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ABSTRACT
Objectives  To explore determinants of practice variation 
in both access, and quality and efficiency of surgical care 
for pelvic organ prolapse (POP).
Design and setting  A retrospective cohort study 
employing administrative health data from the Tuscany 
region, Italy.
Participants  All women over 40 years hospitalised for 
apical/multicompartmental POP reconstructive surgery 
(excluding anterior/posterior colporrhaphy without 
concomitant hysterectomy) from January 2017 to 
December 2019.
Outcomes  We first computed treatment rates just for 
women residing in Tuscany (n=2819) and calculated 
the Systematic Component of Variation (SCV) to explore 
variation in access to care among health districts. 
Then, using the full cohort (n=2959), we ran multilevel 
models for the average length of stay and reoperations, 
readmissions and complications, and computed the 
intraclass correlation coefficient to assess the individual 
and hospital determinants of efficiency and quality of care 
provided by hospitals.
Results  The 5.4-fold variation between the lowest-
rate (56/100 000 inhabitants) and the highest-rate 
(302/100 000) districts and the SCV over 10% confirmed 
high systematic variation in the access to care. Higher 
treatment rates were driven by greater provisions of 
robotic and/or laparoscopic interventions, which showed 
highly variable usage rates. Both individual and hospital 
factors influenced quality and efficiency provided by 
hospitals, but just low proportions of variation were 
explained by hospital and patient characteristics.
Conclusions  We found high and systematic variation in 
the access to POP surgical care in Tuscany and in quality 
and efficiency provided by hospitals. Such a variation may 
be mainly explained by user and provider preferences, 
which should be further explored. Also, supply-side factors 
may be involved, suggesting that wider and more uniform 
dissemination of robotic/laparoscopic procedures may 
reduce variation.

INTRODUCTION
Pelvic organ prolapse (POP) can affect up to 
40% of women, with a 7–11% lifetime surgical 
risk.1 2 Transvaginal surgery, generally supported 

by concomitant hysterectomy, is the traditional 
and least invasive approach but has high recur-
rence rates in the presence of high-grade multi-
compartmental POP.3 4 So, abdominal surgery 
(such as sacrocolpopexy, sacrohysteropexy or 
lateral suspension) is preferable for multicom-
partmental POP to achieve better anatom-
ical outcomes.5–7 Laparoscopic and robotic 
abdominal procedures offer shorter hospital-
isations and fewer complications than tradi-
tional open laparotomy approaches, which 
should be avoided whenever possible.8 Robotic 
surgery and laparoscopy provide similar objec-
tive outcomes, but, despite some advantages, 
robotic surgery is more costly and its superiority 
to laparoscopy is not proven.9–11 So, laparoscopy 
remains the gold-standard approach for multi-
compartmental POP.12

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This is the first study to explore regional variation in 
elective surgical practice for pelvic organ prolapse 
(POP) in Italy by using relatively inexpensive, easi-
ly accessible and high-quality administrative data, 
which allow gathering information about the entire 
population of interest.

	⇒ Our data included all the ICD-9-CM (International 
Classification of Diseases, 9th Revision, Clinical 
Modification) diagnostic and procedural codes that 
allowed us to uniform our study population by se-
lecting major POP surgical operations through a 
validated algorithm.

	⇒ This study has the limitation of using regional 
administrative health data, which may lack non-
clinical and functional outcomes and some potential 
confounding variables such as lifestyle and sociode-
mographic factors.

	⇒ The POP stage according to the POP quantification 
system was missing and there was no information 
on the procedural characteristics such as the spe-
cific surgical technique used for each patient (eg, 
sacrocolpopexy).

