
Complications associated with prone positioning in elective 
spinal surgery

J Mason DePasse, Mark A Palumbo, Maahir Haque, Craig P Eberson, Alan H Daniels

J Mason DePasse, Mark A Palumbo, Maahir Haque, Craig P 
Eberson, Alan H Daniels, Department of Orthopaedics, Warren 
Alpert Medical School of Brown University, Providence, RI 
02903, United States
Author contributions: All authors contributed to this manuscript.
Conflict-of-interest: J Mason DePasse has received educational 
materials from Stryker. Mark A Palumbo has received fees 
as a consultant for Stryker and research funding from Globus 
Medical. Maahir Haque has no disclosures. Craig P Eberson 
has received fees for serving as a speaker for Stryker and as a 
consultant for Orthofix, Inc. Craig P Eberson has also received 
intellectual property royalties from Global Medical. Alan H 
Daniels has received education materials from Stryker, and he 
has also received fees as a consultant for Osseus. None of these 
disclosures are relevant to this review. 
Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: J Mason DePasse, MD, Department 
of Orthopaedics, Warren Alpert Medical School of Brown 
University, 593 Eddy Street, Providence, RI 02903, 
United States. jmdepasse@gmail.com
Telephone: +1-401-4444030
Fax: +1-401-4446182
Received: January 23, 2015 
Peer-review started: January 24, 2015 
First decision: February 7, 2015
Revised: February 12, 2015 
Accepted: March 5, 2015
Article in press: March 9, 2015
Published online: April 18, 2015

Abstract
Complications associated with prone surgical positioning 
during elective spine surgery have the potential to 
cause serious patient morbidity. Although many of 

these complications remain uncommon, the range of 
possible morbidities is wide and includes multiple organ 
systems. Perioperative visual loss (POVL) is a well 
described, but uncommon complication that may occur 
due to ischemia to the optic nerve, retina, or cerebral 
cortex. Closed-angle glaucoma and amaurosis have been 
reported as additional etiologies for vision loss following 
spinal surgery. Peripheral nerve injuries, such as those 
caused by prolonged traction to the brachial plexus, 
are more commonly encountered postoperative events. 
Myocutaneous complications including pressure ulcers 
and compartment syndrome may also occur after prone 
positioning, albeit rarely. Other uncommon positioning 
complications such as tongue swelling resulting in 
airway compromise, femoral artery ischemia, and 
avascular necrosis of the femoral head have also been 
reported. Many of these are well-understood and largely 
avoidable through thoughtful attention to detail. Other 
complications, such as POVL, remain incompletely 
understood and thus more difficult to predict or prevent. 
Here, the current literature on the complications of prone 
positioning for spine surgery is reviewed to increase 
awareness of the spectrum of potential complications 
and to inform spine surgeons of strategies to minimize 
the risk of prone patient morbidity. 
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Core tip: This review addresses the complications of 
prone positioning for spine surgery, which is an important 
and relatively underrepresented topic in the literature. 
Here, we address the wide range of complications by 
system, covering the most common complications, 
current understanding of pathophysiology, and strategies 
for prevention. Individual cases of very rare complications 
are also addressed. This article provides increased 
awareness and understanding of the risks of prone 
positioning, which is important for patient morbidity.
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INTRODUCTION
Prone surgical positioning is commonly utilized for 
procedures requiring the posterior approach to the spine. 
Prone positioning is associated with several important 
and potentially catastrophic complications which can 
result in permanent disability. Complications include 
hemodynamic changes resulting in hypoperfusion, a 
range of ophthalmologic conditions, central nervous 
system lesions, peripheral nerve compression injuries, 
compartment syndrome, and pressure ulcers. Other 
complications include airway swelling and peripheral 
arterial compression. Though most of these complications 
are rare, familiarity with the spectrum of potential 
complications and strategies for prevention can limit 
morbidity in prone spine surgery.

Research
A comprehensive literature review utilizing PubMed was 
performed identifying relevant articles that addressed 
complications associated with prone surgical positioning 
in spine surgery. Search terms in the primary search 
were MESH terms “spine” and “prone position.” Current 
and relevant literature was then reviewed. Reference 
lists from papers retrieved from the primary search 
were also searched for additional current and relevant 
work. 

