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Hysterectomy is one of the most frequently performed surgical 
procedures. Canada has one of the highest rates of hysterectomy 
globally, with one-third of women undergoing this procedure 
before 60 years of age.1 Minimal access approaches are favoured 
by both clinicians and patients,2 and the proportion of hysterec-
tomies being undertaken by a laparoscopic approach has 
increased substantially in many countries over the last 
10  years.3–7 The evidence-based medicine paradigm for surgical 
approaches to hysterectomy for benign disease advocates that 
the chosen surgical approach should be discussed with the 
patient by their surgeon and decided in light of the relative bene-
fits and risks.2 This advice is echoed by national guidelines.8,9

Most clinicians undertaking hysterectomy will intuitively iden-
tify patient characteristics that have the potential to increase the 
complexity and complications of surgery. A 2016 systematic 

review of studies that reported significant associations between 
patient characteristics and surgical outcomes for laparoscopic 
hysterectomy and a 2020 population-based prospective cohort 
study using data from the Danish hysterectomy database have 
suggested that older age, race, raised body mass index (BMI), 
diabetes mellitus, increased uterine weight, fibroids, endometri-
osis and adhesions are predictors of complications in patients 
undergoing hysterectomy for benign indications.10,11 However, 
assimilating this information to individualize and anticipate the 
precise risk for each patient if there are multiple factors present 
can be challenging. A 2020 systematic review reported that sur-
geons in other specialties were outperformed by risk prediction 
models in estimating postoperative risk and outcomes; their dis-
criminatory ability showed greater variation (C-statistic 0.51–
0.75) than other risk prediction tools.12
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Abstract
Background: Hysterectomy, the most 
common gynecological operation, 
requires surgeons to counsel women 
about their operative risks. We aimed to 
develop and validate multivariable logis-
tic regression models to predict major 
complications of laparoscopic or abdom-
inal hysterectomy for benign conditions.

Methods: We obtained routinely col-
lected health administrative data from 
the English National Health Service (NHS) 
from 2011 to 2018. We defined major 
complications based on core outcomes 
for postoperative complications includ-
ing ureteric, gastrointestinal and vascular 
injury, and wound complications. We 
specified 11 predictors a priori. We used 
internal–external cross-validation to 

evaluate discrimination and calibration 
across 7  NHS regions in the develop-
ment cohort. We validated the final 
models using data from an additional 
NHS region.

Results: We found that major complica-
tions occurred in 4.4% (3037/68 599) of 
laparoscopic and 4.9% (6201/125 971) of 
abdominal hysterectomies. Our models 
showed consistent discrimination in the 
development cohort (laparoscopic, 
C-statistic 0.61, 95% confidence interval 
[CI] 0.60 to 0.62; abdominal, C-statistic 
0.67, 95% CI 0.64 to 0.70) and similar or 
better discrimination in the validation 
cohort (laparoscopic, C-statistic 0.67, 95% 
CI 0.65 to 0.69; abdominal, C-statistic 
0.67, 95% CI 0.65 to 0.69). Adhesions 

were most predictive of complications in 
both models (laparoscopic, odds ratio 
[OR] 1.92, 95% CI 1.73 to 2.13; abdom-
inal, OR 2.46, 95% CI 2.27 to 2.66). Other 
factors predictive of complications 
included adenomyosis in the laparo-
scopic model, and Asian ethnicity and 
diabetes in the abdominal model. Pro-
tective factors included age and diagno-
ses of menstrual disorders or benign 
adnexal mass in both models and diag-
nosis of fibroids in the abdominal model.

Interpretation: Personalized risk esti-
mates from these models, which 
showed moderate discrimination, can 
inform clinical decision-making for 
 people with benign conditions who may 
require hysterectomy. 
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Patients should be given information about potential risks 
before surgery to manage expectations.13 This is especially 
important when surgery is considered for benign disease 
because nonsurgical options are often available.

Our aim was to generate prediction models that can be used 
in conjunction with a surgeon’s intuition to enhance preopera-
tive patient counselling and match the advances made in the 
technical aspects of surgery. We sought to quantify the propor-
tion of patients who underwent hysterectomy for benign dis-
ease and will have a major complication, and to develop and 
validate prognostic models to individualize this risk, using a 
national data set.

Methods

Study design, data source and participants
We developed and validated multivariable logistic prediction 
models using routinely collected data in a retrospective cohort 
study. Women with benign gynecologic conditions in England are 
initially assessed by their primary care physician and may be 
referred to hospital to see a gynecologist if medical treatment is 
unsuccessful. Hysterectomies for benign disease are performed in 
most hospitals, and there are regional centres for women with 
complex benign disease. Hospital Episode Statistics (HES) is an 
administrative database that holds records of all inpatient admis-
sions in the English National Health System (NHS). Each admis-
sion is given a primary diagnosis and up to 20 secondary diagno-
ses, which are categorized using the International Statistical 
Classification of Diseases and Related Health Problems, 10th revi-
sion (ICD-10), and up to 24 procedure fields coded using the Office 
of Population Censuses and Survey’s Classification of Surgical 
Operations and Procedures, 4th revision (OPCS-4). For the develop-
ment and validation of our prognostic models, we identified all 
patients undergoing a laparoscopic or abdominal hysterectomy 
for benign reasons between January 2011 and December 2018. 
Data extraction and analyses were carried out in accordance with 
relevant guidelines and regulations.