P
rotected by copyright.

 on M
arch 7, 2023 at S

cuola S
uperiore S

ant A
nna B

iblioteca.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-068145 on 7 M

arch 2023. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-5309-2813
http://orcid.org/0000-0002-0914-4487
http://dx.doi.org/10.1136/bmjopen-2022-068145
http://dx.doi.org/10.1136/bmjopen-2022-068145
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2022-068145&domain=pdf&date_stamp=2023-03-07
http://bmjopen.bmj.com/


2 Ferrari A, et al. BMJ Open 2023;13:e068145. doi:10.1136/bmjopen-2022-068145

Open access�

The increasing adoption of robotic/laparoscopic inter-
ventions in elective gynaecological surgery has raised 
concerns over the contribution of such procedures to the 
matter of clinical practice variation. Variation is generally 
due to healthcare systems’ failure in ensuring effective care 
to all patients, suboptimal use of supply-sensitive care in terms 
of resource availability or preference-sensitive factors involving 
patients and clinicians.13 Variation is not per se a problem: 
from a patient-centred perspective, variation should be 
maintained when depending on patient preferences and 
needs but reduced when unwarranted, that is, driven by 
clinicians’ attitudes and beliefs or resource allocation.14 
The need to reduce unwarranted variation also depends on 
its double link to healthcare costs: on one hand, excessively 
high treatment rates may result in unjustified costs to health-
care systems, especially public ones; on the other hand, as 
Wennberg noted,15 people living in high-cost healthcare 
areas are more likely to receive visits, diagnostic tests and 
hospitalisations than people living in low-cost regions, but 
without substantial improvement in clinical outcomes.

As for elective surgery, variation is mainly driven by 
supply-sensitive and preference-sensitive factors, with clini-
cians’ prescriptive behaviour being a major determi-
nant of it.16 17 Furthermore, novel technologies—such as 
robotic surgical systems—may amplify variation, as they 
disseminate before their cost-effectiveness is assessed, 
thus providing therapeutic alternatives not uniformly 
adopted by clinicians.18 This is valid also for elective 
gynaecological surgery, with high variation in treatment 
rates observed for benign hysterectomy.19 Like hysterec-
tomy, POP surgery is a variation-prone kind of surgery, 
with potential risks of inappropriate under-treatment/
over-treatment.20 Several studies on practice variation 
are available.20 21 However, poor evidence is available 
regarding POP surgery in Italy.

As for the Italian National Health Service, tackling varia-
tion is even more relevant, as variation is related to equity, 
one of the threefold missions of Beveridge-like health-
care systems.22 Among the 21 regional health systems 
of Italy,23 Tuscany provides health services to 3.7 million 
inhabitants, being one of the most performing regions 
according to the Italian Health Ministry. However, wide 
differences in elective surgical delivery occur within its 
districts.24 25 Our hypothesis was that such practice vari-
ation could also be observed in the provision of POP 
surgery. Therefore, since no previous work exploring vari-
ations in POP surgery in Italy was available in the existing 
literature, we aimed to explore
1.	 Variation in the access to surgical services for POP sur-

gery among Tuscan health districts.
2.	 Individual and hospital determinants of variation in 

care quality (in terms of reoperations, readmissions, 
complications) and efficiency (in terms of length of 
stay) provided by hospitals.

In doing so, we sought to follow the suggestion by Ward 
to go beyond the mere description of regional variation, 
trying to propose potential causes and solutions, which 
can be explored in future studies.26

METHODS
We conducted a retrospective cohort study on health 
administrative databases using individual data from 
Hospital Discharge Records of the Tuscany region. 
Provider hospitals routinely send the data of hospitalised 
patients to the Regional Health Information System Office 
of Tuscany for administrative purposes. The Regional 
Health Information System Office checks data quality and 
ensures data anonymisation by assigning to each patient 
an encrypted unique identifier. These data are shared 
with our research laboratory under a collaboration agree-
ment with the Tuscany Region Health Authority (regional 
resolution 159/2019). As an observational study, it was 
reported according to the Strengthening the Reporting 
of Observational Studies in Epidemiology checklist.

The encrypted identifier does not allow tracing back 
the patient’s identity and other sensitive data, in compli-
ance with the Italian law on privacy 101/2018 (aligned 
with the European General Data Protection Regulation 
2016/679). According to the Italian Data Protection 
Authority (Garante per la protezione dei dati personali), neither 
Ethical Committee approval, nor informed consent are 
required for carrying out observational studies based on 
health administrative data.27 As a matter of fact, several 
previous articles using the same data source (regional 
health administrative databases) have been published 
by various Italian research groups, without needing 
informed consent or Ethical Committee approval.19 28–36

The analysis included all women aged 40 years or more 
who had a planned hospitalisation with primary ICD-9-CM 
(International Classification of Diseases, 9th Revision, Clinical 
Modification) codes of POP between 1 January 2017 and 
31 December 2019. We excluded data after 2020 data to 
avoid the COVID-19 pandemic bias. Particularly, patients 
hospitalised for receiving POP surgery were included by 
using the following ICD-9-CM codes, which were chosen 
and validated with a team of gynaecologists who use them 
for internal performance monitoring and administrative 
purposes (online supplemental table S1):

	► Diagnosis codes: 618.00, 618.09, 618.1, 618.2, 618.3, 
618.4, 618.5, 618.01.

