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Background.  – Annually,  hundreds  of  thousands  of  patients  undergo  surgery  for degenerative  spine  disease
(DSD).  This  represents  only  a  fraction  of  patients  that  present  for surgical  consideration.  Procedures  are
often avoided  due  to comorbidities  that  make  patients  poor candidates  for  general  anesthesia  (GA)  and
its associated  risks. With  increasing  interest  in awake  surgery  under  spinal  anesthesia  (SA),  the  authors
have  observed  that  SA may  facilitate  spine  surgery  in patients  with  relative  contraindications  to  GA.  With
this  in  mind,  the  authors  set  out  to summarize  the  outcomes  of  a  series  of highly  comorbid  patients  who
received  surgery  under  SA.
Methods.  – Case  logs  of  a single  surgeon  were  reviewed,  and  patients  undergoing  spine  surgery  under  SA
were identified.  Within  this  group,  patients  were  identified  with  relative  contraindications  to  GA, such
as  advanced  age and medical  comorbidities.  For  these  patients,  for whom  surgery  was  facilitated  by  SA,
the medical  records  were  consulted  to report  demographic  information  and  patient  outcomes.
Results.  – Ten  highly  comorbid  patients  were  identified  who  received  lumbar  spine  surgery  for  DSD
under  SA.  Comorbidities  included  octogenarian  status,  obesity,  and  chronic  health  conditions  such as

heart  disease.  The  cohort  had a mean  age  of  75.5 and  a  mean  American  Society  of  Anesthesiologists
Physical  Status  (ASA-PS)  score  of  3.1.  The  patients  were  predicted  to  have  a 2.74-fold  increase  of serious
complications  compared  to the  average  patient.  There  were  no  adverse  events.
Conclusion.  –  For  patients  with  symptomatic,  refractory  DSD and  relative  contraindications  to  GA, SA may
facilitate  safe surgical  intervention  with  excellent  outcomes.

©  2023  Elsevier  Masson  SAS.  All  rights  reserved.
Abbreviations: LBP, Lower back pain; DSD, Degenerative spine disease; GA,
General anesthesia; SA, Spinal anesthesia; BMI, Body Mass Index; ASA-PS, Amer-
ican Society of Anesthesiologists Physical Status; LOS, Length of stay; PACU, Post
anesthesia care unit; SD, Standard deviation; ACS, American College of Surgeons;
NSQUIP, National surgical quality improvement program; IRB, Institutional review
board; EBL, Estimated blood loss; AE, Adverse event; PONV, Post-operative nau-
sea and vomiting; POCD, Postoperative cognitive decline; CHF, Congestive heart
failure; HTN, Hypertension; HLD, Hyperlipidemia; PD, Parkinson’s Disease; A-Fib,
Atrial fibrillation; PE, Prior pulmonary embolism; CAD, Coronary artery disease;
CAD, Prior myocardial infarction; CVA, Prior cerebrovascular accident; CI, Cognitive
impairment.
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. Introduction

Lower back pain (LBP) and degenerative spine disease (DSD)
re amongst the most common sources of disability in the world
1]. Every year, in the United States alone, hundreds of thousands
f patients undergo spinal fusion for treatment of DSD [2]. Some
tudies, however, have shown that fewer than half of patients
resenting with LBP and DSD are ultimately deemed appropri-
te surgical candidates [3]. Non-surgical candidacy can often be
ttributed to the fact that the presenting pathology does not war-
ant surgery. Mild pain, normal walking distance, and normal
itting tolerance are associated with receiving conservative, non-

urgical management [4]. Not all patients, though, with severe LBP,
ssociated radiculopathy, and radiographically significant DSD are
andidates for spine surgery. In some cases, particular surgeries
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may  be contraindicated due to patient anatomy or history. For
example, total disc replacement may  be contraindicated in patients
with severe scoliosis or deficiency of posterior elements [5]. Some-
times, however, patients are considered poor surgical candidates
due to the risks associated with general anesthesia (GA). While
there are no absolute contraindications to GA when it is deemed
necessary, this is not true in the elective setting. Medical comor-
bidities such as congestive heart failure as well as demographic
factors such as advanced age may  be considered as relative con-
traindications to GA [6].

