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INTRODUCTION

Minimally invasive surgery (MIS) has revolutionized surgical prac-
tice through the use of smaller incisions that enable more efficient
operations [1, 2], with improved morbidity [1-8] and mortality [8,
9]. MIS has become the standard of care for many abdominopelvic
conditions [5, 10]. Despite its benefits, abdominopelvic MIS often
requires prolonged, nonphysiological surgical positions, such as the
head-down tilt lithotomy (HDTL) position [11]. Commonly employed
during colorectal, gynaecological and urological MIS [12, 13], HDTL
leverages gravity to achieve visceral retraction and exposure, facili-
tating simultaneous access to the pelvis and perineum [11, 14].
Prolonged HDTL, however, is associated with a unique form of com-
partment syndrome, well-leg compartment syndrome (WLCS) [15-25].
WLCS manifests as acute intracompartmental hypertension, leading
to tissue ischaemia in a previously uninjured (‘well’) leg [25, 26], and is
primarily observed after extended surgery (>4h) [23, 25, 27-29] in the
lithotomy [17, 30-32] or HDTL [12, 20, 25, 33] positions. Delayed recog-
nition and management of WLCS often leads to significant postoperative
morbidity [25, 30, 34, 35], permanent disability [23, 30, 31] or death [25,
36, 37]. Although the reported incidence of WLCS ranges from 0.03% to
0.80% [12, 23, 27, 38, 39], this is probably an underestimate of the true
incidence due to low clinical awareness [40-42] and underreporting [13,
23, 25]. Furthermore, the increasing global adoption of MIS in abdom-
inopelvic surgery is likely to result in a concurrent rise in incidence of
WLCS [25, 43], particularly during the early learning curve period [27].
However, owing to the rarity of WLCS and a limited evidence base
[25] there is a poor awareness of the condition among clinicians and
a lack of standardized guidance for its prevention [13, 17, 25, 39, 44].
This study aimed to explore current HDTL-related practices and as-
sess the occurrence of WLCS among a global cohort of clinicians who

routinely use HDTL.

METHOD
Study design

This cross-sectional online survey adopted a mixed-methods em-
bedded design (Figure S1), with qualitative findings supplementing

identified ‘duration of uninterrupted HDTL as a positive predictor of the occurrence of
WLCS (p<0.001). Content analysis demonstrated that clinician perspectives and prac-
tices regarding WLCS are significantly influenced by personal experience, mostly due to
a poor evidence base and lack of standardized institutional policies.

Conclusion: Perioperative practices during procedures in HDTL vary substantially, and are
primarily informed by clinician experience and preferences. There is a need for evidence-

based consensus on best practices to enhance safety during procedures in HDTL.

compartment syndrome, global survey, Lloyd-Davies, perioperative practices, prevention and
management, robotic surgery

What does this paper add to the literature?

This paper provides the first international survey to assess
practices and clinician perspectives regarding head-down
tilt lithotomy (HDTL) and well-leg compartment syndrome
(WLCS). It highlights substantial variability in perioperative
practices, identifies key predictors of WLCS and empha-
sizes the need for evidence-based guidelines to enhance

patient safety during procedures in HDTL.

the primary quantitative data [45]. Ethics approval was granted by
the Faculty of Science and Health Ethics Committee, University of
Portsmouth (SHFEC 2023-057). The study was preregistered on the
Open Science Framework (OSF, www.osf.io/r82cq) and the dataset
is available via the OSF registry (https://doi.org/10.17605/OSF.I0/
YR7KD). The survey followed the Checklist for Reporting Of Survey
Studies (CROSS) Checklist [46] (Table S1).

Participants

Convenience sampling was used to recruit clinicians who routinely
employ HDTL in their practice. The survey was open to consultants/
attendings, clinical fellows or career-grade specialist trainees in gen-
eral surgery, colorectal surgery, lower and upper gastrointestinal
surgery, gynaecology and urology (Table 1).