	► Procedure codes: 69.22, 70.77, 68.31, 68.39, 68.59, 
59.79, 00.39, 71.79, 70.50, 70.51, 70.52.

The cohort selection algorithm is shown schematically 
in online supplemental table S2, with all inclusion and 
exclusion criteria applied.

First, we excluded all patients receiving just transvag-
inal anterior/posterior colporrhaphy without concom-
itant hysterectomy (codes: 70.50, 70.51, 70.52). Indeed, 
such procedures are performed for low-grade and mono-
compartmental prolapses and do not require long hospi-
talisations. In contrast, our aim was to focus just on major 
surgical interventions with comparable indications and 
outcomes carried out for apical or multicompartmental 
POP requiring a reconstructive approach, such as abdom-
inal surgery or transvaginal surgery with concomitant 
hysterectomy.
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Secondly, we excluded patients belonging to the major 
diagnosis category of pregnancy and patients diagnosed 
with cancer or trauma.

Finally, despite having no information about the specific 
surgical technique, we identified the surgical procedure 
performed for each woman by employing the appro-
priate ICD-9-CM procedure codes. We thus obtained the 
following groups:

	► Robot-assisted surgery (RAS), codes: 00.39.
	► Laparoscopic surgery, codes: 54.21, 68.31, 68.41, 

68.61.
	► Transvaginal surgery, codes: 68.51, 68.59, 68.71, 68.79, 

70.50, 70.51, 70.52.
	► Open laparotomy surgery, codes: 69.22, 70.77 (when 

other codes were absent).
Data management and statistical analysis were 

performed by using both SAS (V.9.4) and Stata (V.15.1) 
software. Categorical variables were presented as percent-
ages, while continuous variables as mean±SD. Statistical 
significance was set at a p value< 0.05.

Patient and public involvement
Since the study used administrative data, patients and 
members of the public were not involved.

Variation in the access to surgical care
To explore variation in the access to surgical services, we 
computed the 3-year treatment rates for POP surgery in 
Tuscan health districts (n=26) just among women aged 
40 years or more and residing in Tuscany. Treatment 
rates were calculated by dividing the number of surgical 
procedures delivered to the women residing in each 
district from January 2017 to December 2019 by the sum 
of the female population of that district over the 3 years 
of analysis and multiplying it by 100 000. To derive treat-
ment rates, we considered the hospitalisations for women 
residing in Tuscany regardless of where the provider 
hospital was located.

Furthermore, to examine what proportion of the varia-
tion among health districts is systematic variation over or 
above the expected random variation, we computed the 
Systematic Component of Variation (SCV) for surgical 
treatment rates in Tuscany. The SCV is a method of stan-
dardisation in which age grouping is assumed to change 
the risk of surgery by a fixed multiplicative factor. In our 
study, we applied a 5-year age grouping since the standard 
population we used, provided by the Tuscany region, 
was grouped this way—following the 2013 Eurostat 
guidelines.37

The SCV estimates the relative systematic compo-
nent of variation between health districts by subtracting 
the random component of variance (variance within 
districts) from the estimate of the total variance. There-
fore, the SCV represents the systematic variation consid-
ered to be beyond chance.38 Considering I as the number 
of the health district (n=26) in Tuscany, yi as the observed 
number of surgical procedures, and ei as the expected 
number of procedures given the regional age-specific 

rates applied to the age distribution of each district, the 
SCV was calculated as follows:39

‍
SCV = 1

I

(∑ (
yi− ei

)2

e2
i

−
∑ 1

ei

)

