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Abstract
Background: Spinal stenosis and amyotrophic lateral sclerosis (ALS) can co-occur and both manifest as signs
of dysfunction of lower and/or upper motor neurons. Few studies have identified factors that alert the
diagnosis of ALS in patients with spinal stenosis, and the influence of spinal decompression surgery on ALS
progression remains unclear.

Objective: The objective of this study is to describe factors that are suggestive of an ALS diagnosis in
patients with spinal stenosis and influence of spinal decompression surgery on the progression of ALS 

Materials and methods: A retrospective review of the institutional ALS database and electronic medical
records was performed to identify patients with coexisting diagnoses of ALS and moderate to severe cervical
and/or lumbosacral spine stenosis. Identified patients were divided into two subgroups: those with spinal
decompression surgery and those without. Comparisons of clinical features and progression of ALS were
made between subgroups.

Results: A total of 77 patients with ALS and coexisting moderate to severe cervical or lumbosacral spine
stenosis were included. Among them, 50 patients underwent spinal decompression surgery and 27 did not. In
comparison to patients with spinal decompression, patients without spinal decompression surgery were seen
more frequently by neurologists (74% versus 26%), had less prominent radicular pain (19% versus 50%),
demonstrated more frequent bulbar signs (30% versus 8%), experienced more likely weight loss (41% versus
4%), and disclosed more noticeable axonal loss changes on electromyography. Spinal decompression surgery
did not modify the progression of ALS based on ALSFRS-R score change and analysis of survival duration.

Conclusion: Our study identified a number of useful features that are suggestive of an ALS diagnosis when
evaluating patients with spinal stenosis and may support the performance of spinal decompression surgery
in a subset of selected ALS patients with symptomatic spinal stenosis.

Categories: Neurology, Neurosurgery, Orthopedics
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Introduction
Spinal stenosis occurs frequently in patients with amyotrophic lateral sclerosis (ALS) [1-3]. Spinal stenosis
could result in radiculopathy and/or myelopathy, manifesting as signs of dysfunction of lower motor
neurons, upper motor neurons, or both [1]. Thus, ALS may first be misdiagnosed as spinal stenosis, and ALS
patients could undergo unnecessary spinal decompression surgery [4-7].

In patients with a putative or confirmed diagnosis of ALS, conflicting data exist on whether spinal
decompression surgery could alter ALS progression [8,9]. For example, Pinto et al. noted that in a small
group of ALS patients, disease progression accelerated during a three-month period immediately following a
variety of surgeries including spinal decompression. Authors speculated that anesthetic and/or surgical
stress might have hastened the underlying neurodegeneration [8]. Alternatively, Yoshor et al. observed that
spinal decompression surgery did not modify the ALS progression rate as reflected by a change in the Appel
ALS total score and the overall ALS patient survival [9]. Reasons to account for differences among the above
studies remain unclear, but possibly related to variations in the ALS stage, ALS progression speed, patient
age, and differences in surgical procedures [8].

This study intended to identify a group of ALS patients with coexisting spinal stenosis and divide the
patients based on the performance of spinal decompression surgery. By comparing those ALS patients who
underwent spinal decompression surgery and those who did not, we aimed to answer the following two
questions: 1. Are there clinical features in a patient’s presentation that may signal that ALS rather than
spinal stenosis is the driving factor of their clinical manifestation? 2. Does spinal decompression surgery
alter the progression of ALS?
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Materials And Methods
This retrospective case-control study was conducted in our tertiary referral center (Neuromuscular Center,
Cleveland Clinic, Cleveland) and was approved by our institutional review board. Patients included were
those who fit the following two criteria: (1) presented with neurologic deficits and were found to have
moderate to severe cervical or lumbosacral central canal or foraminal spinal stenosis on neuroimaging that
may explain at least part of the initial presentation between 2005 and 2020 and (2) were later diagnosed with
ALS by the Cleveland Clinic Neuromuscular Center as the primary etiology of their symptoms/signs during
the same disease course. The initial list of patients was identified via one of the following two methods: (1) a
search of the institutional electronic medical record using the following international classification of
diseases (ICD)9 and ICD10 codes: 335.20, G12.21, 723.0, 724.02, M48.07 and M48.02 and (2) a review of each
patient within our institutional ALS patient database for the presence of cervical or lumbosacral spinal
stenosis diagnoses. The electronic medical record of each patient was retrospectively reviewed, and only
those who fit the above criteria were included. Patients with mild central canal or foraminal stenosis or
patients with incomplete evaluation were excluded.

