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Abstract

Study Design: Retrospective chart review.

Objective: To determine the relative cost-effectiveness of spinal anesthesia and general anesthesia for lumbar laminectomy and
microdiscectomy surgery performed in an academic versus private practice hospital setting.

Methods: The authors retrospectively reviewed charts of 188 consecutive patients who underwent lumbar laminectomy or
microdiscectomy by a single surgeon from 2012 to 2016 at either an academic or a private practice hospital setting. Intraoperative
and postoperative outcomes were recorded and direct variable costs were calculated.

Results: At the academic institution, the direct cost of a lumbar laminectomy or microdiscectomy surgery under general
anesthesia was determined to be 9.93% greater than with spinal anesthesia (P ¼ .040). The greatest difference was seen with
operating room costs, in which general anesthesia was associated with 18.74% greater costs than spinal anesthesia (P ¼ .016).
There was no significant difference in cost at the private practice hospital setting.

Conclusions: We conclude that use of spinal anesthesia for lumbar laminectomy leads to less operating room, postanesthesia
care unit, and anesthesia times, lower levels of postoperative pain, and no increased rate of other complications compared with
general anesthesia at an academic institution as compared to a private practice setting. Spinal anesthesia is 9.93% less expensive
than general anesthesia, indicating substantial cost-saving potential. With no sacrifice of patient outcomes and the added benefit of
less pain and recovery time, Spinal anesthesia represents a more cost-effective alternative to general anesthesia in lumbar spine
surgery in the academic hospital setting.
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Introduction

Lumbar laminectomy and microdiscectomy surgeries may be

performed using various anesthetic techniques. General

anesthesia has traditionally been preferred, perhaps due to a

combination of surgeon preference, anesthesiologist comfort

level, and patient perception of the standard of care. However,

spinal anesthesia may also be used for these procedures, and

recent research has supported its use as an effective alternative

to general anesthesia.

Several studies have compared the use of general anesthesia

and spinal anesthesia in spinal procedures in terms of

perioperative complication rates, hemodynamic parameters,

and operative, anesthesia, and recovery times.1-15 A majority

of these studies observed fewer complications, more favorable
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hemodynamic parameters, and shorter anesthetic time spent

with spinal anesthesia than with general anesthesia, suggesting

that this anesthetic modality may even be a superior alternative

to the perceived standard of care.1-11 However, other studies

have found no difference in perioperative outcomes between

spinal anesthesia and general anesthesia even finding general

anesthesia to be superior in some respects, particularly in sur-

geon satisfaction.14,15

The rate of lumbar spine surgery has been increasing over

the past several decades and constitutes a sizeable portion of

health care spending in the United States.16 Therefore, in addi-

tion to perioperative outcomes, the relative cost of these pro-

cedures under spinal anesthesia versus general anesthesia may

be of particular interest to providers and administrators seeking

to provide more cost-effective care. Two studies were identi-

fied that made this comparison in the context of spine surgery,

both finding spinal anesthesia to be significantly less costly

than general anesthesia.17,18 However, there is a current paucity

of research evaluating perioperative outcomes of lumbar lami-

nectomies and microdiscectomies achieved using spinal

anesthesia and general anesthesia with direct reference to their

relative cost in an academic setting versus private practice

setting. Direct comparison of these two anesthetic modalities

in terms of both cost and outcomes is necessary to determine

their relative cost-effectiveness, which may help guide future

discussions of the standard of care. Here we present a retro-

spective study that seeks to compare the use of spinal anesthe-

sia with general anesthesia in lumbar spine surgery in terms of

acute perioperative outcomes and direct cost of the procedure

in an academic and a private practice hospital setting.

Materials and Methods

Study Design

In this retrospective chart review, the authors reviewed the

electronic medical records of all surgical cases meeting inclu-

sion criteria and consulted with hospital revenue cycle teams to

obtain outcomes and cost data, respectively. This data was then

analyzed based on anesthetic modality to produce a cost-

effectiveness evaluation.

Setting

All procedures took place in either (1) an urban tertiary-care

level university-affiliated teaching hospital or in (2) a suburban

tertiary-care level private hospital, located in similar demo-

graphic areas. Institutional review board approval was obtained

from both institutions. All procedures were performed by a

single surgeon who relocated from the academic to the private

practice hospital setting in 2015.

