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Abstract

Background: People living with amyotrophic lateral sclerosis (ALS) 
experience diagnostic delays, involving multiple visits to neurologists 
and non-neurologist specialists. During this process, patients may be 
misdiagnosed and undergo unnecessary procedures. Additionally, 
ALS diagnosis often requires a comprehensive and possibly costly 
workup. The objective of this study is to characterize the diagnostic 
trajectory of patients with ALS in the United States by (1) reporting 
the prevalence of unnecessary procedural interventions and (2) pro-
viding descriptive estimates of healthcare costs incurred from symp-
tom onset to diagnosis.

Methods: We conducted a retrospective chart review of 143 patients 
referred to a US-based ALS Center and enrolled in the ALS/MND 
Natural History Consortium Study. For each patient, unnecessary pro-
cedural interventions and diagnostic assessments prior to diagnosis 
were recorded. Cost estimates were derived from the Medicare Pro-
cedure Price Lookup Tool, Medicare Claims Database, and hospital-
specific price transparency documents.

Results: Of the 143 patients, 43 (30%) underwent unnecessary pro-
cedures prior to diagnosis. Spinal surgery (n = 16, 37%) and upper 
extremity nerve decompression (n = 13, 30%) were most common. 
The average cost of an unnecessary procedure was US$12,165. The 
average diagnostic workup cost was US$17,078. For the subset of 
patients who underwent unnecessary intervention, the average total 

cost—including procedural intervention and diagnostic testing—rose 
to US$27,976.

Conclusion: ALS diagnosis is often preceded by procedural interven-
tions and extensive diagnostic testing, which may contribute to in-
creased healthcare costs. Mitigating these costs can improve diagnostic 
pathways, lower healthcare spending, and enhance patient outcomes.

Keywords: Amyotrophic lateral sclerosis; Misdiagnosis; Unneces-
sary procedures; Diagnostic workup; Healthcare costs

Introduction

People living with amyotrophic lateral sclerosis (ALS) often 
experience diagnostic delays, characterized by multiple visits 
to both neurologists and non-neurologist specialists [1]. The 
reasons for diagnostic delay in ALS are well-studied and mul-
tifactorial. Among the recognized contributors are the specialty 
of the initial evaluating provider and the diversity of symptom 
presentation at onset [2]. Specifically, patients are often first 
seen by their primary care physicians, with subsequent referral 
to other specialties, such as orthopedic surgery or gastroenter-
ology, depending on the presenting symptom [1]. The pathway 
through multiple specialists, often marked by prolonged wait 
times, significantly delays definitive neurologic evaluation [1]. 
Furthermore, ALS exhibits diverse symptoms including but 
not limited to hand weakness, foot drop, respiratory distress, 
and dysarthria [3]. Time to diagnosis has been shown to vary 
depending on the presentation form of ALS, for instance, limb 
onset ALS is associated with longer diagnostic delays com-
pared to bulbar onset and respiratory onset, potentially because 
its initial symptoms are often more non-specific [2, 4]. These 
complexities of ALS diagnosis can result in missed opportu-
nities for early integration into multidisciplinary care and de-
layed entry into clinical trials [5–7].

A critical barrier in ALS care is initial misdiagnosis, due 
to both the prevalence of conditions that present similarly to 
ALS and the absence of a single definitive diagnostic test [8]. 
The differential diagnosis for patients presenting with ALS 
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symptoms is lengthy and spans across multiple organ systems. 
Within neurological disorders, examples of misdiagnoses in-
clude chronic inflammatory demyelinating polyradiculopathy 
and inclusion-body myositis [8]. Misdiagnoses extend beyond 
the neurological domain, with initial symptoms mimicking 
musculoskeletal etiologies such as carpal tunnel syndrome or 
spinal stenosis [9].

Thus, although ALS is primarily a clinical diagnosis based 
on a combination of history, neurological examination, and 
electromyography findings, additional testing is frequently 
performed to support the diagnosis and exclude alternative 
conditions [3]. This comprehensive workup includes labora-
tory, imaging, and cerebrospinal fluid (CSF) analyses [10]. 
Additionally, prior studies have shown that diagnostic errors 
across other medical specialties can lead to unwarranted pro-
cedures and treatments, including spinal fusions, knee surger-
ies, and carpal tunnel releases [4, 11, 12].

While the cost of ALS care overall has been explored, 
with one US-based study reporting an estimate of US$212 mil-
lion to US$1.4 billion annually [13], less is known about the 
contribution of misdiagnosis and unnecessary interventions 
to this burden. One such analysis was performed in Ireland, 
where there is a centralized healthcare system and transparent 
pricing. In this study, Galvin et al estimated a cost of €3,486 
per patient prior to neurology referral and identified earlier 
neurologist referral as a cost-reduction strategy [14]. The pre-
sent study extends this work by quantifying descriptive costs 
within the multi-payer system of the US, where reimbursement 
is higher and price transparency is limited.

