
INTRODUCTION 

A significant increase in lumbar surgery utilization, espe-

cially in older adults, has been observed over the last two 

decades [1]. As increasingly elderly and ill patients progres-

sively undergo more procedures, corresponding efforts 

have been made to optimize perioperative protocols to re-

duce complications and expedite recovery. The Enhanced 

Recovery After Surgery (ERAS) protocol for spinal surgery 

recommends various protocols, including the use of region-

al anesthesia when possible [2]. Additionally, the American 

Society of Anesthesiologists concludes that “Patient out-

comes may be improved when regional anesthetic tech-

niques are made available and accessible to all patients eq-

uitably” [3]. Spinal anesthesia (SA) fulfills several ERAS 

goals since, compared to general anesthesia, it is a regional 

technique that reduces time spent in the operating room 

and pain scores, increases early ambulation, and decreases 
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perioperative polypharmacy [4,5]. 

Postoperative urinary retention (POUR) is generally more 

common with SA; however, a lower incidence of POUR has 

been shown when SA is specifically used in spine surgery 

[6,7]. Additionally, older patients who undergo non-cardiac 

surgery experience high rates of postoperative cognitive dys-

function but this complication is demonstrably reduced 

when SA is used in orthopedic surgery [8,9]. Although the 

benefits of SA are well described in literature on obstetric 

and joint arthroplasty, SA remains infrequently used for pa-

tients undergoing lumbar surgery. The delayed adoption of 

SA in lumbar surgery is likely related to physician unfamil-

iarity and concerns regarding the technical aspects of the 

modality when applied to the lumbar spine. A study has 

suggested that the learning curve for adopting SA in neuro-

surgical spine procedures becomes less daunting when both 

the anesthesia and surgical teams are informed of the most 

common clinical considerations for the technique [10]. 
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dosing of SA. Baricity of the anesthetic is a major determi-

nant of diffusion within the CSF [21,22]. Although isobaric 

formulations are most commonly utilized, hyperbaric for-

mulations are preferred by some practitioners. Several large 

meta-analyses have compared isobaric and hyperbaric bu-

pivacaine in supine procedures, suggesting that the failure 

and complication rates between the solutions are compara-

ble [20,21]. It must be noted, however, that lumbar surgeries 

are typically performed with the patient in a prone position. 

Positioning is an important consideration as studies of intra-

thecal fluid dynamics have affirmed that it affects the senso-

ry block level when injecting hyper- or isobaric solutions of 

bupivacaine [23]. Moreover, a study has shown that maneu-

vering patients from the supine to lateral to prone position 

after injecting isobaric bupivacaine can raise the block by 

two to three levels [24]. Therefore, the effects of baricity in 

lumbar surgery may differ from those in supine procedures. 

We postulated that, in the prone position, the arch of normal 

lumbar lordosis is the lowest point of the CSF-filled spinal 

canal. Although not yet specifically evaluated, isobaric solu-

tions of bupivacaine are generally preferred because the in-

jected volume of the anesthetic will theoretically remain 

close to the injected level, rather than sinking in the lumbar 

cistern, as with hyperbaric solutions, or traveling rostrally, as 

with hypobaric solutions. Other considerations include the 

volume of the injected anesthetic and rate of injection. The 

volume of injected bupivacaine does not greatly influence 

intrathecal spread, and the speed of injection does not affect 

post-injection diffusion [25,26]. In summary, current evi-

dence suggests that 10–15 mg of 0.5% bupivacaine is the op-

timal dose for SA and that isobaric solutions provide the 

most predictable block for lumbar spine surgery specifically. 

Therefore, this study aimed to review the current strategies, 

considerations, and complications related to administering 

SA in lumbar surgery, in an effort to encourage its use in ca-

pable surgical centers.    