‍
Variation in quality and efficiency provided by hospitals
We sought to investigate the main determinants of varia-
tion both at the provider and user levels by exploring the 
effect of several covariates—available from administrative 
databases—on four specific performance outcomes. In 
this case, we used the full study cohort, regardless from 
where the patient resided and where the provider hospital 
was located. Particularly, our covariates were both patient 
features (age class, Elixhauser and Charlson Comorbidity 
Indexes,40 education level, surgeon specialty, surgical 
approach, performance of concomitant hysterectomy) 
and hospital characteristics (total volumes of interven-
tions and median waiting times from booking to hospital 
admission). Our outcomes were three quality indicators 
(complication, readmission and reoperation rates) and 
one efficiency indicator (length of stay). Perioperative 
complications were assessed by employing the ICD-9-CM 
codes shown in online supplemental table S3. Readmis-
sions were computed by keeping duplicates and selecting 
those women who were hospitalised for any reason within 
3 months post-intervention. Reoperations were identified 
by searching for patients those who underwent reopera-
tion within 2 years.

First, we built two-level multilevel regression models, 
with level 1 referring to patients, and level 2 referring to 
the provider hospitals. We employed linear models for 
the continuous dependent variable and logistic models 
for dichotomous ones to measure the association between 
the dependent variables and the covariates at both levels 
for the length of stay and the occurrence of reoperations, 
readmissions and complications, respectively. Length of 
stay was included in the model as a natural logarithm. 
We adjusted for patients’ sociodemographic and clinical 
features as well as for the above-mentioned hospital-level 
variables.41

Second, to assess the proportion of the variance 
explained by patient and hospital characteristics, we 
computed a postestimation analysis for each multilevel 
model of the intraclass correlation coefficient (ICC), 
which in two-level variance component models is equal 
to the variance partition coefficient, as also explained in 
online supplemental table S4.42–44 The ICC was calculated 
as a ratio (variance of interest/total variance) and, there-
fore, allowed inferring to what extent the observed vari-
ance was explained by the various individual and hospital 
features included in our models.45

RESULTS
Variation in the access to surgical care
Out of the full study cohort, we selected just women 
residing in Tuscany. We thus obtained a population of 
2819 women residing in 26 health districts who were 
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hospitalised to receive POP surgery from 1 January 2017 
to 31 December 2019 in any hospital. The overall 3-year 
treatment rate for POP in Tuscany was 112.6/100 000 
inhabitants. However, treatment rates varied notably 
across the 26 health districts of Tuscany, ranging from 
55.6/100 000 to 302.2/100 000, with a 5.4-fold differ-
ence between the highest-rate and lowest-rate districts 
(figure  1). Therefore, we quantitatively assessed such a 
level of variation by computing the SCV. After calculating 
standardised treatment rates by adjusting for age, we 
found an SCV of 18.6% (online supplemental table S5), 
suggesting very high variation.46 It means that 18.6% of 
variation among health districts exceeds random varia-
tion, thus being systematic.

Variation in quality and efficiency provided by hospitals
We obtained a full study cohort of 2959 women, not 
necessarily residing in Tuscany, who were hospitalised for 
POP surgery from 1 January 2017 to 31 December 2019. 
Out of them, 140 (5%) did not reside in Tuscany, while 
2688 (91%) received surgery in hospitals that provided 
more than 30 POP interventions during the 3 years of 
analysis (n=22). The patient sociodemographic and clin-
ical features are shown in table 1, with also a comparison 
based on the surgical approach received by the women.

The mean age of our patients was 67.4±9.2 years. Most 
of them had a low education level and presented no or 
few comorbidities. Most women were operated on by 
gynaecologists and received concomitant hysterectomy. 
Transvaginal surgery was the prevalent approach. The 
average length of stay was 3.5±1.9 days. The overall reop-
eration, readmission and complication rates were 3.9%, 
6.0% and 2.7%, respectively.