HEMODYNAMIC COMPLICATIONS
The prone position poses unique hemodynamic chall
enges. Compression of the abdomen may restrict blood 
flow through the inferior vena cava. The resultant 
engorgement of the paravertebral and epidural veins 
can increase bleeding in the surgical field. Because 
there is baseline postural hypotension and decreased 
cardiac function in the prone position, hypovolemia 
in the prone patient can exacerbate hypoperfusion to 
multiple organ systems and may increase the likelihood 
of acute kidney injury, especially during procedures with 
high blood loss[1,2]. 

In order to minimize intraabdominal pressure 
and blood loss, currently available tables and frames 
have been engineered to leave the abdomen free 
and prevent an increase in intraabdominal pressure. 
The various tables and frames differ in their effect 
on spinal alignment, location of pressure points, and 
hemodynamic derangement in the prone position. In 
1969, Relton and Hall described a frame that possessed 
two parallel but separate Vshaped supports, one under 
the upper thoracic cage and the other under the pelvis. 

These lateral supports provide stability for deformity 
correction/scoliosis procedures. This frame allows for 
a free abdomen, but can potentially hyperextend the 
vertebral column[3]. 

The Andrews and the Wilson frames were both 
designed for prone lumbar spine surgery (Figure 1). 
The Andrews frame positions the patient in a modified 
kneechest position allowing for some control of lumbar 
sagittal plane alignment. By adjusting hip flexion with 
a mobile tibial support this frame creates relative 
kyphosis of the lumbar spine. The resultant increase 
in interlaminar distance facilitates access to the spinal 
canal during decompressive procedures. 

The Wilson frame has two parallel, longitudinal curved 
pads which support both sides of the patient’s torso. The 
degree of curvature of the bolsters is adjustable, which 
also allows the surgeon to alter the patient’s lumbar 
sagittal plane alignment. The C-arm fluoroscopy machine 
can be integrated with both frames, with the Wilson 
frame providing a full 360 degrees of radiolucency when 
placed on the Jackson table[3]. The Jackson table also 
offers complete axial rotation capability for combined 
approaches. Both the Andrews and the Wilson frame 
can produce substantial hemodynamic compromise as 
a result of decreased preload and increased afterload, 
respectively[2]. 

OPTHAMOLOGIC COMPLICATIONS
Ophthalmologic complications of prone positioning were 
first reported in 1948 by Slocum et al[4] who described 
a case of blindness resulting from malpositioning on 
a Bailey headrest. Subsequent reports established 
the causal relationship between increased intraocular 
pressure, decreased tissue perfusion, and perioperative 
visual loss (POVL). The rarity of this devastating 
complication has limited research[5].

The incidence of POVL after spine surgery ranges 
from 0.019% to 0.2%, with an increased risk during 
procedures involving prone positioning and in surgery 
for spinal deformity[6-8]. There is also an increased risk 
in patients with comorbidities such as diabetes mellitus 
with end organ damage, coagulopathy, neurologic 
disorders, and paralysis[6].

Despite the absence of large prospective studies, 
several etiologies of POVL have been described, including 
anterior and posterior ischemic optic neuropathy (AION 
and PION), central retinal artery occlusion (CRAO), and 
cortical blindness[5] (Table 1). Other rare etiologies have 
also been reported, including POVL associated with acute 
closedangle glaucoma and amaurosis[9,10].

Ischemic optic neuropathy
Ischemic optic neuropathy (ION) is thought to be the 
most common cause of POVL following prone spine 
surgery. ION was cited as the etiology of 89% of cases 
of POVL in the American Society of Anesthesiologists’ 
Postoperative Visual Loss Registry[11]. However, only 
28% of the cases in a recent NIS analysis of POVL 
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after spinal fusions were attributed to ION[6]. ION is 
categorized anatomically based on the location of the 
ischemia. AION affects the optic disc supplied by the 
posterior ciliary arteries. PION affects the retrobulbar 
or intracanalicular optic nerve supplied by penetrating 
vessels from the pial circulation. Both forms of ION 
can be further subdivided into arteritic and non
arteritic types. Arteritic ION is not seen as a surgical 
complication. Nonarteritic ION is most often caused by 
hypovolemia or anemia, although vascular disease can 
also cause spontaneous AION[5]. 