SPINAL ANESTHESIA  

Injection of local anesthetics into the subarachnoid space 

generally provides sufficient analgesia and motor blockade 

for common lumbar procedures. A review of spinal anes-

thetics has detailed various agents, including bupivacaine as 

the most common agent, and their use for procedures last-

ing longer than 60 min [11,12]. There are several formula-

tions of intrathecal bupivacaine, but the 0.5% formulation is 

the most common because higher concentrations may pre-

cipitate when exposed to the pH level and ionic concentra-

tions of the cerebrospinal fluid (CSF) [13]. The average dose 

of intrathecal bupivacaine used for non-cesarean surgery is 

reported to be 15 mg; therefore, 15 mg of 0.5% isobaric bupi-

vacaine is most commonly used to induce neuraxial anes-

thesia [14]. However, it should be noted that several dosing 

algorithms for spinal bupivacaine exist, commonly based on 

height and weight; therefore, a range of spinal doses has 

been reported for spine surgery specifically (Table 1) [15-18]. 

A target sensory block of T6 is common, as this level gener-

ally provides sufficient anesthesia for surgery while reducing 

the risk of high SA [19]. The risk factors for an inadequate 

initial dose of SA are currently being investigated and may 

be related to the size of the lumbar cistern, among other an-

atomic considerations. However, preliminary results have 

been conflicting [20]. Dose-adjusting algorithms based on 

these factors are also being developed to prevent inadequate 

Table 1. Recent Articles on Utilization of Spinal Anesthesia for Lumbar Surgery

Study Procedure type SA induction SA maintenance Other
medications Complications Operative time Patient

satisfaction
De Cassai et al. 

[16]
Laminectomy 

and discectomy
2–4 ml hyperbaric 

bupivacaine ±  
fentanyl

NR Meperidine and 
morphine

Higher PONV 
rates with GEA

NR Patients prefer 
SA; surgeons 
prefer GEA

Perez-Roman  
et al. [17]

Laminectomy 
and discectomy

3–4 ml hyper/iso-
baric bupiva-
caine or ropiva-
caine ±  fentanyl

Some light seda-
tion with propo-
fol ±  midazol-
am ±  fentanyl

NR Overall lower 
complication 
rates with SA

14 min shorter 
with SA

Lower VAS 
scores with 
SA

Waguia et al. 
[18]

Laminectomy 
and discectomy

12.5–15 mg iso-
baric bupiva-
caine

Propofol titrated 
to effect

Preoperative ac-
etaminophen, 
dexametha-
sone, and 
meloxicam

Overall lower 
complication 
rates with SA

NR Higher patient 
satisfaction 
with SA

SA: spinal anesthesia, NR: not reported, PONV: postoperative nausea and vomiting, GEA: general endotracheal anesthesia, VAS: visual 
analog scale.
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Patient-derived formulas and algorithms for adjusting intra-

thecal bupivacaine dosing based on the volume of the lum-

bar cistern and other anatomical characteristics are current-

ly being developed. 

PATIENT SELECTION 

The practicality of utilizing SA for lumbar surgery should 

be assessed during the initial surgical consultation. Manage-

ment of patient expectations and concordance between pa-

tient and physician expectations regarding surgical out-

comes in lumbar surgery are directly related to patient satis-

faction [27]. Therefore, a thorough discussion about the risks 

and benefits of SA and the anticipated patient experience is 

vital. An algorithm that was developed to guide the selection 

of eligible patients has suggested that certain demographic 

and surgical characteristics may preclude the use of SA for 

lumbar surgery. These include a history of scoliosis, anxiety, 

high body mass index (BMI), history of obstructive sleep ap-

nea (OSA), ≥  3 levels to be fused, and ≥  4 levels to be de-

compressed (Fig. 1) [28,29]. Uncorrected or corrected scoli-

osis may complicate the initiation and spread of SA, with 

high complication rates associated with several methods of 

neuraxial anesthesia [29]. The relationship between a 

long-standing history of anxiety and the feasibility of SA in 

lumbar surgery has not been systematically explored; how-

ever, a prospective multicenter study has suggested that pre-

operative anxiety regarding SA is reduced when audiovisual 

content from the Internet is provided to the patient in addi-

tion to resources directly provided by the surgeon and anes-

Fig. 1. Patient selection and optimization algorithm for SA. SA: spinal anesthesia, BMI: body mass index, GEA: general endotracheal 
anesthesia, OSA: obstructive sleep apnea, CPAP: continuous positive airway pressure.

