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Abstract

Background: Percutaneous Endoscopic Lumbar Discectomy (PELD) has become an established minimally invasive
procedure for lumbar disc herniation. Although general anesthesia is widely used, regional anesthetic techniques may
provide advantages by allowing continuous neurological monitoring, minimizing opioid requirements, and facilitating
postoperative recovery. However, evidence regarding low-dose analgesic spinal anesthesia during PELD remains
limited.

Objective: To evaluate the safety, feasibility, and clinical effectiveness of low-dose analgesic spinal anesthesia in patients
undergoing single-level PELD.

Methods: This prospective single-center observational study included 60 consecutive patients undergoing transforaminal
PELD between January 2024 and March 2026.

Subarachnoid anesthesia consisted of':

*  Ropivacaine 6 mg

o Fentanyl 15 ug

Sedation was achieved with midazolam 5 mg intravenously.

Clinical outcomes included:

*  operative time

*  hospital stay

*  intraoperative complications

*  postoperative complications

*  Visual Analog Scale (VAS)

*  Oswestry Disability Index (ODI)

Patients were evaluated preoperatively and at 3, 6, and 12 months after surgery.
Results: Sixty patients completed the 12-month follow-up.

The mean age was 46.8 £ 11.3 years, with 34 men and 26 women.

Disc levels included:

o L3-L4: 16 patients
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o L4-L5: 24 patients
o L5-SI: 20 patients

Mean operative time was 50 = 12 minutes, while the mean hospital stay was 3 + 0.8 days.
Pain significantly improved from a preoperative VAS score of 7.6 £ 0.8 to 0 at 12 months.
Functional disability improved from an ODI of 28 + 3.0 to 8.0 £ 4.0.

No conversion to general anesthesia was required.

No major neurological or anesthetic complications occurred.

Conclusions: Low-dose analgesic spinal anesthesia appears to be a safe, feasible, and effective anesthetic strategy for
Percutaneous Endoscopic Lumbar Discectomy. Excellent pain control, preservation of neurological monitoring, rapid
postoperative recovery, and high patient satisfaction support its use in appropriately selected patients.

Keywords: Percutaneous Endoscopic Lumbar Discectomy, PELD, Spinal Anesthesia, Ropivacaine, Lumbar Disc Herniation, Minimally

Invasive Spine Surgery, Pain Medicine, Endoscopic Spine Surgery

1. Introduction

Lumbar disc herniation remains one of the most common causes
of radicular pain and disability worldwide. Although conservative
treatment is effective in many patients, surgery is indicated in
cases of persistent radiculopathy, progressive neurological deficit,
or failure of non-operative management [1,2]. Percutaneous
Endoscopic Lumbar Discectomy (PELD) has gained widespread
acceptance because it minimizes tissue disruption, reduces blood
loss, shortens hospitalization, and promotes faster recovery
compared with conventional open surgery[3-5].

The choice of anesthesia plays a fundamental role in determining
surgical conditions, patient safety, and postoperative recovery.
General anesthesia offers patient immobility and airway control
but eliminates real-time neurological feedback during nerve root
manipulation. Local anesthesia with conscious sedation preserves
neurological monitoring but may provide insufficient analgesia in
some patients, particularly during foraminal dilation or discectomy
[6-9]. Low-dose analgesic spinal anesthesia represents a potential
alternative by combining adequate surgical anesthesia with
preserved spontaneous ventilation, stable hemodynamics, and
intraoperative neurological assessment. Despite these theoretical
advantages, published evidence on its use during PELD remains
limited [10-14]. The aim of this prospective single-center study
was to evaluate the safety, feasibility, and clinical outcomes
of low-dose analgesic spinal anesthesia in patients undergoing
transforaminal PELD.