We identified patients undergoing hysterectomy using the 
OPCS-4 codes Q07 (abdominal excision of uterus) and Q08 (vagin al 
excision of uterus). We excluded the following: women who had a 
primary diagnosis of malignant disease; women with a primary 
diagnosis of female genital prolapse, as a vaginal approach is pre-
ferred in these women and those undergoing open or laparoscopic 
approaches for this diagnosis are likely to have concomitant pro-
cedures for prolapse at the time of hysterectomy that would carry 
additional and specific complication risks; women who underwent 
a robotic approach, as the uptake of robotic surgery for benign dis-
ease in England is limited; and women who underwent vaginal 
hysterectomy for benign nonprolapse disease (a 2019 restrospect-
ive cohort analysis involving women who underwent hysterec-
tomies in England reported that this accounts for less than 2.8% of 
women who underwent hysterectomy for benign nonprolapse dis-
ease).3 We also excluded patients who were younger than 18 years 
of age or who had missing data for age, duplicated cases and 
those that had more than 2 major complications on the basis that 
these were likely to be coding errors.

We identified patients having a laparoscopic hysterectomy 
when the Q07 or Q08 codes were combined with the Y75 code 
(minimal access to abdominal cavity), Y50.8 code (approach 
through abdominal cavity, other specified) and Y71.4 code (failed 
minimal access approach converted to open). We included failed 
minimal access procedures in the laparoscopic group because 
this was the intended route of surgery. This is a prognostic model 
designed for use preoperatively and, therefore, is an “intention-
to-treat” type of analysis. The laparoscopic codes that we used in 
this study are a broader set of codes than those suggested by the 
National Institute for Health and Care Excellence (NICE)14 
because these codes are more likely to capture laparoscopic pro-
cedures and reflect the changes in coding from when the NICE 
guidance was published.

The codes we chose to identify the route of hysterectomy were 
published previously from HES data.3 A full list of procedure codes 
and excluded diagnostic codes can be found in Appendix 1, Sup-
plementary Tables  1 and  2, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.220914/tab-related-content.

Outcome
We used a composite primary outcome of major surgical compli-
cations according to the Clavien–Dindo classification, the interna-
tionally accepted core outcomes for postoperative complications. 
We included ureteric, gastrointestinal and vascular injury, and 
wound complications requiring operative treatment identified 
either in the index admission or in any hospital admission in the 
28 days after surgery. We also included any reoperation after the 
index procedure on any subsequent admission within 28  days 
after surgery and other serious complications including shock, 
renal failure and external resuscitation. These major complica-
tions are comparable to the modified Clavien–Dindo classification 
grades III–IV.15,16 In constructing this composite outcome, we con-
sidered the recommendations that these outcomes be of similar 
importance and occur with a similar frequency with the assump-
tion that the direction of the association of each of these out-
comes used to formulate the composite outcome was the same 
for each predictor;17 these assumptions are supported by the 
existing literature.2,18–20 The classifications can be found in 
Appendix  1, Supplementary Tables  3 and  4. A full list of the 
OPCS-4 and ICD-10 codes and their description are presented in 
Appendix 1, Supplementary Table 5.

Predictors
We selected 11 predictors for inclusion in the models on the 
basis that the information would be readily available in the pre-
operative setting, and based on research describing factors 
associated with complications.21–28 Age, BMI, diabetes and indi-
cation for surgery have all been shown to influence complica-
tions.11,25,27,29–31 Uterine weight has also been shown to influence 
outcomes;11,29,32 however, we did not include it because it would 
not be available preoperatively. The gynecologic diagnoses 
were chosen as they represent most benign indications at the 
time of hysterectomy. Preoperative patient characteristics 
included the age of the patient, which was the only continuous 
predictor we included. We categorized ethnicity as follows: 
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white, Black African and Caribbean (including African, Caribbean 
and any other Black background), Asian (including Indian, 
Pakistani, Bangladeshi, Chinese and any other Asian back-
ground), and other and unknown (including any mixed back-
ground). The HES database requires patients to self-identify 
their ethnicity in 16 categories conforming with the 2001 census 
classification. We further categorized this in line with the 2021 
census. Ethnicity has been shown to be an independent factor 
influencing the route and complications of hysterec-
tomy.3,25,27,30,33–37 Our categorization of ethnicity is more detailed 
than the previous model available.29

We identified clinical predictors for conversion from ICD-10 
codes for obesity and diabetes.31 Common gynecologic diagno-
ses recorded at the time of hysterectomy were identified from 
ICD-10 codes and include fibroids, menstrual disorders, endo-
metri osis and pain, adenomyosis and benign adnexal mass. 
Women may have more than 1 gynecologic diagnosis at the time 
of hysterectomy.38 We used adhesions as a proxy of a previous 
history of abdominal surgery, since 90% of adhesions occur 
because of previous open abdominal surgery.39 The presence of 
intra-abdominal adhesions or concomitant adhesiolysis were 
identified from OPCS-4 or ICD-10 codes. These specific codes 
have not been validated, although they have been used in 
 several previous analyses.3,19,31,33,40,41 Previous validation studies 
of HES coding have shown acceptable reliability,42–44 and a 2012 
systematic review reported that the the accuracy of diagnostic 
coding using HES data was 83%–96%.45 A full list of codes and 
their description that we used to formulate these predictors can 
be found in Appendix 1, Supplementary Table 6.

Model development
Our model development and validation process followed current rec-
ommendations with regard to the selection and coding of predictors, 
the specification and estimation of the model, as well as the predic-
tive performance assessment measures and model presentation.46 
We hypothesized that heterogeneity among populations and uptake 
of laparoscopic approaches between geographic regions may con-
tribute to differences in model performance.3,47 Therefore, we 
divided the data into 8 different NHS regions. Seven regions were 
used in model development and internal–external cross-validation 
(Northern and Yorkshire, Trent, West Midlands, North West, Eastern, 
South East and South West). The eighth region (London) was not 
used in model development but was used for further validation, 
independent of the model development cohort. We chose London 
for validation as we hypothesized it was the most diverse region 
when all factors were considered, and would allow a robust test for 
generalizability.48 Hospital Episode Statistics data have been used 
previously to develop prediction models.33,47 We used a multivariable 
logistic regression modelling approach with prespecified predictors 
and did not use a selection strategy. We assessed nonlinear associa-
tion between age and major complications using fractional polynom-
ials, quadratic terms and a step function, and we decided to model 
age as a quadratic term (Appendix 2, Supplementary Figure 1, avail-
able at www.cmaj.ca/lookup/doi/10.1503/cmaj.220914/tab-related 
-content). Imputation of missing values was not necessary because 
more than 99.9% of the patients in the data set had complete data.