ION during spine surgery is often due to a 
combination of hypotension, blood loss and increase in 
orbital venous pressure. Compression of the abdomen 
during prone positioning, Trendelenburg positioning, 
and placement of the head below the heart can all 
raise orbital venous pressure; reverse Trendelenburg 
positioning reduces orbital pressure[12]. Increased 
orbital venous pressure worsens interstitial edema, 
compressing perforating vessels and decreasing tissue 
perfusion[5,13]. A multivariate analysis of the American 
Society of Anesthesiologists (ASA) Postoperative Visual 

Loss Registry demonstrated that independent risk 
factors for ION after spine surgery in the prone position 
include obesity, male sex, Wilson frame use, longer 
anesthetic duration, greater estimated blood loss, 
and decreased percent colloid administration[14]. This 
analysis supports the theory that decreased perfusion 
as a result of an altered pressure gradient is the primary 
mechanism for development of ION. On the other 
hand, a retrospective casecontrol study by Holy et al[15] 
reported no difference in blood loss and perioperative 
hemodynamics, including vasopressor use, in patients 
who developed ION versus control patients. 

Although AION is more common in general, PION 
is more common following spine surgery[13]. PION was 
implicated in 60% of the cases in the ASA Postoperative 
Visual Loss Registry[11]. PION is associated with large 
intraoperative blood loss, especially with blood loss over 
4 L, as well as relative hypotension extended over the 
duration of the case[13]. Patients with PION report vision 
loss upon waking from general anesthesia which is often 
bilateral and can result in complete blindness[16]. Some 
patients may report a prodrome of blurred vision[13]. 
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Figure 1  Patient positioning on an Andrews frame (A) and Wilson frame (B). Prone-Andrews frame. Digital image. www.pitt.edu; Wilson frame. Digital Image. 
Mizuho OSI. www.mizuhosi.com. Accessed Jan 22 2015. 

A B

Table 1  Positioning complications and risk factors

Complication Risk factors

Ophthalmological complications
  ION[14] Obesity, male sex, Wilson frame use, longer anesthetic duration, greater estimated blood loss, increased ratio of 

crystalloid to colloid
  Posterior ION[13] Blood loss greater than 4 L, persistent relative hypotension
  Anterior ION[16] Atherosclerosis, diabetes
  Central retinal artery occlusion[5,13] External compression of the eye
  Cortical blindness[13] Profound hypotension, prolonged hypoxia, cardiac arrest, thromboembolism
Neurologic complications
  Acute cervical myelopathy[20] Cervical spondylosis, neck extension, paralytic anesthesia
  Brachial plexopathy[21] Extension, external rotation, and abduction of the arm, ipsilateral rotation and lateral flexion of neck, shoulder 

braces
  Ulnar nerve palsy[30] Obesity, inadequate elbow padding
Myocutaneous complications
  Compartment syndrome[34-36] Padding directly over the compartment, obesity
  Pressure ulcers[37,38] Procedure duration, advanced age, obesity, steroid administration
  Femoral head avascular necrosis[42] Pressure over the groin, hypotension

ION: Ischemic optic neuropathy.
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of acute angleclosure glaucoma and amaurosis[9,10]. 
Provocative tests in the office have demonstrated 
that acute angleclosure glaucoma can result from 
facedown positioning in susceptible individuals. Singer 
et al[10] reported a case of bilateral acute angleclosure 
glaucoma after spine surgery. The patient reported 
nausea and eye pain; exam demonstrated diffuse 
corneal edema and fixed, mid-dilated pupils. The patient 
was treated with aqueous suppressants and steroid 
drops with improvement in the intraocular pressure[10]. 
Definitive treatment is laser peripheral iridotomy.

Similar to PION, amaurosis represents the loss of 
vision without an apparent ocular lesion. It may be 
permanent or transient (amaurosis fugax). Amaurosis 
may result from thrombosis of the ophthalmic artery 
or remote plaque rupture, commonly at the carotid 
artery bifurcation, causing an embolic event in the 
ophthalmic artery. Zimmerer et al[9] reported a case 
of amaurosis during lumbar disc surgery in the prone 
position which was complicated by an episode of 
hypotension requiring catecholamines and the need 
for Trendelenburg positioning[9]. Immediately after 
the surgery, the patient complained of impaired vision 
bilaterally which worsened to complete visual loss in 
the right eye six hours postoperatively. The patient 
was ultimately diagnosed with complete occlusion of 
the right ophthalmic artery. Investigation revealed that 
the patient’s antihypertensive pharmacologic regimen 
had been increased two days prior to surgery. The 
authors concluded that the combination of medication, 
arteriosclerosis, and intraoperative hypotension resulted 
in the amaurosis[9].