Different proportions of abdominal minimally inva-
sive surgery usage were observed among hospitals 
performing more than 30 interventions during the study 
period (figure  2). Just five of them provided robotic 
surgery: among these five hospitals, the percentage of 

usage—computed as the number of robotic interven-
tions out of the total number of interventions for each 
hospital—varied from 5% to 51%. Laparoscopic proce-
dures were performed by all hospitals, and usage rates 
ranged from 1% to 56%. Eighteen hospitals still provided 
open laparotomy procedures, with usage rates from 1% 
to 20% and over 5% in seven hospitals. Furthermore, by 
comparing figure 1 and figure 2 we observed that higher 
treatment rates might be determined by the surgical 
procedure usage since rates over the regional average 
were found in districts where hospitals provided greater 
amounts of robotic/laparoscopic interventions. There-
fore, we ran Pearson’s correlation test and obtained a 
positive (r=0.122) and statistically significant (p<0.001) 
association between treatment rates and volumes of 
robotic/laparoscopic procedures delivered by hospitals 
providing more than 30 interventions during the study 
period.

As shown in figure  3 and online supplemental table 
S4, advanced age was a risk factor for longer hospitalisa-
tions. Besides, a longer length of stay was observed among 
women with a higher Elixhauser Comorbidity Index. 
Women operated on by general (ie, abdominal) surgeons 
or other specialists rather than gynaecologists experi-
enced longer hospitalisations. Furthermore, laparoscopy 
ensured a shorter length of stay as compared with lapa-
rotomy surgery, while no difference emerged for robotic 
and transvaginal procedures. Receiving a concomitant 
hysterectomy was a risk factor for a longer hospitalisa-
tion. The ICC for the length of stay was 0.389, meaning 
that 38.9% of variation was explained by the patient and 
hospital-level features.

As shown in table  2, women aged 60–79 years and 
women with higher education were protected against 
reoperations. While transvaginal surgery decreased the 
risk of reoperation compared with open laparotomy, the 
performance of a concomitant hysterectomy increased 

Figure 1  Treatment rates for POP surgery in each health district of Tuscany. Total treatment rates were also split into 
the specific treatment rates for each surgical procedure. Treatment rates were computed by dividing the number of POP 
interventions for the population of each health district regardless of where the intervention was provided. The Systematic 
Component of Variation was calculated to explore variation exceeding random variation, thus being systematic. Lps, 
laparoscopy; POP, pelvic organ prolapse.
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it. Advanced age and not being operated on by gynae-
cologists were risk factors for readmissions. The risk of 
complications was mainly related to the presence of more 
comorbidities. The ICCs for reoperations, readmissions 
and complications were 0.031, 0.035 and 0.302, respec-
tively, showing that 3.1% of variation for reoperations, 
3.5% of variation for readmissions and 30.2% of variation 
for complications could be explained by the different 
individual and hospital characteristics.

DISCUSSION
Main findings
We found that overall 3-year POP treatment rates 
in Tuscany were 112.6/100 000, in line with the 

literature.20 47 48 We observed high-grade variation in 
the access to POP surgical care in Tuscany in terms of 
treatment rates. Indeed, we detected a 5.4-fold variation 
between the highest-rate and lowest-rate health districts, 
with treatment rates ranging from 56 to 302/100 000 
inhabitants. These findings are in line with previous 
studies from other countries:20 47 49 for instance, high 
practice variation emerged in The Netherlands in 2010, 
with surgical rates varying from 55 to 363/100 000 women. 
Moreover, the SCV over 10% confirmed high systematic 
variation in surgical rates among health districts.46

As for POP surgery provision, the different outcomes in 
the efficiency and quality of POP surgical care depended 
on both patient and hospital features, but just small 

Table 1  Sociodemographic and clinical characteristics of women

Total Laparotomy Laparoscopy
Robotic 
surgery

Transvaginal 
surgery

P valuen=2959 n=175 (5.9%) n=393 (13.3%) n=337 (11.4%) n=2054 (69.4%)

Age, mean (SD) 67.4 (9.2) 66.1 (10.2) 64.1 (9.4) 65.4 (9.4) 68.5 (8.9) <0.001

Age class <0.001

 � 40–59 years 571 (19.3%) 43 (24.6%) 114 (29.0%) 85 (25.2%) 329 (16.0%)

 � 60–79 years 2133 (72.1%) 117 (66.9%) 271 (69.0%) 233 (69.1%) 1512 (73.6%)

 � 80 years or more 255 (8.6%) 15 (8.6%) 8 (2.0%) 19 (5.6%) 213 (10.4%)

Education <0.001

 � Elementary/
middle school

1624 (54.9%) 101 (57.7%) 218 (55.5%) 180 (53.4%) 1125 (54.8%)

