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Abstract

Purpose: Lower-extremity (LE) injuries due to prolonged surgery duration in the dorsal lithotomy (DL)
position are often morbid and can significantly affect the patient’'s short and long-term quality of life. These
include the development of lower extremity pressure ulcers, neuropathies, rhabdomyolysis, and compartment
syndromes. As compared to other surgeries, this risk is increased in patients undergoing genital gender-
affirming surgery (gGAS) due to the relatively long operative time of these surgeries related to their high
complexity. Our study aimed to describe our technique for preventing LE injuries in the DL position, and to
evaluate our positioning-related post-operative complications and rates.

Materials and Methods: We describe our technique for positioning in the dorsal lithotomy position,
with an emphasis on injury prevention. We ensure a specific padding technique of the LE, we alert surgical
assistants to not lean/rest on the LE, and we schedule LE checks and repositioning throughout the case to
prevent and mitigate occult injuries.

Herein, we report our clinical positioning-related outcomes and complications among all patients
undergoing gGAS procedures lasting >300 minutes between January 2017 to March 2023.

Results: A total of 227 patients underwent 310 surgical procedures (156 masculinizing, 154 feminizing
gGAS procedures). Mean operative time was 495.5 minutes+/-156.5 minutes (SD) (Range 300—1095 minutes).
A total of 6/227 (2.6%) patients (2 masculinizing and 4 feminizing surgical patients) had transient, self-limited
LE pain post-op. No (0%) patients had major complications including chronic nerve injury, pressure ulcers,
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rhabdomyolysis, or compartment syndrome.

Conclusions: Our study is the first to describe a replicable technique, and specifically which integrates
the OR team and nursing staff, to prevent LE injuries during DL. We show that it is possible to achieve a 0%-to-

rare incidence of major LE injury during long-duration surgeries.

Introduction

Patient positioning at the time of surgery plays a critical
role in determining outcomes. Urologists, Obstetricians
Gynaecologist and General and Plastic Surgeons commonly
place patients in the lithotomy position to expose the pelvis
and perineum [1-9]. This position provides excellent access
to the perineum and affords placement of an assistant
between the patient’s legs during intra-abdominal surgery.

https://doi.org/10.29328/journal.cjncp.1001047

Prior studies assessing lower extremity (LE) injuries
secondary to dorsal lithotomy (DL) positioning consistently
cite only causative pathophysiologic factors to explain the
injury. They also cite position duration as a principal risk
factor for injury [10]. Positioning injuries can significantly
adversely affect both patients and the healthcare system
through acute care requirements, chronic rehabilitation, and
potential malpractice litigation [11,12].
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Genital gender-affirming surgeries (gGAS) are complex
and typically of long (> 5 hours) duration. Surgeons who
perform these and other similarly long procedures should
be aware that LE injuries are more likely to occur than in
shorter cases. Because LE positioning injuries are so morbid
and associated with such high costs, it is important for
surgeons to understand the pathophysiology of LE injuries,
and techniques and practices to altogether prevent injuries,
to reduce complication rates [9,13,14].

The purpose of this study is to 1. Review the
pathophysiology of injuries to the LE during DL positioning;
II. Review key findings from the literature about how
LE positioning injuries can be avoided; IIl. Describe our
positioning technique and peri-operative injury prevention
strategies; and IV. Review the incidence of DL LE positioning
injuries from our own institution for all gGAS surgeries of > 5
hours over a 6-year period.

Materials and methods

We performed a literature review using PubMed.
Keywords included “dorsal lithotomy”, “lower extremity”
and “injury”, and articles published between 1994 to 2023
were reviewed. Articles describing the pathophysiology of LE
injuries during DL positioning, specifically, pressure injuries,
neuropathies, rhabdomyolysis, and compartment syndrome
were reviewed. We summarized from the literature specific
pathophysiologic processes that cause LE positioning
injuries, and the correlate recommendations to prevent the
resulting injuries.