Model validation
During validation, we assessed model discrimination (how well 
predictions differentiated those who had a major complication 
from those who did not, quantified as the C-statistic), calibration 
(agreement between predicted and observed risk, assessed 
using calibration slopes), calibration-in-the-large (average pre-
dicted number of outcome events compared with number of 
observed outcome events) and calibration plots. An ideal calibra-
tion slope is 1, while calibration-in-the-large should ideally be 0. 

We validated the model in the development cohort first using an 
internal–external cross-validation framework to concurrently evalu-
ate between-region heterogeneity and assess generalizability.46,49 In 
this process, each of the 7 contributing NHS regions were iteratively 
excluded from the development set; the model was then trained 
using the prespecified predictors in the remaining regions and vali-
dated in the omitted region by quantifying the C-statistic, calibra-
tion slope and calibration-in-the-large statistics across develop-
ment regions. We used random-effects meta-analysis to calculate 
pooled C-statistics, calibration slopes and calibration-in-the-large 
statistics across development NHS regions. We evaluated forest 
plots to assess between-region heterogeneity. The final model was 
validated further in using data from the London NHS region, which 
had been held out from model development.

Model presentation
We developed user-friendly online calculators for both models 
and, in addition, we developed graphical calculators (nomo-
grams) for both models.

We considered aspects of Transparent reporting of a multi-
variable prediction model for individual prognosis or diagnosis 
(TRIPOD) in the reporting of our findings.50 We used Stata soft-
ware version 16.1 to perform the analyses.

Ethics approval
This research involved only previously collected nonidentifiable 
data and, therefore, did not require review by a United Kingdom 
research ethics committee. There was no patient or public 
involvement in this research. All data extraction and analyses were 
carried out in accordance with relevant national guidelines and 
regulations. Only aggregated totals of patients and procedures are 
reported, and no identifiable information was available for analysis. 

Results

Between Jan. 1, 2011, and Dec. 31, 2018, 361 624 patients under-
went hysterectomy in English NHS hospitals. We excluded 
69 528 patients with a primary diagnosis of malignant disease and 
78 558 with a primary diagnosis of female genital prolapse, 260 
who had a robotic hysterectomy and 13 129 who underwent a 
vagin al hysterectomy for benign (nonprolapse) disease. We also 
excluded 645 people who were younger than 18 years of age or 
had mis sing data for age, 295 with more than 2 major complica-
tions and 410 duplicate episodes. This left 68 599 patients who had 
laparoscopic hysterectomies, 3307 (4.4%) of whom had a major 
complication, and 125 971 patients who had an abdominal hyster-
ectomy, 6201 (4.9%) of whom had a major complication (Figure 1).
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We found that the number of laparoscopic hysterectomies 
increased, and the number of abdominal hysterectomies reduced 
over time. The number of major complications stratified by region 
and time are shown in Table 1. We included 61 534 patients who 
underwent laparoscopic and 109 979 who underwent abdominal 
hysterectomies in the 7 regions used in our model development. 
We held out a further 7065 patients who underwent laparoscopic 
and 5356 who underwent abdominal hysterectomies from 
1  region (London) for additional validation (Table  1). A detailed 
breakdown of the specific type of complications stratified by year 
and region are shown in Appendix  1, Supplementary Tables  7 
and 8.

Candidate predictors stratified by development and validation 
cohorts and univariate analysis of the association of prognostic 
factors from the development cohort associated with major com-
plications are shown in Table  2. In univariate analysis of both 
routes of hysterectomy,  we found that adhesions had the strong-
est association with major complications, with more than double 
the odds (laparoscopic odds ratio [OR] 2.03, 95% confidence 
interval [CI] 1.87 to 2.20; abdominal OR 2.50, 95% CI 2.35 to 2.65).

In the model for a laparoscopic approach, we found that  
menstrual disorders (adjusted OR 0.75, 95% CI 0.69 to 0.82), 
benign adnexal masses (adjusted OR 0.85, 95% CI 0.77 to 0.94) 
and other gynecologic diagnoses at the time of hysterectomy 
(adjusted OR 0.87, 95% CI 0.79 to 0.96) were protective against 
major complications (Table 3). Adenomyosis (adjusted OR 1.46, 
95% CI 1.36 to 1.60) and adhesions (adjusted OR 1.92, 95% CI 
1.73 to 2.13) were associated with increased risk of major compli-
cations. In the model for an open abdominal approach, we found 
that fibroids (adjusted OR 0.75, 95% CI 0.71 to 0.80), menstrual 
disorders (adjusted OR 0.52, 95% CI 0.48 to 0.55), benign adnexal 
masses (adjusted OR 0.79, 95% CI 0.74 to 0.84) and other gyneco-
logical diagnoses (adjusted OR 0.78, 95% CI 0.73 to 0.85) were 
protective against major complications. We also found that Asian 
ethnicity (adjusted OR 1.40, 95% CI 1.24 to 1.58), diabetes 
(adjusted OR 1.16, 95% CI 1.03 to 1.30) and adhesions (adjusted 
OR 2.46, 95% CI 2.27 to 2.66) were associated with increased risk 
of major complications. In both models, adhesions was the 
strongest predictor of complications. The apparent C-statistic of 
the laparoscopic model (discriminatory ability) was 0.60 (95% CI 