Patients

Patients were included in this study if they had undergone a

lumbar laminectomy or microdiscectomy procedure by a single

surgeon from 2012 to 2016. These procedures were considered

to be of similar invasiveness and duration, and therefore were

analyzed together. Patients undergoing lumbar fusion, verteb-

roplasty, or repair of iatrogenic dural tear were excluded due

to differences in invasiveness and duration. The decision to

administer spinal anesthesia vs. general anesthesia was based

on individual patient preference after being explained both

techniques. Patients with a difficult airway were excluded

from receiving spinal anesthesia. The authors obtained a list

of all surgical cases by the surgeon in question using institu-

tional databases, and identified eligible patients based on date

of surgery and Current Procedural Terminology (CPT) or

International Classification of Diseases, 10th Revision

(ICD-10) codes.

Anesthetic Technique

For spinal anesthesia, a midline approached was used to punc-

ture the dura and deposit local anesthetic, bupivacaine with or

without fentanyl, to achieve an adequate sensory level. Subse-

quently, moderate sedation was achieved with short-acting

intravenous agents consisting of a combination of midazolam,

fentanyl, and propofol. All patients were given an antiemetic.

General anesthesia used a balanced technique with the airway

being secured via an endotracheal intubation. The patients were

induced with a combination of midazolam, opioid, lidocaine,

and a muscle relaxant. The balanced technique consisted of

sevoflurane and opioids. All patients were administered an

antiemetic prophylactically.

Variables

Patient characteristics included age, sex, body mass index,

medical comorbidities, and preoperative diagnosis. Operative

characteristics included anesthetic modality, procedure per-

formed, spinal levels operated upon, and discharge status.

Intraoperative complications included estimated blood loss

(EBL), incidence of dural tear, corneal abrasion, and dental

injury. Postoperative complications included nausea/vomiting,

urinary retention, pain, opioid requirement, spinal headache,

and 30-day readmission rate. Procedural times included oper-

ating room (time spent by patient in the operating room [OR]),

anesthesia (time spent under anesthesia), surgical (time elapsed

from skin incision to closure), and postanesthesia care unit

(PACU). PACU time was further subdivided into phase 1

(higher intensity nursing care following the procedure) and

phase 2 (lower intensity nursing care before discharge, once

the patient has been deemed medically stable). Patients dis-

charged to inpatient floors did not receive phase 2 care, so these

patients excluded from calculations of phase 2 time.

Data Collection

All patient data was deidentified and entered into a Microsoft

Excel document to which only the authors were permitted

access. All clinical outcomes data was obtained from electronic

medical records. Specifically, patient characteristics were
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obtained from hospital intake and preoperative surgical notes,

intraoperative complications were obtained from operative

notes, and postoperative complications were obtained from

PACU nursing notes.

Cost data was obtained from the revenue cycle team of each

hospital who were unaffiliated with the authorship and blinded

to the study outcome measures. All costs included in this study

are listed as net costs to the hospital, or the price that the

hospital pays for goods and services, rather than prices billed

to the patient or insurers. For the purposes of this study, only

costs that are directly attributable to patient care (direct costs)

and nonfixed prior to the procedure were included in the anal-

ysis. Indirect costs, such as administration, cafeteria, and laun-

dry services, were excluded, as they are unlikely to be affected

by anesthetic modality used. Surgeon fee and implantable

device costs, although directly related to patient care, were

excluded for this same reason. If patients were admitted fol-

lowing the procedure, costs related to hospitalization were

excluded, as this would substantially affect the results and may

due more to preexisting patient characteristics than acute issues

related to anesthetic modality. Costs were categorized based on

hospital billing methods, as follows: (1) OR costs, including all

OR support staff, medical/surgical supplies, sterilization pro-

cedures, and drugs; (2) anesthesia costs, including anesthesiol-

ogist fee; and (3) recovery costs, including all PACU support

staff, medical/surgical supplies, and drugs. The private hospital

included in this study uses private anesthesiologist groups and

was unable to provide cost data for anesthesiologist fee. There-

fore, anesthesia cost for this surgical site was calculated with

the same billing formula used by anesthesiologists in the teach-

ing hospital.