A chart review was undertaken for all patients
undergoing gGAS from January 2017 to March 2023. We
included surgeries lasting longer than 5 hours (300 minutes)
duration. Complications were reviewed and categorized into
“minor” and “major” complications. Minor complications
were defined as those complications that required no
additional intervention and resolved spontaneously prior
to discharge from the hospital. Major complications were
defined as complications that required additional medical or
surgical intervention, or that persisted after the patient was
discharged from the hospital. These included compartment
syndromes (CS), acute or chronic LE neuropathies, pressure
ulcers, or rhabdomyolysis.

Results

Literature review: Pathophysiology of LE injuries in
the DL position

The most common LE injuries secondary to DL positioning
are pressure ulcers, neuropathies, rhabdomyolysis, and LE CS
[9,14-17]. The pathophysiology and associated risk factors
vary depending on the type of injury and are described below.

Pressure ulcers: Pressure ulcers are caused by localized
pressure and shear forces to the skin and underlying
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tissues that contain vascular support, commonly over
bony prominences. The resulting ischemia leads to tissue
breakdown, with injuries sometimes presenting long after
the initial insult [14].

Risk factors include surgical positioning where weight
support is focused on small surface areas, and duration of
uninterrupted compression [14]. Body mass index (BMI)
extremes also increase this risk compared to people with
normal body habitus. Low BMI (< 20 kg/m?) individuals
are at elevated risk due to limited subcutaneous tissue
causing compression against bony prominences, while high
BMI (> 30 kg/m?) individuals are at increased risk due to
increasing pressure loads [14,18]. Other risk factors include
patients with an impaired cardiovascular system, including
a history of diabetes mellitus, peripheral vascular disease,
and smoking status. Finally, neurologic and physical insults
impairing mobility, increased age > 70 years, dehydration,
nutritional deficiencies, and hypothermia also increase the
risk of developing pressure ulcers [14].

Neuropathies: The incidence of postoperative lower-
extremity neuropathy following DL is reported to be
0.6% - 1.2% [14,17]. These occur due to a combination of
stretch, compression, and ischemia-induced nerve injuries.
[9,14,17,19]. Neuropathies of the LE most commonly affect
the common peroneal nerve (78%), sciatic nerve (15%),
and femoral nerves (7%) [20]. Peroneal nerve injuries are
due to compression against the fibular head, typically from
mal-positioning of the LE in an Allen or “candy-cane” stirrup)
resulting in impaired sensation on the lateral aspect of
the calf and dorsum of the foot, and/or a foot drop due to
impaired ankle dorsiflexion. Sciatic nerve injuries occur due
to extreme hip flexion (> 90°) and hyperextension of the knee.
Patients with sciatic neuropathy will complain of impaired
sensation on the posterior aspect of their leg, and difficulties
with knee flexion and ankle dorsiflexion. Femoral nerve
injuries occur due to extreme hip abduction and/or extreme
hip flexion with external rotation, which causes compression
of the femoral nerve against the inguinal ligament. Clinical
presentation of femoral neuropathy include deficient (during
normal activity) hip flexion and knee extension, often in
combination with a reduced patellar reflex [9,14,17].

Dorsal lithotomy LE neuropathies can develop due to
incorrect positioning, or with prolonged surgery duration.
Additional risk factors include conditions that impair the
circulatory system, such as diabetes mellitus, peripheral
vascular disease, smoking (including tobacco, marijuana, and
vaping), pre-existing neuropathies, other acute and chronic
conditions that limit physical mobility, and lastly, advanced
age > 70 years [2,10,14,17,21-23].

Rhabdomyolysis: Rhabdomyolysis related to DL
positioning occurs due to direct LE-muscle injury and/or
ischemic injury to muscle myocytes, which leads to tissue
necrosis, and elevated creatinine kinase level, with resulting
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acute renal injury with myoglobinuria [16]. An initial insult
to the muscle causes a cyclical pathway resulting in a
release of sodium and calcium ions from the sarcoplasmic
reticulum of the muscle which is taken up by surrounding
myocytes, resulting in sustained myofibrillar contraction,
cellular swelling secondary to indrawing of water, and
depletion of adenosine triphosphate (ATP). The resulting
injury and myocyte breakdown lead to an inflammatory
process causing further tissue damage [16]. Specific surgical
risk factors include prolonged surgery duration, muscle
compression from DL-positioning, and muscle ischemia from
DL-positioning (e.g. prolonged maintenance of the LE above
heart level; foot dorsiflexion) [9,14].