An alternative to GA in spine surgery is the use of spinal
anesthesia (SA) and subsequent ‘awake’ surgery. As awake spine
surgery under SA has become more prevalent over recent years, it
has become anecdotally apparent to the authors and others that
patients who would traditionally be considered poor surgical can-
didates under GA have been able to receive successful awake spine
surgery under SA with positive outcomes. SA’s apparent ability to
facilitate spine surgery in poor GA candidates has not been exten-
sively studied. To the author’s knowledge, however, there has been
no study or case series demonstrating this phenomenon. To con-
tribute to the sparse body of knowledge surrounding SAs ability
to facilitate spine surgery in traditionally poor surgical candidates,
the authors present the following case series of highly comorbid
patients who were felt to have an improved risk profile receiving
surgery under SA versus GA.

2. Methods

2.1. Cohort creation

The authors performed a single-center, single-surgeon, retro-
spective review of a prospectively collected database of patients
undergoing lumbar spine surgery for degenerative spinal disease
under awake SA at a major academic research institution. Patients
who received surgery between June of 2020 and December of
2022 were considered for inclusion. For each of these patients,
effort was made to find a demographically similar patient who
received surgery under GA. It was discovered that some patients
who received surgery under SA could not be compared to any
patient undergoing GA. These patients possessed demographic
characteristics, such as nonagenarian status, and medical comor-
bidities that made them ill-fit to undergo GA for elective surgery.
It was, therefore, not possible to construct a meaningful control
group. This cohort of patients, whose surgical candidacy was facil-
itated by the ability to receive awake surgery, was studied.

Baseline demographic information was collected, including
age, sex, Body Mass Indexes (BMIs), medical comorbidities, and
American Society of Anesthesiologists Physical Status (ASA-PS).
Perioperative, intraoperative, and postoperative data were col-
lected, including operative time, time to ambulation, opioid
utilization, and length of stay (LOS). Time to ambulation was
defined as time from arrival in post anesthesia care unit (PACU)
to earliest recorded ambulation. Length of stay was defined as
time between the patient’s admission to the hospital and time
of discharge. Standard statistical tools including mean, stan-
dard deviation (SD), and percentage were used to describe the
cohort. Estimated risk of adverse effects were calculated using
the American College of Surgeons (ACS) National Surgical Quality
Improvement Program (NSQUIP) Risk Calculator. This was per-
formed to confirm that the studied patients did, in fact, possess
a significantly higher risk of experiencing serious adverse effects

(AEs) than the general population.

Institutional Review Board (IRB) approval was submitted to
our ethics review committee and approved. Patient permission to
publish deidentified data was not necessary, as this cohort study
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ell under the university’s IRB’s guidelines for “exempt” patient
esearch. Individual patient identifiers were removed from case
xamples and associated imaging.

.2. Spinal anesthesia technique

Adequate premedication was  administered before induction
f spinal anesthesia. Patients were placed in the sitting position,
he skin was appropriately sterilized, and the lumbar region was
raped. Spinal anesthesia was performed in the L3-L4 vertebral

nterspace. The skin was  infiltrated with 1% lidocaine, followed by
ntroduction of a spinal needle (Quincke 25-gauge 90 mm)  into the
ura mater (Fig. 1). After verification of free-flowing cerebrospinal
uid, 15 mg  of 0.5% bupivacaine was injected at a rate of 0.1 mL/sec,
ith the orifice of the spinal needle facing cephalad. The cepha-

ad extent of sensory blockade was assessed every 5 minutes after
ntrathecal injection using loss-to-pinprick sensation. Surgery was
llowed to proceed after T6 sensory blockade had been established.
he surgery may  proceed in the standard manner with respect to
ositioning, technique, and hardware.