Statistical Analysis

Patients were grouped based on anesthetic modality. Clinical

outcomes data from both surgical sites was pooled and ana-

lyzed together. However, average direct cost using spinal

anesthesia and general anesthesia was calculated separately for

each surgical site, as costs were likely to differ between private

and teaching hospitals. Mean and standard deviation of general

anesthesia and spinal anesthesia groups were calculated for

each descriptive parameter recorded. Tests for significance

were executed using 2-tailed t tests with assumption of non-

similar variance for all continuous variables, chi-square tests

for all commonly occurring categorical variables, and Fischer

exact test for all rarely occurring categorical variables.

A P value <.05 was used to establish statistical significance.

If patients were administered spinal anesthesia but converted to

general anesthesia during the procedure, they were analyzed as

having received spinal anesthesia.

Results

A total of 188 patients met inclusion criteria for this study; of

these, 97 received spinal anesthesia and 91 received general

anesthesia. Only 1 patient experienced a failed spinal

anesthesia, which required conversion to general anesthesia.

The two groups were similar in terms of age, body mass index,

and preoperative diagnosis. However, patients receiving gen-

eral anesthesia were more likely to be female, have more med-

ical comorbidities, have more spinal levels operated on, and be

discharged to a hospital bed than patients receiving spinal

anesthesia (Table 1).

In terms of intraoperative complications, spinal anesthesia

and general anesthesia performed similarly. There were no

significant differences between the two groups in terms of EBL

or rate of dural tears requiring primary suture closure. There

were no incidents of corneal abrasion or dental injury in either

group (Table 2). In terms of postoperative complications, both

groups experienced similar rates of nausea/vomiting and were

administered a similar amount of antiemetic medication. The 2

groups experienced similar rates of urinary retention, post-

operative spinal headache, and 30-day readmission rates. The

spinal anesthesia group experienced significantly less pain than

the general anesthesia group, both immediately postoperatively

and on discharge from the PACU. Patients undergoing spinal

anesthesia for their lumbar spine procedure were less likely to

require postoperative opioids and received fewer doses of

opioids than those undergoing general anesthesia. In addition,

time elapsed from entering the PACU to first opioid admin-

istration was less with general anesthesia. These results indi-

cate that the general anesthesia group experienced more pain,

earlier in the postoperative period than the spinal anesthesia

group (Table 2).

Patients receiving spinal anesthesia almost uniformly spent

less time in the various stages of the procedure than patients

receiving general anesthesia. The spinal anesthesia group

underwent significantly less OR time, surgical time, anesthesia

time, and PACU time than the general anesthesia group. When

PACU time is subdivided into phase 1 and phase 2 care, the

spinal anesthesia group spent significantly less time in phase 1.

Table 1. Patient Characteristics.a

Anesthetic Modality

PSpinal General

No. of patients, n 97 91 —
Age (years), mean + SD 54.49 + 2.99 54.55 + 3.44 .981
Sex (male/female), n 57/42 37/54 .020
Body mass index (kg/m2),

mean + SD
29.56 + 1.17 29.91 + 1.12 .678

Comorbidities, mean + SD 0.97 + 0.21 1.31 + 0.20 .026
Preoperative diagnosis (%) .075

Spinal stenosis 97.9 91.2
Disc displacement 4.1 13.2
Other 6.2 3.3

No. of spinal levels, n 1.26 + 0.09 1.46 + 0.14 .014
Discharge to: home/floor, n 95/2 74/17 <.001

a The sum of patients with each preoperative diagnosis exceeds 100% of
patients, as several patients in each group carried more than 1 diagnosis. All
listed values use 95% confidence intervals as measures of precision.
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However, phase 2 times were not significantly different

between groups (Table 3).

Cost was subdivided by type of anesthesia used as well as

location of the surgery. At the academic institution, the direct

cost of a lumbar laminectomy or microdiscectomy surgery

under general anesthesia was determined to be 9.93% greater

than with general anesthesia (P¼ .040) (Figure 1). The greatest

difference was seen with OR costs, in which general anesthesia

was associated with 18.74% greater costs than spinal anesthesia

(P ¼ .016) (Figure 2). In terms of anesthesia and PACU costs,

no significant difference was observed between spinal anesthe-

sia and general anesthesia (Table 4). At the private practice

institution, the direct cost was found to be 4.29% greater

with general anesthesia than with spinal anesthesia (P ¼ .286)

(Figure 3). The spinal anesthesia group had slightly lower costs

in terms of OR, anesthesia, and PACU costs, but none of these

differences was statistically significant (Table 5; Figure 4).