Compartment syndrome: Compartment syndrome (CS)
is a rare but dreaded surgical complication, occurring with
an incidence that ranges from 1:3500 to 1:8720 cases of
patients where the patient is in the DL position [24,25]. While
CS most commonly occurs in the LE, gluteal CS does occur,
with an incidence of 3% to 11% of all cases of CS [26]. Cases
of bilateral LE CS have been reported even after 90-minute
procedures in the DL position [9]. CS is believed to occur
due to decreased muscle perfusion pressure, coupled with
increasing compartment pressures (secondary to ischemic
tissue swelling) within a fixed-volume compartment, which
in a vicious cycle further impairs tissue perfusion, and
results in further tissue ischemia, necrosis, and swelling.
Management of this urgent condition requires emergency
fasciotomy to relieve the pressure and prevent further
injury [15]. Sequelae of compartment syndrome can include
permanent loss of motor function, and possibly, need for
amputation [3,24,27-29].

Risk factors for LE CS include extended duration of
surgery,and mal-positioning of the leginside LE supports that
cause external compression of the LE muscle compartments
[9,14,15]. Another risk factor is the dorsi-flexed positioning
of the foot inside LE supports. Foot dorsiflexion increases
posterior compartment pressures (Figure 1) and injury
risk, while plantar flexion decreases resting calf posterior
compartment pressures, thereby reducing injury risk [4,25].
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Figure 1: Ankle dorsi vs. plantarflexion.
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Finally, positions where the LE is raised above the level of the
heart for extended periods of time reduce muscle perfusion
and increase the risk of ischemia-induced soft-tissue injury
and swelling, which increases the risk of LE CS [9,25].

Literature review: Recommended strategies for the
prevention of LE injuries in the DL position

The Association of Perioperative Registered Nurses
(AORN) provides guidance for safe positioning during DL to
prevent LE injuries [9,14]. These recommendations include
appropriate positioning in LE supports. Both legs should
be placed into supports simultaneously and in a controlled
manner. Both legs should rest at an even height, with weight
support over a large surface area, to prevent injury. Both
legs should also be removed from the LE supports in a
simultaneous fashion [9].

AORN also recommends the LEs be positioned with
focused attention to prevent nerve injuries to the femoral,
sciatic, and common peroneal nerves. This includes avoiding
extreme flexion or extension of the hips and knees and
avoiding extreme abduction and external rotation of the hips.
To ensure adequate LE tissue perfusion, the LEs should be in
line or below the level of the heart, and ideally, the patient’s
heels should be in the lowest position possible. Another
AORN recommendation is that personnel scrubbed into the
case do not lean against or rest any part of their body upon
the patient’s LE, and, that the LEs be adequately protected
with padding to prevent compression of the LE against the
leg supports [9].

AORN recognizes that prolonged surgery duration, and
prolonged uninterrupted positioning in higher risk positions
(e.g., high-lithotomy; feet positioned above the level of the
heart, Trendelenburg, and ankle dorsi-flexed positions) all
contribute to DL-positioning related injuries [9,25]. AORN
recommends placing the patient in the DL position for as
short a duration as possible, and that the legs be repositioned
to a neutral, heart-level position, at established intervals
throughoutprolongedsurgeries.Similarly, wheneverapatient
is placed into high-lithotomy, the legs should be brought
down during regularly timed breaks in order to allow for
LE reperfusion. [9]. The feet should be slightly plantarflexed
relative to the leg, to reduce pressure in the posterior muscle
compartments [4,25]. In addition, AORN recommends that to
reduce the risk of CS-related rhabdomyolysis, a neutral urine
pH be maintained, and when regional anesthesia is used, that
motor blockade be avoided [25].