Social media platforms (X™ and LinkedIn™), relevant clini-
cal associations [Association of Laparoscopic Surgeons of Great
Britain and Ireland (ALSGBI), Turkish Society of Colon and Rectal
Surgery, Association of Coloproctology of Great Britain and Ireland,
Indian Association of Surgical Oncology, European Society of
Coloproctology] and scientific conferences (ALSGBI) facilitated sur-
vey distribution.

Participants provided informed consent prior to completing the
anonymous survey and could withdraw at any time by not submit-
ting their responses. A link on the final page invited participants to

join the collaborating group (Appendix S1).
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TABLE 1 Characteristics of survey participants (N=595).

n. %
Age group (years)
20-29 24 4.0
30-39 257 43.2
40-49 191 321
50-59 95 16.0
260 25 4.2
| prefer not to say 3 0.5
Gender
Female 90 151
Male 480 80.7
| prefer not to say 25 4.2
Surgical speciality®
Colorectal surgery 391 65.7
General surgery 376 63.2
Lower Gl 148 24.9
Upper Gl 102 171
Obstetrics and gynaecology 26 4.4
Urology 19 3.2
Other” 24 4.0
Global regions
Europe 442 74.3
Asia 70 11.8
Africa 46 77
South America 20 3.4
North America 11 1.8
Oceania 6 1.0
MIS experience
No 9 1.5
Yes 586 98.5
Length of MIS experience
<5years 161 271
5-10years 183 30.8
>10years 242 40.7
Routine use of HDTL in practice
No 12 2.0
Yes 583 98.0
Ever encountered WLCS in your practice
No 473 79.5
Yes 122 20.5

Abbreviations: Gl, gastrointestinal; HDTL, head-down tilt lithotomy;
MIS, minimally invasive surgery; WLCS, well-leg compartment
syndrome.

Multi-answer question—the percentage of respondents who selected
each answer option (e.g. 100% would represent that all this question's
respondents chose that option).

bOther specialities: paediatric surgery (n=6), surgical oncology (n=4),
peritoneal malignancy (n=3), hepatobiliary surgery (n=2), trauma and
orthopaedic surgery(n=2), vascular surgery (n=1), transplant surgery
(n=1), bariatric and metabolic surgery (n=1), abdominal wall surgery
(n=1), anaesthesia (n=1).

Survey tool

A 34-item survey (Appendix S1) was developed by a multidisciplinary
team of clinicians and researchers, after reviewing relevant literature
[12, 13, 17, 23, 27, 47]. Piloted by independent clinicians for clar-
ity and functionality, it was revised based on feedback. This survey
was administered in English via Online Surveys (JISC, Bristol, UK)
from July to December 2023. Questions were structured into three
main categories: (1) participant demographics; (2) HDTL periopera-
tive practices and perceived WLCS risk factors; (3) WLCS incidence,
surgical characteristics of reported WLCS cases and management
strategies employed. The survey included single-choice, multiple-
choice and open-ended questions for respondents to elaborate on

their answers.

Data analysis

Response data were exported into Microsoft Excel 2019, IBM SPSS
version 27 and Google Colaboratory (Python version 3.10) for analy-
sis. Descriptive statistics characterized sociodemographics, HDTL
practices, WLCS occurrences and preventive strategies for WLCS.
Data were reported at a respondent level unless otherwise stated.
Machine learning (ML) techniques from the ‘Scikit-learn (sklearn)’ li-
brary [48] were employed to identify potential predictors of WLCS
occurrence. Algorithms utilized included ordinary least squares [49],
recursive feature elimination [50] and least absolute shrinkage and
selection operator with cross-validation (LassoCV) [51], trained on
predictor variables (x; different survey questions) and the target
variable (y; ever encountered WLCS in practice).

Open-ended responses were analysed using inductive content
analysis by first open-coding the textual responses to generate sub-
categories and then grouping related subcategories into main cate-

gories [52].

RESULTS
Baseline characteristics

A total of 595 clinicians (Table S2) from 71 countries across six
continents participated (Table 1, Figure S2). The most represented
countries included the United Kingdom (n=148, 24.9%), Italy (=95,
16.0%), Greece (n=65, 11.4%) and Turkey (n=52; 8.7%). Full country

characteristics are shown in Table S3.