6 L/min facemask

BMI > 40 kg/m2

> 3 levels to
be

decompressed

> 2 levels to
be fused
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thesiologist. Comprehensive discussion, which involves the 

provision of multimedia educational resources, between the 

patient and anesthesiologist is especially helpful for patients 

with preoperative anxiety. In one case, noise-cancelling 

headphones were shown to improve the patient experience 

with SA, albeit without demonstrating a significant pre- or 

postoperative anxiolytic effect [30]. Regarding obesity, a re-

port has shown the feasibility of SA in patients with a body 

mass index >  30 kg/m2; however, the feasibility of a success-

ful spinal injection should be left to the discretion of the an-

esthesiologist [31]. Meanwhile, a randomized trial has ex-

plored the efficacy of continuous positive airway pressure 

(CPAP) in high-risk OSA patients who underwent SA for uro-

logic procedures and showed that CPAP may lower the inci-

dence of apnea–hypopnea events during sedation with 

propofol but does not increase hemodynamic stability com-

pared to simple facemask oxygenation [31]. Concern for air-

way and hemodynamic stability is an obvious consideration 

for the anesthesia team; therefore, applying a facemask with 

6 L of oxygen per min or CPAP during the procedure may im-

prove clinical confidence in providing SA to patients with 

OSA. Consequently, these management strategies may facili-

tate the optimization of SA in patients who may not have 

been candidates for SA because of precluding comorbidities 

(Fig. 1). The number of surgical levels to be fused or decom-

pressed remains a surgeon-dependent metric of SA eligibili-

ty. In general, the anticipated operative time should be <  3 h, 

and the number of surgical levels that can be completed 

within this time constraint is largely at the discretion of the 

primary surgeon (Fig. 1). In summary, many concerns re-

garding patient eligibility for SA for lumbar surgery may be 

appropriately managed, and these supportive measures may 

increase confidence in selecting patients for SA and manag-

ing associated comorbidities. 

INTRAOPERATIVE SEDATION 

Although not strictly necessary, most patients who under-

go lumbar surgery under SA opt for intraprocedural intrave-

nous (IV) sedation. The most common sedatives used for SA 

are midazolam, propofol, and dexmedetomidine [33]. 

Among these, dexmedetomidine has multiple benefits in the 

setting of monitored SA, including reduced tachycardia, hy-

potension, and respiratory depression. It may also be titrat-

ed to a level of sedation that facilitates waking of patients to 

allow their cooperation [34,35]. Moreover, dexmedetomidine 

has been associated with a lower incidence of postoperative 

delirium in patients under SA than propofol, as demonstrated 

in a randomized controlled trial and matched-cohort study 

[36,37]. Compared to placebo, dexmedetomidine may also be 

used to deepen the sensory and motor blocks of SA without 

increasing postoperative sedation [38]. Comfortable sedation 

using dexmedetomidine in procedures involving SA is 

achieved with a maintenance infusion of 0.5 mcg/kg/h, and 

initial boluses of dexmedetomidine or midazolam do not im-

prove sedation when administered at the beginning of the 

surgery [39]. Intravenous sedation should not be initiated un-

til anesthesia of the surgical area is confirmed, typically by the 

surgical team prior to incision. A single maintenance infu-

sion of dexmedetomidine is typically sufficient to provide 

adequate sedation for most patients undergoing SA. Mean-

while, a recent cohort study has suggested that remimazol-

am may provide moderate sedation in cases of SA and also 

causes decreased respiratory depression in the prone posi-

tion [40,41]. We advocate for strong communication be-

tween the patient and provider during the procedure, with 

fine adjustments in dexmedetomidine infusion titration 

rather than the administration of benzodiazepine, narcotic, 

or propofol boluses to deepen sedation when patients ex-

press discomfort. 

CONSIDERATIONS FOR PRONE 
POSITIONING 

Unlike obstetric and orthopedic procedures performed 

with the patient under SA, lumbar surgery generally requires 

prone positioning. Here, we discuss three important consid-

erations in the management and care of neurosurgical pa-

tients undergoing lumbar surgery in the prone position with 

the use of SA.  