 � High school 594 (20.1%) 30 (17.1%) 90 (22.9%) 85 (25.2%) 389 (18.9%)

 � University 159 (5.4%) 9 (5.1%) 32 (8.1%) 35 (10.4%) 83 (4.0%)

 � Not reported 582 (19.6%) 35 (20.0%) 53 (13.5%) 37 (11.0%) 457 (22.2%)

Elixhauser 
comorbidity index

0.42

 � 0 2844 (96.1%) 163 (93.1%) 378 (96.2%) 326 (96.7%) 1977 (96.3%)

 � 1 95 (3.2%) 9 (5.1%) 11 (2.8%) 9 (2.7%) 66 (3.2%)

 � 2 18 (0.6%) 3 (1.7%) 4 (1.0%) 2 (0.6%) 9 (0.4%)

 � 3 2 (0.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (0.1%)

Surgical unit <0.001

 � ObGyn 2585 (87.3%) 98 (56.0%) 295 (75.1%) 223 (66.2%) 1968 (95.8%)

 � Urology 147 (5.0%) 23 (13.1%) 16 (4.1%) 62 (18.4%) 46 (2.2%)

 � General surgery 210 (7.1%) 53 (30.3%) 76 (19.3%) 48 (14.2%) 33 (1.6%)

 � Other 18 (0.6%) 1 (0.6%) 6 (1.5%) 4 (1.2%) 7 (0.3%)

Concomitant 
hysterectomy

2319 (78.4%) 9 (5.1%) 157 (39.9%) 99 (29.4%) 2054 (100.0%) <0.001

Length of stay, 
mean (SD)

3.5 (1.9) 3.4 (1.8) 2.8 (1.6) 2.6 (0.9) 3.8 (2.0) <0.001

Reintervention 114 (3.9%) 11 (6.3%) 28 (7.1%) 25 (7.4%) 50 (2.4%) <0.001

Readmission 179 (6.0%) 12 (6.9%) 29 (7.4%) 15 (4.5%) 123 (6.0%) 0.40

Complication 79 (2.7%) 4 (2.3%) 13 (3.3%) 11 (3.3%) 51 (2.5%) 0.69

To explore between-group differences, we used the Kruskal-Wallis or analysis of variance tests for continuous variables and Pearson’s χ2 test 
for categorical variables.
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proportions of variance were explained by the covariates 
used in the models. In line with the literature, an older 
age increased the risk of readmissions and longer hospi-
talisations, while decreased the risk of reoperation. Also, 
patients with comorbidities were at greater risk of compli-
cations.50 51 Being operated on by gynaecologists reduced 
the length of hospital stay and the risk of readmission, as 
previously suggested.52

Receiving a concomitant hysterectomy was a risk factor 
for longer hospitalisation and reoperation. Moreover, 
laparoscopy offered shorter hospitalisations compared 
with open laparotomy surgery, as already shown.9 Surpris-
ingly, reoperation rates were lower for transvaginal proce-
dures than for laparotomy ones, in contrast with most of 

the literature.53 Although few previous studies did find 
a lower risk of reintervention after transvaginal surgery 
than after abdominal surgery,54 we believe that our result 
was related to the limit that we considered reinterven-
tions within 2 years after the first surgery because we 
had no data available after 2021. Finally, we observed no 
statistical difference for robotic surgery, probably because 
few robotic interventions are performed every year in 
Tuscany, and just in five hospitals, so this study may lack 
the power to determine a real difference, if any exists.

Our analyses also showed that the robotic/laparo-
scopic surgery usage rates are still low (almost 26%) 
and vary widely among hospitals providing less than 30 
interventions during the study period. Indeed, robotic 

Figure 2  The overall number of pelvic organ prolapse interventions provided by hospitals (regardless of where the patient 
resided) and classified according to the surgical procedure. In this figure we have only shown hospitals that provided more than 
30 interventions during the 3 years of analysis to allow for better visualisation. Lps, laparoscopy.