Excluded  n = 167 054
• Ovarian cancer  n = 16 913
• Cervical cancer  n = 5123
• Endometrial cancer  n = 42 174
• Unspecified female genital organ cancer  n = 4229
• Other malignant lesions  n = 5318
• Female genital prolapse  n = 78 558
• Robotic procedure  n = 260
• Vaginal procedure  n = 13 129
• Were younger than 18 yr or had missing data for age  n = 645
• Duplicate episodes  n = 410
• More than 2 major complications  n = 295

Patients undergoing a hysterectomy
from Jan. 1, 2011, to Dec. 31, 2018

n = 361 624 

Laparoscopic hysterectomy
n = 68 599

(no. of complications 3037, 4.4%)

Abdominal  hysterectomy
n = 125 971

(no. of complications 6201, 4.9%)

Development
cohort

n = 61 534
(no. of

complications
2663, 4.3%)

Validation
cohort

n = 7065
(no. of

complications
374, 5.3%) 

Development
cohort

n = 109 979
(no. of

complications
5356, 4.8%) 

Validation
cohort

n = 15 992
(no. of

complications
845, 5.3%)

Figure 1: Flow chart of the study population. We identified patients from the Hospital Episode Statistics database to develop and validate prediction 
models for major complications in patients undergoing laparoscopic or abdominal hysterectomy for benign disease.
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Table 1: Number of patients undergoing hysterectomy, by surgical route, year and region of England, and number and 
percentage of major complications within 28 days, by surgical route and year

Surgical 
route, by year

No. of  patients*

Major 
complications 

% (95% CI) of 
patients with 

major 
complications

Northern 
and 

Yorkshire† Trent†
West 

Midlands†
North 
West† Eastern† London‡

South 
East†

South 
West† Total

Laparoscopic hysterectomy

2011 685 375 430 454 434 673 1445 775 5271 216 4.1
(3.6 to 4.7)

2012 819 564 529 608 539 720 1610 839 6228 265 4.3
(3.8 to 4.8)

2013 981 686 640 888 681 717 1800 955 7348 279 3.8
(3.4 to 4.3)

2014 1239 727 855 999 681 771 2076 1004 8353 354 4.2
(3.8 to 4.7)

2015 1542 827 1019 1165 738 866 2165 1084 9406 379 4.0
(3.6 to 4.5)

2016 1554 902 968 1368 815 978 2304 1207 10 096 441 4.4
(4.0 to 4.8)

2017 1648 1059 1146 1403 875 1166 2392 1245 10 934 536 4.9
(4.5 to 5.3)

2018 1665 1125 1083 1474 942 1174 2295 1206 10 964 567 5.2
(4.8 to 5.6)

Total 10 133 6265 6670 8359 5705 7065 16 087 8315 68 599 3037 4.4 
(4.3 to 4.6)

Major 
complications

398 228 262 365 258 374 729 423 3037 – –

% (95% CI) of 
patients with 
major 
complications

3.9 
(3.6 to 4.3)

3.6
(3.2 to 4.1)

3.9 
(3.5 to 4.4)

4.4 
(3.9 to 4.8)

4.5 
(4.0 to 5.1)

5.3
(4.8 to 5.8)

4.5
(4.2

 to 4.9)

5.1
(4.6 

to 5.6)

4.4
(4.3

 to 4.6)

– –

Abdominal hysterectomy

2011 2249 2316 2883 3160 2034 2302 2922 1977 19 843 784 4.0
(3.7 to 4.2)

2012 2057 2287 2647 2937 2059 2324 2866 1774 18 951 884 4.7
(4.4 to 5.0)

2013 1850 2109 2506 2736 1934 2197 2547 1522 17 401 769 4.4
(4.1 to 4.7)

2014 1830 2105 2239 2636 1993 2107 2485 1444 16 839 784 4.7
(4.3 to 5.0)

2015 1641 1980 2048 2372 1765 1974 2376 1344 15 500 788 5.1
(4.7 to 5.4)

2016 1427 1736 1847 2156 1559 1752 2075 1103 13 655 776 5.7
(4.7 to 5.4)

2017 1282 1540 1747 1910 1435 1704 1887 990 12 495 739 5.9
(5.5 to 6.3)

2018 1191 1446 1573 1701 1241 1632 1672 831 11 287 677 6.0
(5.6 to 6.5)

Total 13 527 15 519 17 490 19 608 14 020 15 992 18 830 10 985 125 971 6201 4.9
(4.8 to 5.0)

Major 
complications

653 657 838 1159 650 845 839 560 6201 – –

% (95% CI) of 
patients with 
major 
complications

4.8
 (4.5

 to 5.2)

4.2
(3.9 to 4.6)

4.8 
(4.5 to 5.1)

5.9
(5.6 to 6.3)

4.6
(4.3 to 5.0)

5.3
(4.9 to 5.6)

4.5 
(4.2 

to 4.8)

5.1
(4.7 

to 5.5)

4.9
(4.8 

to 5.0)

– –

Note: CI = confidence interval.
*Unless specified otherwise.
†National Health Service region data used for our development model. Laparoscopic surgical route: total no. of procedures 61 534, no. (%) of major complications 2663 (4.3), 95% CI 
4.2% to 4.4%. Abdominal surgical route: total no. of procedures 109 979, no. (%) of major complications 5356 (4.8), 95% CI 4.7% to 4.9%.
‡National Health Service region data used for our validation model. Laparoscopic surgical route: total no. of procedures 7065, no. (%) of major complications 374 (5.3), 95% CI 4.8% to 
5.8%. Abdominal surgical route: total no. of procedures 15 992, no. (%) of major complications 845 (5.3), 95% CI 4.9% to 5.6%. 
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Table 2: Candidate predictors stratified by route of hysterectomy and development and validation data sets with crude odds 
ratios of potential prognostic determinants of a major complication in the development data set 