Data collection included demographics, provider specialty, initial symptoms, presence or absence of
neuropathic pain, weight loss at initial presentation, onset date and region, neurologic exam features,
presence or absence of bulbar signs (e.g., dysarthria, dysphagia, sialorrhea, tongue atrophy and
fasciculations), initial diagnoses, electromyography (EMG) results before and after surgery as available, MRI
results, interval duration from symptomatic onset to ALS diagnosis, the Revised Amyotrophic Lateral
Sclerosis Functional Rating Scale (ALSFRS) scores if available, and operative notes. The initial EMG reports
were reviewed, and an average number of root/level involvement was calculated based on the presence of
active and/or chronic axonal loss changes demonstrated on needle exam per cervical or lumbosacral
segment. EMG findings of active axonal loss changes included the presence of fibrillation potentials and
positive sharp waves, whereas signs of chronic axonal loss changes consisted of long-duration motor unit
potentials (MUPs), reduced MUP recruitment with increased rate of firing, and MUP instability.

Results were given as means, standard deviations, ranges for continuous variables, and percentages and
counts for categorical variables. Group comparison was achieved via two-sample Mann-Whitney U tests.
Kaplan-Meier survival analysis was used to compare survival data. The p-value <0.05 was considered as
statistically significant.

Results
A total of 1,147 ALS patients were initially screened for spinal stenoses. Among them, 77 patients had
moderate to severe spine stenosis based on radiological studies and were included in the study. Table 1 lists
demographic information for all included patients. 

Features Number

Total number of patients 77

Mean age at symptom onset, years 63.3

Age range at symptom onset, years 33 to 84

Race, Caucasian (%) 63 (82)

Race, African American (%) 13 (17)

Race, unknown (%) 1 (1)

TABLE 1: Patient demographics

In 76 patients, onset was in the limb (cervical or lumbosacral) region, and the other patient had a
craniobulbar onset. Sixty-one (79.2%) patients were evaluated by surgery for consideration of spinal
decompression. Among them, 50 patients underwent cervical (n=23), lumbar (n=25) or both (n=2) spinal
decompression surgeries. A total of 27 ALS patients with cervical (n=20) or lumbar (n=7) spinal stenosis did
not undergo surgery. In all patients, spinal stenosis occurred in the cervical or lumbar segments that were
congruent with the onset limb. Among ALS patients who underwent surgery, 65% underwent EMG testing
prior to surgery, and all patients received EMG prior to their ALS diagnosis. ALS was mentioned in the
differential diagnosis for 12 (24%) of 50 patients in the surgery group prior to their spinal decompression
surgery. Patient demographic information is listed in Table 1.

Table 2 shows a comparison of the clinical and electrophysiological features between the groups of ALS
patients with and without spinal decompression surgeries.
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Feature
ALS patients without surgery
(N=27)

ALS patients with surgery
(N=50)

p-
value

Female sex, N (%) 7 (26) 17 (34) 0.47

Onset age (mean± SD), years 64.7± 12.0 62.5 ± 10.8 0.48

Neurology as initial provider seen, N (%) 20 (74) 13 (26) 0.006

Prominent pain at presentation, N (%) 5 (19) 25 (50) 0.007

Upper motor neuron signs at presentation, N (%) 21 (78) 26 (52) 0.08

Bulbar signs at presentation, N (%) 8 (30) 4 (8) 0.01

On-going weight loss at presentation, N (%) 11 (41) 2 (4) 0.0002

Number of affected levels per segment (cervical or lumbar) on
EMG (mean± SD)

4.6 ± 0.9 3.2 ± 1.4 0.0004

Time to diagnosis of ALS from onset (mean± SD, month) 19.4 ± 19.4 19.6 ±17.5 0.48

Change in the ALSFRS score per month (mean± SD) -0.94 ± -1.7 -0.77 ± -0.95 0.69

TABLE 2: A comparison of clinical features between patients with and without spinal
decompression surgery
p-value <0.05 was considered as statistically significant. ALS, amyotrophic lateral sclerosis; SD, standard deviation; EMG, electromyography; ALSFRS,
amyotrophic lateral sclerosis functional rating score

