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Abstract

The objective of this study was to characterize the diagnostic timelines and their predictors in
people with amyotrophic lateral sclerosis (ALS). Patients were identified through ALS billing
codes. Time from presenting symptom to first doctor visit, first doctor visit to suspected ALS
diagnosis, suspected to confirmed ALS diagnosis, and presenting symptom to confirmed ALS
diagnosis (total diagnostic time) were collected. Regression models were used to analyze the
predictors of diagnostic delay. Three hundred and four ALS patients were included in the analysis.
Median total diagnostic time was 11.5 months. Diagnostic timelines were longer in patients with
age > 60 years (p < 0.001), sporadic ALS (p = 0.043), and limb onset (p = 0.010). The presence of
fasciculations, slurred speech, and lower extremity weakness when symptoms were first noted
were independent predictors of shorter time to ALS diagnosis (p = 0.04, p=0.02, and p = 0.04,
respectively). About half of the patients (52%) received an alternative diagnosis and each patient
saw an average of three different physicians before ALS diagnosis was confirmed. In conclusion,
diagnostic timelines in ALS are long, and patients see many physicians and receive multiple
alternative diagnoses before the diagnosis of ALS is confirmed. Older age, sporadic disease, and
limb onset can delay ALS diagnosis.
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Introduction

Total diagnostic time, defined as the time from symptom onset to confirmed diagnosis, has
been reported to range from eight to 15 months in ALS (1-8). This delay in diagnosis
represents a significant proportion of total disease duration, prolongs a period of uncertainty
that adds to patients’ stress, and is a missed opportunity to begin treatment with riluzole and
address ALS related symptoms. Furthermore, diagnostic delay prevents people with ALS
from entering clinical trials at an early stage in their disease, when they may be more likely
to benefit from potential experimental treatments.

The aim of the present study was to determine the timelines of the diagnostic process in a
large cohort of ALS patients and to identify factors that contribute to the delay in diagnosis.

Materials and methods

Patients

ALS patients were identified through billing codes using the Partners Healthcare System
Research Patient Data Registry (RPDR). The RPDR Query Tool was used to query for
patients seen at the ALS clinic of Massachusetts General Hospital (MGH) between 2000 and
2011 with an ICD-9 code for ‘amyotrophic lateral sclerosis’. Charts were randomly selected
for analysis and reviewed manually to confirm a final diagnosis of ALS. Three hundred and
twenty-six patients with confirmed ALS diagnosis were identified and underwent detailed
chart review. Twenty-two subjects were excluded because of missing symptom onset dates.
The study protocol was approved by the Partners Institutional Review Board (IRB).

Statistical analysis

Variables collected for the study included demographic information, date of symptom onset,
ALS presenting symptoms, site of onset, date of first doctor visit, date of suspected
diagnosis, date of confirmed diagnosis, alternative diagnoses considered before the final
ALS diagnosis, and medical specialty of the physician making ALS or alternative diagnoses.
Date of symptom onset was recorded as the month and year the subject reported first
experiencing ALS symptoms. Site of onset was defined as bulbar, limb, neck, respiratory, or
multiple. Date of first doctor visit was recorded as the date of the visit when the patient first
saw a physician to discuss ALS presenting symptoms. A suspected diagnosis of ALS was
recorded as the date of the visit when ALS was first mentioned in any physician’s note. A
confirmed diagnosis of ALS was recorded as the date of the visit when ALS diagnosis was
confirmed and discussed with the patient or when riluzole was prescribed.

All analyses were performed using SAS statistical software (version 9.3, SAS Institute,
Cary, NC). Frequencies, averages, medians, interquartile ranges (IQR), and standard
deviations were used to describe demographic or clinical data and diagnostic timelines, as
applicable. A generalized linear model assuming log-normally distributed times was used to
compare diagnostic timelines between people with bulbar vs. limb onset, familial vs. non-
familial, males vs. females, and between age groups. A generalized linear model assuming
negative binomially distributed counts was used to compare humber of specialists and
number of alternative diagnoses for the same factors.
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Results

Patients

Three hundred and four ALS patients were included in the analysis. Their demographic and
clinical characteristics of the study cohort are summarized in Table I.