Airway management in the prone position  

Appropriate intraoperative airway management is imper-

ative in ensuring a safe and effective surgical procedure. In 

our experience with more than 400 cases of SA for lumbar 

surgery, our institution has not acutely lost an airway, which 

may be supported by the precautions outlined here. Never-

theless, careful contingency planning is crucial, given the 

life-threatening nature of intraprocedural airway loss. Mild 

to moderate airway obstruction during sedation, often seen 

in high-risk airways (e.g., patients with OSA), may be suc-

cessfully managed with a nasal trumpet if there is height-

ened concern for airway loss (Fig. 1) [42]. For all SA cases, 
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the OR should always be equipped with a supraglottic de-

vice, such as a laryngeal mask airway (LMA) [43,44]. The 

LMA is a suitable rescue airway for patients who experience 

acute airway loss while in the prone position, and it can fa-

cilitate fiberoptic intubation [45-47]. In general, mainte-

nance of a high-risk airway should be performed using ei-

ther CPAP or an oxygen facemask during the procedure. Ad-

ditionally, a nasal trumpet should be considered for patients 

with signs of airway obstruction, an LMA should be readily 

available, and the operating room should be equipped with 

a fiberoptic bronchoscope, if necessary. 

Patient movement and agitation in the operating 
room 

Careful patient selection, patient education on position-

ing, communication with the anesthesia team, and thorough 

discussion regarding the expectations with SA are known to 

reduce anxiety and increase patient satisfaction [48]. Al-

though IV midazolam is commonly used as a preoperative 

anxiolytic, its routine use may increase the risk of postopera-

tive cognitive dysfunction and dementia in older adults [49]. 

Preoperative midazolam may also limit the ability of the pa-

tient to confirm adequate analgesia before the procedure 

begins and hinder cooperation of the patient with the anes-

thesia and surgical teams. We continue to emphasize the 

significance of communication between the anesthesia pro-

vider and the patient, which typically alleviates feelings of 

anxiety or discomfort, thereby reducing unnecessary admin-

istration of additional sedatives. Following the injection of 

SA, we advocate for a minimum 10–15 min waiting period 

for the intrathecal anesthetic to reach its full effect before 

administering analgesic or hypnotic medications. 

Operative considerations 

Frequently cited operative concerns regarding SA include 

the impact of unintended durotomy, use of intraoperative 

neuromonitoring, use of intraoperative computed tomogra-

phy (CT), and intraoperative loss of spinal block if the sur-

gery lasts longer than anticipated. Intraoperative durotomy 

does not appear to affect the efficacy of SA. Comparative 

studies have shown that the risk of durotomy is not signifi-

cantly different between patients under SA and GEA [50]. 

Moreover, for cases in which durotomy has occurred, SA 

failure has not been reported [50]. Contemporary spinal sur-

geons frequently utilize intraoperative neuromonitoring, 

which is a potential barrier to SA use. However, triggered 

electromyography, a common modality, has been found to 

remain feasible and efficacious for patients under SA during 

pedicle screw placement [51]. Intraoperative three-dimen-

sional CT, which is also frequently performed in contempo-

rary spine surgery, has likewise been shown to be feasible 

under SA [52]. Lastly, intraoperative loss of effect is possible, 

particularly if the procedure continues longer than intend-

ed. However, IV ketamine infusion may be useful in such sit-

uations. When injected in combination with a spinal anes-

thetic, ketamine acts as an N-methyl-d-aspartate receptor 

antagonist and acts on calcium channels and opioid mono-

amine receptors to potentiate the effects of intrathecal bupi-

vacaine [53]. A randomized trial has shown that preopera-

tive IV ketamine serves as a useful adjunct to reduce postop-

erative pain and opioid consumption in patients under SA 

[54]. IV ketamine infusion may be used synergistically with 

intrathecal bupivacaine if the initial spinal dose is patchy or 

if the dose begins to decline during the surgery [50].  

Inadequate initial dosing of SA significantly interferes with 

the surgical workflow and may dissuade surgeons from tran-

sitioning to SA. This problem may be associated with a 

younger patient age and the size of the lumbar cistern, 

among other features; however, studies on this topic are still 

in progress [55]. 

CONCLUSION 

Regional anesthesia is generally recommended when pos-

sible, and SA is a safe and effective regional anesthetic tech-

nique for lumbar surgery. Prone positioning and the re-

quirement for close injection of the anesthetic agent to the 

surgical area are unique considerations that entail commu-

nication and contingency planning between the surgical 

and anesthesia teams. Here, we presented a review of cur-

rent practices and provided recommendations to facilitate 

the adoption of SA for elective lumbar spine surgery. 
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