relative to PHE’s recom-
mended threshold of ≥95%.12 Inadequate excision 
depth was the primary reason for not meeting 
the standard of care for all three TZ types, par-
ticularly in patients with type 2 or type 3 TZs 
(43% and 86%, respectively).15 Despite the depth 
of excision at LLETZ being a well-defined, inter-
nationally recognised standard, there is a deficit 
of published audited data worldwide. Only two 
conference poster abstracts were available from 
the United Kingdom and identified an adequate 
depth of excision in 95.5% (n=83),21 and 69% 
(n=224)22 of patients undergoing LLETZ proce-
dures. The only comparable report from Austral-
asia was a locally presented audit of 104 patients 
undergoing LLETZ procedures in Auckland Dis-
trict Health Board (ADHB) between 1 June to 
31 December 2020 (online via The University of 
Auckland intranet, available on request). This 
report identified an insufficient depth of excision 
in 15% of type 1 TZ, 38% of type 2 TZ and 73% of 
type 3 TZ excisions.15   The variation in meeting the 
standard between these three reports highlights 
the importance of regular audits within centres.

  We observed that LLETZ excisions that were 
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Table 1: Demographic characteristics of patients undergoing large loop excision of the transformation zone (LLETZ) 
procedures.

 Demographic characteristics
 Total number of patients  
(n=184) (%)

  Age group

 ≤30

 31–40

 41–50

 51–60

 ≥61

 42 (23)

 80 (43) 

 35 (19)

 20 (11) 

  7 (4) 

  Ethnicity

 European

 Asian

 Māori

 Pasifika peoples

 Indian

 Other

 73 (40)

 35 (19)

 30 (16) 

 24 (13)

 14 (8) 

  8 (4) 

  Menopausal status

 Pre-menopausal

 Post-menopausal

 Unknown

144 (78)

 25 (14)

 15 (8)

  Indication for LLETZ

 CIN II on punch biopsy

 CIN III on punch biopsy

 Discordant histology

 Other

 65 (35)

 79 (43)

 23 (13)

 17 (9)

Abbreviations: LLETZ = large loop excision of the transformation zone; CIN = cervical intraepithelial neoplasia.

Figure 1: Flow diagram of study methods.
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Table 2: Adequacy of the depth of cervical excision by TZ as audited against PHE guidelines in patients undergoing 
large loop excision of the transformation zone (LLETZ) procedures. 

Transformation zone classification
Total number of 
patients  
(n=184) (%)

Type 1

Type 2

Type 3

133 (72)

44 (24)

7 (4)

Audit of excision depth by TZ type

  Overall

Correct excision depth Total 89 (48)

Incorrect excision depth Total 95 (52)

Excision too shallow 63 (34)

Excision too deep 32 (17)

  Type 1 TZ

Correct excision depth Total 65 (49)

Incorrect excision depth Total 68 (51)

Excision too shallow 38 (29)

Excision too deep 30 (22)

  Type 2 TZ

Correct excision depth Total 23 (52)

Incorrect excision depth Total 21 (48)

Excision too shallow 19 (43)

Excision too deep 2 (5)

  Type 3 TZ

Correct excision depth Total   1 (14)

Incorrect excision depth Total  6 (86)

Excision too shallow  6 (86)

Excision too deep 0 (0)

Abbreviations: TZ = transformation zone.
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too shallow and too deep were both associated 
with positive margins. Unfortunately, data were 
not collected on which margins were reported 
positive, as endocervical margins that are positive 
are the most strongly associated with disease per-
sistence.16 Therefore, collecting data on location 
of positive margins is an important consideration 
of future audits. Under-sampling in all three TZ 
classification groups may reflect a lack of knowl-
edge of excision depths specific to TZ type, or fears 
over the consequences of excessive depth in an 
overall young population in CMDHB.14,17 National 
guidelines outline that individuals who have had 
a previous LLETZ of ≥10mm are at high risk of 
spontaneous preterm birth and second-trimester 
loss, and should receive cervical length screening 

during pregnancy.23 Knowledge of these guide-
lines likely contributes to colposcopists’ tendency 
to remain conservative with their LLETZ excision 
depths. It may also reflect technical difficulties or 
lack of access to appropriate loops in achieving 
the required depths, as highlighted in the Ishi-
kawa cause and effect diagram (Figure 2).