HDTL clinical practice

Most respondents (n=583, 98%) reported routine use of HDTL.
Frequencies of reported clinical practices and perceived WLCS risk
factors are presented in Figure 1. Notably, 158 respondents (27.1%)
did not routinely implement preventative strategies for neuromuscular
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Primary preventive measures for WLCS*

Intraoperative ‘leg-rest’ (%) I (.7
Post-operative leg exam (%) I 3.0

Intraoperative leg exam (%) N, 7.1
None (%) I 27.1
Intraoperative leg massage (%) NN 15.9
Other (%) NN 6.9

Duration of uninterrupted HDTL before 'leg-rest'

2hours (%) N 1.7

3 hours (%) N 34.6
4 hours (%) N 17.7
Other (%) [ 3.0

Average duration of ‘leg-rest’

5mins (%) I 2.9

10 mins (%) I 27.8

Leg support*
Allen stirrups (%) I, 79.2

Posterior knee supports (%) NN 27.3
Ankle slings (%) N 11.3
Other (%) W 2.1

VTE prophylaxis*
Pharmacological (%) I 7.2
TED stockings (%) [N 71.4
IPCD (Flowtrons) (%) [ R 51.5
Other (%) B 1.9

Risk factors for WLCS*
Operative time (%) [N, < 7.4

Obesity (%) N, <6

15mins (%) N 27.8  Peripheral Arterial Disease (%) [N .0

20 mins (%) N 8.4
>20 mins (%) N 12.6
Other (%) 1 1.3

WLCS risk in informed consent
No (%) I, 72.2

Yes (%) N 27.3

Smoking (%) N 5.2
Diabetes (%) NI 5.0
Perioperative blood loss (%) [N N 23.0
Early learning curve case (%) NN 22 .2
Other (%) HH 5.0

FIGURE 1 Current clinical practices and perceived risk factors for well-leg compartment syndrome (WLCS). Data are presented as a
proportion of the total number of responses for each question. HDTL, head-down tilt lithotomy; IPCD, intermittent pneumatic compression
device; TED, thromboembolic deterrent; VTE, venous thromboembolism. *Multi-answer question—respondents had the option of more than

answer.

complications during procedures in HDTL. Intraoperative ‘leg-rest’
protocols (return to supine or lowering legs below the heart level)
were reported by 237 respondents (40.7%). These are typically im-
plemented after 2h (n=106, 44.7%) or 3h (n=82, 34.6%) of uninter-
rupted HDTL, with rest durations of 10 min (n=66, 27.8%) or 15min
(n=66,27.8%). Reported ‘leg-rest’ protocols are presented in Table S4.
Furthermore, 162 respondents (27.8%) confirmed discussion of WLCS
risk during consent for operations requiring HDTL. Operating time
(hn=520, 87.4%) and obesity (n=502, 84.6%) were the key perceived
risk factors, whereas ‘early learning curve cases’ was the least recog-
nized (n=132, 22.2%,; Figure 1).

Reported incidence of WLCS

Overall, 170 cases of WLCS were reported by 122 participants
(20.5%; Figures 2 and S3). Among these surgeons, most reported
lower annual individual (<50 surgeries, 75.4%) and institutional
(<200 surgeries, 77.9%) operative volumes. Many had encountered
only one case of WLCS (n=85, 69.7%), with unilateral WLCS being
more prevalent (n=99, 81.1%). Most respondents reported WLCS
following laparoscopic procedures (n=77, 63.1%) performed in
HDTL (n=78, 64.2%), typically lasting 2-6 h (n=79, 64.8%). Table S5
shows the surgical procedures preceding reported WLCS cases.
Symptoms usually presented 2-24 h postoperatively (n=83, 68.0%),
and clinical assessment was the most commonly reported diagnostic

modality (n=77, 63.1%). Only 77 respondents (22.1%) reported in-
tervention within 1h of diagnosis, with delays of up to 24 h noted
in three cases, one of which resulted in below-the-knee amputa-
tion. Conservative treatment and fasciotomy were reported by 79
(64.8%) and 40 (32.8%) respondents, respectively. Outcomes in-
cluded full recovery (n=91, 74.6%), foot drop (n=5, 4.1%) and lower
limb amputation (n=1, 0.8%). One case reportedly resulted in suc-
cessful litigation. No deaths were reported.