Diagnostic timelines

The median total diagnostic time in the whole cohort (n = 304) was 11.5 months
(interquartile range, IQR, 7-20 months) (Figure 1). Interim diagnostic milestones were
available for a subset of patients and included: median time from presenting symptom to
first doctor visit (four months, IQR 2-7 months, n = 122), first doctor visit to suspected ALS
diagnosis (three months, IQR 1-6, n = 100), and suspected to confirmed ALS diagnosis (one
month, IQR 1-3, n = 183) (Figure 1). Median total diagnostic times were examined in
patient sub-groups based on clinical and demographic characteristics (Figure 2). Older
patients and people with sporadic disease and limb onset had longer diagnostic timelines
(Figure 2).

Predictors of diagnostic timelines

In a multiple regression model of baseline characteristics, the total time between symptom
onset and confirmed ALS diagnosis was 51% longer in people older than 60 years compared
to younger patients (p < 0.001), 46% longer in sporadic ALS (SALS) compared to familial
ALS (FALS) (p = 0.043), and 45% longer in people with limb onset compared to bulbar
onset (p = 0.010). Diagnostic time for females and males did not differ (p = 0.90). In a
multiple regression model of presenting symptoms, the occurrence of fasciculations, slurred
speech, and lower extremity weakness as part of the initial clinical presentation was
associated with shorter time to ALS diagnosis relative to patients without these symptoms
on initial presentation (fasciculations: 46% shorter (p = 0.04); slurred speech: 33% shorter (p
= 0.02); lower extremity weakness: 27% shorter (p = 0.04)).

Alternative diagnoses and number of opinions

About half of the patients (52%) received at least one alternative diagnosis before ALS
diagnosis was confirmed. The most common alternative diagnoses are given in Table I1.
Each patient saw an average of three physicians before ALS diagnosis was confirmed. In
most patients the ALS diagnosis was first suspected by either a general neurologist or an
ALS specialist (57% and 20% of cases, respectively). The diagnosis was confirmed by an
ALS specialist in most cases (85%) or by a general neurologist (12%). Patients with FALS
saw fewer specialists (p = 0.003) and received fewer incorrect diagnoses (p = 0.002)
compared to patients with SALS. ALS patients older than 60 years saw more specialists (p =
0.04) compared to younger patients.

Discussion

Diagnostic timelines are long in ALS. In this large database, the median total diagnostic
time was 11.5 months. This result is consistent with prior studies that reported median times
from symptom onset to diagnosis of eight to 15 months (1-8). Our results expand on
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previous observations by defining the interim diagnostic milestones and their multiple
clinical predictors (age, site of onset, family history, and presenting symptoms). Most
previous studies were limited by a small sample size that precluded the analysis of interim
diagnostic milestones and determinants of diagnostic delay (4-8). Even studies that analyzed
large cohorts mostly focused on describing the overall length of the diagnostic process from
onset to final diagnosis with no detailed characterization of time to see a physician, time to
suspect vs. confirm the diagnosis, number of physicians seen and their specialty, and type of
alternative diagnoses (2,3). Further, the only clinical determinants of diagnostic delay that
were identified in prior studies were site of onset and presence of fasciculations (1-8). Our
study provides a comprehensive description of the complex diagnostic process in one large
cohort of people with ALS.

The implications of long delays in diagnosing ALS are significant, especially when one
considers that they represent a significant proportion of total disease duration. During this
complex diagnostic process, ALS patients may undergo unnecessary and sometimes painful
diagnostic tests. Some patients may even receive invasive procedures such as spine
surgeries. We could not estimate the number or cost of unnecessary interventions in our
cohort; however, these would be extremely important factors to investigate in future studies.
A prolonged diagnostic process is likely to have a negative impact on the psychological
well-being of patients and their families and result in a period of stressful uncertainty and
anxiety. Furthermore, delays in diagnosis represent a missed opportunity for patients to
receive treatment, such as riluzole, medications for symptom management, rehabilitation
interventions, nutritional counseling, and non-invasive ventilation (9,10). Identification of
patients at early disease stages is a critical area of research and an unmet need not only in
ALS but also in other neurodegenerative diseases such as Alzheimer’s and Parkinson’s
disease. These pathologies are characterized by slow development with an asymptomatic or
pauci-symptomatic period followed by gradual emergence of typical symptoms. As a
consequence, these conditions are diagnosed when marked neuronal death has already
occurred and therapeutic interventions are less likely to be effective. Importantly, patients
diagnosed in later stages may have missed the window to enroll in clinical trials, many of
which require an early ALS diagnosis as an entry criterion. Diagnostic delays also have a
negative impact on research efforts revolving around the identification of biomarkers and
mechanisms of early disease.