2. Materials and Methods

2.1. Study Design

This prospective, single-center observational study was conducted
at the Department of Anesthesia, Intensive Care, Pain Medicine
and Perioperative Medicine, P.O. dell’Immacolata, Sapri (ASL
Salerno, Italy). Between January 2024 and March 2026, 60
consecutive patients with symptomatic single-level lumbar disc
herniation underwent Percutaneous Transforaminal Endoscopic
Lumbar Discectomy (PTED/PELD).The study was conducted
in accordance with the principles of the Declaration of Helsinki.
Institutional review board approval was obtained according to
local regulations, and all patients provided written informed
consent before enrollment.

2.2. Patient Selection

2.2.1. Inclusion Criteria

*  Age between 18 and 80 years

*  Single-level lumbar disc herniation confirmed by MRI

*  Unilateral lumbar radiculopathy

*  Persistent symptoms despite at least 6 weeks of conservative
treatment

*  Clinical-radiological correlation

*  ASA physical status I-I1I

2.2.2. Exclusion Criteria

e Multilevel lumbar disc disease

*  Segmental instability or spondylolisthesis requiring fusion

*  Previous surgery at the same lumbar level

*  Cauda equina syndrome

*  Severe spinal canal stenosis

*  Coagulation disorders or anticoagulant therapy not adequately
discontinued

*  Local infection or systemic sepsis

e Allergy to local anesthetics

*  Refusal of spinal anesthesia

2.3. Surgical Technique

All procedures were performed by the same experienced spine

surgeon using the ENDOSMART PLUS® endoscopic system

through a standard transforaminal approach. Patients were

positioned prone on a radiolucent operating table with adequate

abdominal decompression.

Under continuous fluoroscopic guidance: [18]

»  skin marking was performed,

*  aspinal needle was introduced through Kambin’s triangle,

»  guidewire placement was achieved,

*  sequential dilators were inserted,

* aworking cannula was positioned,

* endoscopic discectomy was performed using dedicated
endoscopic instruments.

Adequate decompression was confirmed by visualization of a

freely mobile nerve root.

No surgical drains were routinely placed.
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2.4. Anesthetic Technique

Standard monitoring included:

*  continuous ECG

* non-invasive blood pressure

*  pulse oximetry

*  respiratory rate

*  supplemental oxygen through nasal cannula

Subarachnoid anesthesia was performed at the L3-L4 or L4-L5
interspace using a 25-G Quincke spinal needle under strict aseptic
conditions.

A Low-dose spinal anesthesia

B Awake prone positioning

The intrathecal solution consisted of:

* Ropivacaine 6 mg

¢ Fentanyl 15 pg

Immediately before surgery, all patients received:

¢ Midazolam 5 mg intravenously for light conscious sedation.

The objective was to maintain:

*  spontaneous ventilation,

»  verbal responsiveness,

*  continuous neurological monitoring throughout the procedure.
General anesthesia equipment remained immediately available in
the operating room should conversion become necessary.

C PTED/PELD

L3-L4 or L4-L5

{@ Verbal responsiveness ]

@)  Continuous
1)) neurological feedback

Figure 1: The Anesthetic and Surgical Workflow is Summarized

Figure 1. Low-dose analgesic spinal anesthesia workflow for
percutaneous  transforaminal endoscopic lumbar discectomy
(PTED/PELD). (4) Subarachnoid anesthesia is administered at
the L3-L4 or L4-L5 interspace using ropivacaine 6 mg combined
with fentanyl 15 ug. (B) The patient is positioned prone and
receives midazolam 5 mg intravenously for light conscious
sedation, while spontaneous ventilation and verbal responsiveness
are maintained. (C) The transforaminal endoscopic approach is
performed through Kambin's triangle, allowing continuous patient
feedback during working-cannula placement, foraminoplasty, and
nerve-root decompression. Illustration created for this study.

2.5. Postoperative Management

Patients were monitored in the post-anesthesia care unit until
complete recovery of motor function and stable vital signs.

Early mobilization was encouraged within the first postoperative
hours.

Standard postoperative analgesia consisted of non-opioid
analgesics administered as required.

Patients were discharged after achieving:

* independent ambulation,

* adequate pain control,

»  absence of neurological deterioration,
+  stable clinical conditions.