Thus, the objective of this research is to characterize the 
diagnostic trajectory of patients with ALS within the US by (1) 
reporting the prevalence of unnecessary procedural interven-
tions and (2) providing a descriptive estimation of healthcare 
costs incurred from symptom onset to diagnosis. This estimate 
includes costs associated with misdiagnosis, such as unneces-
sary interventions, as well as those related to the diagnostic 
process itself, including exclusionary testing. Through this 
work, we aim to build upon existing research by evaluating 
the diagnostic trajectory of ALS while providing context on 
the economic burden. This research represents a descriptive 
estimate of costs rather than a formal cost analysis.

Materials and Methods

Participants

This retrospective cohort study is based on a sample of patients 
referred to an ALS center at a large midwestern hospital in the 
United States for suspected ALS diagnosis, second-opinion, or 
transfer of care. The study was approved by the Northwest-
ern University Institutional Review Board (Feinberg School of 
Medicine, Chicago, Illinois, USA). All participants provided 
written informed consent as part of the ALS/MND Natural 
History Consortium Study, including consent for the use of 
their clinical data for research purposes. The study was con-
ducted in accordance with the ethical standards of the insti-
tution responsible and with the Declaration of Helsinki. Al-

though the ALS/MND Natural History Consortium Study is 
a multi-institutional registry, the present study was limited to 
patients enrolled through our institution's participating site. 
Data for this study were obtained through retrospective medi-
cal record review and extracted from our institution's subset 
of the ALS/MND Natural History Consortium Database; data 
from other participating sites were not available for analysis. 
Patients included in the analysis were enrolled in the regis-
try between 2019 and October 2024. The final sample com-
prised 143 patients, following the exclusion of two participants 
whose medical records lacked necessary diagnostic data. For 
analysis, patients were categorized into two groups: those who 
underwent one or more procedural interventions prior to ALS 
diagnosis (“procedure group”) and those who did not (“no-
procedure group”).

Patient data collection

For each patient, we documented any unnecessary procedural 
interventions conducted prior to ALS diagnosis and the assess-
ments included within the diagnostic workup. Procedural in-
terventions were defined as invasive therapeutic or diagnostic 
procedures performed in response to a presumed alternative di-
agnosis before a final diagnosis of ALS was established. For a 
given procedural intervention, its necessity was retrospectively 
determined based on (1) the relevance of the intervention to 
the ALS presenting symptom and (2) a lack of improvement in 
symptomology following intervention. The designation of “un-
necessary” procedures was determined retrospectively based on 
the lack of symptom improvement and the ultimate diagnosis 
and does not imply that these interventions were clinically inap-
propriate at the time they were performed, given the diagnostic 
uncertainty that often accompanies early ALS. The term “un-
necessary” is used for consistency with prior ALS literature and 
is not intended to imply inappropriate clinical decision-making. 
Determination of procedural necessity was performed by the 
study investigators through a retrospective chart review under 
the supervision of a board-certified ALS neurologist (S.A.D.), 
who confirmed each intervention using the predefined criteria 
described above. Procedures included surgical interventions 
(e.g., knee arthroplasty), invasive diagnostic evaluations (e.g., 
endoscopy), and treatments for misdiagnoses (e.g., intravenous 
immune globulins). Procedural interventions did not include in-
vasive diagnostic procedures performed as part of the routine 
ALS diagnostic workup (e.g., lumbar puncture), which were an-
alyzed separately as components of the diagnostic workup. For 
example, an endoscopy performed for evaluation of dysphagia 
was classified as a procedural intervention, whereas a lumbar 
puncture performed as part of the ALS diagnostic evaluation 
was not. For sub-analyses, procedures were stratified as surgical 
or non-surgical interventions. Each procedure was also classi-
fied according to its inpatient or outpatient setting along with the 
patient’s insurance type at the time of procedure (private versus 
public insurance).

Diagnostic assessments included imaging data, CSF analy-
sis, genetic testing, and laboratory tests. Utilization of imaging 
modalities including magnetic resonance imaging (MRI) of the 
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brain and spine, additional MRIs (e.g., shoulder), X-rays, and 
dopamine transporter (DAT) scans were noted for data collec-
tion, yet only the MRI of the brain and spine were included in 
cost estimation because cost estimates for the other imaging mo-
dalities were not available within the databases used. Genetic 
testing was included only if it occurred prior to ALS diagnosis, 
since many patients undergo genetic testing post-diagnosis to 
differentiate between the genetic and sporadic forms. A com-
plete list of laboratory tests is provided in Table 1.