This study also identified an excessive depth 
of excision in 22% of patients with type 1 TZs. 
No published reports on the rates of deep LLETZ 
excisions relative to PHE’s recommendations 
were available in the literature. However, similar 
findings were reported in the ADHB audit (33% 
of type 1 TZs excisions were of excessive depth), 
suggesting our centre is not unique. This finding 
is clinically significant, given that 94% of type 1 

Table 3: Treatment characteristics of patients undergoing large loop excision of the transformation zone  
(LLETZ) procedures. 

 Demographic and surgical variables
Total number of patients  
(n=184) (%)

  Primary operator
SMO

RMO

160 (87)

24 (13)

  Mode of anaesthesia

Local 

General

Spinal

Local + sedation

124 (67)

56 (31)

2 (1)

2 (1)

  Number of passes

1 

2

3

≥4

127 (69)

46 (25)

9 (5)

2 (1)

Clear excisional margins

Overall

Type 1 (n=133)

Type 2 (n=44)

Type 3 (n=7)

66 (36)

46 (35)

17 (39)

3 (43)

TZ completely excised

Overall

Type 1 (n=133)

Type 2 (n=44)

Type 3 (n=7)

33 (18)

24 (18)

8 (18)

1 (14) 

Abbreviations: SMO = senior medical officer; RMO = resident medical officer; TZ = transformation zone; CI = confidence interval.
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TZ patients in this study (and 92% in the ADHB 
cohort) were pre-menopausal, thus increasing 
these patients’ risks of preterm labour in future 
pregnancies.14,17 However, the PHE colposcopy 
guidelines only allow for a small margin of error 
for LLETZ excisions (3mm in type 1 TZ patients), 
adding to the difficulty of achieving the correct 
depth in this group of patients.15 Greater training 
in how to achieve the desired depth of excision 
across all TZ types may be beneficial in increasing 
the accuracy of excision. One study reported that 
auditing of consecutive LLETZ excisions resulted 
in significant improvement in the accuracy of col-
poscopists’ presumed and actual depth of exci-
sion.24 Increased guideline exposure in theatre 
and clinic, in addition to increased auditing of col-
poscopists’ excision depths, may increase the effi-
cacy of LLETZ procedures. 

Only 69% of LLETZ procedures were per-
formed using a single pass and 67% under local 
anaesthesia, relative to PHE’s standard of ≤80% 
and ≤85%, respectively.15 It is known that multiple 
tissue fragments can impact the accuracy of the 
histopathologic assessment. However, given the 
elevated rates of obesity in CMDHB (16% of adults 
in CMDHB are obese, and 19% morbidly obese), 
performing a LLETZ procedure using a single pass 
or under local anaesthesia may compromise the 
surgeon’s ability to obtain an adequate sample.25 
Thus, the use of multiple passes or general anaes-
thetic are likely prioritised in patients with diffi-
cult access, in order to optimise the adequacy of 
excision. Theoretically, analysis of multiple passes 
may underestimate the average depth of excision, 

as the minimum recorded depth for each seg-
ment was used for analysis. However, when two 
passes are performed, this is more likely to repre-
sent a separate anterior and posterior pass, rather 
than superimposed passes of the same area, and 
thus, should not impact the results. Inclusion of 
cases with three or more passes are more likely to 
underestimate depth; however, these only repre-
sented a small proportion (6%) of the sample and 
are therefore also unlikely to have influenced the 
overall result.

Although not the primary outcome of this study, 
we observed that non-Māori and non-Pasifika 
patients were more likely to have LLETZ procedures 
than Māori and Pasifika patients. This is despite the 
over-representation of Māori and Pasifika peoples in 
cervical cancer rates in New Zealand.3,20 These find-
ings are consistent with the reduced rates of cervical 
screening in Māori and Pasifika peoples seen nation-
wide, and the subsequent disparities in disease bur-
den and stage at diagnosis.8,20,26,27 These findings 
highlight the urgent need for future work focused 
on ensuring that the health service is able to provide 
equitable cervical screening throughout Aotearoa 
New Zealand. 