No significant differences were observed regarding age, sex, frequency of upper motor neuron signs, and
interval duration from symptomatic onset to ALS diagnosis. Patients without surgery were more frequently
seen by a neurologist rather than a neurosurgeon or orthopedic surgeon at the first visit, had less prominent
radicular pain on presentation, demonstrated bulbar signs on neurologic exam, experienced weight loss, and
disclosed more noticeable axonal loss changes in EMG based on the number of involved root levels per
cervical/lumbosacral segment. Post-spinal decompression surgery, weakness improved transiently in 7 (14%)
of ALS patients while radicular pain improved in 20 (40%). Surgery did not significantly impact the ALSFRS-
R score rate change (Table 2). Kaplan-Meier analysis showed no difference in survival between patients in
the spinal decompression surgery and no-surgery subgroups (Figure 1), with the median survival duration of
40 months for the subgroup of patients with surgery and 42 months for the subgroup without (p= 0.64). 

FIGURE 1: A comparison of survival in ALS patients with and without
spinal decompression surgery
ALS, amyotrophic lateral sclerosis
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Discussion
Spinal stenosis is often considered in the differential diagnoses of ALS [1,3,10]. Richards et al. reviewed
various studies describing the rate of misdiagnosis in ALS and reported that cervical myelopathy, disc
herniation, and cervical and lumbosacral radiculopathy were among the frequently occurring misdiagnoses
in the evaluation of ALS [10]. Importantly, misdiagnosed patients more likely underwent unnecessary
surgeries [5,6,10,11]. Yoshor et al. previously reported that 4.2% of unrecognized ALS patients underwent
spinal decompression surgery [9]. Similarly, 50 (4.4%) ALS patients in the current study received similar
surgeries. Yoshor et al. noted a delay of 13 months in making an ALS diagnosis due to spine
decompression [9]. We did not observe a significant difference in the interval duration between symptomatic
onset and establishment of the ALS diagnosis between subgroups of patients with and without surgery, but
we cannot exclude the possibility that the group of ALS patients who underwent spinal decompression
surgery could have been diagnosed sooner had they not undergone surgical decompression.

In patients with ALS and coexisting spine disease involving the same segment, symptoms or signs may not
be clearly attributed to ALS or spine disease [1,3,5,6,8,9]. Our study identified several features that were
significantly different between patients who had spinal decompression surgery and those who did not. More
ALS patients in the surgery group were initially evaluated by a surgeon rather than a neurologist. This is
similar to previous studies reporting that ALS misdiagnosis was more likely in those seen by non-
neurologists [10,11]. In our study, patients who received spinal decompression surgery had a lower incidence
of craniobulbar symptoms, similar to the finding reported by Yoshor et al. [9]. Possible reasons include that
patients with limb-onset are less likely to see a neurologist and have a longer list of differential diagnoses
than those of bulbar onset [10]. In addition, several features such as the presence of radicular pain, lack of
weight loss, and less extensive axonal loss changes on EMG made it more likely for ALS patients to receive
spinal decompression surgery (Table 2). Therefore, paying particular attention to these features could help
avoid unnecessary spinal decompression surgery in ALS patients. Ancillary studies such as evoked potentials
by transcranial magnetic stimulation, diffusion tens imaging, and measurement of neuron-specific enolase
level could also be helpful in distinguishing ALS from degenerative spinal disorders [12-16].

Several previous studies suggest that surgical intervention can be associated with an accelerated progression
of ALS or decreased survival [5,8,9,17]. Our study was consistent with those of Yoshor et al., not revealing a
significant difference in the survival or progression of ALS based on examinations of ALSFRS-R score
change and Kaplan-Meier survival analysis [9]. In selected ALS patients, there may still be indications for
spinal decompression surgery [1,5,9]. Our study found that 40% of ALS patients who underwent spinal
decompression surgery reported some improvement in their neuropathic pain. In addition, in some cases it
is clear that spinal stenosis serves as the main driving force of clinical manifestations. Under such
circumstances, spinal decompression surgery may be warranted, especially in those patients with a rapid
deterioration [1,9]. As our data do not clearly demonstrate that spinal decompression modified the
underlying course of ALS, it might be still reasonable to consider spinal decompression surgery in selected
ALS patients if clinically indicated. However, it is worth noting that although transient improvement in
strength may occur following spinal decompression surgery, all ALS patients went on to develop worsening
neuromuscular weakness [1,6,8].