Demographic information, date of diagnosis, date of 
symptom onset, medical comorbidities, ALS onset form, and 
vital status (living or deceased) were obtained from the ALS 
Natural History Consortium’s dataset, since this information 
was previously collected as part of the larger, international 
study. Diagnostic delay, defined as the interval between symp-
tom onset and ALS diagnosis, was calculated and analyzed in 
relation to (1) the incidence of unnecessary procedural inter-
vention and (2) evaluation by non-neurological specialists.

Cost assessment

Procedures were categorized as inpatient or outpatient and as-
signed corresponding cost values using the US Medicare Pro-
cedure Price Lookup Tool and the Medicare Claims Database 
[15, 16]. All procedural costs were based solely on US Medicare 
coverage data, as private insurance claims databases were not ac-
cessible without a large fee. Outpatient surgical procedure costs 
were estimated using the Medicare Procedure Price Lookup 
Tool, which provided national cost averages for hospital outpa-
tient departments across the US Current Procedural Terminol-
ogy (CPT) codes and were used to identify specific procedure 
types. Inpatient procedure costs were obtained through the US 
Medicare Claims Database, which provided the total discharge 
costs for an inpatient hospital stay following intervention. Diag-
nosis-related group (DRG) codes were used to identify specific 
inpatient procedure types; of note, cost data obtained from the 
Medicare Claims Database were institution-specific due to ac-
cess limitations, including a large, required fee. The following 
interventions were excluded from the cost estimate due to insuf-
ficient publicly available information: Gamma knife radiosur-
gery (n = 1), intravenous immune globulin (IVIG) infusion (n 
= 2), and steroid treatments (n = 5; including two intravenous, 
two nasal, and one oral administration). Although infrequent in 
the cohort, exclusion of these procedures may result in an un-
derestimation of total costs. Accordingly, all procedural cost es-
timates reported in this study are based on the subset of patients 
for whom cost estimates were available.

Descriptive cost estimates of diagnostic assessments were 
obtained from hospital-specific price transparency documents. 
Genetic testing as well as multiple laboratory assessments 
(Lyme antibodies, neurofilament light chain, monoclonal gam-
mopathy, angiotensin-converting enzyme, calcium/parathy-
roid hormone, and pernicious anemia cascade; approximately 
one-quarter of the laboratory assessments evaluated) were not 
included in the cost estimation due to the lack of available data 
within the transparency documents. Table 1 summarizes the 
diagnostic modalities recorded for the patient sample, with as-

Table 1.  Frequency of Diagnostic Testing: Laboratory, Imag-
ing, Other

Laboratory testing Frequency  
(proportion)

Complete blood count (CBC)a 127 (89%)
Comprehensive metabolic panel (CMP)a 117 (81%)
Vitamin B12a 115 (80%)
Thyroid-stimulating hormone (TSH)a 111 (78%)
SPEPa 86 (60%)
Coppera 64 (45%)
Paraneoplastic panela 79 (55%)
Lyme antibodies 71 (50%)
Anti-MUSK, acetylcholine receptor antibodiesa 47 (33%)
Autoimmune panela 86 (57%)
Creatinine kinasea 90 (63%)
Gangliosidea 57 (40%)
Ceruloplasmina 12 (8.4%)
Hexosaminidasea 25 (17%)
Heavy metals (urine, serum)a 38 (27%)
Pernicious anemia cascade 6 (4.2%)
Monoclonal gammopathy 15 (10%)
Neurofilament light chain 10 (7%)
Calcium/parathyroid hormone 31 (22%)
Angiotensin converting enzyme (ACE) 16 (11%)
Vitamin/mineral deficienciesb 64 (45%)
Infectious diseasesc 54 (52%)
Imaging
    MRI braina 116 (81%)
    MRI spinal corda 123 (86%)
    MRI other (e.g., plexus, elbow, pelvis) 10 (6.9%)
    3T brain MRI 3 (2.1%)
    X-ray 12 (8.4%)
    DAT scan 3 (2.1%)
    CT brain, head, spinal cord 12 (8.3%)
    CT myelogram 2 (1.4%)
    CT full body 2 (1.4%)
    CT CAP 7 (4.9%)
    Angiography 2 (1.4%)
Other diagnostic testing
    Genetic testing 70 (49%)
    Cerebrospinal fluid analysisa 54 (38%)

aIncluded in cost estimate. bIncludes vitamins D, E, and B6, phospho-
rous, zinc. cIncludes syphilis, HIV, HTLV, West Nile virus. CT CAP: 
computed tomography of the chest, abdomen, and pelvis; DAT: dopa-
mine transporter; SPEP: serum protein electrophoresis; MRI: magnetic 
resonance imaging.
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terisks indicating which tests were included in the cost estima-
tion. Genetic testing is shown in Figure 1 for completeness but 
is not included in cost estimates.