No. (%) of patients*

No. (%) of major 
complications 

Crude OR (95% CI)  
in model development 

data set

Development  
data set
n = 61 534

Validation  
data set
n = 7065

Total
n = 68 599

Laparoscopic hysterectomy

No. of complications (%) 2663 (4.3) 374 (5.3) 3037 (4.4) 3037 (4.4) –

Age, yr; mean ± SD 46.9 ± 9.7 48.7 ± 9.5 47.1 ± 9.7 1.00 (0.99 to 1.00)

Ethnicity

    White 53 640 (87.2) 3854 (54.6) 57 494 (83.8) 2476 (81.5) –

    African and Caribbean 629 (1.0) 904 (12.8) 1533 (2.2) 76 (2.5) 1.16 (0.81 to 1.67)

    Asian 1458 (2.4) 788 (11.2) 2246 (3.3) 120 (4.0) 1.28 (1.01 to 1.61)

    Other and unknown† 5807 (9.4) 1519 (21.5) 7326 (10.7) 365 (12.0) 1.06 (0.93 to 1.21)

Clinical diagnosis

    Obesity 8498 (13.8) 599 (8.5) 9097 (13.3) 378 (12.4) 0.94 (0.83 to 1.06)

    Diabetes 2450 (4.0) 475 (6.7) 2295 (4.3) 123 (4.1) 0.88 (0.72 to 1.09)

Gynecologic diagnosis

    Fibroids 23 942 (38.9) 3378 (47.8) 27 320 (39.8) 1212 (39.9) 0.99 (0.91 to 1.07)

    Menstrual disorders 29 310 (47.6) 3303 (46.8) 32 613 (47.5) 1166 (39.4) 0.69 (0.64 to 0.75)

    Endometriosis and pain 17 358 (28.2) 1798 (25.4) 19 156 (27.9) 1085 (35.7) 1.45 (1.33 to 1.57)

    Adenomyosis 19 497 (31.7) 2179 (30.8) 21 676 (31.6) 1314 (43.2) 1.63 (1.51 to 1.77)

    Benign adnexal mass 13 042 (21.2) 1189 (16.8) 14 231 (20.7) 608 (20.0) 0.95 (0.87 to 1.04)

    Other 15 028 (24.2) 1795 (25.4) 16 823 (24.5) 682 (22.4) 0.90 (0.82 to 0.99)

Adhesions 12 953 (21.1) 1663 (23.5) 14 616 (21.3) 1087 (35.7) 2.03 (1.87 to 2.20)

No. (%) of patients*

No. (%) of major 
complications 

Crude OR (95% CI)  
in model development 

data set

Development  
data set
n = 109 979

Validation  
data set
n = 15 992

Total
n = 125 971

Abdominal hysterectomy

No. of complications (%) 5356 (4.8) 845 (5.3) 6201 (4.9) 6201 (4.9) –

Age, yr; mean ± SD 48.8 ± 10.1 49.1 ± 8.8 48.8 ± 10.0 1.02 (1.01 to 1.02)

Ethnicity

    White 89 119 (81.0) 6266 (39.2) 95 385 (75.7) 4631 (74.7) –

    African and Caribbean 3226 (2.9) 4194 (26.2) 7420 (5.9) 387 (6.2) 1.04 (0.88 to 1.21)

    Asian 4637 (4.2) 1835 (11.5) 6472 (5.1) 402 (6.4) 1.36 (1.21 to 1.53)

    Other and unknown‡ 12 997 (11.8) 3697 (23.1) 16 694 (13.3) 781 (12.6) 0.95 (0.87 to 1.04)

Clinical diagnosis

    Obesity 13 206 (12.0) 1097 (6.9) 14 303 (11.4) 700 (11.3) 1.01 (0.92 to 1.09)

    Diabetes 5073 (4.6) 1019 (6.4) 6092 (4.8) 399 (6.4) 1.36 (1.21 to 1.53)

Gynecologic diagnosis

    Fibroids 60 623 (55.1) 11 422 (71.4) 72 045 (57.2) 3053 (49.2) 0.72 (0.68 to 0.76)

    Menstrual disorders 44 169 (40.2) 6650 (41.6) 50 819 (40.3) 1593 (25.6) 0.48 (0.45 to 0.52)

    Endometriosis and pain 25 792 (23.5) 3554 (22.2) 29 346 (23.3) 2055 (33.1) 1.60 (1.50 to 1.70)

    Adenomyosis 26 491 (24.1) 3086 (19.3) 29 577 (23.5) 1657 (26.7) 1.17 (1.10 to 1.25)

    Benign adnexal mass 33 681 (30.6) 3409 (21.3) 37 090 (29.4) 1911 (30.8) 1.07 (1.01 to 1.14)

    Other 19 704 (17.9) 2272 (14.2) 21 976 (17.4) 995 (16.0) 0.90 (0.84 to 0.97)

Adhesions 19 382 (17.6) 2264 (20.4) 22 646 (18.0) 2166 (34.9) 2.50 (2.35 to 2.65)

Note: CI = confidence interval, OR = odds ratio, SD = standard deviation.
*Unless identified otherwise.
†Total patients, n = 7326. White and Black Caribbean (mixed), n = 162 (2.2%); white and Black African (mixed), n = 78 (1.1%); white and Asian (mixed), n = 82 (1.1%); any other mixed 
background, n = 168 (2.3%); any other ethnic group, n = 772 (10.5%); and not stated or not known, n = 6064 (82.8%).
‡Total patients, n = 16 694. White and Black Caribbean (mixed), n = 481 (2.9%); white and Black African (mixed), n = 265 (1.6%); white and Asian (mixed), n = 199 (1.2%); any other mixed 
background, n = 406 (2.4%); any other ethnic group, n = 1758 (10.5%); and not stated or not known, n = 13 585 (81.4%). 
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0.60 to 0.62), and the abdominal model 0.67 (95% CI 0.65 to 0.69). 
The full model coefficients are shown in Appendix 1, Supplemen-
tary Table 9, to enable independent model reconstruction.