Description of our genital GAS surgery programclinical
outcomes assessment, LE positioning technique and
peri-operative injury prevention strategies

We conducted aretrospective chartreview ofall patientsat
our institution who underwent masculinizing and feminizing
gGAS in the DL position with surgery duration greater than 5
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hours (300 minutes), from January 2017 to March 2023. Cases
that lasted less than 5 hours in DL were excluded. All patients
were placed in the DL position for the entirety of their surgical
procedure, with the exception of patients who underwent
radial-artery forearm free-flap phallourethroplasty, who are
normally positioned in a prone position for ~1.5 hrs at the
start of their case (to undergo harvest of intergluteal full-
thickness skin grafts to cover the arm donor-site), before
they are re-positioned to the DL position for the remaining
~8 hours of the phallourethroplasty surgery.

Primary endpoints included LE complications including
self-limiting musculoskeletal injuries, femoral nerve, sciatic
nerve, and common peroneal nerve injuries, development
of pressure ulcers of the sacrum and heel, development
of rhabdomyolysis, and, development of compartment
syndrome requiring fasciotomy.

Our technique for perioperative positioning of the
lower limbs: All patients included in this study were placed
in the DL position with their LEs in Allen™ stirrups during
their surgery. For patients who underwent harvest of a
radial-artery forearm flap, standard-length (yellow) Allen™
stirrups were used, while for patients undergoing flap-
harvest from the anterior lateral thigh (ALT), we always use
the shorter blue-colored Allen™ stirrups, which differ from
the yellow stirrups in that their long lateral segment that
supports the calf is shorter. We use these when harvesting
a flap from the thigh because the shorter length of the long
segment supporting the calf affords the surgeon greater
access to the anterior thigh flap harvest site.

Given the long duration of the procedures assessed, we
undertake standardized intra-operative precautions to
minimize the risk of LE injuries as recommended by AORN
(Figure 2). [9]. For example, all patients are fitted with
sequential compression devices (SCD) below the knee and
all patients receive subcutaneous low molecular weight
heparin every 8 hours for prophylactic prevention of
venous thromboembolic events during surgery. Also, every
2 hours we visually inspect the LEs (we use see-through
leggings), and manually inspect (by palpating the calves

Intra- and Post-operative Care
of the Lower Extremities

Ensure patient is fitted with sequential compression devices to the knees bilaterally
Subcutaneous low molecular weight heparin 5000 IU every 8 hours intraoperatively

Ensure the dorsal, medial, and lateral aspects of the lower limbs are padded well when placing
legs in Allen Stirrups

Alert all members of the surgical team to NOT lean on the lower extremities during the surgical
procedure

Scheduled checks of the lower extremities by surgical team to ensure lower extremities remain

soft to palpation every 2 hours intraoperatively with Nursing documentation of checks

Every 2 hours, legs are brought down to below the level of the heart as part of scheduled
checks of lower extremities

Post-operative check at end of procedure with final physical examination of the lower
extremities with palpation to ensure no evidence of DVT or compartment syndrome

When patient has awakened from anaesthesia, ensure they are able to voluntarily move their
lower extremities including dorsiflexion and plantar flexion of their ankles bilaterally

Figure 2: Our program’s Intra-operative and Post-operative Care of the Lower
Extremities poster.

https://doi.org/10.29328/journal.cjncp.1001047

and thighs to assess for swelling or firmness suggestive
of compartment syndrome) every 2 hours. During these
regularly scheduled checks, the LEs are lowered below the
level of the heart to promote reperfusion of tissues rendered
ischemic from positioning. Lastly, during these checks, we
also confirmed among all surgeons in attendance that no one
was compressing the LEs by leaning or resting their bodies
on them.

Intra-operative patient positioning: Following
induction of general anesthesia and securing the
endotracheal tube, patients are positioned so their sacrum
is resting superior to the body padding, reducing the risk of
lumbosacral injuries. The measures outlined below are taken
to protect the LE’s from injury (Figure 3).

After induction and with the patient in a supine position,
we begin by first repositioning the patient on the table to
ensure that their perineum is at the edge of the table, as
desired. Next, the Allen™ stirrups are affixed to the surgery
table. We have found that to ensure that the angle of knee
flexion is slightly greater than 90 degrees, we position the
Allen-stirrup unit so that the cephalad-end of the medial

Figure 3: Technique for ensuring safe lower extremities positioning (consent for
use of intraoperative photography obtained from the patient).
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aspect of the stirrup-boot is approximately 6-inches cephalad
to the ipsilateral patella. This facilitates secure placement of
the patient’s heel within the boot to prevent compression of
the popliteal fossa.