For patients with multiple prior interventions, procedure 
costs were aggregated to determine the total cost per individ-
ual. These totals were then summed and averaged across the 
sample to calculate the mean costs per patient. Costs are re-
ported in the following categories: (1) cost of unnecessary pro-
cedural intervention, (2) cost of diagnostic workup (includes 
imaging, CSF, and laboratory costs only), (3) cost of labora-
tory diagnostic workup (laboratory costs only), and (4) total 
costs from symptom onset to ALS diagnosis (procedures, im-
aging, CSF, and laboratory). Category four only includes the 
subset of patients who underwent procedural interventions and 
for whom procedural cost estimates were available. To further 
clarify, diagnostic workup costs were calculated for all eligible 
patients, whereas procedural intervention costs and total costs 
(procedural intervention plus diagnostic workup) were calcu-
lated only for the subset of patients with available procedural 
cost estimates. These cost estimates are descriptive and intend-
ed to provide context; this is not a formal cost-effectiveness or 
national-level value analysis.

Results

Demographics

There were no statistically significant differences in gender, 

race, ethnicity, or age at disease onset between patients who 
underwent procedural intervention (“procedure group”) and 
those who did not (“no-procedure group”). In both groups, 
the majority of participants were male, identified as White, 
and identified as non-Hispanic. Regarding insurance cover-
age, 63% of patients in the procedure group were privately in-
sured (27/43), with the remainder covered by public insurance 
(16/43) at the time of intervention.

The form of ALS onset did not differ significantly across 
groups, with similar distributions of axial, bulbar, generalized, 
and limb-onset presentations. Medical comorbidities were also 
comparable between groups, with similar frequencies of hy-
pertension, hyperlipidemia, asthma, sleep apnea, anxiety, and 
depression. Mortality rates were nearly equivalent between 
groups at the time of analysis. A comprehensive summary of 
demographic data is provided in Table 2.

Procedural intervention

Among the 143 patients within our sample, nearly one-third 
underwent procedural intervention prior to ALS diagnosis. Of 
these patients, a substantial proportion underwent more than 
one prior procedure, each reported separately below.

The most common surgical procedure was spinal surgery, 
including spinal fusion and spinal decompression, followed by 
median and ulnar nerve decompression and knee arthroplasty. 
Less commonly reported surgical interventions included Gam-
ma knife radiosurgery for the treatment of brain meningioma, 
total hip arthroplasty, diagnostic shoulder arthroscopy, bilat-

Figure 1. Cost estimates from study sample: diagnostic testing and unnecessary procedures. Schematic illustrating cost inputs 
and corresponding estimates included in the analysis, including diagnostic testing and unnecessary procedures from symptom 
onset to ALS diagnosis. ALS: amyotrophic lateral sclerosis.
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eral meniscus repair, hammer toe correction, and hand proce-
dures such as trigger finger release and ganglion cyst removal.

Among the reported non-surgical interventions were ster-
oid injections (back, knee, and shoulder), endoscopic proce-
dures with or without biopsy, muscle biopsy, as well as cardiac 
and urologic interventions including cardiac catheterization 
and vagal stimulation of the bladder. One patient underwent 
a comprehensive cardiac workup for dyspnea via electrocar-
diogram, transthoracic echocardiogram, and stress test with 
perfusion imaging. Procedural intervention frequencies are 
summarized in Table 3.

Moreover, among patients who did not undergo procedur-
al intervention, over one-third were nonetheless seen prior to 
ALS diagnosis by non-neurologist specialists for surgical con-
sultation, including referrals to neurosurgery, orthopedics, and 
otolaryngology. Referral patterns are summarized in Table 3.

Of the 43 patients who underwent procedural interven-
tion, cost data were available for procedures experienced by 
32 patients. Among these 32 patients, the average estimated 
cost of unnecessary procedural intervention was US$12,165 
(95% confidence interval (CI): US$7,400–US$16,931; n = 32; 
median = US$8,094 (interquartile range (IQR): US$2,269–
US$15,130)). For reference, this value is only slightly less than 
the 2024 reported poverty line for individuals, at US$15,060 
[17]. The most expensive intervention was non-cervical spinal 
fusion, costing US$36,318 for those on Medicare, followed by 
cervical fusion at US$17,956. The distribution of procedural 

intervention costs per patient is shown in Figure 2 and esti-
mated costs by procedure type are summarized in Table 3.