2.6. Outcome Measures

The primary endpoint was the clinical effectiveness of low-dose
spinal anesthesia during PELD.
Secondary outcomes included:

e operative time,

* length of hospital stay,

*  conversion to general anesthesia,
* intraoperative complications,

*  postoperative complications,

* neurological deficits,

*  Visual Analog Scale (VAS),

*  Oswestry Disability Index (ODI).

Clinical evaluations were performed:
e preoperatively,

e at 3 months,

e at 6 months,

e at 12 months.
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2.7. Statistical Analysis

Continuous variables are presented as mean =+ standard deviation
(SD). Categorical variables are expressed as frequencies and
percentages. Changes in VAS and ODI over time were analyzed
using repeated-measures statistical methods, with a significance
level of p < 0.05. Statistical analyses were performed using IBM
SPSS Statistics (version XX, IBM Corp., Armonk, NY, USA).

2.8. Ethics Statement

The study protocol complied with the ethical standards of the
institutional research committee and with the 1964 Declaration of
Helsinki and its subsequent amendments. According to institutional
policy for prospective observational studies without deviation
from standard clinical practice, ethics committee approval was
obtained. All participants provided written informed consent for
both surgery and inclusion in the study.

3. Results

3.1. Patient Characteristics

Between January 2024 and March 2026, 60 consecutive patients
underwent Percutaneous Transforaminal Endoscopic Lumbar
Discectomy (PTED) under low-dose analgesic spinal anesthesia.
All patients completed the 12-month follow-up, and no patient was
lost to follow-up. The study population included 34 men (56.7%)
and 26 women (43.3%), with a mean age of 46.8 = 11.3 years
(range: 2274 years).

The operated levels were distributed as follows:

*  L3-L4: 16 patients (26.7%)

*  L4-L5: 24 patients (40.0%)

e L5-S1: 20 patients (33.3%)

The mean duration of symptoms before surgery was 8.4 + 3.2
months.

No statistically significant differences in baseline characteristics
were observed among patients according to the operated level.

3.2. Intraoperative Outcomes

All procedures were successfully completed using the planned
transforaminal endoscopic approach. The mean operative
time was 50 + 12 minutes. No patient required conversion to
general anesthesia, and no procedure was interrupted because
of inadequate analgesia or patient discomfort. Intraoperative
communication with patients was maintained throughout surgery,
allowing continuous neurological monitoring during manipulation
of the affected nerve root.

Hemodynamic parameters remained stable in all patients, with
no clinically significant hypotension, bradycardia, respiratory
depression, or oxygen desaturation requiring advanced airway
management.Estimated blood loss was minimal (<30 mL in all
cases).

3.3. Postoperative Recovery

Motor recovery was rapid, and all patients regained full lower-
limb function within the expected duration of spinal anesthesia.
The mean hospital stay was 3.0 £ 0.8 days. Early mobilization
was achieved in all patients on the day of surgery or the following
morning. No patient required postoperative intensive care
admission.

3.4. Clinical Outcomes

A progressive and statistically significant improvement was
observed in both pain intensity and functional disability throughout
the follow-up period. Pain Assessment (VAS)

The mean preoperative Visual Analog Scale (VAS) score was:
7.6 £0.8

This progressively decreased to:

* 3 months: 2.1 £0.9

* 6 months: 0.8 £0.5

* 12 months: 0.0

The reduction in pain was statistically significant at every follow-
up compared with baseline (p < 0.001).

3.5. Functional Outcome (ODI)

The mean Oswestry Disability Index (ODI) score improved
from:

28 + 3.0 preoperatively

to

* 3 months: 16 3.2

e 6 months: 11 +3.5

* 12 months: 8.0 + 4.0

The improvement in disability scores was statistically significant
throughout the study period (p < 0.001).

3.6. Complications

No major anesthetic complications were observed.