The strength of our study includes the large internal database and large referral base as a tertiary medical
center. Our study was limited as it was a retrospective chart review. Furthermore, not all patients had EMG
prior to spine surgery, so the EMG results may have been influenced by the surgical procedure. Finally, a
more accurate approach to evaluate the influence of spinal decompression surgery on ALS progression could
be a direct comparison of ALSFRS-R score rate change before and after surgery, which we were unable to
analyze due to data limitations.

Conclusions
The diagnosis of ALS should be considered even in patients presenting with chronic progressive limb
weakness with apparent cervical or lumbosacral spine stenosis. Neurologic consultation is helpful,
particularly in patients with a lack of prominent pain, ongoing weight loss, presence of bulbar signs, and
prominent axonal loss changes in EMG. Spinal decompression surgery could still be considered in selected
ALS patients who have prominent radicular pain or when spinal stenosis is the main cause of clinical
manifestations. 

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Yuebing Li, Jeremy Hill

Acquisition, analysis, or interpretation of data:  Yuebing Li, Jeremy Hill, Nirav Sanghani

2024 Hill et al. Cureus 16(1): e51587. DOI 10.7759/cureus.51587 4 of 5

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Critical review of the manuscript for important intellectual content:  Yuebing Li, Jeremy Hill, Nirav
Sanghani

Supervision:  Yuebing Li

Drafting of the manuscript:  Jeremy Hill

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Cleveland Clinic IRB
issued approval 21-297. Animal subjects: All authors have confirmed that this study did not involve animal
subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Yamada M, Furukawa Y, Hirohata M: Amyotrophic lateral sclerosis: frequent complications by cervical

spondylosis. J Orthop Sci. 2003, 8:878-81. 10.1007/s00776-003-0712-0
2. Haverkamp LJ, Appel V, Appel SH: Natural history of amyotrophic lateral sclerosis in a database population.

Validation of a scoring system and a model for survival prediction. Brain. 1995, 118 ( Pt 3):707-19.
10.1093/brain/118.3.707

3. Matsuzono K, Suzuki M, Miura K, et al.: Higher incidence of cervical spinal cord compression in
amyotrophic lateral sclerosis: a single-institute cohort study. Neurol Sci. 2022, 43:1079-86. 10.1007/s10072-
021-05465-y

4. Belsh JM, Schiffman PL: The amyotrophic lateral sclerosis (ALS) patient perspective on misdiagnosis and its
repercussions. J Neurol Sci. 1996, 139:110-6. 10.1016/0022-510x(96)00088-3

5. Ishikawa Y, Miyakoshi N, Kobayashi T, Kikuchi T: Treatment of progressive paralysis associated with
cervical myelopathy and suspected amyotrophic lateral sclerosis: a case report. Surg Neurol Int. 2021,
12:550. 10.25259/SNI_830_2021

6. Saucedo S, Katsuura Y: Preventing unnecessary surgery in patients presenting for orthopedic spine surgery:
literature review and case series. J Orthop Case Rep. 2023, 13:76-81. 10.13107/jocr.2023.v13.i05.3654

7. Chiò A: ISIS Survey: an international study on the diagnostic process and its implications in amyotrophic
lateral sclerosis. J Neurol. 1999, 246 Suppl 3:III1-5. 10.1007/BF03161081

8. Pinto S, Swash M, de Carvalho M: Does surgery accelerate progression of amyotrophic lateral sclerosis? . J
Neurol Neurosurg Psychiatry. 2014, 85:643-6. 10.1136/jnnp-2013-305770

9. Yoshor D, Klugh A 3rd, Appel SH, Haverkamp LJ: Incidence and characteristics of spinal decompression
surgery after the onset of symptoms of amyotrophic lateral sclerosis. Neurosurgery. 2005, 57:984-9;
discussion 984-9. 10.1227/01.neu.0000180028.64385.d3

10. Richards D, Morren JA, Pioro EP: Time to diagnosis and factors affecting diagnostic delay in amyotrophic
lateral sclerosis. J Neurol Sci. 2020, 417:117054. 10.1016/j.jns.2020.117054

11. Srinivasan J, Scala S, Jones HR, Saleh F, Russell JA: Inappropriate surgeries resulting from misdiagnosis of
early amyotrophic lateral sclerosis. Muscle Nerve. 2006, 34:359-60. 10.1002/mus.20555