To support the LE inside the Allen™ stirrup we use three
pieces of Vs-inch-thick foam padding to protect each lower
leg. The first piece of foam is laid flat in the heel and calf-
support areas within the boot before each leg is placed into
the stirrup. The foot should be slightly plantarflexed (Figure
1) to minimize resting LE posterior-compartment pressure.
We also confirm that there is no compression upon the
popliteal fossa. We then place an additional piece of foam,
folded lengthwise, between both the medial and lateral
aspects of the lower leg and stirrup boot (this adds a 1-inch
total thickness of foam support on both sides of each leg).
This extra padding reduces the risk of direct compression,
most importantly around the fibula head, where the risk of
a common peroneal nerve injury is greatest. The additional
foam above the medial aspect of the stirrup is cut and a piece
is placed under the connection point for the SCD tubing, and
the remaining piece of foam is placed under the sole of the
patient’s foot. After ensuring all potential compressive areas
are protected, the patient’s leg is then loosely secured within
the Allen stirrup using the Velcro straps to prevent ventral
compression.

Because we routinely use SCDs, to prevent ischemia-
induing compression injury to the LEs we take care to ensure
that the SCD tubing does not cross the midline of the lower
leg, and, that the hard-plastic connector piece that connects
the tubing to the SCD lays flat (never perpendicular to) the
leg. To further protect the leg from the SCD connector we
always place small torn pieces of foam between the leg and
the connector piece.

After the legs are positioned into the Allen TM™ stirrups,
the legs are then positioned with the knees flexed at ~110
degrees, and to allow the surgeon and assistants access to the
perineum, the hips externally rotated ~45 degrees.

Review the incidence of DL LE positioning injuries
from our own institution for all gGAS surgeries of > 5
hours duration over a 6-year period

A total of 227 patients who underwent gGAS from our
institution’s Transgender Health and Surgery Program were
included in this study. Of these, 85 individuals underwent
156 masculinizing gGAS procedures, and 142 individuals
underwent 154 feminizing gGAS procedures.

Demographic information is included in Table 1, and
specific complications for both masculinizing and feminizing
surgical procedures are described in Table 2.

Overall, a total of 6 (2.6%) patients suffered short-
term, minor complications related to the pain of the foot

https://doi.org/10.29328/journal.cjncp.1001047

Total Masculinizing Feminizing
Surgery Surgery
Patients (N) 227 85 142
Surgeries (N) 310 156 154
Minor Complications 6 2 4
Major Complications 0 0 0
Average Age * (SD) (Years) 42.2 +/-14 41.2 +/-13.3 43.3 +/-14.6
(Range) 19-79 21-77 19-79
Average BMI * (SD) 262 +/-5.1 26.8+/-5.1 25.7 +/-5.0
(Range) 15.4-40.4 16.4 - 40.4 15.4-38.8
Average Time £ (SD) (Minutes) 4955 +/-156.5 | 552.0 +/-187.0 | 438.2 +/-86.6
(Range) 300 - 1095 300 - 1095 300-731

Table 1: Demographic information for patients undergoing gGAS, and mean

surgical durations.

or knee (Table 2), which we classified as “minor” because
none required operative intervention and resolved prior
to discharge from the hospital. Zero (0%) patients suffered
chronic or significant complications such as compartment
syndrome, acute or chronic nerve injury, pressure ulcers, or
rhabdomyolysis.

Discussion

Genital GAS is a rapidly growing field. The practice of
gGAS is reported to have increased 152-fold from 2010-2018
[13]. Because gGAS surgeries are complex, typically of long
duration, and performed in the DL position, it is important
that surgeons and OR nursing staff understand how LE
injuries occur, and, how to prevent them. Furthermore,
because advanced minimally invasive surgical techniques
using laparoscopic and robot-assisted lap gGAS techniques
typically require both DL and steep Trendelenburg
positioning, it is essential that surgeons and OR teams also be
aware of strategies to prevent DL-related positioning injuries
during these procedures [2,5-7,30,31].