Discussion

The key finding of this study was lower postoperative pain and

opioid usage, shorter operative and recovery times, and cost

Table 2. Procedural Complications.a

Anesthetic Modality

PSpinal General

Intraoperative
EBL (mL), mean + SD 49.33 + 4.91 53.68 + 5.76 .261
Dural tear, % 4.12 2.20 .683
Corneal abrasion, % 0 0 —
Dental injury, % 0 0 —

Postoperative
Nausea/vomiting, n (%) 26 (26.80) 18 (20.22) .292
Antiemetic medication given

(doses)b, mean + SD
0.29 + 0.12 0.31 + 0.14 .841

Urinary retention, n (%) 1 (1.10%) 3 (3.27%) .356
Initial PACU pain (1-10),

mean + SD
0.64 + 0.38 3.06 + 0.69 <.001

End PACU pain (1-10),
mean + SD

1.34 + 0.34 2.63 + 0.53 <.001

Patients requiring opioids in
PACU, n (%)

52 (53.61) 74 (81.32) <.001

Opioids given in PACU
(doses),c mean + SD

1.13 + 0.36 4.30 + 0.87 <.001

Time to first opioid
administration (min),d

mean + SD

80.38 + 15.97 40.73 + 7.20 <.001

Spinal headache, n (%) 4 (4.12%) 1 (1.10%) .370
30-day readmission rate,

n (%)
3.09% 4.40% .714

Abbreviations: EBL, estimated blood loss; PACU, postanesthesia care unit.
a All listed values use 95% confidence intervals as measures of precision
b One dose of antiemetic medication was considered to be equivalent to: 4 mg
ondansetron intravenously, 6.25 mg promethazine intravenously, or 10 mg
metoclopramide intraveously.
c One dose of opioid medication was considered to be equivalent to: 2 mg
morphine intravenously, 0.25 mg hydromorphone intravenously, 25 mg fentanyl
subcutaneously, 5 mg oxycodone orally, 10 mg hydrocodone orally, 50 mg
tramadol orally, and 30 mg codeine orally.
d Indicates time elapsed from entering the PACU to first administration of
opioid medication.

Table 3. Time Parameters.a

Anesthetic Modality

PSpinal General

OR time (min) 138.23 + 5.25 176.44 + 16.87 <.001
Surgery time (min) 84.98 + 3.97 100.58 + 5.18 <.001
Anesthesia time (min) 148.93 + 5.22 178.99 + 7.33 <.001
PACU time (total) (min) 214.00 + 15.16 248.99 + 26.64 .0269

Phase 1 89.08 + 9.97 123.42 + 12.32 <.001
Phase 2 131.31 + 14.19 154.40 + 31.33 .191

Abbreviations: OR, operating room; PACU, postanesthesia care unit.
a All listed values use 95% confidence intervals as measures of precision.

Figure 1. Total costs for site 1 (academic hospital setting). The shown
cost values include operating room (OR) and postanesthesia care unit
(PACU) time, OR and PACU ancillary personnel, medical and surgical
supplies, sterile supplies, pharmaceuticals, and anesthesiologist fee.

Figure 2. Itemized costs for site 1 (academic hospital setting). The
shown values for operating room (OR) cost include OR time, OR
ancillary personnel, medical and surgical supplies, sterile supplies, and
pharmaceuticals administered in the OR. The values for anesthesia
cost include anesthesiologist fee. The values for postanesthesia care
unit (PACU) cost include PACU time, PACU ancillary personnel, and
pharmaceutical administered in the PACU.
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savings seen by using spinal anesthesia over general anesthesia

for lumbar laminectomy and microdiscectomy surgery in the

academic hospital setting versus the private practice setting.

These findings are largely in accordance with prior research

comparing these two anesthetic modalities in lumbar spine

procedures in academic hospital settings.1-6 Although induc-

tion is typically more rapid with general anesthesia, time

required to assess patient responsiveness and respiratory

function prior to extubation leads to a net increase in anesthesia

time.5 Some studies have observed greater blood loss with

general anesthesia than with spinal anesthesia, but others,

including the present study, have found no difference.7 If a true

difference exists, it may be in part due to a drop in systemic

vascular resistance caused by spinal anesthesia–induced sym-

pathetic blockade.19 This is the same mechanism proposed by

Sadrolsadat et al15 for the increased incidence of nausea/vomit-

ing seen among spinal anesthesia patients in that study. Our

results similarly show greater incidence of nausea/vomiting

with spinal anesthesia, although the difference was not signif-

icant. Perhaps any primary effect of increased nausea/vomiting

seen with spinal anesthesia is offset by increased postoperative

opioid pain medication requirements of general anesthesia

patients—a known side effect of which is nausea/vomiting.