Subconjunctival hemorrhage
Subconjunctival hemorrhage is an uncommon oph
thalmologic complication of spine surgery[18]. It does 
not cause visual loss. Akhaddar et al[18] reported 
a case of a patient who developed a painless sub
conjunctival hemorrhage after lumbar disc surgery 
in the prone position. The patient’s visual acuity and 
fundoscopic examination were normal. Subconjunctival 
hemorrhages present as blood trapped beneath the 
transparent conjunctiva and white sclera. Though the 
impressive appearance can be concerning to patients 
and health care workers, these hemorrhages are 
asymptomatic and resolve without treatment.

Prevention of ophthalmologic complications
Although POVL can occur even under optimal conditions, 
several strategies can be used to reduce the risk of 
occurrence (Table 2). As noted above, the increase in 
orbital venous pressure or intraocular pressure and 
concurrent decrease in perfusion pressure is the most 
common etiology for POVL, thus methods for reducing 
this shift in pressures may reduce the risk of POVL. 
Reverse Trendelenburg positioning and frames that 
allow for a free abdomen can limit the increase in orbital 
venous pressure. Additionally, the use of GardnerWells 
tongs on a Jackson table with 1015 pounds of weight 

Fundoscopic examination is initially normal; optic nerve 
atrophy and pallor is visible after four to six weeks. 
The vision loss is often permanent with no effective 
treatment available[16].

AION is a multifactorial condition that is triggered by 
acute hypoperfusion or occlusion of the posterior ciliary 
arteries[16]. Patients with atherosclerosis and diabetes 
are at increased risk for this complication. In contrast 
to PION, fundoscopic examination reveals segmental or 
diffuse edema of the optic disc and occasionally splinter 
hemorrhages[5]. Visual loss resulting from AION can 
also be permanent, though there may be a role for 
treatment with highdose corticosteroids[16].

CRAO (headrest syndrome)
CRAO is the second most commonly encountered cause 
of POVL after prone spine surgery. In 1954 Hollenhorst 
et al[17] first reported CRAO in neurosurgical patients 
who were placed in a horseshoeshaped headrest. CRAO 
subsequently became known as “headrest syndrome”. 
In the ASA Visual Loss Registry, CRAO accounted 
for 11% of the cases of POVL with perioperative eye 
trauma noted in seven of the ten cases[11]. Proposed 
mechanisms of CRAO include thromboembolism or 
increased intraocular pressure from direct compression 
of the globe[13] which in turn causes decreased perfusion 
of the retina. 

Patients with CRAO most often suffer severe visual 
loss unilaterally, and they may have other evidence 
of extended periods of unilateral compression, such 
as periorbital ecchymosis and edematous slera[13]. 
Fundoscopic examination reveals a cherryred spot on 
the macula. There is no effective treatment; the visual 
loss is almost always irreversible. 

Cortical blindness
Cortical blindness results from decreased perfusion of 
the visual cortex in the occipital lobes (which receive 
blood from the posterior cerebral arteries). It is the 
most common form of POVL after spinal fusions or 
spinal deformity surgery, according to a recent analysis 
of data from the NIS[6]. Etiologies include profound 
hypotension, prolonged hypoxia, cardiac arrest, or 
thromboembolism[13]. Patients may have very subtle 
symptoms and may have difficulty recognizing their 
visual impairment. However, these patients cannot 
react to threat or respond to optokinetic stimulation[13]. 
Fundoscopic examination and papillary reaction to light 
is normal, but visual field defects corresponding with the 
affected cortical area will be noted on ophthalmologic 
examination or visual field testing. Unilateral cortical 
blindness most commonly results in contralateral 
homonymous hemianopsia. Bilateral cortical blindness 
may cause complete peripheral vision loss. Symptoms 
often improve from the initial ischemic insult without 
specific treatment, but complete recovery is rare[5].

Rare causes of POVL
POVL have been described infrequently as a consequence 
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prevents any pressure on the face, which limits the 
increase in intraocular pressure. Adequate resuscitation, 
blood pressure maintenance, invasive monitoring, and 
staged procedures can limit blood loss and duration of 
anesthesia, thus reducing the severity and total time of 
decreased perfusion. Still, informed consent for POVL 
should be obtained in highrisk patients, including obese 
patients, patients with diabetes or vascular disease, or 
patients for whom a large estimated blood loss or long 
procedure is expected.