.3. Anesthesia and anxiolytics during surgery

Within surgery, patients may  be given anxiolytics and sedatives
o the discretion of the surgeon and anesthesiologist based on the
atient’s comfort with the necessary surgical position and anxiety

n the operating room as well as the relative risks of sedation based
n the patients’ medical comorbidities. The authors have noted,
necdotally, that certain surgeons frequently operate on patients
ho are fully alert and conversational, while others routinely keep

heir patients under conscious sedation, rendering them highly
edated yet still capable of maintaining their airway. A patient may
e converted to GA in the standard manner if they are prohibitively
ncomfortable or anxious. GA may  also be induced in the event of
n unexpectedly long procedure duration. SA can also be re-dosed
f needed.

. Results

.1. Cohort demographics

10 patients (Table 1) were identified whose ability to undergo
urgery was facilitated by spinal anesthesia. 4 of these patients
eceived isolated spinal fusion procedures, 5 received isolated
pinal decompressions, while 1 patient received a combination
usion and decompression. All surgeries were non-urgent, planned
rocedures. The cohort was  40.0% female with a mean (SD) age of
5.5 (11.95) years with and a range of 51 to 91. The mean (SD)
MI  was 29.7 (4.9) kg/m2. The mean (SD) ASA-PS was 3.1 (0.3).
t presentation, all patients were on opioid-free medical manage-
ent of their pain. Per the ACS NSQUIP Surgical Risk Calculator,

he patients had a mean risk of major complication of 14.5% [7].
his is over 2.7 times higher than the risk associated with the aver-
ge patient. This suggests that included patients could reasonably
e deemed poor surgical candidates under normal circumstances.
emographics are summarized in Table 1.

.2. Case presentation: spinal decompression

A 91-year-old woman with a BMI  of 35.0 was  referred from out-
ide hospital following failed kyphoplasty approximately 2 months
rior. In this time, her symptoms included lower back pain and
ower extremity radiculopathy which were significantly impacting
he patient’s quality of life and confining her to a wheelchair. Past

edical history was  significant for coronary artery disease treated
ith bypass graft, heart failure with preserved ejection fraction,

ey.com by Elsevier on June 15, 2023. 
3. Elsevier Inc. All rights reserved.



D.A.W. Sykes et al. Neurochirurgie 69 (2023) 101444

Fig. 1. Relevant anatomy and needle trajectory in spinal anesthesia. Figure courtesy of author Jeffrey Gadsden.

Table 1
Studied patients and major medical comorbidities.

Patient Surgery Age,
(Years)

Sex
(M/F)

BMI
(kg/m2)

Major Comorbidities ASA Patient’s risk of
serious AE

Average person’s
risk of serious AE

AEs EBL (mL) Procedure
duration (min)

1 L5-S1 Fusion 64 M 34.8 Obesity, CHF 3 14.6% 6.2% None <50 mL 199
2  L4-L5 Fusion 72 M 25.9 PD, A-Fib 3 18.2% 6.6% None <50 mL 175
3  L4-L5 Fusion 85 F 30.7 PE 3 14.7% 6.6% None <50 mL 132
4  L4-S1 Decomp 77 M 24.5 HLD, PD 3 12.1% 4.9% None <50 mL 77
5  L4-L5 Fusion +

L2-L4 Decomp
87 M 31.8 Obesity, CHF, HTN, HLD 3 22.7% 6.6% None <50 mL 152

6  L5-S1 Decomp 73 M 30.2 Obesity, HTN 3 12.2% 6.6% None <50 mL 152
7  L4-L5 Decomp 51 F 34.5 CAD, MI,  CHF, PE, CVA 3 8.0% 3.0% None <50 mL 106
8  L4-L5 Decomp 83 F 20.1 HTN, A-Fib 3 7.4% 3.0% None <50 mL 66
9  L4-L5 Fusion 72 M 29.4 CAD, HTN, CVA (3 × ), CI 3 17.8% 6.2% None <50 mL 175
10  L5-S1 Decomp 91 F 35.0 CAD, CHF, HTN, Pulmonary

HTN, Carotid Stenosis
4 16.9% 3.0% None <50 mL 80

Avg.  75.5 40% F 29.7 3.1 14.5% 5.3% <50 mL 131.4
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CHF: Congestive heart failure; EBL: Estimated blood loss, HTN: Hypertension, HLD
embolism; CAD: Coronary artery disease, MI:  Prior myocardial infarction; CVA: Prio

pulmonary hypertension, bilateral carotid artery stenosis, and prior
deep vein thrombosis requiring daily warfarin. Assigned ASA-PS
was 4, signifying presence of systemic disease that is a constant
threat to life.