Poor patient positioning can have devastating short and
long-term consequences including soft-tissue injuries, loss of
function to the affected limb, or amputation of the affected
limb [4,7,9,10,21,32]. Because positioning injuries are rare,
and, to a seemingly great degree preventable, the standard
in the future may be to classify them as “never events”, on
par with falls, CAUTI, and similar adverse events for which
there is prevention data. Across our 310 surgical cases, each
of > 5 hours duration (mean: 8.25 hours), our LE positioning
practices have yielded a total of 6/310 (1.9%) minor LE
injuries that were all self-limited and did not require
intervention. No patient (0%) sustained a severe injury (i.e.,
requiring operative intervention), or that was associated
with chronic deficits or sequelae.

Patients in our series who suffered LE complications
varied in age and BMI, showing that even young, healthy
patients are at risk of LE injuries during long-duration
surgeries. This suggests that injury prevention strategies
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Masculinizing Complication
e Surgical Time Complication
Procedure Ag BMI = . Issue : i
(Years) (Mins) Severity
Left heel bruising and left foot pain; resolved post- )
1 |Stage 2 Phalloplasty 31 29.5 434 . Minor
operative day #4
Left heel & ball bruising and left foot pain; )
2 |Stage 2 Phalloplasty 37 32,5 830 ) Minor
resolved post-operative day #5
Feminizing Complication
Surgical Ti C licati
Procedure Age BMI urglc? fme Issue i |c.a ‘on
(Years) (Mins) Severity
Penile Inversion Left knee & foot pain, no bruising; Assistant on left i
1 j 35 30.4 509 . ) Minor
Vaginoplasty side; Resolved before discharge
Penile Inversion Bilateral foot pain; left heel bruising; Assistants )
2 . 73 24 435 ) A Minor
Vaginoplasty bilaterally; Resolved before discharge
Penile Inversion Left knee & foot pain, no bruising; Assistant on left )
3 j 48 32.7 410 . . Minor
Vaginoplasty side; Resolved before discharge
Penile Inversion Left foot pain; left heel bruising; Assistant on left i
4 } 44 20.4 371 i ) Minor
Vaginoplasty side; Resolved before discharge
Table 2: Procedures and associated complications for patients undergoing gGAS.
Factor/Measure |Detai|

Risk Factor

Body habitus (BMI <18 or >25)
Peripheral vascular disease
Pre-existing neurologic symptoms
Diabetes mellitus

Tobacco use

Arthritis

Hypotension

Constitutional

Hypothermia

Hypovolaemia

Type of lithotomy position

Time in lithotomy position >5hrs
Time in Trendelenburg position

Operative
Direct compression of the leg
Regional anaesthesia

Preventative Measures

Be aware of specific patient risk factors
Ensure adequate hydration
Periodic assessment of lower extremities

Before surgery

Avoid prolonged lithotomy position
Ankle plantarflexion
Limit extreme hip and knee flexion/extension

During surgery Use Allen type stirrups
Maintain blood pressure
Avoid vasoconstrictor drugs
Ensure adequate padding of bony prominences
Regular repositioning of lower extremities so patient's feet are below level of the right atrium
Regular and early post-operative assessment of lower extremities to recognize injuries
After surgery Maintain high index of suspicion

Adjust intensity of regional anaesthesia

Table 3: Risk factors and preventative measures to reduce the risk of lower extremity injuries.
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should be implemented universally as a standard of care. In
the United States, 69% of the population is overweight or
obese, and 36% of the population is classed as obese [33].
Familiarity with Injury prevention strategies is especially
important as the U.S. population’s mean BMI increases and
as the mean age at surgery and the presence of a greater
number of comorbidities at the time of surgery increase.
Many gGAS surgeons have BMI limit criteria for patients
seeking gGAS (e.g. BMI < 30) in an attempt to reduce the risk
of peri-operative complications associated with obesity [34].