NEUROLOGIC COMPLICATIONS
The risk of neurological injury is inherent to nearly 
all spine surgery procedures. Certain neurological 
complications (e.g., acute cervical myelopathy, spinal 
cord infarction and brachial plexopathy) may be 
directly attributed to prone positioning[1922] (Table 1).

Spinal cord dysfunction
Acute cervical disc herniation resulting in neurologic 
deficits can occur in patients with preexisting cervical 
spine disease during spinal surgery, though it is very 
rare. It may result from a combination of neck extension 
during endotracheal intubation and prone positioning, 
loss of muscle support when anesthetized, and 
agitation during surgery[20]. Chen et al[20] described a 
case of a patient who underwent an uneventful lumbar 
laminectomy for spinal stenosis but was found to have 
paralysis of his lower extremities postoperatively. An MRI 
demonstrated an acute C6C7 disc herniation. Despite 
urgent discectomy, the patient remained paralyzed[20]. 
The patient later recalled a history of episodic paresthesia 
in his right hand, but his cervical spine was never a 
primary complaint. Though only a handful of case reports 
document this devastating complication, it is important 

to be cognizant of coexisting cervical spine disease and 
to carefully handle the cervical spine during intubation, 
patient transfers, and patient positioning[20,23,24]. 

Spinal cord infarction following prone positioning is 
also rare, but has been documented in patients with 
skeletal dysplasia and chest wall deformity[19]. Several 
case reports have suggested that the decrease in 
cardiac output observed with prone positioning is even 
greater in patients with chest wall deformity, such as 
those with pectus excavatum[19,25,26]. These patients 
can experience severe intraoperative hypotension, 
particularly when hypovolemic. Tong et al[19] reported on 
a young patient with Morquio syndrome who sustained 
an ischemic injury to her upper thoracic spinal cord 
during an occipitocervical decompression for cervical 
myelomalacia secondary to atlantoaxial instability[19]. 
Upon awakening from anesthesia, she was found to 
have complete sensory and motor deficits below T4, 
which did not improve. The absence of motor evoked 
potentials in the lower limbs during the case was 
incorrectly assumed to be due to the patient’s Morquio 
syndrome, which emphasizes the need to obtain 
recordings prior to positioning[19]. 

Brachial plexopathy
Postoperative brachial plexopathy and other peripheral 
nerve injuries are considerably more common than 
spinal cord dysfunction. The neural lesion generally 
takes the form of a neuropraxia or axonotmesis and 
may occur as a result of patient positioning[21]. The 
brachial plexus innervates all upper limb musculature 
(except for the trapezius and levator scapulae) and 
supplies sensation to the upper limb with the exception 
of the axillary, superior shoulder, and dorsal scapular
innervated regions. The plexus is fixed at the cervical 
vertebrae and the axillary fascia[21], increasing the 

Table 2  Strategies for minimizing risk during prone surgical procedures

Complication Avoidance strategy

Ophthalmological complications
  ION[14] Reverse trendelenburg positioning, colloid administration by anesthesia, limit prolonged intraoperative 

hypotension
  Posterior ION[13] Limit prolonged intraoperative hypotension
  Anterior ION[16] None
  Central retinal artery occlusion[5,13] Avoid compression of the globe
  Cortical blindness[13] Limit prolonged intraoperative hypotension
Neurologic complications
  Acute cervical myelopathy[20] Thorough history and preoperative imaging, careful neck positioning during patient transfers and surgical 

procedure 
  Brachial plexopathy[21] Careful anatomic positioning of the arm, limiting extension and external rotation of shoulder
  Ulnar nerve palsy[30] Avoid compression and pressure at the elbow, maintain arm position during procedure (avoid arm falling off of 

arm board)
Myocutaneous complications
  Compartment syndrome[34-36] Avoid pressure on anterior thigh and leg, avoid extremely long surgical procedures. Extra care with obese 

patients
  Pressure ulcers[37,38] Pad bony prominences. Consider Garner-Wells tongs to eliminate pressure on the face during lengthy 

procedures
  Femoral head avascular necrosis[42] Avoid pressure directly over the groin

ION: Ischemic optic neuropathy.