Time to ALS diagnosis

Diagnostic delay did not significantly differ between the pro-
cedure and no-procedure groups. Although not statistically sig-
nificant, the time from symptom onset to ALS diagnosis was 
longer in the procedure group (mean: 19.2 months) compared 
to the no-procedure group (mean: 15.1 months; P = 0.201). 
Two sub-analyses were additionally performed. First, the pro-
cedure group was subdivided into patients who underwent 
surgical procedures (e.g., knee replacement) and those who 
underwent non-surgical procedures (e.g., endoscopy) to assess 
whether procedural severity influenced diagnostic delay. Al-
though the overall difference in diagnostic duration remained 
non-significant after stratification, patients who underwent 
surgical procedures had a numerically longer mean diagnos-
tic delay than those who underwent non-surgical procedures. 
Specifically, patients with surgical procedures experienced a 
mean diagnostic delay of 22.1 months (P = 0.111), whereas 
those who underwent non-invasive procedures experienced a 
mean delay of 15.7 months (P = 0.997). Comparisons were 
performed using the Wilcoxon rank-sum test to account for the 
presence of outliers.

Second, we assessed whether patients who were evaluated 

Table 2.  Demographics and Sample Characteristics (n = 143)

No-procedure group Procedure group Significance
Total participants (n) 100 43
Age at disease onset (mean) 57.5 59.7 P > 0.05
Male sex (n, %) 59 (59.0%) 27 (62.8%) P > 0.05
Racial identity (n, %)
    White 89 (90.8%) 39 (92.9%) P > 0.05
    Black 5 (5.1%) 2 (4.8%) P > 0.05
    Asian 4 (4.1%) 1 (2.4%) P > 0.05
Non-Hispanic/Latino 90 (91.8%) 43 (100.0%) P > 0.05
Onset form (n, %)
    Axial 0 (0.0%) 1 (2.4%) P > 0.05
    Bulbar 20 (21.3%) 7 (17.1%) P > 0.05
    General 5 (5.3%) 2 (4.9%) P > 0.05
    Limb 69 (73.4%) 31 (75.6%) P > 0.05
Comorbidities (n, %)
    Hypertension 38 (38.0%) 21 (48.8%) P > 0.05
    Hyperlipidemia 30 (30.0%) 16 (37.2%) P > 0.05
    Asthma 10 (10.0%) 2 (4.7%) P > 0.05
    Sleep apnea 6 (6.0%) 4 (9.3%) P > 0.05
    Anxiety 15 (15.0%) 6 (14.0%) P > 0.05
    Depression 14 (14.0%) 3 (7.0%) P > 0.05
Mortality rate (n, %) 57 (57.0%) 23 (53.5%) P > 0.05



Articles © The authors   |   Journal compilation © J Neurol Res and Elmer Press Inc™   |   https://jnr.elmerpub.com170

Estimated Costs of ALS Diagnostic Pathway J Neurol Res. 2026;16(3):165-175

by non-neurologists (e.g., orthopedic surgeons, neurosurgeons, 
or otolaryngologists) prior to ALS diagnosis experienced 
greater diagnostic delays compared to those referred directly 
to a neurologist or ALS specialist. No statistically significant 
difference was observed; patients who underwent additional 
non-neurologist referrals (referred to as “Non-Neuro Referral 
group”) experienced an average diagnostic delay of 16 months 
(P = 0.405).

Diagnostics

An MRI of the brain and spinal cord (full or partial) was or-
dered for the majority of patients undergoing a diagnostic 
workup for ALS symptoms. Additional imaging was ordered 
for nearly one-third of the patients, most commonly computed 
tomography (CT) of the brain/head or spinal cord, CT chest/ab-

domen/pelvis, X-ray of the spine, shoulder, and hip, and DAT 
scan. Please refer to Table 1 for a summary of the above data, 
as well as data for less commonly performed imaging modali-
ties. CSF analysis was less commonly utilized than imaging in 
the ALS diagnostic workup and was reported in approximately 
one-third of the patient sample. Lastly, nearly one-half of the 
patient sample underwent genetic testing as part of the ALS 
diagnostic workup.

Regarding laboratory assessment for ALS symptom pres-
entation, the following tests were most frequently ordered: 
complete blood count, comprehensive metabolic panel, vita-
min B12, thyroid stimulating hormone, serum protein electro-
phoresis, copper, paraneoplastic panel, Lyme antibodies, anti-
MUSK and acetylcholine receptor antibodies, autoimmune 
panel, creatinine kinase, and ganglioside. Diagnostic testing 
patterns and frequencies as well as less frequently ordered 
laboratory tests are summarized in Table 1.

