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Objective: This study aimed to explore the related risk factors in patients who underwent hemilaminectomy for lumbar spinal 
schwannoma resection and who experienced deterioration of postoperative lower back pain in comparison to preoperative pain levels.
Methods: This retrospective study recruited 61 patients from the First Affiliated Hospital of An Hui Medical University between 
January 2018 and June 2019. All data were collected from clinical records and analyzed at 1-month and at 1-year follow-up. The visual 
analog scale (VAS) was used to evaluate pain, and neurologic function was assessed using the Modified McCormick Scale. 
Intraoperative neurophysiological monitoring was used to assess neuronal integrity and mitigate injury. Statistical analysis of the 
data was performed using the SPSS version 19 software.
Results: Preoperative pain improved dramatically in the 1-year follow-up (VAS: preoperative, 3.84±2.19; 1-year follow-up, 2.13 
±2.26; P<0.001). The pain-improved group and worsened group showed a significant difference at 1-month (VAS: 1.76±1.56; 5.54 
±1.26; P<0.05) and at 1-year (VAS: 0.83±1.09; 4.80±1.58; P<0.05) follow-up. The pain-improved and worsened groups had 
a significant difference in tumor size and hemilaminectomy removal segments at 1-month and 1-year follow-up, but A-train occurrence 
on electromyography could only be seen as a statistical difference in the 1-month follow-up. Logistic regression analysis revealed that 
tumor size was an independent risk factor for postoperative lower back pain deterioration.
Conclusion: The hemilaminectomy approach is a safe and effective method that can dramatically relieve pain in spinal lumbar 
schwannoma resection. Tumor size is an independent risk factor for postoperative lower back pain. A-train on spontaneous electro-
myography has been shown to be a reliable predictive factor for the evaluation of postoperative lower back pain. However, further 
detailed analysis of A-train characteristics can provide a more accurate warning during surgery.
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Introduction
Spinal schwannomas are the most common intradural extramedullary spinal tumors, which commonly occur in the 
cervical and lumbar regions and arise from Schwann cell progenitors.1 The incidence of spinal schwannoma is 
approximately 0.3–0.5/100,000 individuals annually, and the prevalence is almost similar in males and females.2,3 

A majority of spinal schwannomas are benign and develop intradurally; however, they can also grow extradurally or 
a combination of intradural and extradural growth.4 The clinical symptoms of lumbar spinal schwannomas are usually 
related to their size and anatomical location. The onset of symptoms is frequently marked by pain followed by 
neurological function disorders.5,6

Currently, the gold standard treatment for symptomatic lumbar spinal schwannoma is gross total resection, which 
halts symptom progression, promotes recovery of neurological function, and decreases tumor recurrence. The unilateral 
hemilaminectomy approach for spinal intradural tumor resection was first introduced in 1989 and 1991 by Chiou and 
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Yasargil.7,8 This approach has been advocated for most intradural tumors, which could potentially reduce the risk of 
postoperative instability and kyphosis.9 Recent data have shown beneficial clinical outcomes regarding blood loss, length 
of hospital stay, operative time, complications, and most importantly, postoperative instability when utilizing 
a hemilaminectomy approach.1,10–12

As we all know, the severity of the symptoms of lumbar spinal schwannomas mainly depends on the degree of 
compression of the cauda equina or nerve root. Pain is usually the first presenting symptom of intradural lumbar 
schwannoma.13 Pain can be characterized as lower back pain, which may be local or radiate to the legs due to the 
tumor invading nerve roots.14 Surgical management of patients with spinal lumbar tumors has resulted in an overall pain 
reduction and an improved quality of life.15 However, we frequently encountered some patients who suffered from 
deterioration of pain or without pain improvement in comparison to preoperative pain in the late follow-up. Only one of 
the published papers elucidated postoperative and delayed pain. In this article, they reported approximately 59.6% with 
residual pain or operative site pain after 1 year.16