DePasse JM et al . Complications associated with prone positioning in elective spinal surgery



356 April 18, 2015|Volume 6|Issue 3|WJO|www.wjgnet.com

risk of traction injury. Additionally, the plexus passes 
three mobile bony structures: the clavicle, first rib, 
and humeral head. The position of these osseous 
structures relative to the plexus may compress or 
stretch the neural elements resulting in ischemia to the 
vasa nervorum. Hypovolemia, hypothermia, diabetes 
mellitus, and alcoholism increase the risk of nerve 
injury[21]. 

A recent review of postoperative brachial plexus 
injuries identified 17 out of 517 patients who sustained 
brachial plexopathies during spine surgery in the prone 
position[21]. Abduction of the arm greater than 90 
degrees placed patients at highest risk[21]. Extension, 
external rotation and abduction of the arm, rotation 
and lateral flexion of neck in the same direction, and 
application of shoulder braces were also associated 
with an increased risk of brachial plexus injury[21]. 
Evidence of injury was detected with intraoperative 
electrophysiological monitoring (SSEPs and MEPs) in 15 
patients, preventing the development of symptoms. The 
remaining two patients, who experienced no monitoring 
abnormalities, reported upper extremity weakness 
postoperatively that resolved within two weeks[21]. A 
review of 22 patients with postoperative brachial plexus 
dysfunction found that surgery in the prone position was 
more likely to result in motor deficits[27]. As expected 
with neuropraxias, recovery from brachial plexus injury 
often occurs, but it is not always complete[28].

Other peripheral neuropathies
Ulnar nerve palsy has also been reported following 
prone positioning for spine surgery[29]. Ulnar nerve 
injury can occur due to direct pressure over the cubital 
tunnel at the elbow, excessive flexion of the elbow (> 
90 degrees), malposition of a blood pressure cuff, or 
with accidental change in position of the arm during 
surgery, such as the arm falling off of the armboard. 
Chung et al[30] noted in a recent study that the ulnar 
nerve is more vulnerable to ischemia from brachial 
artery compression than are the median and radial 
nerves, with immediate loss of SSEPs seen in that 
case. They also noted that obesity was a risk factor for 
the development of ulnar nerve palsy following prone 
positioning. Intraoperative neuromonitoring can help 
detect and prevent the development of symptoms[30]. 
A preoperative physical exam is also valuable for 
identifying preexisting cubital tunnel syndrome, which 
increases the likelihood of postoperative palsy.

Lateral femoral cutaneous nerve neuropathy, also 
called meralgia paresthetica, has been reported from 
direct compression with an incidence as high as 24% 
after posterior spinal surgery[31]. Compression most 
often occurs from placement of pelvic bolsters near the 
anterior superior iliac spine. Additionally, if the bolsters 
are too close together the likelihood of bilateral meralgia 
paresthetica increases[31]. Risk factors include duration 
of surgery greater than 3.5 h and degenerative spinal 
disease with preexisting damage to the second or 

third lumbar nerve roots. Interestingly, some authors 
have noted an increased risk in obese patients, while 
Gupta et al[32] reported an increased incidence in thinner 
patients[32,33]. Postoperatively, patients may complain of 
sensitivity or paresthesia in the thigh, though complete 
resolution within 6 mo is the rule. Steroid injections 
or decompression can be considered in severe cases. 
The condition may in some cases be prevented with 
adequate placement and additional padding.

MYOCUTANEOUS COMPLICATIONS
Compartment syndrome and cutaneous complications 
such as pressure ulcers are wellknown complications 
of prone surgical positioning (Table 1). Compartment 
syndrome after spine surgery is rare, although anterior 
thigh and anterior tibial compartment syndromes have 
both been reported[34-36]. The diagnosis of postoperative 
compartment syndrome is often delayed or missed 
because the symptoms are similar to other postoperative 
conditions including nerve root injury, persistent nerve 
root compression, traction neuropraxia, or peripheral 
nerve palsy.

Dahab et al[34] report a case of a patient who 
developed severe right thigh pain and swelling after 
an L4-S1 posterolateral instrumented fusion for 
degenerative spondylolisthesis. The procedure took five 
hours but was otherwise uncomplicated. Computed 
tomography angiogram demonstrated vessel patency 
with low density changes in rectus femoris and vastus 
intermedius, and anterior compartment pressure 
measured 150 mmHg. Fasciotomy was performed, 
and the patient improved. The patient was positioned 
on a standard padded Wilson frame with attention to 
pressure areas, but the patient was obese (BMI 34), 
and the authors believe that this may have increased 
his risk[34].