There were several limitations to this study. 
Firstly, patients undergoing cone biopsies were 
not included in this analysis, due to only a small 
proportion of patients undergoing this proce-
dure. This may limit interpretations of the man-
agement of type 3 TZ patients, given that only 
one surgical management option was included 
in this analysis. Secondly, formalin fixation is 
known to result in minor cervical tissue speci-

Figure 2: Ishikawa cause and effect diagram illustrating potential contributors to inadequate or excessive cervical 
excision depths.
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men shrinkage of around 2.7% in the longitudi-
nal dimensions.28 Consistent with other studies, 
this shrinkage was deemed clinically insignificant 
and thus no changes were made to the excision 
depth measurements in our analysis.24,28 Dia-
thermy ball fulguration to the base of the LLETZ 
excision is also routinely used to help achieve hae-
mostasis following resection and may have addi-
tional benefits in terms of treating residual CIN, 
the impact of which was not investigated in this 
audit.29 Finally, although this study was sufficiently 
powered overall, subgroup analysis had smaller 
patient populations, and thus was not always suf-
ficiently powered. This may have implications on 
the study’s ability to identify robust differences 
between audit standard outcomes according to 
clinical subgroups. Future studies would benefit 
from including a larger patient cohort in order to 
mitigate this effect. 

Ultimately, these findings highlight the need for 
additional quality improvement processes to address 
barriers to meeting standard excision depth. Sugges-
tions include having picture descriptions of the dif-
ferent transformation zone types alongside PHE’s 
colposcopy management guidelines in colposcopy 
rooms, in order to increase intraoperative awareness 
of the recommended excision depths. Secondly, 
increased access to a wider range of LLETZ loops 

may help facilitate excision of the correct cervical 
depth with only one pass. Finally, increased access 
to training opportunities, such as simulation-based 
teaching, may foster greater skill in excising the 
correct tissue depths.

Conclusion
This is the first study to audit and analyse the 

outcomes of patients undergoing LLETZ proce-
dures at CMDHB, relative to established colpos-
copy guidelines and standards of care. Differences 
in the excision depths were identified relative to 
PHE’s established thresholds, with a large pro-
portion of excisions being too shallow, particu-
larly in patients with type 2 and type 3 TZs. These 
findings highlight the importance of considering 
the associated risks of LLETZ procedures in indi-
vidual patients and the need to adapt the surgi-
cal approach and equipment used accordingly. 
Importantly, this study has also identified reduced 
rates of LLETZ procedures in Māori and Pasifika 
patients, emphasising the need for improved 
screening in these high-risk communities going 
forward. Finally, this study has highlighted the 
need to audit LLETZ procedures in other DHBs in 
New Zealand to identify issues and optimise the 
quality of care for CIN provided nationwide.
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Appendices 
Appendix 1: Differences in the proportion of patients meeting PHE’s standards of care for adequate depth of speci-
men when undergoing large loop excision of the transformation zone (LLETZ) procedures. Comparisons were made 
using Chi-squared tests or Fisher’s exact tests as appropriate, with p <0.05 considered statistically significant.

  
Audit standard for 
depth met 

 (n=89) (%)

Audit standard for 
depth not met 

(n=95) (%)
p value

  Mode of anaesthesia
 Local 

 Other

  60 (67)

 29 (33)

  59 (62)

 36 (38)
0.5

  Primary operator

 SMO

 RMO

 Unknown*

  78 (88)

 10 (11)

 1 (1)

  80 (84)

 14 (15)

 1 (1)

0.5

Transformation zone

 Type 1

 Type 2

 Type 3**

  65 (73)

 23 (26)

 1 (1) 

  68 (72)

 21 (22)

 6 (6) 

0.7 

  Menopausal status

 Pre-menopausal

 Post-menopausal

 Unknown*

  63 (71)

 14 (16)

 12 (13) 

  68 (71)

 11 (12)

 16 (17) 

0.6

  Ethnicity

 European

 Asian

 Māori

 Pasifika peoples

 Indian

 Other

  39 (44)

 11 (12)

 15 (17) 

 13 (15)

 7 (8) 

  4 (4) 

  34 (36)

 24 (25)

 15 (16) 

 11 (12)

 7 (7) 

  4 (4) 

0.3

Abbreviations: SMO = Senior Medical Officer; RMO = Resident Medical Officer.
*Rows with unknown values not included in comparison analysis
**Type 3 TZ not included in analysis due to low count
For mode of anaesthesia, other consisted of general anaesthesia, local anaesthesia with sedation or spinal anaesthesia.