Intraoperative neurophysiological monitoring (IOM) is widely used in spinal surgery. Multimodality IOM is essential 
to detect and evaluate spinal function, which can identify nerve roots that give rise to the tumor because the nerve fibers 
may have a complex relationship with the tumor mass.17,18 Complete tumor removal with functional preservation of the 
cauda equina or nerve roots remains the goal of surgery. Electrical stimulation to localize the nerve and evaluate its 
function cannot provide continuous monitoring, which may miss critical episodes during the surgical procedure. A-train 
was first described in 2000 for vestibular schwannoma excision. The A-train is a distinct electromyography (EMG) 
waveform with a sinusoidal pattern that produces high-frequency sounds from the loudspeaker. The A-train has 
a frequency of up to 210 Hz, whereas the amplitudes range from 100 to 200 mV and never exceed 500 mV.19 It has 
been demonstrated that the occurrence of A-train is a highly reliable predictor of postoperative facial palsy.20 However, 
the effect of the A-train has not been explored in lumbar spinal schwannoma resection.

Postoperative deterioration of lower back pain in lumbar spinal schwannomas is easy to ignore in our clinical work. 
Unfavorable lower back pain is more likely to cause medical disputes and decreases a patients’ quality of life. Thus, this study 
aimed to investigate the deterioration of postoperative lower back pain-related risk factors and assess the predictive value of 
A-train for the early detection of deterioration of postoperative lower back pain in lumbar spinal schwannoma resection.

Methods
Data Source
This retrospective study recruited 61 patients who underwent hemilaminectomy for lumbar and sacral spinal schwan-
noma resection between January 2018 and June 2019 at the First Affiliated Hospital of An Hui Medical University. All 
data were collected from clinical records, and follow-up included demographic, preoperative, intraoperative, and post-
operative variables. The following inclusion criteria were used: 1) the pathology of schwannoma was identified after 
surgery and 2) all participants had at least 1 year of clinical and radiological follow-up. The exclusion criteria were as 
follows: 1) severe cardiopulmonary dysfunction; 2) other central nervous system diseases that could lead to neurological 
deficits; 3) serious lumbar spine degenerative diseases, such as disc herniation, lumbar spondylolisthesis, spinal canal 
stenosis, and osteoporosis; 4) existing debilitating musculoskeletal disorders; and 5) recurrence of tumor for further 
surgery. To maintain the stability of the study, patients who received long-term analgesics, physiotherapy, or rehabilita-
tion treatment for lower back pain were also excluded from the study. (Supplement 1) The study complies with the 
Declaration of Helsinki and the protocol was approved by the Ethics Committee of An Hui Medical University. All 
participants agreed to participate in this study and signed an informed consent form.

Clinical Data Collection
All patient data were obtained from clinical records and were classified based on demographic characteristics, clinical 
presentation, image features, intraoperative parameters, and surgical outcomes. Tumors were classified according to their 
location and extent of growth. The tumor location was divided into three types: ventrolateral, lateral, and lateral-dorsal. 
Tumor typing was as follows: localized exclusively intradural, type I; intradural localization with extradural extension to 
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the nerve root foramina, but restricted to the spinal canal, type II; and intradural dumbbell-shaped tumor in the spinal 
canal extending to the extraforaminal region, type III.21 Lower back pain was assessed preoperatively, at 1-month, and at 
1-year follow-up using the numerical visual analog scale (VAS) for pain and the Modified McCormick Scale for 
neurological function. Patients were prescribed short-acting oral analgesics with significant postoperative pain for up 
to one week. Our suggested pain medication for inpatient patients when requested, was Paracetamol 2000–3000mg/day. 
After discharge, the patients did not receive any long-term analgesics or neurorehabilitation training. Based on the 
postoperative lower back pain outcome compared to the preoperative outcome, we divided the patients into two groups: 
the improved group (group A) and the worsened group (group B).