Predictive variables of WLCS occurrence

All ML algorithms, employing different computational processes,
identified ‘length of MIS experience’ and ‘duration of uninterrupted
HDTL as statistically significant predictors (p<0.001) of the occur-
rence of WLCS in the survey cohort (Figure 3A-C). The distribu-
tion of reported WLCS occurrence across different levels of these
two selected variables further illustrates patterns of association
(Figure S4A,B).

Qualitative analysis
Following an inductive content analysis, four main categories were

generated from the qualitative responses provided by participants
(Table S6).
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® Laparoscopic = Open/laparotomy
Annual individual volume
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Annual institutional volume

m <100 =100 - 200 ™ 200 - 500

Intraoperative patient positioning

u Lithotomy = Lloyd-Davies = HDTL

Onset of first symptoms

u6 - 10 hours
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(’ = 7\ 50
&) "oz
%,5’ Esce W& “der..,
Response Frequency (N)
80 100 120 140 160 180

m> 10 hours

= Robotic

m>100

m>500

H Supine u Other

m <2 hours post-op ™2 - 6 hours post-op ®>24 hours post-op ® Other

Diagnostic modality*

® Clinical assessment

Time to intervention

m<1hour W 1-5hours

Management

= Direct CP measurement

5 -10 hours

= Serum creatine kinase u Other

> 10 hours

= Conservative treatment (No fasciotomy) = 1-3 compartment fasciotomy  ®4-compartment fasciotomy  ®No treatment ~ ® Other

Outcome*

m Full recovery ™ Paresis, pain and sensory deficit ™ Significant muscle loss ™ Foot drop ®Limb amputation ™ Other

=l

20 40 60

80 100 120 140 160 180
Response Frequency (N)

FIGURE 2 Characteristics of the reported cases of well-leg compartment syndrome (WLCS). CP, compartment pressure; HDTL, head-
down tilt lithotomy. *Multi-answer question—respondents had the option of more than answer.

‘Leg rest'/patient repositioning as a preventive measure

Qualitative responses demonstrated substantial variations in intra-
operative ‘leg-rest’ practices, primarily underpinned by a lack of for-
mal and standardized policies. Reported practices included ad hoc
surgeon-led approaches, stage-guided strategies and integrated pro-
tocols incorporating leg rests with other measures. Regardless of ap-
proach, some respondents highlighted the importance of a team-led

approach rather than one solely dependent on the surgeon.

WLCS experience impacts perception and practice

Many participants emphasized the rarity of WLCS, supporting a clear as-
sociation between experiencing WLCS and attitudes towards its preven-
tion. Clinicians who had encountered WLCS were more likely to advocate
for preventive protocols, while those with no such experience often per-
ceived it as a low-probability event not warranting significant attention.

Further research

Several respondents highlighted an inadequate awareness of WLCS
among clinicians and the lack of a reliable evidence base as well

as effectively communicated standardized strategies to mitigate
WLCS. Additionally, many respondents indicated interest in actively
contributing to collaborative research on this subject, with some

proposing specific research questions to guide future investigations.

Considerations for practice

Free-text responses also provided prospective considerations for
improving clinical practice. Multiple surgeons highlighted the impor-
tance of incorporating WLCS risk into informed consent discussions
for HDTL procedures. Implementation of pre- and postoperative
preventive measures and exploring alternative surgical positions

were proposed as viable strategies to minimize the risk of WLCS.