A study of our own practices and patient outcomes has
taught us that a common mechanism for LE injuries is from
surgery assistants (who typically stand beside the patient
while the primary surgeon is seated at the perineum)
unwittingly leaning on or resting a hand upon the patient
during surgery [25]. Fortunately, this can easily be prevented
by the primary surgeon when the latter announces that these
precautions be followed by all of their assistants, and then,
when the surgeon monitors their team’s actions throughout
the surgery. Our work has also taught us that a systematic
approach to the prevention of LE injury requires active
surgeon and nurse participation. This approach begins with
the surgeon integrating routine leg and positioning checks
into the standard OR-wide “Time Out” at the beginning of the
surgery. This way, surgeons, anesthesia, and nursing teams
are made aware of the increased risk for LE DL injuries, and,
become responsible for ensuring that the LEs are checked at
timed intervals throughout the surgery (Figure 2). Routine
scheduled visual inspection of the legs with transparent
leg covers, and routine palpation for firmness and swelling
of the legs certainly do not guarantee injury prevention or
detection, but, they help ensure awareness among staff, and
possibly, early detection of any injury that may have already
occurred. Routine scheduled “pauses” of LE elevation by
momentarily lowering the legs so the feet are below the level
of the heart facilitates examination of the LE, promotes tissue
reperfusion, and at a minimum mitigates the degree of any
injury that may have already started to occur.

Our practice of directing the routine assessment and re-
positioning of the LEs by the nursing team into the surgical
workflow as a “standard procedure” ensures that these
interventions are actually performed. When only the surgeon
is responsible for routine assessment and LE repositioning,
these are often not performed because the surgeon “forgets”
to do so owing to their attention being focused on other
aspects of the surgery. Integration of positioning checks
into the formal operating room workflow increases patient
safety, and, because such assessments are documented in the
medical record, these help serve as medico-legal protection
for the surgeon and operating room staff by documenting
attention to prevention of DL LE-related complications.

Many studies and guidelines have outlined the need for
adequate padding when positioning patients, but, to our

https://doi.org/10.29328/journal.cjncp.1001047

knowledge, no publications have specifically outlined their
techniques and strategies to prevent LE injury during DL
[3,10,12,35,36]. Our work is the first to do so. Many of the
published studies outline the potential issues that can arise
with poor positioning, and pre-operative steps which can
help, but there is limited information related to specific peri-
operative care guidance related to appropriate padding of
the patient’s LEs to reduce injury risk [37,38].

Previous studies report that the risk of peripheral
neuropathy associated with DL LE injury ranges from 0.03%
to 47% [6,21,36,39,40]. These injuries have also been noted
in the obstetrics literature, as women who are giving birth
vaginally are often placed in an exaggerated lithotomy
position. Lower-extremity nerve injuries in vaginal births
occur at a rate of 0.3% to 1.8%. This shows that even during
shorter procedures LE injuries can still occur, and so care
must be taken to prevent these injuries [1,23]. Eighty percent
of all LE neuropathies involve the common peroneal nerve
from compression against the fibular head, leading to foot
drop and loss of sensation over the lateral aspect of the calf
and dorsum of the foot [12]. This occurs with extreme hip
flexion and external rotation, so safe positioning of the LE at
the time of surgery is critical to prevent injury.

Another devastating complication associated with
prolonged surgery is compartment syndrome. LE-DL-
associated CS occurs at a rate of 1:3500 to 1:8720 surgeries
[24,25]. LE CS has significant ramifications: need for further
urgent surgical intervention (e.g. primary fasciotomy, with
reassessment under anesthesia), possible loss of the affected
limb, development of rhabdomyolysis, acute multi-organ
failure, and even death [4]. Other morbid sequelae include the
need for prolonged rehabilitation, chronic neuro-muscular
deficit, possible compromise to primary surgical outcomes,
and the additional costs of all interventions and follow-up
care to our healthcare system.

LE injuries can also result in medico-legal litigation and
related costs to both patient and provider. The authors of
this paper are aware of at least three LE-CS injuries that
occurred with gGAS surgeries at outside institutions which
have resulted in chronically debilitating injuries with long-
term consequences for these patients, and, costly medico-
legal litigation.