Surgery Technique and Intraoperative Neurophysiologic Monitoring
All tumors were resected using the posterior hemilaminectomy approach. Patients were placed in a prone position under 
general anesthesia after application of the neuromonitoring electrodes. Intraoperative fluoroscopy was performed to 
confirm the surgical level. A midline skin incision was made, and the paraspinal muscles were detached from the site and 
retracted. Hemilaminectomy decompression segments are based on the tumor size and location. The dura matter was 
opened using a midline incision (midway between the edges of the hemilaminectomy) and sutured to the both sides of the 
surgical field to maintain sufficient exposure. The tumor was removed en bloc or piecewise. Multimodality intraoperative 
monitoring was conducted by two experienced neurologists. Somatosensory evoked potentials (SSEP), motor evoked 
potentials (MEP), and EMG were monitored continuously during surgery. We preserved the nerve root involved in the 
tumor when possible. Electrical stimulation was applied when the original tumor nerve was resected. The dura was 
closed using 6–0 resorbable sutures. All tumor specimens were sent for pathological diagnosis.

Statistical Analysis
SPSS version 19.0 was used for statistical analysis. Univariate analyses of continuous variables were performed using Student’s 
t-test, and categorical variables were tested using the chi-square test or Fisher’s exact test. Multivariate logistic regression models 
were employed, statistical difference variables of univariate analysis were included, and the stepwise method was used to analyze 
the risk factors related to the deterioration of lower back pain. A value of p<0.05 (two-tailed) was considered statistically 
significant.

Results
Pre- and Postoperative Clinical Characteristics
A total of 61 patients were included in this study, with a mean age of 53 years (range 12–78 years). In terms of sex, there 
were 31 (50.8%) males and 30 (49.2%) females, whose mean body mass index is 24.38 kg/m2 (range 21.35–26.34 kg/m2). 
Of the 61 tumors, 49 (80.3%) were in the lumbar spinal region and 12 (19.7%) were in the sacral spinal region. 
According to our classification of tumors mentioned in the Methods section, 42 (68.8%) were lateral, 14 (23.0%) were 
lateral-dorsal, and five (8.2%) were ventrolateral; 35 (57.4%) tumors were categorized as type I, 15 (24.6%) as type II, 
and 11 (18.0%) as type III tumors. The size of the tumor ranged from 1.24 to 4.84 cm3 (mean size, 2.93 cm3). The 
medical history from the onset of symptoms to diagnosis was 6 to 18 months (mean time, 11.6 months).

Symptoms at presentation included pain in 50 (82.0%) patients, motor deficits in nine (14.8%), and sensory deficits in five 
(8.2%). Among these, 57 (93.4%) tumors were completely removed, and only four (6.6%) tumors were sub-totally removed. The 
hemilaminectomy decompression levels based on tumor size and location were 21 (34.4%) in the one-segment removal, 35 
(57.4%) in the two-segment removal, and five (8.2%) in the three-segment removal. The operation time ranged from 78 min to 147 
min (mean time, 114.10 min). Twelve complications were observed in patients, including three (4.9%) cases of leakage of 
cerebrospinal fluid, four (6.6%) pulmonary infections, and five (8.2%) urinary tract infections (Table 1). At the 1-year follow-up, 
no patients showed tumor recurrence. Neurological deficits, as evaluated at 1-year follow up, improved completely in all nine 
patients who had preoperative neurological motor impairment, while two of five patients had minimal lower extremity numbness. 
None of the patients developed iatrogenic kyphosis or required any delayed instrumental fixation/fusion due to lumbar spinal 
instability at follow-up (Figure 1).
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Pre- and Postoperative Pain
Pain is always the first main presenting symptom requiring patients with a lumbar spinal tumor to visit a hospital. In our 
study, 50 patients (82.0%) presented with lower back pain before surgery. The pain symptom aggravated in 28 patients at 
1-month follow-up, and the symptom exacerbated in 20 patients at 1-year follow-up compared to the preoperative follow-up. 
The VAS scores were 3.84±2.19 preoperatively and exhibited no statistical difference at 1-month follow-up (3.49±2.39; 
P>0.05), but showed a significant difference at 1-year follow-up (2.13±2.26; P<0.001). We observed that some of the patients 
showed no change or experienced worsening pain compared to before surgery. According to the postoperative VAS score, 
patients were grouped into two: the VAS improved group (group A) and the VAS indicated no change and worsened group 
(group B). Preoperative VAS scores did not show any difference between the two groups at 1-month (group A, 3.48±2.20; 
group B: 4.25±2.15) and at 1-year (group A 3.68±2.20; group B 4.15±2.21) follow-up (P>0.05). However, we found 
a significant difference in postoperative VAS scores between the two groups at 1-month (group A, 1.76±1.56; group B, 5.54 
±1.26) and at 1-year (group A 0.83±1.09; group B 4.80±1.58) follow-up (P<0.05) (Table 2).