Table 3.  Frequency and Cost of Unnecessary Procedural Intervention

Procedure type: surgical Frequency (proportion)b Cost (US$)
Total 43 (30%)
Spinal surgery 16/43 (37%)
    Spinal fusion 6/43 (14%) Cervical: $17,956

Non-cervical: $36,318
    Spinal decompression 10/43 (23%) $14,594
Tunnel release 13/43 (30%) Ulnar, wrist: $2,246

Ulnar, elbow: $2,441
Median, wrist: $2,276

Knee arthroplasty 9 (21%) $13,801
Brain meningioma resection 1 (2%) UNK
Total hip arthroplasty 1 (2%) $15,130
Shoulder arthroplasty 1 (2%) $3,550
Meniscus repair 1 (2%) $3,768
Hammer toe correction 1 (2%) $3,468
Trigger finger release 1 (2%) $1,825
Ganglion cyst removal 1 (2%) $1,859
Procedure type: non-surgical
    Steroid injectionsa 10 (23%) UNK
    Endoscopy +/- biopsy 5 (12%) $997
    Muscle biopsy, superficial 2 (5%) $1,637
    Intravenous immune globulin 2 (5%) UNK
    Cardiac catheterization 1 (2%) $3,331
    Vagal stimulation of bladder 1 (2%) $6,812
Surgical referral
    Total 37 (37/100 = 37%) N/A
    Neurosurgery 15 (15%) N/A
    Orthopedics 21 (21%) N/A
    Ear-nose-throat 6 (6%) N/A

aIntravenous or intramuscular route to the back/knee/shoulder. bProcedure type proportions of reported based on 143 total procedures. UNK: un-
known.
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The average cost incurred per patient for laboratory test-
ing alone was US$1,595 (95% CI: US$1,494–US$3,089; n = 
143; median = US$1,680 (IQR: US$1,177–US$2,004)). The 
average diagnostic workup cost, including laboratory tests, 
MRI brain, MRI spine, and CSF analysis, was US$17,078 per 
patient (95% CI: US$15,928–US$18,230; n = 143; median = 
US$16,258 (IQR: US$13,220–US$22,558)). Among the 32 
patients with available procedural cost data, the average to-
tal cost per patient (procedural intervention plus diagnostic 
testing) rose to US$27,976 per patient (95% CI: US$22,498–
US$33,454; n = 32; median = US$17,523 (IQR: US$14,066–
US$25,915)). Cost inputs and corresponding estimates are 
shown in Figure 1.

Discussion

Study purpose and findings

In this study, nearly one-third of patients underwent unnec-
essary procedural interventions prior to ALS diagnosis, most 
commonly spinal and upper extremity nerve surgeries, and 
both of these interventions and the diagnostic workup were 
associated with substantial healthcare costs. It is important to 
note that these interventions often occur in the context of diag-
nostic uncertainty and may be clinically appropriate at the time 
of decision-making given the broad differential diagnosis of 
ALS. Prior studies have demonstrated that misdiagnosis with-

in non-neurological specialties can lead to unnecessary pro-
cedures, including spinal fusions, knee surgeries, and carpal 
tunnel releases [4, 11, 12]. For example, Kraemer et al found 
that 12% of a 100-patient sample underwent inappropriate 
surgery, which was associated with longer diagnostic delays. 
Similarly, Srinivasan et al reported that 13% of a 260-patient 
cohort received unnecessary surgeries—most commonly spi-
nal, knee, and carpal tunnel operations [12]. While the overall 
frequency of intervention was higher in our cohort compared 
to prior research, the types of interventions were consistent. 
Notably, some procedures reported by Srinivasan et al, such 
as sinus surgery and tonsillectomy, were not observed in our 
cohort. These findings suggest that misdiagnosis leading to 
invasive interventions may be an issue within ALS, highlight-
ing opportunities to improve diagnostic accuracy and reduce 
patient burden.

This study also provides descriptive estimates of the costs 
associated with unnecessary procedures and exclusionary test-
ing preceding ALS diagnosis, based on the subset of patients 
for whom procedural cost data were available. These estimates 
are not intended as a formal cost-effectiveness analysis, but 
rather to highlight the additional burden placed on the health-
care system.