Specifically, there were no cases of:

*  conversion to general anesthesia,

*  respiratory depression,

*  high spinal block,

*  post-dural puncture headache requiring an epidural blood
patch,

o persistent neurological deficit,

*  epidural hematoma,

»  surgical site infection,

»  cerebrospinal fluid leak,

» allergic reactions,

e urinary retention requiring prolonged catheterization.

Minor transient paresthesia during cannula placement occurred in

2 patients (3.3%) and resolved immediately after repositioning of

the working cannula.

No patient required reoperation during the 12-month follow-up
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Variable Value
Patients 60

Age (years) 46.8+11.3
Male 34 (56.7%)
Female 26 (43.3%)
Symptom duration (months) 84+£32
L3-L4 16 (26.7%)
L4-L5 24 (40.0%)
L5-S1 20 (33.3%)

Table 1: Baseline Characteristics

Variable Value
Operative time (min) 50+£12
Blood loss (mL) <30
Hospital stay (days) 3.0+0.8
Conversion to GA 0

Major complications 0

Table 2: Surgical Outcomes

Follow-up VAS ODI
Preoperative 7.6+0.8 28+3.0
3 months 21+09 16 +3.2
6 months 0.8+0.5 11+£35
12 months 0.0 8.0+4.0
Table 3: Clinical Qutcomes
Event n (%)
Conversion to general anesthesia 0
Respiratory complications 0
High spinal block 0
Post-dural puncture headache 0
Neurological deficit 0
Infection 0
Reoperation 0

Table 4: Complications

4. Discussion

The present prospective single-center study demonstrates that low-
dose analgesic spinal anesthesia is a safe, feasible, and effective
anesthetic technique for patients undergoing Percutaneous
Transforaminal Endoscopic Lumbar Discectomy (PTED).
Our results showed excellent pain control, significant functional
improvement, stable intraoperative conditions, and the absence
of major anesthetic or surgical complications throughout the
12-month follow-up. To our knowledge, relatively few studies
have specifically evaluated a standardized low-dose intrathecal
regimen consisting of 6 mg ropivacaine combined with 15 pg
fentanyl for PTED. Most published series describe procedures

performed under local anesthesia with conscious sedation or under
general anesthesia. Consequently, evidence regarding optimized
spinal anesthesia protocols for endoscopic lumbar surgery remains
limited [6-12].

One of the principal advantages observed in our series was the
preservation of continuous neurological monitoring during
surgery. Unlike general anesthesia, spinal anesthesia allowed
patients to remain cooperative while maintaining spontaneous
ventilation, enabling immediate recognition of nerve-root
irritation during critical surgical steps such as foraminoplasty and
disc fragment removal. This real-time feedback may contribute
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to reducing the risk of neurological injury, particularly during
transforaminal access[7-9]. Another important finding was the
excellent intraoperative hemodynamic stability. The low dose
of intrathecal ropivacaine provided an adequate sensory block
while minimizing sympathetic blockade. No clinically significant
hypotension, bradycardia, or respiratory depression occurred, and
no patient required conversion to general anesthesia. These findings
support the hypothesis that reducing the dose of local anesthetic
may preserve cardiovascular stability without compromising
surgical conditions.

The addition of 15 pg intrathecal fentanyl likely enhanced
analgesia through synergistic action with ropivacaine, allowing
the use of a lower dose of local anesthetic while maintaining
patient comfort. The administration of midazolam for light
sedation further improved tolerance of the procedure without
interfering with verbal communication or neurological assessment
[10-12]. Clinical outcomes were highly favorable. Pain intensity
decreased from a mean preoperative VAS score of 7.6 + 0.8 to 0
at the 12-month follow-up, while functional disability measured
by the Oswestry Disability Index improved from 28 + 3.0 to
8.0 = 4.0. These improvements are consistent with previous
reports demonstrating the effectiveness of PTED in relieving
radicular pain and improving functional recovery. The present
study suggests that these excellent outcomes can be achieved
without general anesthesia when an appropriately selected spinal
anesthetic protocol is adopted [1-5,16,17]. Early postoperative
recovery represents another relevant advantage. The combination
of minimally invasive surgery and low-dose spinal anesthesia
facilitated rapid motor recovery, early mobilization, and a relatively
short hospital stay.