Figure 3  Risk factors emerged from multilevel regression models for the length of stay (expressed as a natural logarithm). 
The intraclass correlation coefficient (ICC) was computed to infer to what extent variance was explained by individual/hospital 
features. See online supplemental table S4 for further details on the regression coefficients and on the ICC calculation.
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interventions were provided by just five hospitals with 
usage rates ranging from 5% to 51%, while laparoscopy 
was adopted by all hospitals with usage rates varying from 
1% to 56%. On the other hand, seven hospitals provided 
more than 5% open laparotomy interventions, which 
seem not to be justified by contraindications to minimally 
invasive surgery. Finally, we found that the surgical proce-
dure is likely to influence treatment rates since treatment 
rates were associated with wider usage of robotic and/or 
laparoscopic surgery.

Limitations
Our study presents several limitations related to its 
intrinsic observational design, which does not allow 
inferring causation. Moreover, it employs administrative 
data, which may lack potential confounding variables 
such as the POP stage according to the POP quantifica-
tion system, lifestyle and sociodemographic factors and 
procedural characteristics. Non-clinical and functional 
outcomes are missing as well. As another limitation, we 
considered reoperations just within the first 2 years after 
the first intervention as we had no data after 2021, and 
we did not consider whether patients in our cohort had 
previously undergone surgery in the same anatomical 
compartment because the procedure coding before 2017 
was not regionally standardised. Finally, no information 
was available about the specific surgical technique (eg, 
sacrocolpopexy, sacrohysteropexy, lateral suspension) 
used for each patient.

However, administrative data are relatively inexpen-
sive and easily accessible and allow gathering informa-
tion about the entire population of interest. They have 
been widely adopted by healthcare authorities to evaluate 
hospital performance. A strength of this paper is the 
use of high-quality regional administrative data, such as 
Hospital Discharge Records, which are routinely checked 
by the Regional Health Information System Office of 
Tuscany and, therefore, are well-validated and reliable. 
We employed such data to explore, for the first time, 
regional variation in elective surgical practice for POP 
in Italy. Despite having no information on the surgical 
technique, we tried to uniform our study population by 
selecting major POP surgical operations through the 
appropriate ICD-9 codes using a validated algorithm. We 
thus included all abdominal interventions and all trans-
vaginal interventions with concomitant hysterectomy.

Interpretation
Regional practice variation can be explained by several 
factors. Warranted factors such as patient preferences 
and needs should be promoted by policymakers, while 
unwarranted factors not related to patient needs must 
be reduced. We sought to analyse the extent and the 
main determinants of regional variation in POP elective 
surgery in Tuscany in terms of access to care and perfor-
mance level. We focused on POP requiring major inter-
ventions with comparable indications and outcomes, 
thus excluding procedures for monocompartmental 

or low-grade prolapse, such as colporrhaphy without 
concomitant hysterectomy. We carried out our analyses 
until December 2019 to avoid the COVID-19 bias.

The observed variation in the access to POP surgical 
services could not be explained just by different patient 
needs across districts and was not completely explained by 
the hospital-level features.55 Also, although other studies 
have shown that the surgical training and background of 
surgeons, and the resulting preferences, were one of the 
determinants of practice variations,18 56 operative guide-
lines and training in surgical gynaecology are uniform 
throughout Tuscany. Supply-sensitive conditions—such 
as the robotic surgical system availability—may partly 
contribute to such differences in treatment rates and 
therefore need further evaluation. For instance, the low 
rates observed in the Elba Island district are due to evident 
demand-supply gaps. Additionally, the availability of oper-
ating rooms—not explored in this study—may reflect 
problems in terms of internal resource allocation among 
different procedures: the very low rates observed in the 
Versilia district might be explained by higher numbers of 
operating rooms in the neighbouring (eg, Pisa and Flor-
ence) districts.

However, we believe that preference-sensitive factors 
involving both users and providers are the leading deter-
minants of regional variation in POP surgical practice. 
For instance, patients could choose to be operated on in 
hospitals offering surgical services which are perceived 
to be of higher quality, such as the performance of 
large numbers of minimally invasive interventions. On 
the other hand, the positive correlation between treat-
ment rates and the usage rates of robotic/laparoscopic 
procedures may imply several underlying causes, such 
as excessive enthusiasm for operative interventions in 
units possessing the robotic surgical system, referral-in 
from other units or specialists, instructions from Health 
Authorities to mitigate the costs of robotic surgery (where 
present) or underusage of surgical interventions at the 
other centres.