The causes of diagnostic delay in ALS are likely multifactorial. First, the time from
symptom onset to first doctor visit was long (four months). This delay in seeking medical
attention could be due to the slow and insidious onset of the disease and to the possibility
that patients may wait until symptoms become more noticeable or cause a functional
limitation before seeking medical attention. Secondly, ALS presenting symptoms can mimic
a variety of other conditions (11). In our sample just over half the patients initially received
alternative diagnoses, consistent with other reports which suggested that 27-61% of this
patient population is misdiagnosed (1,3,5,7,12,13). Patients in this study saw an average of
three physicians before reaching the final diagnosis. ALS diagnosis is primarily based on
clinical assessment. It is therefore not surprising that confirmation of the diagnosis is often
deferred to sub-specialists with expertise in this rare condition. We speculate that fast
referral to general neurologists and dedicated ALS centers may shorten ALS diagnostic
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timeline. Future studies are needed to confirm this hypothesis. Further, research is needed to
clarify the impact of other non-clinical factors (e.g. rural vs. urban setting, insurance
coverage) in order to optimize referral patterns and prioritize resource allocation.
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Figure 1.
Diagnostic timelines. Box-and-whiskers plot representing the medians (+), inter-quartile

ranges (boxes), and minimum and maximum values (whiskers) of the diagnostic intervals in
months. The intervals represented include: time from presenting symptom to first doctor
visit, time from first doctor visit to suspected ALS diagnosis, time from suspected ALS
diagnosis to confirmed ALS diagnosis, and time from presenting symptom to confirmed
ALS diagnosis.
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14

Total diagnostic time by patient sub-group. Total diagnostic time (from presenting symptom
to confirmed diagnosis) was longer in patients over the age of 60 years compared to younger
patients, in sporadic ALS (SALS) compared to familial ALS (FALS), and in limb compared
to bulbar onset. Total diagnostic time was not different between genders. Time intervals are

represented in months.
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Table |

Clinical and demographic cohort characteristics.

Total cohort (n = 304)

Female (n (%)) 130 (43%)
FALS (n (%)) 61 (20%)
Bulbar onset (n (%)) 84 (28%)
Limb onset (n (%)) 196 (64%)
Riluzole use (n (%)) 156 (51%)
Age at Dx (yr) (Mean + SD) 58+ 12.4
FVC at Dx (% predicted) (Mean + SD) 82+22.1
ALSFRS-R at Dx (Mean + SD) 37+6.6

Physicians seen before confirmed Dx (Mean + SD) 3.0£15

n: number; SD: standard deviation; FALS: familial ALS; Dx: diagnosis; ALSFRS-R: ALS Functional Rating Scale-revised; FVC: functional vital
capacity percent of predicted. Patients with onset in multiple body regions (n = 17), neck (n = 2) and respiratory (n = 5) onset are not represented.
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Table Il

Most common alternative diagnoses.

Neuropathy 28%
Spine disease 18%
Vascular disease 11%

Neurodegenerative disease ~ 11%

NMJ transmission disorder 9%

ENT problem 7%
Muscle disease 6%
Other 10%

Fifty-two percent of patients in our cohort (n = 157) received at least one alternative diagnosis before ALS was confirmed. The ‘neurodegenerative
disease’ category included Parkinson’s disease, hereditary spastic paraplegia, progressive supranuclear palsy, and progressive bulbar palsy. NMJ:
neuromuscular junction. ENT: ear nose throat.
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