IOM
In our study, all patients underwent IOM. The SSEP, MEP, and EMG were recorded before patient positioning until the 
end of the surgical procedure. Of these patients, only six showed transient SSEP and MEP changes (four including SSEP, 
two including MEP 2), but no patient had a postoperative neurological deficit. A-train clusters were examined using 
EMG in 24 patients who underwent IOM. However, A-train clusters were identified in only half of the patients 
(Figure 1). The occurrence of this pattern was significantly associated with lower back pain improvement at 1-month 
follow-up; however, it was not significantly associated with the 1-year follow-up (Table 3).

Risk Factors in Multivariate Logistic Regression
To investigate the risk factors related to postoperative pain recovery, we conducted a comparison of predictive factors 
in groups A and B after 1-month and 1-year of follow-ups. We observed significant differences in tumor size and 
length of hemilaminectomy segment removal between the two groups after 1-month and 1-year follow-up (Table 4 and 
Table 5). However, multivariate analysis demonstrated that tumor size was the only independent risk factor for the 
deterioration of postoperative lower back pain in the hemilaminectomy approach for lumbar spinal schwannoma 
resection (Table 6).

Discussion
In this retrospective analysis conducted in 2018–2019 in our single-center database, we found that a portion of patients 
who underwent hemilaminectomy resection for lumbar spinal schwannoma suffered from aggravated postoperative lower 
back pain in comparison to preoperative pain levels. Significant factors for unfavorable outcomes included tumor size 

Table 1 Demographic and Clinical Characteristics of Patients

Characteristic Mean ± SD, or Absolute Number (%)

Age (yrs) 53.13±13.74
Sex (male/female) 31/30 (50.8/49.2%)

BMI (kg/m2) 24.38±1.09

Tumor location 42 (68.8%) lateral, 14 (23.0%) lateral-dorsal, 5 (8.2%) ventrolateral
Tumor type 35 (57.4%) type I, 15 (24.6%) type II, 11 (18.0%) type III

Size (cm3) 2.93±0.76

Medical history (m) 11.61±2.87
Segments removal 21 (34.4%) 1 level, 35 (57.4%) 2 levels, 5 (8.2%) 3 levels

Operation time (min) 114.10±16.38
Symptoms 50 (82.0%) pain, 9 (14.8%) motor deficit, 5 (8.2%) sensory deficit

Complications 3 (4.9%) CSF leakage, 4 (6.6%) pulmonary infections, 5 (8.2%) urinary tract infections
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and length of hemilaminectomy resection segments; however, tumor size was predicted as an independent risk factor in 
the multivariate logistic analysis.

Over the past three decades, minimally invasive surgery, such as hemilaminectomy procedures for resection of 
intraspinal schwannomas, has been gaining popularity due to the shorter length of hospital stay, less operative blood loss, 
minimal tissue injury, reduction of the impact of surgical approach on spine stability, and improvement of postoperative 
pain and neurological function.22,23 Thus, hemilaminectomy has become one of the preferred surgical approaches for 

Table 2 Pre- and Postoperative VAS Scores in Two Groups

Groups Pre Post-1m Groups Pre Post-1y

A (n=22) 3.48±2.20 1.76±1.56 A (n=30) 3.68±2.20 0.83±1.09

B (n=28) 4.25±2.15 5.54±1.26 B (n=20) 4.15±2.21 4.80±1.58

P value 0.176 0.000 P value 0.439 0.000

Figure 1 In (A) the lateral view of a T1 contrast MRI nicely shows a schwannoma with lumbar spinal canal. (B) The tumor has been removed completely shown in T2 weight 
MRI. (C) The tumor was removed from merely 3cm skin incision. (D) The bony window (Yellow arrow) is evident after this 2 level right hemilaminectomy from 
postoperative 3D scan. (E) A-train was observed in the right side abductor hallucis (AH (R) on EMG monitoring. Red arrow indicate A-train cluster on EMG.
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intradural spinal tumors and chronic degenerative diseases.24,25 Our surgical series on lumbar spinal schwannomas also 
demonstrated the safety and efficacy of the hemilaminectomy approach. Our study, which is in line with a recently 
reported series,24,26 showed a dramatically alleviated lower back pain and improvement in neurological function deficit at 