Multiple studies have described the etiology of LE CS
[25,28,41,42]. The act of placing the LEs in the DL position
immediately increased the resting compartment pressures
as compared to the supine position [25,42]. They also noted
areduction in mean arterial pressure by 0.78mmHg for every
centimeter the LE was raised above the level of the right
atrium, and the act of placing the patient in a Trendelenburg
position further reduced perfusion to the LEs [25,41]
The positioning of the limbs also impacted compartment
pressures with extreme knee and hip flexion, and ankle
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dorsiflexion increasing calf pressures [25,28]. Dorsi-flexion,
combined with compression from sequential compression
devices, can increase compartment pressures to critical
levels during surgery, resulting in tissue ischemia and edema
[25,43]. External pressures from surgical assistants leaning
on the LE can have similar effects [25]. Finally, in the setting
of an already established injury and elevated compartment
pressures, the act of restoring perfusion by returning the
LEs to a supine position at the end of a surgical case would
increase the compartment pressures further, causing a
reperfusion injury [25].

Several studies have outlined specific risk factors and
preventative measures that can be undertaken by the surgical
team to prevent LE CS [8,25,32]. Extremes in BMI (< 18 kg/
m? or > 25 kg/m?), vasculopathy, and impaired circulatory
compromise related to hypothermia, hypotension, and
hypovolaemia all predispose patients to an elevated risk of
compartment syndrome [8,25,27]. In addition, operative
factors such as prolonged lithotomy position for longer than
5 hours, direct vessel compression, and epidural analgesia
with motor blockade can also increase the risk of developing
compartment syndrome [9,25,29].

Cited studies also outline other preventative strategies,
included in Table 3, which include: 1. Maintenance of
adequate circulatory support pre and intra-operatively with
adequate hydration, 2. Avoiding the use of vasoconstrictive
medications when possible; 3. Intraoperative measurement
of LE compartment pressures for patients at especially high
risk for compartment syndrome; 4. Interrupting prolonged
lithotomy position by intermittently lowering the LEs to the
level ofthe heartevery 2 hours to ensure reperfusion of the LE;
5. Ensuring that the foot/ankle is not dorsiflexed, but rather,
slightly plantar-flexed; and 6. Utilization of Allen™ stirrups
instead of candy-cane stirrups [9,25,32,44]. Post-operative
injury prevention measures include close monitoring with
careful examination of the lower extremities immediately
after surgery (with the patientawake so that disproportionate
LE pain can be assessed for) with a high index of suspicion for
compartment syndrome, which is critical to early diagnosis
and mitigation of injury. It is our practice to document a
physical exam of the LE in the operating room, immediately
after removing the LE from the DL position, to confirm the
absence of significant swelling or color change, and, upon
awakening in the OR or recovery room, to assess that the
patient can easily dorsi-flex and plantar-flex their feet, and to
confirm the absence of disproportionate LE pain.

Conclusion

Our updated literature review confirms that the
pathophysiologic mechanisms responsible for LE injuries
during DL positioning are fairly well understood. A clinical
review of our own gGAS patient series who underwent
surgery in the DL position for an extended duration confirms

https://doi.org/10.29328/journal.cjncp.1001047

that it is possible to avoid serious injuries when evidence-
based precautions are integrated into operating room
surgeons and nursing standard practices.

The emerging field of gender-affirming surgery permits
patients the opportunity for growth in the care of this
specific population. Given that these procedures are complex
and require longer than average operative time, surgeons
and operating room staff must make every effort to minimize
the risk of lower extremity injuries during DL. Our described
technique for protecting a patient’s lower extremities during
DL focuses on specifically padding at-risk parts of the body,
alerting co-surgeons, engaging staff and surgical assistants
to never lean on any portion of the patient’s body, and,
‘proceduralize’ preventive care in collaboration with the
operating room nursing staff, through scheduled “lower
extremity checks”.

The proactive, interdisciplinary measures we describe for
injury prevention are especially important as advanced age,
body weight, incidence of concomitant chronic illness, and
utilization of longer-duration surgeries, increase among our
patient population.
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