Imaging revealed extrusion of kyphoplasty graft material into
the spinal canal, with corresponding cord compression (Fig. 2).

Following discussion with both the patient and expert col-
leagues, it was determined that L5-S1 decompression would be
the necessary for relief of symptoms. The ACS NSQUIP calculator
predicted a 16.9% chance of serious AE, over five times the 3.0%
predicted in the average patient. Due to the patients age, cardiopul-
monary comorbidities, and markedly increased likelihood of AE per
the ACS, plans were made to undergo decompression under awake
SA. The decision to use SA over GA was made as it may  reduce the
perioperative complications associated with this patient’s condi-
tion, as is described in the discussion (section 4.3) below.

The procedure took 80 minutes. Estimated blood loss (EBL)
was 15 mL,  and there were no intraoperative complications. The
patient was discharged to home 23.9 hours after surgery for a total
hospital length of stay of 31 hours. The patient utilized 24.1 MME  of

inpatient postoperative opioids. The patient had no perioperative
complications and no unplanned admissions. On her six-week
postoperative visit, she reported significant improvement in her
back pain and radiculopathy. Furthermore, the patient who  was
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rlipidemia, PD: Parkinson’s disease, A-Fib: Atrial fibrillation, PE: Prior pulmonary
brovascular accident (Stroke), CI: Cognitive impairment.

reviously wheelchair bound, regained the ability to walk with
nly cane assistance.

.3. Case presentation: spinal fusion

A 72-year-old man  with a BMI  of 29.4 presented to the clinic
ith chief complaints of lower back pain with associated bilateral

ower extremity radiculopathy. The symptoms made it incredibly
ifficult for the patient to stand or ambulate, causing a significant

mpairment in quality of life. He had a history notable for coro-
ary artery disease and 3 prior strokes complicated by cognitive
ysfunction. Assigned ASA-PS was 3, signifying severe systemic
isease.

Flexion/extension imaging revealed anterolisthesis of L4 on L5
Fig. 3). Cross sectional imaging revealed multilevel degenerative
isease, with the most extreme canal stenosis at the L4-L5 level
Fig. 4).

Following discussion with the patient, it was determined that
4-L5 fusion would be necessary for relief of symptoms. The ACS
SQUIP calculator predicted a 17.8% chance of serious AE, nearly
hree times the 6.2% predicted in the average patient. Due to
he patient’s cardiac comorbidities, fragile cognitive status, and

arkedly increased risk of AE per the ACS, plans were made to
ndergo fusion under awake SA. The decision to use SA over GA

ey.com by Elsevier on June 15, 2023. 
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Fig. 2. Preoperative sagittal (L) and axial (R) CT demonstrating kyphoplasty graft material extruding into canal space causing cord compression at the L5-S1 level.
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Fig. 3. Preoperative (top) and postop

was made as it may  reduce the perioperative complications associ-
ated with this patient’s condition, as is described in the discussion
(section 4.3) below.

The procedure took 261 minutes. There were no operative com-
plications, and EBL was 100 mL.  The patient was able to ambulate
4.3 hours after surgery and was discharged 3.5 hours later for a total

hospital length of stay of 12 hours. The patient required no inpatient
postoperative opioids. The patient had no perioperative complica-
tions and no unplanned admissions. On his six-week postoperative
visit, he reported significant improvement in his back pain and
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 (bottom) flexion/extension X-Rays.

adiculopathy. At his three-month postoperative visit, the patient
escribed all of his symptoms as being completely gone.

. Discussion

.1. Spine surgery incidence and candidacy
While the exact prevalence of all degenerative spine disease is
ot known, and likely underreported, it is a tremendous source of
orbidity and disability in the adult population. The prevalence

ey.com by Elsevier on June 15, 2023. 
3. Elsevier Inc. All rights reserved.