Table 3 A-Train Occurrence Intraoperative on IOM

A-Train 1-Month (n) A-Train 1-Year (n)

Yes No Yes No

Group A 3 10 8 4

Group B 9 2 10 2

P value 0.012 0.640

Table 4 Factors Analysis of 1-Month Follow-Up Outcome

Group A  
(n=22)

Group B  
(n=28)

P value

Age (yrs) 51.12±12.10 55.50±15.33 0.218

BMI (kg/m2) 24.30±1.16 24.50±1.00 0.435

Size (cm3) 2.60±0.80 3.40±0.40 <0.001
Medical history (m) 11.76±2.85 11.43±2.94 0.659

Operation time (min) 111.33±16.09 117.36±16.40 0.154

Segments removal 1.55±0.67 1.96±0.43 0.005
Tumor type

I 20 15

II 8 7
III 5 6 0.792

Tumor location

Lateral 25 17
Lateral-dorsal 6 8

Ventro-lateral 2 3 0.447

Table 5 Factors Analysis of 1-Year Follow-Up Outcome

Group A  
(n=30)

Group B  
(n=20)

P value

Age (yrs) 51.41±13.88 56.65±13.09 0.164

BMI (kg/m2) 24.26±1.15 24.63±0.93 0.214
Size (cm3) 2.67±0.76 3.46±0.40 <0.001

Medical history (m) 11.63±2.72 11.55±3.24 0.915

Operation time (min) 112.71±17.21 116.95±14.51 0.346
Segments removal 1.63±0.62 1.95±0.51 0.041

Tumor type

I 25 10
II 10 5

III 6 5 0.316

Tumor location
Lateral 29 13

Lateral-dorsal 9 5

Ventro-lateral 3 2 0.918
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1-year of follow-up. Based on our surgical experience, hemilaminectomy can provide sufficient visualization for tumor 
resection and dural closure through a narrow corridor. As far as the results of our series were demonstrated, the total 
tumor resection rate was high and the complication rate was low. Remarkably, none of the patients had spinal deformity, 
even in patients who had undergone a three-segment resection of the hemilamina.

In our cohort, the most common symptoms were local back and radiating pain. Although pain was relieved in the 
majority of patients after tumor removal, we observed that some patients had residual lower back pain, which worsened 
postoperatively after lumbar spinal schwannoma resection in our clinical work. In this study, we categorized the patients 
into two groups: pain-improved and worsened groups. We found no significant difference between the two groups in the 
preoperative VAS scores, while a significant statistical difference was detected between the two groups at 1 month and 
1 year postoperatively. According to one published study, the occurrence rate of postoperative neuropathic pain ranges 
from 20% to 40%, depending on the type and location of the surgical approach.27 As suggested by the authors, especially 
in nerve sheath tumors, the loss of Schwann cell guidance resulting in random sprouting of neurons was assumed to be 
a possible underlying cause for the development of neuropathic pain.28 Only a few studies have addressed the incidence 
and cause of neuropathic pain after spinal tumor resection,29,30 while patients presenting with postoperative pain 
aggravation have rarely been explored and easily neglected in our daily clinical work. Neuropathic pain has been 
associated with a reduced ability to work and markedly impaired quality of life.31 Unfortunately, pain remained in tumor 
resection patients during the late follow-up, commonly requiring long-term medication interventions. Thus, it is essential 
to identify the significant potential risk factors that lead to postoperative deterioration of lower back pain and improve the 
quality of life of our patients.