Significantly increased postoperative pain and opioid

administration with general anesthesia over spinal anesthesia

has been consistently observed in recent research.1,3,5-7 This

may be caused by a direct inhibitory effect exerted by local

anesthetic on nociceptive fibers. Pain fibers are smaller and

thus generally more susceptible to local anesthetic than larger

motor fibers; therefore, the analgesic effect of spinal anesthesia

often outlasts the motor blockade.13

Iatrogenic urinary retention and dural tear both represent

incidents of neural injury to which spinal anesthesia patients

are theoretically at greater risk.21 Urinary retention has been

hypothesized to be the result of either mechanical nerve root

injury during spinal administration or excess duration of block,

leading to delayed discharge or prompt readmission.20 Dural

tear is a surgical complication that may be provoked by exces-

sive patient movement during surgery. A potential concern

among surgeons is that although patients are sedated under

spinal anesthesia, movement of the upper extremities is possi-

ble and may become excessive if sedation is too light.14 None-

theless, our results show no significant differences between

Table 4. Direct Costs (in $): Site 1 (Academic Hospital Setting).a

Anesthetic Modality

PSpinal General

OR costs 3453.65 + 198.22 4101.01 + 437.37 .016
Anesthesia costs 3940.80 + 183.75 4100.46 + 133.84 .394
PACU costs (total) 1051.82 + 146.76 1084.32 + 106.91 .831

Phase 1 755.28 + 161.99 720.64 + 70.80 .704
Phase 2 296.54 + 136.66 363.68 + 121.70 .425

Total costs 8446.27 + 411.78 9285.78 + 509.57 .040

Abbreviations: OR, operating room; PACU, postanesthesia care unit.
a All listed values use 95% confidence intervals as measures of precision.

Figure 3. Total costs for site 2 (private practice hospital setting). The
shown cost values include operating room (OR) and postanesthesia
care unit (PACU) time, OR and PACU ancillary personnel, medical
and surgical supplies, sterile supplies, pharmaceuticals, and anesthe-
siologist fee.

Figure 4. Itemized costs based on location of care for site 2 (private
practice hospital setting). The shown values for operating room (OR)
cost include OR time, OR ancillary personnel, medical and surgical
supplies, sterile supplies, and pharmaceuticals administered in the OR.
The values for anesthesia cost include anesthesiologist fee. The values
for postanesthesia care unit (PACU) cost include PACU time, PACU
ancillary personnel, and pharmaceutical administered in the PACU.

Table 5. Direct Costs (in $): Site 2 (Private Practice Hospital
Setting).a

Anesthetic modality

PSpinal General

OR costs 5469.74 + 283.98 5693.29 + 647.33 .542
Anesthesia costs 3468.15 + 105.75 3664.17 + 224.99 .136
PACU costs (total)b 938.47 + 74.43 1005.13 + 176.90 .504
Total costs 9876.36 + 335.97 10 362.59 + 802.59 .286

Abbreviations: OR, operating room; PACU, postanesthesia care unit.
a All listed values use 95% confidence intervals as measures of precision.
b The private hospital in this study did not incorporate phase 2 PACU care into
cost.
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spinal anesthesia and general anesthesia groups in terms of

these complications.