Therefore, to define the observed variation as unwar-
ranted, all these factors should be further analysed to 
assess the main determinants of clinicians’ attitudes 
and patients’ choices. Such analyses could enrich the 
existing literature, which shows that both physician57 58 
and user59 60 preferences are determinants of practice 
variation. However, with respect to previous studies that 
more often compared preferences between surgical tech-
niques,57 60 61 it would also be interesting to investigate the 
factors influencing the choice of surgery vs conservative 
treatment, such as pelvic floor muscle training.62

For instance, discrete choice analyses on regional 
administrative data could be carried out through the 
proper methodology to investigate how travel distances, 
waiting times and the provision of minimally inva-
sive surgery influence patients’ choices in Tuscany.33 63 
Also, discrete choice experiments could be performed 
as quasi-experimental studies to intercept individual 
preferences by administering—after a randomisation 
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process—surveys to patients and/or clinicians in which 
they are invited to choose between different hypothetical 
scenarios according to several attributes considered and 
identified as the main determinants of their choices.64 65

As for POP surgery provision, we detected high varia-
tion in quality and efficiency provided by hospitals and 
in robotic/laparoscopic surgery use. As previously said, 
we also found a positive correlation between treatment 
rates and robotic/laparoscopic surgery use. It is unclear 
whether variation is driven by overusage of robotic/laparo-
scopic procedures in some health districts, or underusage 
of those procedures in others. Overusage may be due to 
excessive surgical enthusiasm in hospitals where robotic/
laparoscopic surgery is available. Underusage may be due 
to a lack of surgical skills or to the absence of robotic 
surgical systems in most hospitals. In our opinion, the 
implementation of laparoscopy and/or wider dissemi-
nation of robotic surgical systems may positively impact 
variation by reducing the use of open laparotomy surgery 
and levelling more treatment rates across the region.

Therefore, to encourage wider use of minimally inva-
sive abdominal procedures, we developed and included 
in the Performance Evaluation System of Sant’Anna 
School of Advanced Studies66 a new indicator tracking 
the annual usage rates of robotic/laparoscopic inter-
ventions in Tuscany. However, robotic surgery and 
laparoscopy provide comparable outcomes, so policy-
makers need further elements for allocating resources. 
For example, robotic surgery is more expensive but 
offers some technical advantages and a shorter learning 
curve compared with laparoscopy. So, detecting further 
elements that might indirectly mitigate the higher costs 
of RAS becomes fundamental. This information could be 
obtained, for instance, by launching a patient-reported 
outcome measure collection programme67 to explore a 
potential subjective superiority of one procedure over the 
other.

Furthermore, our model showed that the length of stay 
was not influenced by the overall number of interven-
tions delivered by each hospital. This would not justify the 
centralisation of most interventions in medical centres 
providing higher overall numbers of interventions. It 
rather suggests that all hospitals, even the most periph-
eral, should enhance the expertise of medical staff on 
POP surgery, for instance by organising training courses 
for young surgeons, by creating multidisciplinary surgical 
teams and by promoting the continuous dialogue between 
healthcare professionals on the various POP surgical alter-
natives to align their recommendations towards patients. 
As a result, the entire care pathway would benefit from a 
reduction of practice variation in both access and quality 
of health services.

CONCLUSION
We explored the differences in the access to surgical care 
for POP by comparing treatments rates among Tuscan 
health districts and in the performance ensured by the 

providers by comparing several outcomes (length of stay, 
reoperations, readmissions and complications) among 
hospitals. Preference-sensitive factors may be the main 
determinants of regional variation and, therefore, must 
be further analysed by exploring patients’ and clini-
cians’ decision-making processes. Additionally, the use 
of robotic/laparoscopic surgery seems to drive treatment 
rates but remains too variable, thus suggesting—in our 
opinion—that the implementation of laparoscopy and/
or the introduction of robotic surgical systems might 
also fill supply-side gaps, furtherly reducing variation. 
This would require resource allocation and investments 
by policymakers and healthcare managers, based on a 
deeper awareness of the patient’s point of view. For such a 
purpose, the collection of patient-reported data may help 
to assess possible patient preferences for specific surgical 
procedures and align healthcare targets with patient 
needs.
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