IOM has been extensively used in spinal surgery to avoid intragenic injury and protect neurological function. A large 
prospective study conducted by Sutter et al evaluated prognostic multimodality monitoring in patients undergoing spine 
surgery and demonstrated a sensitivity of 89% and a specificity of 99% in the detection of postoperative neurological 
deficits.32 However, SSEP is limited to monitoring the dorsal columns and related pathways, providing indirect 
information about the integrity of the lateral corticospinal tracts.33,34 MEPs can provide direct monitoring and are highly 
sensitive to lateral and ventral corticospinal tract injuries; however, false-positive results are frequent.35 SSEP and MEP 
are not available to provide continuous monitoring of the spinal nerve tract and may miss important information during 
surgery. Continuous spontaneous EMG (sEMG) recording is often used to monitor spontaneous activity in lower motor 
neurons that might appear with nerve root manipulation. Unlike MEPs, no stimulation is necessary to record sEMG, and 
recordings are continuous, rather than intermittent. Spontaneous activity can be initiated by traction, pressure, ischemia, 
or nerve root injury. In 2000, Romstöck et al developed an A-train on free-running EMG and described its waveform 
characteristics, frequencies, and amplitudes, and investigated the reliability of train time as a quantitative parameter to 
indicate nerve paresis after surgery.20,36 Our results show that in patients with deterioration of postoperative lower back 
pain, high amounts of A-train occur frequently, with a significant difference between the two groups at 1 month 
postoperatively. The occurrence frequency of the A-train might reflect the extent of disturbance of the nerve root and 
would thus support a decision for incomplete tumor removal. While a large amount of A-train is exhibited on sEMG 
intraoperatively, the surgeon should stop manipulating the nerve and look for compression or injury to ensure that 
corrections can be performed before the injury becomes permanent. In this study, we investigated the occurrence of 
A-train on sEMG in a portion of patients, and further investigation should be performed to explore the detailed 
information of A-train, such as the total train time and association of train time and lower back pain, while also 

Table 6 Multivariate Analysis of Risk Factors for Deteriorated Postoperative 
Lower Back Pain

Postoperative Risk Factor OR 95% CI P value

1-month Tumor size 17.63 2.99–103.64 0.001

1-year Tumor size 67.25 5.84–775.00 <0.001
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estimating how to avoid the occurrence of A-train, alleviate lower back pain postoperatively, and improve the quality of 
life.

While most published articles focus on overall morbidity and mortality and postoperative neurological function 
deficit,24,37 postoperative pain and related risk factors are often underestimated. The findings of this study identified 
predictors of adverse lower back pain after lumbar spinal schwannoma resection, which included the length of 
hemilamina removal and tumor size in the univariate analysis. Furthermore, we verified that tumor size was an 
independent risk factor for deterioration of postoperative lower back pain using multivariate logistic analysis. As 
demonstrated in the literature, a larger tumor size is the more likely associated with higher postoperative complications 
and neurological deficits.38,39 During tumor excision, especially in large tumors, many nerve fibers are involved, some 
running over the surface of a tumor and some penetrating the tumor mass. Thus, separation of these nerve fibers around 
the tumor usually gives rise to fiber traction, compression, and even injury. Our study illustrated an association between 
tumor size and a high rate of postoperative aggravated lower back pain. This highlights the importance of carefully 
dissecting tumors and separating nerve fibers to allow comprehensive surgical planning aimed at reducing postoperative 
lower back pain and improving neurological function. In addition, a prospective study is necessary to further validate the 
influence of tumor size on postoperative pain and complications.

Conclusion
In summary, the hemilaminectomy surgical approach is an effective method to excise lumbar intradural schwannomas 
with a high rate of pain relief and a low rate of postoperative complications. Tumor size has been validated as an 
independent risk factor associated with adverse postoperative lower back pain. The A-train on the sEMG cluster could be 
a reliable indicator in the evaluation of postoperative lower back pain and guide the intraoperative manipulation of nerve 
fibers. However, further detailed analysis of A-train characteristics and tumor size is essential for the management of 
lumbar intradural tumors and to improve the quality of life of patients in future clinical practice.
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