Because spinal anesthesia appears to be similar or super-

ior to general anesthesia in terms of clinical outcomes, a

discussion of cost is clinically relevant. Variation exists

between the 2 surgical sites of this study, in terms of both

cost values and methods of documenting and calculating

procedural costs. Therefore, separate cost analyses of spinal

anesthesia and general anesthesia groups were performed

for each site to avoid this confounding factor. Our results

show that use of spinal anesthesia is associated with roughly

4% to 10% lower costs than general anesthesia. This is a

more modest cost savings than calculated by prior research

investigating this topic. Agarwal et al17 found that spinal

anesthesia was associated with a 41.1% reduction in direct

costs of lumbar laminectomies and discectomies at an aca-

demic hospital setting. However, nearly half of the observed

effect was attributable to hospitalization costs. In the pres-

ent study, hospital admission costs were considered a poten-

tial confounder due to indirect association with use of

general anesthesia and were therefore excluded from analy-

sis. At both sites of this study, OR costs constituted the bulk

of the observed difference in direct costs, which is consis-

tent with previous findings.17,18

Although both hospitals mentioned in this study observed

lower costs with spinal anesthesia than with general anesthesia,

this difference was only significant at the large academic hos-

pital setting. This discrepancy may be due in part to different

cost calculation methods, materials used, or operative, anesthe-

sia, and nursing practices at each hospital. Given that OR costs

are the largest cost component at each hospital, any difference

in practices affecting this metric is likely responsible. There-

fore, it appears that the teaching environment may contribute to

increased operative costs with general anesthesia relative to

spinal anesthesia, as this difference is not as dramatic in the

purely private setting. Future research in the private hospital

setting is needed to investigate cost-influencing factors using

spinal anesthesia versus general anesthesia in greater detail, as

this setting constitutes an immense portion of health care

spending in the United States.

One limitation of this study is selection bias evidenced by

demographic differences between the two groups. On average,

the general anesthesia group carried a greater number of med-

ical comorbidities and had more spinal levels operated upon

than the spinal anesthesia group. Sicker patients undergoing

more extensive procedures may be at greater risk of respiratory

compromise. Prone positioning enhances these risks, so secur-

ing the airway via endotracheal intubation may be preferable in

select patients.22 A common limitation of case-control studies

is restriction of outcome measures to those routinely recorded.

A frequently cited factor influencing the choice of anesthetic

method is surgeon/patient satisfaction, but there is a current

lack of consensus in the literature regarding this topic. Several

randomized controlled trials have found higher surgeon satis-

faction scores with lumbar spine procedures under spinal

anesthesia than general anesthesia.4-6 However, Kahveci

et al14 and Sadrolsadat et al15 conducted randomized controlled

trials of 80 and 100 patients, respectively, and came to opposite

conclusions, citing unfamiliarity and patient wakefulness as

sources of dissatisfaction with spinal anesthesia. Few studies

have measured patient satisfaction with anesthesia for spine

procedures, but to our knowledge have found positive results

with spinal anesthesia.6,13 Earlier discharge and postoperative

pain found in the current study could potentially be associated

with higher patient satisfaction when undergoing spinal

anesthesia. However, patient anxiety, discomfort during

anesthesia administration, and residual effects may also affect

satisfaction, and would be difficult to predict without formal

evaluation of this measure. Although reported satisfaction is

inherently subject to individual biases, it remains an important

factor in choice of anesthesia, and should be investigated in

future prospective trials.

A common deterrent to performing any procedure under

spinal anesthesia is concern that unforeseen events may pro-

long the surgery lead to premature resolution of anesthesia.

This is a valid concern, but the risk of premature resolution

of anesthesia is directly related to variation in surgical times.

Therefore, this risk can be mitigated through precision of sur-

gical times. It should be noted that the surgery/anesthesia team

in this study began performing these procedures under spinal

anesthesia only after enough cases were completed under gen-

eral anesthesia to attain what was considered an acceptable

level of precision. The authors recommend performing at least

20 to 30 lumbar laminectomies or microdiscectomies before

initiating the use of spinal anesthesia.

Conclusions

The present findings show that the use of spinal anesthesia

in lumbar laminectomy and microdiscectomy procedures is

associated with less time spent in the OR, PACU, and under

anesthesia than with general anesthesia, as well as less post-

operative pain and opioid requirement in the academic hos-

pital setting. However, no difference was observed between

groups in terms of blood loss, intraoperative dural tear,

nausea/vomiting, urinary retention, spinal headache, and

30-day readmission rate. Additionally, use of general

anesthesia was associated with 4.29% to 9.93% greater costs

than the use of spinal anesthesia, for a total direct cost

savings of $423.41 to $838.48 per procedure. With no sacri-

fice of patient outcomes and the added benefit of less pain

and recovery time, we conclude that spinal anesthesia rep-

resents a more cost-effective alternative to general anesthe-

sia in lumbar spine surgery.
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