DISCUSSION

This is the first international, multispeciality survey to evaluate
clinical practices and clinician perspectives regarding HDTL and
WLCS. The survey findings reveal substantial variation in current
perioperative HDTL practices, with some clinicians not implement-
ing any preventive measures. This study highlights that previous ex-
perience of WLCS strongly influences clinicians’ attitudes towards
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60of9 iéf

(A) Backward Elimination
Use HDTL in practice p—0.7915
Average leg rest duration p=0.7050
Age Group p=0.6828

WLCS risk included in consent p - 0.0687

Duration of uninterrupted HDTL p = 0.0007
Length of MIS experience p =0.0002
f T T T 1
0.0 0.2 0.4 0.6 0.8
p-value
(B)

Recursive Feature Elimination

Average leg rest duration p = 0.6828
Age Group p =0.7050
Use HDTL in practice p=0.7915
WLCS risk included in consent p =0.0687
Duration of uninterrupted HDTL p =0.0007
Length of MIS experience p = 0.0002
f T T T T T 1
0o 1 2 3 4 5 6
Ranking
(€) Lasso CV
Length of MIS experience p = 0.0002
Duration of uninterrupted HDTL p = 0.0007

WLCS risk included in consent p=0.0687

Average leg rest duration p =0.6828

p=0.7915
p=0.7050

Age Group

Use HD'TL in practice

f T T T 1
0.00 0.02 0.04 0.06 0.08

Coefficient r

FIGURE 3 Predictive variables for the occurrence of well-leg
compartment syndrome (WLCS). (A) Ordinary least squares (OLS)
[49] regression performs backward elimination by iteratively

fitting OLS models and excluding the variable with the highest
p-value >0.05 until all remaining variables have p-values <0.05. (B)
Recursive feature elimination (RFE) [50] employs a linear regression
model to select relevant variables, ranking them according

to importance. Variables assigned a rank of 1 are considered

the most important, with p-values indicating their statistical
significance. (C) Least absolute shrinkage and selection operator
with cross-validation (LassoCV) [51] identifies important variables
via regularization and selection of the best parameter through
cross-validation. Some coefficients are set to zero, with nonzero
coefficients corresponding to the important variables. HDTL, head-
down tilt lithotomy; MIS, minimally invasive surgery.

this complication, ultimately informing their clinical practice.
Additionally, clinicians who routinely maintain longer periods of un-
interrupted HDTL are more likely to encounter WLCS.

Survey responses demonstrate a lack of standardization towards
prevention of WLCS among clinicians. While over a quarter (27.1%)

of respondents do not utilize any preventive measures, there is con-
siderable variability in practice among those who do. Some clinicians
reportedly employ only one measure (‘leg rest’, leg examinations or
leg massages), whereas others combine multiple approaches. ‘Leg-
rest’ protocols varied among respondents who employ this strategy.
The majority (79.3%) reportedly reposition the legs after 2 or 3h of
HDTL, aligning with the UK and Ireland multidisciplinary guidelines
published in 2019 [25] that recommend limiting uninterrupted leg
elevation to 4h. However, free-text responses suggest that many
clinicians are unaware of existing clinical guidance and/or do not
have formal local institutional policies to inform practice. Hence,
many have resorted to anecdotal strategies, leading to what seems
to be an overall unstandardized approach to prevention of WLCS in
current surgical practice regionally and globally. Respondents also
highlighted a poor evidence base and insufficient clinical awareness
as key contributors to variability in practice, emphasizing the need
for further research. Considering the above, the authors assert that
effective dissemination of evidence-based consensus on best prac-
tices will be instrumental in standardizing WLCS prevention.

In this survey, one in five respondents (20.5%) reported at least
one case of WLCS, with a total of 170 cases reported. This possibly
lends credibility to the notion that WLCS is more prevalent than pre-
viously assumed [13, 23, 25]. WLCS was not reported by respondents
who had no MIS experience or by those who do not use HDTL, under-
scoring the increased risk for WLCS associated with these techniques.
The growing global adoption of abdominopelvic MIS, characterized by
steeper head-down tilts (215°) [16], longer operating times [16, 53] and
impaired venous return due to pneumoperitoneum [28] may result in
a rise in WLCS incidence. In the surveyed cohort, 43% of the respon-
dents who utilize a 4-h repositioning protocol had encountered WLCS
compared with 20% and 30% of those who use 2- or 3-h protocols,
respectively. This finding suggests that ‘leg rests’ after every 2-3h of
HDTL may be associated with a lower incidence of WLCS. Moreover,
ML analysis identified ‘duration of uninterrupted HDTL as a significant
predictor for WLCS occurrence. Consequently, it may be prudent to re-
vise relevant guidelines [25] and institutional policies that are currently
predicated on a ‘safe’ 4-h window of uninterrupted HDTL. Future re-
search is needed to robustly evaluate these findings and establish op-
timal repositioning protocols.