Forest plots showing model discrimination (C-statistic) and 
calibration metrics (slope and calibration-in-the-large) from 
internal–external cross validation49 of both prognostic models in 
the development cohort are shown in Figure 2. Visual calibration 
plots for development and validation cohorts for both models 
are shown in Figure 3, and calibration plots by development NHS 
region are shown in Appendix  3, Supplementary Figure 3A and 
3B, available at www.cmaj.ca/lookup/doi/10.1503/cmaj.220914/
tab-related-content.

In the laparoscopic model, we found that C-statistics were 
consistent across development regions (point estimates 0.59 to 
0.62; pooled random-effects meta-analysis estimate 0.60, 95% 
CI 0.59 to 0.62). Calibration slopes showed minor heterogeneity 
across regions (point estimates 0.81 to 1.20; pooled estimate 
0.95, 95% CI 0.86 to 1.04). There was some heterogeneity across 
regions in calibration-in-the-large (point estimates –0.16 to 
0.21; pooled estimate –0.01, 95% CI –0.11 to 0.09). Overall risk 
was overestimated in Northern and Yorkshire, Trent and West 

Midlands, and underestimated (the actual risk is higher than 
the predicted risk) in the South West. We validated the final 
laparo scopic prognostic model, trained in the development 
cohort, in the held-out NHS region. The C-statistic was 0.67 
(95% CI 0.64 to 0.70), calibration-in-the-large 0.14 (95% CI 0.04 
to 0.25) and calibration slope 1.47 (95% CI 1.24 to 1.70).

In the abdominal model, we found that C-statistics were also 
consistent across development regions (point estimates 0.64 to 
0.67; pooled random-effects meta-analysis estimate 0.66, 95% CI 
0.65 to 0.66). Calibration slopes showed minor heterogeneity 
(point estimates 0.84 to 1.07; pooled estimate 0.99, 95% CI 0.92 to 
1.06). There was some heterogeneity across regions in calibration-
in-the-large (point estimates –0.16 to 0.27; pooled estimate –0.01, 
95% CI –0.11 to 0.10). Overall risk was overestimated (predicted 
risk is higher than the actual risk) in Trent and the South East and 
underestimated in the North West. We validated the final abdom-
inal prognostic model, trained in the development cohort, in the 
held-out NHS region. The C-statistic remained stable at 0.67 (95% 
CI 0.65 to 0.69); calibration-in-the-large was 0.04 (95% CI –0.03 to 
0.11) and calibration slope was 1.09 (95% CI 0.97 to 1.21).

The online calculator can be found at www.evidencio.com 
(laparoscopic, https://www.evidencio.com/models/show/2551; 
abdominal, https://www.evidencio.com/models/show/2552). 
The models are also presented as nomograms in Appendix  4, 
Supplementary Figure  4, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.220914/tab-related-content. Examples of how 
to use the nomograms are also shown in Appendix  5, Supple-
mentary Figure 5, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.220914/tab-related-content.

Interpretation

Our prognostic models for major complications in laparoscopic 
and abdominal hysterectomy had acceptable predictive ability.51 
Our internal–external cross-validation and external validation 
showed moderate discrimination. The final models integrate 
11 routinely available predictors and are intended for use when 
counselling patients preoperatively. The models are relevant for 
gynecologists to aid preoperative counselling and to individual-
ize risk using the calculator. This tool is not applicable to 
patients undergoing hysterectomy for malignant disease.

We have used a large national multiinstitutional database 
with full coverage of English NHS hospitals, which enhances 
generalizability. Therefore, the estimation of the rate of major 
complications is precise and representative of national prac-
tice. We are unaware of any other prediction models for major 
complications in patients undergoing abdominal hysterectomy 
for benign disease. Our prediction model for laparoscopic hys-
terectomy was developed in twice the number of patients of 
an existing model.29 This robust sample links patients by a 
unique identification number that allowed patients who were 
admitted to a different hospital in the postoperative period to 
be identified and linked to the index episode, therefore mini-
mizing loss to follow-up. The coding for age and primary diag-
nosis in this database has been shown to be accurate, and the 
accuracy of reporting for comorbidities such as obesity and 

Table 3: Multivariable logistic regression models for 
prediction of major complications for each of the routes of 
hysterectomy* 

Patient characteristic

Laparoscopic 
adjusted OR

(95% CI)

Abdominal 
adjusted OR

(95% CI)

Age, yr (per additional year) 0.97 (0.94 to 0.99) 0.93 (0.92 to 0.95)

Age, yr2 1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00)

Ethnicity

    White Ref. Ref.