12. Trompetto C, Caponnetto C, Buccolieri A, Marchese R, Abbruzzese G: Responses of masseter muscles to
transcranial magnetic stimulation in patients with amyotrophic lateral sclerosis. Electroencephalogr Clin
Neurophysiol. 1998, 109:309-14. 10.1016/s0924-980x(98)00025-3

13. Truffert A, Rösler KM, Magistris MR: Amyotrophic lateral sclerosis versus cervical spondylotic myelopathy: a
study using transcranial magnetic stimulation with recordings from the trapezius and limb muscles. Clin
Neurophysiol. 2000, 111:1031-8. 10.1016/s1388-2457(00)00292-3

14. Ellis CM, Simmons A, Jones DK, et al.: Diffusion tensor MRI assesses corticospinal tract damage in ALS .
Neurology. 1999, 53:1051-8. 10.1212/wnl.53.5.1051

15. Karlsborg M, Rosenbaum S, Wiegell M, Simonsen H, Larsson H, Werdelin L, Gredal O: Corticospinal tract
degeneration and possible pathogenesis in ALS evaluated by MR diffusion tensor imaging. Amyotroph
Lateral Scler Other Motor Neuron Disord. 2004, 5:136-40. 10.1080/14660820410018982

16. Tsukahara A, Hosokawa T, Nishioka D, et al.: Neuron-specific enolase level is a useful biomarker for
distinguishing amyotrophic lateral sclerosis from cervical spondylotic myelopathy. Sci Rep. 2021, 11:22827.
10.1038/s41598-021-02310-2

17. Sostarko M, Vranjes D, Brinar V, Brzovic Z: Severe progression of ALS/MND after intervertebral discectomy .
J Neurol Sci. 1998, 1:42-6. 10.1016/s0022-510x(98)00197-x

2024 Hill et al. Cureus 16(1): e51587. DOI 10.7759/cureus.51587 5 of 5

https://dx.doi.org/10.1007/s00776-003-0712-0
https://dx.doi.org/10.1007/s00776-003-0712-0
https://dx.doi.org/10.1093/brain/118.3.707
https://dx.doi.org/10.1093/brain/118.3.707
https://dx.doi.org/10.1007/s10072-021-05465-y
https://dx.doi.org/10.1007/s10072-021-05465-y
https://dx.doi.org/10.1016/0022-510x(96)00088-3
https://dx.doi.org/10.1016/0022-510x(96)00088-3
https://dx.doi.org/10.25259/SNI_830_2021
https://dx.doi.org/10.25259/SNI_830_2021
https://dx.doi.org/10.13107/jocr.2023.v13.i05.3654
https://dx.doi.org/10.13107/jocr.2023.v13.i05.3654
https://dx.doi.org/10.1007/BF03161081
https://dx.doi.org/10.1007/BF03161081
https://dx.doi.org/10.1136/jnnp-2013-305770
https://dx.doi.org/10.1136/jnnp-2013-305770
https://dx.doi.org/10.1227/01.neu.0000180028.64385.d3
https://dx.doi.org/10.1227/01.neu.0000180028.64385.d3
https://dx.doi.org/10.1016/j.jns.2020.117054
https://dx.doi.org/10.1016/j.jns.2020.117054
https://dx.doi.org/10.1002/mus.20555
https://dx.doi.org/10.1002/mus.20555
https://dx.doi.org/10.1016/s0924-980x(98)00025-3
https://dx.doi.org/10.1016/s0924-980x(98)00025-3
https://dx.doi.org/10.1016/s1388-2457(00)00292-3
https://dx.doi.org/10.1016/s1388-2457(00)00292-3
https://dx.doi.org/10.1212/wnl.53.5.1051
https://dx.doi.org/10.1212/wnl.53.5.1051
https://dx.doi.org/10.1080/14660820410018982
https://dx.doi.org/10.1080/14660820410018982
https://dx.doi.org/10.1038/s41598-021-02310-2
https://dx.doi.org/10.1038/s41598-021-02310-2
https://dx.doi.org/10.1016/s0022-510x(98)00197-x
https://dx.doi.org/10.1016/s0022-510x(98)00197-x

	Features Suggestive of Coexisting Amyotrophic Lateral Sclerosis in Patients With Spinal Stenosis and Influence of Spinal Decompression
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Patient demographics
	TABLE 2: A comparison of clinical features between patients with and without spinal decompression surgery
	FIGURE 1: A comparison of survival in ALS patients with and without spinal decompression surgery

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