Diagnostic delay within ALS

There is a substantial body of research focused on the issue 
of delayed ALS diagnosis, examining the underlying causes 

Figure 2. Distribution of procedural intervention costs per patient. Histogram showing estimated costs of unnecessary proce-
dures prior to ALS diagnosis among patients in the cohort. Costs are reported in US dollars based on Medicare-derived esti-
mates. ALS: amyotrophic lateral sclerosis.
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and offering potential solutions. A literature review of stud-
ies published between 1990 and 2020 found that the average 
time to diagnosis ranged from 10 to 16 months after symptom 
onset [1]. Notably, the study by Kraemer et al is the only study, 
to our knowledge, that demonstrated a significant increase in 
diagnostic delay for patients who underwent unnecessary pro-
cedural interventions [4]. We therefore anticipated comparable 
results, hypothesizing that procedural intervention would pro-
long the interval from symptom onset to diagnosis. However, 
diagnostic delay did not significantly differ between patients 
who underwent procedural interventions and those who did 
not within our cohort. While subgroup trends suggested longer 
delays among patients undergoing more invasive, surgical pro-
cedures, these findings were not statistically significant and 
should be interpreted cautiously. These results may reflect lim-
ited sample size, but alternative explanations (including true 
lack of association) must also be considered [18]. Additionally, 
differences in study populations, referral patterns, and health-
care systems may contribute to discrepancies across studies. 
Our cohort was derived from a single academic ALS center, 
whereas larger multicenter cohorts may better capture variabil-
ity in diagnostic pathways across institutions and geographic 
regions. Such studies may be better powered to detect modest 
differences in diagnostic delay associated with unnecessary 
procedural interventions. Together, larger sample sizes and 
more stringent inclusion criteria for procedural invasiveness 
may improve the ability to detect differences in diagnostic de-
lay.

We believe that even a modest delay—as brief as 4 
months—can meaningfully impact ALS prognosis, given the 
disease’s rapid progression and limited therapeutic window. 
Timely diagnosis is essential to reducing disease burden as it 
enables early integration into multidisciplinary care, promot-
ing comprehensive management by engaging other specialties 
such as respiratory therapy and social work [5]. Furthermore, 
early disease detection facilitates timely entry into clinical 
trials. Given that currently Food and Drug Administration 
(FDA)-approved therapies can slow disease progression, early 
diagnosis and access to clinical trials are vital for improving 
outcomes and reducing physical disability [6].

Diagnostic testing within ALS

While healthcare expenditures can be challenging to con-
ceptualize without an appropriate context, it is important to 
recognize that ALS is a clinical diagnosis, and thus one could 
argue that, in principle, the cost of achieving a correct diagno-
sis “should be” minimal. In theory, clinical reasoning should 
guide providers away from alternative diagnoses, as these 
conditions typically present with features distinct from the 
pure motor deficits characteristic of ALS (e.g., neuropathy 
in hypothyroidism or vitamin B12 deficiency). However, the 
preference for exclusionary testing rather than clinical judg-
ment likely stems from the severity of ALS, which demands 
certainty in diagnosis, as well as the availability of treatments 
for alternative conditions. Thus, comprehensive diagnostic 
testing is often clinically justified, and such evaluations are 

necessary to both exclude similarly presenting conditions and 
to satisfy established diagnostic criteria. Additionally, because 
this study includes only patients ultimately diagnosed with 
ALS, it does not capture individuals in whom diagnostic test-
ing identified an alternative diagnosis. As such, the extent of 
testing observed likely reflects appropriate efforts to exclude 
ALS mimics, rather than unnecessary evaluation alone. We 
therefore are not suggesting that diagnostic testing should be 
eliminated or that our findings should discourage clinically ap-
propriate evaluation. Rather, we seek to highlight the extent 
of diagnostic testing and procedural intervention that currently 
occurs in the setting of diagnostic uncertainty, with the goal of 
informing future efforts to improve diagnostic accuracy while 
optimizing resource utilization.

Importantly, despite the frequent use of exclusionary test-
ing, our dataset lacked a clear pattern to diagnostic assessment, 
with some patients undergoing far more tests than others. This 
variability suggests an opportunity for standardization. Future 
work may explore whether structured diagnostic approaches or 
clinical support tools could help streamline evaluation while 
maintaining diagnostic accuracy.

Proposed solutions: combating misdiagnosis

Diagnosing ALS remains difficult due to heterogeneous symp-
tom presentations, frequent overlap with other neurological 
and musculoskeletal conditions, and the lack of a definitive 
diagnostic test [19]. Recent advances in serum neurofilament 
light chain (NfL) have shown promise in improving diagnos-
tic certainty for ALS when used alongside established clinical 
diagnostic criteria. Although NfL is not disease-specific and 
therefore cannot independently establish the diagnosis, a re-
cent study suggests that incorporating serum NfL into existing 
diagnostic frameworks, such as the Gold Coast Criteria, may 
facilitate earlier recognition of ALS and improve diagnostic 
accuracy in patients with provisional diagnoses [20, 21].