    African and Caribbean 1.15 (0.79 to 1.65) 1.16 (0.99 to 1.37)

    Asian 1.24 (0.98 to 1.57) 1.40 (1.24 to 1.58)

    Other or unknown 1.07 (0.64 to 1.22) 0.96 (0.88 to 1.05)

Clinical diagnosis

    Obesity 0.90 (0.80 to 1.00) 0.99 (0.91 to 1.08)

    Diabetes 0.85 (0.69 to 1.06) 1.16 (1.03 to 1.30)

Gynecologic diagnosis

    Fibroids 1.00 (0.92 to 1.09) 0.75 (0.71 to 0.80)

    Menstrual disorders 0.75 (0.69 to 0.82) 0.52 (0.48 to 0.55)

    Endometriosis or pain 0.99 (0.90 to 1.10) 0.95 (0.87 to 1.02)

    Adenomyosis 1.46 (1.36 to 1.60) 1.06 (0.99 to 1.13)

    Benign adnexal mass 0.85 (0.77 to 0.94) 0.79 (0.74 to 0.84)

    Other 0.87 (0.79 to 0.96) 0.78 (0.73 to 0.85)

Adhesions 1.92 (1.73 to 2.13) 2.46 (2.27 to 2.66)

Note: CI = confidence interval, OR = odds ratio, Ref. = reference category.
*This model does not apply to patients undergoing hysterectomy for malignant 
indications, as they were excluded from the study.
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diabetes have improved.45,52 The HES data have been used pre-
viously to produce prediction models.33,47

The most significant risk factor for major complications in 
both models was the presence of adhesions, which is consistent 
with existing literature.11,20,24,26 Adhesions should be suspected if 
there is a previous history of laparotomy,39 cesarean section,53 
pelvic infection or endometriosis,2,39 and can be reliably diag-
nosed preoperatively using ultrasonography.54,55 As the global 
rate of cesarean sections continues to rise, this will undoubtedly 
remain a key determinant of major complications. 

We found that patients of Asian descent were at higher risk of 
major complications after abdominal hysterectomy than patients 
who were white; however, we did not find that race was a predic-
tor for complications in laparoscopic hysterectomy as reported in 
previous studies.25,27,28 Previous studies have shown that patients 
who were not white, in particular patients of Asian descent,37 are 
less likely to undergo a minimal access approach,27,34,36 and this 
disparity in care merits further investigation.

In our model, obesity was not a significant predictor of 
major complications for either route of hysterectomy. We may 
be criticized for using a binary variable rather than exact BMI; 
however, the existing model for prediction of complications in 
laparoscopic hysterectomy used exact BMI as a predictor but 
did not find BMI to be a statistically significant predictor.29 
Comparison of this finding with existing literature is challeng-
ing in view of the heterogeneity between studies in the defini-
tion of complications. A 2020 population-based prospective 

cohort study in Denmark using multi-institutional data found 
that obesity was a significant predictor of complications; how-
ever, the study included deep vein thrombosis as a major com-
plication.11 A 2013 longitudinal observation study in Finland did 
not find obesity to be a risk factor for major complications; 
however, it did report that obesity increased the risk of post-
operative infections, which would not be included in our com-
posite outcome if managed by nonsurgical measures.4 A 2021 
study of the effects of obesity on peri- and postoperative out-
comes in patients undergoing robotic versus conventional hys-
terectomy that involved women undergoing a total hysterec-
tomy for benign indications in Sweden reported longer 
operating times and longer hospital stays but no significant dif-
ference in reoperation or readmission; however, robotic sur-
gery was included.56 A 2016 systematic review of factors associ-
ated with outcomes in laparoscopic hysterectomy concluded 
that a BMI of more than 30 influenced operating times and 
blood loss (greater),10 which were not included in our composite 
outcome. A prospective, multi-institutional, risk-adjusted cohort 
study involving 118 707 patients undergoing nonbariatric gen-
eral surgery found overall morbidity to be lower in patients with 
a normal weight: a phenomenon known as the obesity para-
dox.57 This is thought to be because there are subsets of patients 
who are obese: those who have metabolic disturbances and 
those who do not. There is evidence that obese patients with 
metabolic syndrome (specifically diabetes and hypertension) 
who undergo general, vascular and orthopedic surgery are at 

Laparoscopic hysterectomy

N n
Northern and Yorkshire 10 133 398
Trent 6265 228
West Midlands 6670 262
North West 8359 365
Eastern 5705 258
South West 8315 423
South East 16 087 729
Meta-analysis

Abdominal hysterectomy 

Meta-analysis

N n

Northern and Yorkshire 13 527 653
Trent 15 519 657
West Midlands 17 490 838
North West 19 608 1159
Eastern 14 020 650
South West 10 985 560
South East 18 830 839

Heterogeneity:
I2 = 0.02%

0.50 0.55 0.60 0.65 0.70

C-statistic
95% CI

C-statistic

C-statistic
95% CI

0.61 (0.58 to 0.64)
0.61 (0.58 to 0.65)
0.62 (0.59 to 0.66)
0.59 (0.56 to 0.62)
0.60 (0.56 to 0.63)
0.60 (0.57 to 0.62)
0.61 (0.58 to 0.63)
0.60 (0.59 to 0.62)

Heterogeneity:
I2 = 0.07%

0.55 0.60 0.65 0.70 0.75

0.66 (0.65 to 0.66)

0.66 (0.64 to 0.69)
0.66 (0.64 to 0.68)
0.66 (0.64 to 0.68)
0.66 (0.64 to 0.68)
0.67 (0.64 to 0.69)
0.64 (0.62 to 0.67)
0.64 (0.62 to 0.66)

C-statistic

Heterogeneity:
I2 = 84.77%

–0.40 –0.20 0 0.20 0.40

CITL
95% CI

CITL

CITL
95% CI

–0.13 (–0.23 to –0.03)
–0.16 (–0.29 to –0.03)
–0.14 (–0.27 to –0.02)
–0.02 (–0.13 to 0.08)
0.07 (–0.05 to 0.20)
0.21 (0.11 to  0.30)
0.07 (0 to 0.15)
–0.01 (–0.11 to 0.09)

Heterogeneity:
I2 = 93.17%

–0.20 0 0.20 0.40

–0.01 (–0.11 to 0.10)