D.A.W. Sykes et al. Neurochirurgie 69 (2023) 101444

R) Pre

m
f
i
r
t
h
a
t
s
o

i
m
a
h
p
a
m
G
o
l
S
c
O
o
d
s
e
a
e
P
d
T
t
e
m

o

4

Fig. 4. Sagittal (L) and Axial (

of degenerative spine disease can be roughly described as 40%
in patients over 40 and 80% in patients over 80 [1]. While non-
surgical treatment may  be effective for many of these patients,
a significant portion of patients will ultimately be unresponsive
to conservative, nonsurgical management [1]. As a result, hun-
dreds of thousands of patients in the United States alone receive
surgery for management degenerative spine disease [2]. Surgery
may  be avoided due to low disease severity or complicating spinal
pathologies. Perioperative evaluation of surgical patients, however,
is often heavily influenced by anesthesiologists, who  give particu-
lar attention to the likelihood of cardiopulmonary adverse events
(AEs) [8]. In this sense, candidacy for spine surgery is often a mat-
ter of GA candidacy. This suggests that SA, by circumventing the
need for GA, expands spine surgery candidacy to include patients
with relative contraindications to GA. The series of patients above
demonstrates this phenomenon. It is worth noting, however, that
SA is not without relative contraindications, and should be con-
sidered for patients who can tolerate the necessary positioning
associated with the surgery and do not have prohibitive levels of
anxiety. Anxiety, in the authors’ experience, is the most common
reason for which a patient denies surgery under SA in favor of GA.
While there are few absolute contraindications to SA, however, it
should be avoided in patients with active infections at the needle
injection site. Weighing these factors against the risks associated
with GA requires thoughtful conversation between the patient, sur-
geon, and anesthesiologist alike.

4.2. General anesthesia-associated complications

The potential complications associated with GA are numerous,
and well described by Michelle Harris and Frances Chung [9]. Per-
haps the most common AE associated with GA is postoperative
nausea and vomiting (PONV). PONV has a prevalence ranging from
10% to 80% depending on the risk category of the individual, with
canonical risk factors being female sex, nonsmoking status, and a
history of PONV or motion sickness [10]. Although PONV is not a
life-threatening complication, the same cannot be said for all com-
plications of GA.

Amongst the most feared GA associated AEs are cardiac compli-
cations. These arise as both inhaled anesthetics and propofol alike
are known to have cardiac depressant and smooth muscle relaxant
effects, which can cause significant hypotension [11]. In this sense,

it is often safer from a hemodynamic perspective to perform cases
under local anesthesia, particularly for patients with significant
baseline cardiovascular comorbidities; this has been shown in the
setting of spine surgery [12]. Improved hemodynamic stability

c
n
6
t

5

Downloaded for Anonymous User (n/a) at Duke University from ClinicalK
For personal use only. No other uses without permission. Copyright ©202
operative T2-weighted MRI.

inimizes risk of hypoperfusion-related complications ranging
rom acute kidney injury to myocardial ischemia to brain injury. For
nstance, it has been found that SA, compared to GA, reduces risk of
enal insufficiency [13]. Perhaps the most feared cardiac complica-
ion of GA is myocardial infarction [14]. Other cardiac AEs include
eart failure and new onset arrhythmia, which may both occur
fter surgery under GA [15]. It is, however, not clear to what extent
his perioperative morbidity can be attributed GA, rather than the
tress of surgery itself. Anesthesia-related cardiac arrest may  also
ccur and is more common in patients of advanced age [16].