Although enhanced recovery protocols were not formally evaluated,
our findings are consistent with the principles of Enhanced
Recovery After Surgery (ERAS), which emphasize multimodal
analgesia, opioid-sparing strategies, and early rehabilitation [13-
15]. No major complications were observed. Importantly, there
were no cases of high spinal block, respiratory compromise,
persistent neurological deficit, postoperative infection, or
reoperation during follow-up. The only adverse events were two
transient episodes of paresthesia during cannula positioning,
both of which resolved immediately after repositioning. These
observations further support the safety profile of the anesthetic
technique when performed by experienced anesthesiologists and
surgeons. The present study also has practical implications. PTED
is increasingly performed in elderly patients and in individuals
with significant comorbidities, in whom avoiding general
anesthesia may reduce perioperative risk. A standardized low-dose
spinal anesthesia protocol may therefore represent an attractive
alternative in carefully selected patients, combining the benefits of
regional anesthesia with the technical requirements of endoscopic
spine surgery [13-15].

Nevertheless, several limitations should be acknowledged. This
was a single-center observational study without randomization
or a comparison group undergoing general anesthesia or local

anesthesia with sedation. The relatively modest sample size
limits the generalizability of the findings. In addition, patient
satisfaction, quality-of-recovery scores, opioid consumption, and
cost-effectiveness were not formally assessed. These outcomes
should be incorporated into future investigations. Future research
should include multicenter randomized controlled trials directly
comparing low-dose spinal anesthesia with general anesthesia
and local anesthesia plus conscious sedation. Such studies should
evaluate not only clinical outcomes and complications but also
recovery quality, patient satisfaction, healthcare costs, and long-
term functional outcomes. Defining the optimal intrathecal
drug combination and dosing strategy for PTED will also be an
important objective. Overall, our findings indicate that low-dose
analgesic spinal anesthesia is a reliable anesthetic option for
PTED, providing effective surgical conditions, excellent clinical
outcomes, and a favorable safety profile. These results support its
consideration as part of routine clinical practice in centers with
expertise in endoscopic spine surgery.

5. Conclusions

Low-dose analgesic spinal anesthesia using 6 mg intrathecal
ropivacaine combined with 15 pg fentanyl proved to be a safe,
feasible, and effective anesthetic strategy for Percutaneous
Transforaminal Endoscopic Lumbar Discectomy in this
prospective single-center study. The technique provided adequate
intraoperative analgesia while preserving spontaneous ventilation
and allowing continuous neurological monitoring throughout the
procedure. No conversion to general anesthesia or major anesthetic
complications occurred, and all procedures were completed
successfully. Patients experienced significant improvements in
pain intensity and functional disability, as demonstrated by the
marked reductions in VAS and ODI scores during the 12-month
follow-up. Rapid postoperative recovery, early mobilization, and
a short hospital stay further support the potential advantages of
this anesthetic approach within enhanced recovery pathways.
Although the present study is limited by its single-center design
and the absence of a comparative control group, the findings
suggest that low-dose analgesic spinal anesthesia may represent
a valuable alternative to general anesthesia for selected
patients undergoing PTED, combining the benefits of regional
anesthesia with the technical requirements of endoscopic spine
surgery. Further multicenter randomized controlled trials
comparing low-dose spinal anesthesia with general anesthesia and
local anesthesia plus conscious sedation are warranted to confirm
these results, establish the optimal anesthetic protocol, and
evaluate long-term clinical outcomes, patient satisfaction, quality
of recovery, and cost-effectiveness.
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Take-Home Message

Low-dose analgesic spinal anesthesia appears to provide an optimal
balance between patient safety, surgical conditions, intraoperative
neurological monitoring, and postoperative recovery during
Percutaneous Transforaminal Endoscopic Lumbar Discectomy,
making it a promising anesthetic option for modern minimally
invasive spine surgery.
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