Ahmad et al[35] reported two additional cases of 
anterior thigh compartment syndrome after lumbar 
spine surgery. Both patients were positioned on a 
Jackson table with wellpadded bony prominences, but 
the thigh and iliac crest pads were switched in order 
to increase lumbar lordosis[35]. Both patients were 
also obese. Postoperatively, both patients complained 
of pain and stiffness in their bilateral thighs and mild 
quadriceps weakness. One patient steadily improved, 
and he remained undiagnosed until MRI of the thighs 
performed two weeks postoperatively revealed local 
muscle necrosis. The other patient developed intense 
swelling and pain and was taken to the operating room 
for bilateral fasciotomies on postoperative day two. 
He also developed rhabdomyolosis and acute kidney 
injury[35].

Geisler et al[36] reported two cases of anterior tibial 
compartment syndrome after lower lumbar surgery 
performed in the pronesitting position on an Andrews 
frame. Both patients complained of shin pain, foot 
drop, and decreased sensation between the first and 
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second toes. After intracompartmental pressures were 
found to be significantly elevated, both underwent 
urgent fasciotomy[36].

Pressure ulcers can also occur as a result of prone 
positioning, though investigation has shown that 
the prone position results in lower pressure on bony 
prominences than the supine or lateral positions[37]. 
Prone positioning places pressure on the forehead, 
chin, shoulders, thorax, pelvis, knees, and ankles. 
Tissue ischemia may occur after two to six hours of 
pressure; necrosis occurs after six hours. The duration 
of the surgical procedure is the largest risk factor for 
the development of ulcers, although advanced age, 
obesity, and administration of steroids can increase the 
risk[38]. Bilateral iliac crest ulcers have been reported in 
a patient who was positioned prone in the intensive care 
unit, though no spine surgery was performed[37]. Facial 
pressure ulcers on the chin or forehead may occur in 
patients positioned on an Andrews frame for prolonged 
spine procedures (Figure 2). Use of a Mayfield clamp or 
GardnerWells tongs with 1015lbs of traction to free the 
face from pressure may reduce the risk of facial pressure 
ulcer[38] (Figure 3). Appropriate padding and attention 
to bony prominences is critical to avoiding cutaneous 
complications (Table 2).

OTHER COMPLICATIONS
Prone positioning for spine surgery has also been 
associated with rare airway and vascular complications. 
Massive tongue swelling resulting in airway obstruction 
has been reported in patients in a flexed thoracic
cervical position; corticosteroid administration improved 
these symptoms[39]. Airway obstruction has also been 
reported in a patient with Duchenne muscular dystrophy 
and lordoscoliosis[40] with concomitant airway malacia 
who underwent spine surgery in the prone position. 
Shifting the patient to the semilateral position resolved 
his symptoms[40].

Vascular complications including femoral artery 
ischemia and avascular necrosis of the femoral head 
are other rarelydescribed complications of prone 

positioning (Table 1). Tseng et al[41] reported a case of 
bilateral lower extremity hypoperfusion in a pediatric 
patient with idiopathic scoliosis, which was detected 
with intraoperative neuromonitoring. Loss of SSEPs 
and MEPs prompted examination of the patient, 
who was found to have no pulses in his distal lower 
extremities. The thigh pads were moved proximally 
and pulses then returned[41]. 

Pressure on the arteries and inguinal area combined 
with reduced venous outflow and hypotension from 
anesthesia has been implicated in cases of avascular 
necrosis of the femoral head[42]. Orpen et al[42] report 
two cases of bilateral avascular necrosis and one 
case of unilateral avascular necrosis after lumbar 
spine surgery in patients with no other risk factors 
for avascular necrosis. All three spine surgeries were 
uncomplicated. Preoperative radiographs showed early 
osteoarthritis in all five affected joints, which may have 
increased their susceptibility to ischemic insult[42].

CONCLUSION
Prone positioning complications associated with spine 
surgery can cause serious patient morbidity. Awareness 
of these complications, careful patient positioning, 
efficient use of anesthesia time, and avoidance of intra
operative hypotension may help reduce the incidence of 
prone positioning related complications. 
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