GA, accompanied by endotracheal intubation, has also been
mplicated in the development of pulmonary complications. The

ost common pulmonary complication associated with GA is
telectasis, which accounts for approximately 70% of postoperative
ypoxemia; it is also a risk factor for the development of further
ulmonary pathologies such as pneumonia [17]. The lungs are also
t risk of injury at time of induction via aspiration, which is the
ost common source of GA-associated pulmonary mortality [18].
A, when compared to SA, may  also indirectly impact incidence
f pulmonary emboli, as GA has been shown to increase hospital
ength of stay, thereby prolonging immobility, when compared to
A [19]. Neurological complications may  also occur and are often
orrelated strongly with patient demographics such as age [20].
ne broad category of neurologic AEs seen after surgery is post-
perative cognitive dysfunction (POCD), an acute postoperative
ecline in cognition and attention. POCD, while often apparently
hort-lived, should not be taken lightly, as it is associated with the
ventual development of more serious cognitive impairment, such
s Alzheimer’s dementia [21]. It is certainly worth noting, how-
ver, that GA is not necessarily the causative factor precipitating
OCD. The noteworthy REGAIN trial, in fact, found no significant
ifferences between delirium incidence in GA and SA patients [22].
his trial, however, studied hip surgery patients; it is not clear if
hese results can be extrapolated to spine fusion patients, as this
ntire patient population demonstrated significant morbidity and
ortality.
GA may  also lead to direct drug reactions such as anaphylaxis

r malignant hyperthermia.

.3. High risk populations

Particular patient populations are at increased risk for GA asso-

iated AEs. To understand patients that are at increased risk, one
eeds only to look at the ASA-PS, which has been in use for over
0 years to quantify patients’ pre-anesthesia medical comorbidi-
ies to help predict perioperative risk [23]. Anesthesia risk may be
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increased in the setting of diabetes, heart disease, hypertension,
kidney disease, lung disease, obesity, sleep apnea, or neurological
disorders including such epilepsy or prior stroke [24].

Many of these comorbidities are associated with advanced age
and obesity [25,26]. It is not surprising, then, that these conditions
are common in the DSD population, as DSD is more common in
patients with advanced age and BMIs [27]. This creates the unfor-
tunate situation where many patients who could benefit the most
from surgical management of DSD are relatively contraindicated
due to AEs associated with GA. This, however, may  no longer be
the case. In recent years, there has been a growing movement to
perform certain spine surgeries under SA with the patient fully
awake, thereby circumventing the need to put patients under
general anesthesia [19]. There is also evidence suggesting that
SA potentially improves outcomes for patients receiving surgical
treatment of DSD [28].

SA, therefore, may  facilitate surgical management of DSD in
patients who would otherwise be unable to receive surgery due
to their relative contraindications to GA, thereby expanding spine
surgery candidacy. To highlight this, we presented the preceding
cases in which traditionally poor surgical candidates received suc-
cessful surgical management of DSD under awake SA.

4.4. Limitations

A major limitation of this case series was its study design as a
single surgeon, single institution, retrospective case series. With
this, there exists risk for bias, as well as a lack of a control group
of patients undergoing comparable procedures under GA. Creation
of a control group was attempted by searching for spine surgery
patients of similar age, BMI, ASA score, and comorbidity burden.
This, however, could not be done, as elderly and highly comorbid
patients preferentially received surgery under SA to avoid the GA-
associated complications above. Another limitation was the low
sample size of 10 patients. The authors, however, feel that awake
spine surgery under SA is a safe, well-validated treatment strat-
egy. The authors, therefore, present this cohort not to validate
the method, but rather, to demonstrate the concept of SA’s utility
in facilitating operative management in highly comorbid patients
who cannot safely undergo GA for an elective procedure.

4.5. Adoptability

While it may  also be reasonable to hypothesize that these out-
comes can only be attained by a surgeon who is well trained in
awake spine surgery, research suggests that awake surgery is eas-
ily adopted by otherwise competent surgeons [29]. This suggests
a low barrier to adoption of this exciting technique that may  both
improve patient outcomes and expand surgical candidacy in highly
comorbid patients.

5. Conclusions

Many patients who require spine surgery have demographic
characteristics and medical comorbidities that make them poor
candidates for GA; this serves as a barrier to comprehensive care for
their DSD. Awake spine surgery under SA, circumvents this obsta-
cle, thereby expanding surgical candidacy. SA is associated with
excellent patient outcomes in this cohort of patients. We  conclude,
therefore, that SA can facilitate spine surgery for highly comorbid
DSD patients that were previously deemed poor surgical candi-
dates.
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