Addressing ALS misdiagnosis requires proper training for 
non-neurologists to recognize when a referral to an ALS spe-
cialist is warranted. While non-neurologists—and even neu-
rologists who do not specialize in ALS—are not expected to 
establish a definitive ALS diagnosis, they should possess suf-
ficient clinical knowledge to recognize red-flag symptoms and 
initiate prompt specialist referral. Several clinical tools have 
been developed to aid recognition, including the ThinkALS 
toolkit [22], designed to assist neurologists in screening for 
ALS-specific symptoms, and the Red Flag Diagnosis Tool 
[23], which organizes symptom patterns based on onset form 
and guides decision-making about further workup. The emer-
gence of such resources underscores the critical need for early 
ALS diagnosis and the growing public and medical interest in 
ensuring accurate evaluation.

Limitations

This study has several limitations. The principal limitation 
of this study lies in the constrained availability of price data. 
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Obtaining cost data presented significant challenges. We en-
gaged in multiple discussions with Medicare database repre-
sentatives, but full access to comprehensive national datasets 
required prohibitively high fees. When limited, short-term ac-
cess was granted at no cost; it was restricted to a single in-
stitution, preventing us from retrieving national average data. 
These barriers underscore the broader issue of limited price 
transparency in the United States and its implications not only 
for patients but also for scientific and health policy research.

Due to these challenges, we relied on publicly available 
Medicare data even though over half of the patients in the sam-
ple were covered by private insurance at the time of their pro-
cedures. Additionally, the Medicare Procedure Price Lookup 
Tool has limitations of its estimates, such that these estimates 
do not incorporate professional fees from all involved provid-
ers, or additional costs related to overhead fees. Additionally, 
due to the limited access to comprehensive price data, we used 
multiple data sources to estimate procedural costs. For exam-
ple, laboratory assessment costs and inpatient procedural costs 
were calculated using hospital-specific data, i.e., data from a 
single institution, while outpatient procedure costs were esti-
mated using national averages from the Medicare Procedure 
Price Lookup Tool. Because the range of services in each of 
these databases varied significantly, we could not apply a sin-
gle method to estimate all costs. This variability is important 
to note, particularly as the study was conducted at a high-re-
source institution with a case mix index (CMI) of 1.49, a meas-
ure of patient complexity and resource utilization, which likely 
reflects higher average costs per procedure compared to other 
centers across the US.

Because cost and procedural data were obtained from a 
single institution with a relatively high CMI, our findings may 
not fully generalize to other clinical settings. Diagnostic prac-
tices, referral pathways, and access to multidisciplinary ALS 
teams can vary substantially across institutions and geographic 
regions, influencing both the frequency and type of diagnostic 
testing and procedural interventions performed prior to diagno-
sis. Therefore, distinct centers will experience unique cost struc-
tures and diagnostic trajectories. In addition, variations in insti-
tutional pricing and reimbursement policies can further affect 
cost estimates. These factors together highlight that the estimates 
presented here are descriptive and are intended to contextualize 
the broader issue of diagnostic costs in ALS. Furthermore, di-
agnostic pathways may differ between metropolitan and rural 
or underserved regions, where access to neurologists and ALS 
specialty centers is often more limited. Such differences could 
contribute to longer diagnostic delays, more specialist referrals, 
or a greater likelihood of unnecessary procedural interventions. 
Future multicenter studies examining geographic variation in 
the ALS diagnostic pathway are warranted.

Additionally, procedural cost estimates were available for 
only 32 of the 43 patients who underwent unnecessary pro-
cedural interventions. Because cost data were unavailable for 
several procedures within the databases used for cost estima-
tion, the reported average procedural costs and total costs may 
underestimate or overestimate the true economic burden.

Further limitations include the retrospective nature of the 
study, specifically that retrospective assessment of procedural 

necessity cannot fully capture the clinical context or ration-
ale at the time of decision-making; procedures may have been 
clinically justifiable at the time they were performed. Although 
we use the term “unnecessary” for consistency with prior lit-
erature, this designation was made retrospectively after the fi-
nal ALS diagnosis was established and is therefore inherently 
subject to hindsight bias. Furthermore, while we were able to 
determine whether patients were evaluated by non-neurologist 
specialists prior to ALS diagnosis, inconsistent documentation 
within retrospective medical records prevented reliable quan-
tification of the total number of neurologists and non-neurol-
ogist providers involved in each patient's diagnostic pathway. 
Future prospective studies should examine whether the num-
ber and sequence of specialist evaluations contribute to diag-
nostic delay and healthcare costs.

Conclusions

In conclusion, the diagnostic pathway preceding ALS diag-
nosis is often characterized by broad evaluation and, in some 
cases, procedural interventions, which are associated with in-
creased healthcare costs. While these evaluations are frequent-
ly clinically appropriate given the complexity of ALS diagno-
sis, our findings highlight variability in diagnostic approaches. 
Further research is needed to better define diagnostic pathways 
that balance diagnostic accuracy, efficiency, and cost.
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