Current literature suggests that many surgeons and institutions
adopt a reactive approach to prevention, typically taking measures
only after encountering WLCS [17, 28, 39, 42, 43]. Indeed, among sur-
vey respondents who have encountered WLCS, only 9% do not use
any prevention protocols. While reactive measures are valuable, a
proactive approach would be likely to enhance safety during abdomi-
nopelvic procedures involving HDTL. Qualitative data from this survey
show that clinicians who have experienced WLCS strongly support the
implementation of preventive protocols, which highlights the impact of
personal experience on clinicians' attitudes and practices.

Despite the serious consequences associated with WLCS, many
respondents (72%) do not routinely inform people about the risk of
this complication before procedures requiring HDTL. Notably, prior
WLCS experience did not substantially affect this practice, as only
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36% of respondents who had encountered the complication report-
edly include WLCS in consent discussions. This phenomenon may
reflect the ongoing challenge clinicians face in determining which
rare complications merit discussion during consent. The UK-Ireland
guidelines [25] suggest that WLCS is insufficiently common to man-
date routine discussion during consent, emphasizing the need to
consider preferences and circumstances. Conversely, other guid-
ance documents from the UK General Medical Council [54], the
International Federation of Gynaecology and Obstetrics [55] and
the Royal College of Surgeons of England [56] stress the importance
of mentioning ‘material risks’ during consent, including any serious
risks and/or those that a reasonable person would deem significant,
regardless of their likelihood of occurring. This inconsistency possi-
bly contributes to variations in consent practices across healthcare
systems and may leave patients inadequately informed about the
risks associated with their surgery. Given the ethical and legal impli-
cations of this situation, the authors propose developing an expert-
driven consensus on best practices that should, among other things,
recommend routine discussion of the risk of WLCS during preopera-

tive consultations for procedures in HDTL.

Future directions

Standardization of clinical approaches to HDTL and WLCS in abdom-
inopelvic surgery should be established through international guide-
lines informed by expert consensus and a comprehensive review of
existing evidence. Clear and effective communication of these rec-
ommendations will promote consistency in practice across diverse
healthcare settings. Prospective studies are needed to strengthen
the evidence base, evaluate the safety and efficacy of current prac-
tices and identify areas for improvement. Incorporating teaching
modules on WLCS into training programmes for surgeons and allied
healthcare professionals as well as developing centralized national
registries for WLCS cases will raise awareness and help reduce its
incidence. These steps will foster evidence-based practices and ulti-

mately improve surgical care.

Study limitations

Several limitations should be acknowledged when interpreting the
findings of this study. First, convenience sampling may have intro-
duced some selection bias. However, it is important to note that the
survey responses did not reveal any characteristics that would sig-
nificantly distinguish the respondents from the general surgical pop-
ulation. Secondly, the exact response rate could not be determined,
making it difficult to assess the impact of nonresponse bias. This
limitation is inherent in open surveys and is documented in the liter-
ature [57, 58]. Thirdly, the uneven distribution of participants across
geographical regions (with 74% from Europe) and specialities (64%
from colorectal/general surgery) may limit the generalizability of the

& @

findings. Nevertheless, the broad representation from 71 countries
and 14 specialities offers a diverse perspective of clinical practices
and attitudes. Lastly, the survey data on previous WLCS cases relied
on respondents' memory, which introduces the potential for recall
bias. Additionally, a more detailed subgroup analysis to examine the
impact of specific variables on incidence of WLCS was not feasible

due to missing data.

CONCLUSION

Perioperative practices during HDTL procedures show considerable
variability, influenced by clinicians' prior experience of WLCS and
personal preferences, rather than standardized guidelines. This un-
derscores the urgent need for future research to develop, validate
and effectively disseminate evidence-based protocols. Establishing
these guidelines globally will be essential for ensuring consistent,
high-quality care in abdominopelvic surgery.
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