–0.03 (–0.10 to 0.05)
–0.13 (–0.20 to –0.05)
–0.02 (–0.09 to 0.05)
0.27 (0.21 to 0.33)
–0.05 (–0.13 to 0.03)
0.06 (–0.03 to 0.14)
–0.16 (–0.23 to –0.09)

CITL

Heterogeneity:
I2 = 0%

0.50 1.00 1.50 2.00

Calibration slope
95% CI

Calibration slope
95% CI

1.04 (0.81 to 1.27)
1.20 (0.87 to 1.54)
1.14 (0.86 to 1.42)
0.81 (0.57 to 1.04)
0.85 (0.55 to 1.15)
0.88 (0.65 to  1.11)
0.91 (0.74 to 1.08)
0.95 (0.86 to 1.04)

Calibration slope

Heterogeneity:
I2 = 50.97%

0.60 0.80 1.00 1.20 1.40

0.99 (0.92 to 1.06)

1.04 (0.90 to 1.17)
1.05 (0.91 to 1.19)
1.06 (0.94 to 1.17)
0.99 (0.89 to 1.09)
1.07 (0.93 to 1.20)
0.89 (0.75 to 1.04)
0.84 (0.73 to 0.95)

Calibration slope

Figure 2: Internal–external cross validation of laparoscopic and abdominal models, by National Health Service region. Broken lines indicate lines of 
perfect calibration-in-the-large (0) and calibration slope (1); blue squares indicate point estimates; bars indicate 95% CIs; and diamonds indicate 
 estimates from random-effects meta-analysis. Note: CI = confidence interval, CITL = calibration-in-the-large. 
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increased risk of morbidity and mortality than those in the nor-
mal weight range.58 We included diabetes as a separate vari-
able, and obese patients with metabolic disturbance may have 
been captured in this group. Although we found no evidence 
that obesity is a factor influencing the incidence of major com-
plications, surgeons who use this tool must be aware that the 
outcome does not include venous thromboembolism or wound 
complications not requiring surgical intervention for which 

there is existing evidence.59 We found that diabetes did not 
have an impact on major complications in laparoscopic surgery 
as found in a previous study31 but did have an impact on out-
comes for abdominal hysterectomy, in keeping with previous 
reports of increased adverse outcomes after orthopedic and 
ear, nose and throat surgery, including cardiac complications 
and intensive care admissions.58,60–64 With the prevalence of dia-
betes rising, it is an important factor to consider.65
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Previous studies have shown that higher uterine weight is a pre-
dictor of major complications,11,29 and 1 study reported that, 
although uterine weight was a risk factor for complications, abdom-
inal hysterectomy had higher odds of complication than laparo-
scopic hysterectomy for all strata of weight.32 We used a diagnosis of 
fibroids as a proxy of uterine weight and found that this was not a 
significant predictor of complications in the laparoscopic model and 
was a protective factor in the abdominal model, which was an unex-
pected finding. This may be because fibroids are coded as a diagno-
sis even when they do not significantly increase uterine weight or 
are coded to justify an open approach. However, there may be rea-
sons beyond these that must be considered. In 2014, the U.S. Food 
and Drug Administration issued a statement discouraging the use of 
power morcellation in patients undergoing hysterectomy for 
fibroids because these patients may have occult leiomyosarcoma 
and morcellation would spread the tissue and worsen the progno-
sis.66 In the United States, the proportion of hysterectomies per-
formed abdominally for patients with fibroids increased at the 
expense of laparoscopic procedures.67 It is plausible that owing to 
these controversies, surgeons in the NHS may have opted for an 
open approach in those with fibroids that were not substantial in 
size and who had few other risk factors who may have been other-
wise suitable for a laparoscopic approach. The UK has also been 
criticized for being slow to adopt laparoscopic approaches to hys-
terectomy because of restrictive national guidance,68 and perhaps 
this finding highlights that patient selection for minimal access 
approaches for patients who have fibroids is more timid than in 
other countries.

Limitations
Despite the large cohort, our study has limitations, including the 
lack of detailed clinical information on exact BMI, location, type 
and size of leiomyoma, or severity of adhesions and endometri-
osis, and the long-term outcome of complications. Large data-
bases may also have coding errors. The discriminatory ability of 
our tools falls a little below what would usually be considered 
“good” (0.7), and this may be due to the age and the granularity 
of the data. The database does not include information on the 
experience or training of surgeons, which has been shown to 
influence complications rates.69,70 Our calibration of the model 
was optimal, with CIs overlapping the reference ideal line; how-
ever, in the highest risk decline group undergoing laparoscopic 
hysterectomy, the probability predicted by the model underesti-
mated the actual risk and, in the highest risk decline group 
undergoing abdominal hysterectomy, the model overestimated 
the actual risk.

Conclusion

We have developed simple online prediction tools using routinely 
collected data that provide personalized risk estimates for 
patients undergoing hysterectomy for benign disease and can be 
used by surgeons to aid preoperative counselling. These tools will 
guide shared decision-making and may lead to referral to centres 
with greater surgical expertise or to exploration of nonsurgical 
treatment options. Although a surgeon’s experience and expert 

opinion carries utility, it cannot be used solely to guide risk man-
agement. In Canada and globally, the overall rate of hysterectomy 
for benign disease is declining, and more patients are undergoing 
surgery by lower-volume surgeons, who may not have expertise 
in every procedure. Most hysterectomies in Canada are for benign 
indications and, with calls for ongoing investment into gyneco-
logic surgery, our models could be useful tools to stratify risk. Fur-
ther research should focus on improving the discriminatory abil-
ity of these tools by including factors other than patient 
characteristics, including surgeon volume, as this has been shown 
to reduce complications. 
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