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∙ In Peru, the epidemiology of MS is still a major neglected topic.
∙ Brainstem syndrome as an initial presentation of MS in Peru is related to an early diagnosis.
∙ Our population represents different regions of our country.
∙ Similar clinical, epidemiological and imaging characteristic to other Latin American countries were found.
∙ We found a misdiagnosis rate of 36.2%, which remains a contemporary problem in MS diagnosis.
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A B S T R A C T

Background: MS is unpredictable regarding clinical symptoms; however, certain symptoms represent the preferred
localization of white matter lesions such as brainstem, spinal cord; or optic nerve.
Objectives: To investigate the epidemiological, clinical, and imaging characteristics of MS patients in a national
referral center in Peru, and to evaluate whether the type of symptom at onset relates with the time to making an
MS diagnosis.
Methods: Retrospective study of MS patients at the Instituto Nacional de Ciencias Neurol�ogicas between January
2010 and December 2018. Four different syndromes were selected for analysis as symptom onset (optic neuritis,
brainstem syndrome, myelitis, and others).
Results: we identified 268 patients for whom a diagnosis of MS had been given; after excluding misdiagnosed
patients (33 Neuromyelitis optica), lost or incomplete records, 121 patients were included. The majority of pa-
tients (46.6%) were born in Lima. Female to male ratio was 1.37 to 1, mean age at diagnosis was 31 years. At
onset, myelitis was present in 35% of RRMS patients, followed by brainstem syndrome (25%) and optic neuritis
(18%). Brainstem syndrome was statistically significant predictor for earlier diagnosis (adjusted HR: 2.09; p ¼
0.015).
Conclusion: Brainstem syndrome as an initial presentation of MS in Peru is related to an earlier diagnosis.
1. Introduction

Multiple sclerosis (MS) is a chronic disease of the central nervous
system (CNS) characterized by disseminated loss of motor and sensory
function that results from immune-mediated inflammation, demyelin-
ation and subsequent axonal damage [1, 2, 3]. More than two million
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people worldwide suffer from MS [1]. In Peru, epidemiological data of
the disease are scarce. The estimated prevalence of MS in Lima is 7.69 x
100000 inhabitants [4], corresponding to a medium to low frequency
area [5].

MSmayhavedifferent clinical patterns over time,with either subacute
episodic periods of worsening, followed by variable improvement;
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Table 1. Bivariate analysis of time to diagnosis for all study variables.

Variables p*

Smoking (yes/no) 0.044

Gender (M/F) 0.820

Relapses (0–2/�3) 0.003

Symptoms Motor 0.117

Sensitive 0.533

Cerebellum 0.758

Visual 0.633

Oculomotor 0.030

Cognitive/Psychiatric 0.426

Autonomic …

Gait 0.160

Fatigue …

Paroxysms 0.755

Pain ….

Onset syndrome Brainstem 0.0179

Optic neuritis 0.265

Myelitis 0.346

Other syndromes 0.145

Brain hemispheres Periventricular 0.118

Corpus callosum 0.089

Juxtacortical 0.602

Cortical 0.616

Optic Nerve 0.181

Brainstem Midbrain 0.090

Protuberance 0.612

Bulb 0.324

Cerebellum Cerebellar Hemisphere 0.216

Vermis …

Cerebellar peduncle 0.050

Spinal cord Cervical 0.155

Thoracic 0.136

Lumbar 0.857

Oligoclonal bands 0.256

MRi T2 lesions …

Number of lesions 0.642

Black holes 0.102

p values <0.05, statistically significant.
* Log rank test.
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gradual progressive decline of neurological function; or a combination of
both [6]. The clinical spectrumofMS ranges froman asymptomatic course
to rapid progression and permanent disability within a few years [7].
Furthermore, disease-modifying therapies (DMT) have convincingly
altered the short- and intermediate-termnatural history of the disease [8].

Regarding the clinical course ofMS, according to the 2013 revisions by
Lublin and colleagues, clinically isolated syndrome (CIS)was added to the
phenotypes. Moreover, this new classification defines two phenotypes,
relapsing remitting and progressive phenotype, and it further divides the
progressive phenotype according to progression and activity [9, 10].

MS is unpredictable regarding clinical symptoms; however, certain
signs and symptoms are frequently seen that represent the preferred
localization of white matter lesions. The structures that typically are
affected during clinical exacerbations of MS are the optic nerves, the
spinal cord, and the brainstem. Symptoms due to lesions of cerebral
hemispheres, cerebellum, or multifocal are less frequent [11, 12]. CIS can
be attributed to a single inflammatory CNS lesion in approximately 85%
[7, 13], including optic neuritis (38.4%), partial myelitis (27.8%) or a
brainstem syndrome (24.4%) [7, 14].

This retrospective study was designed to investigate the epidemio-
logical, clinical, and imaging characteristics of MS patients in Peru, and
to evaluate if the location of symptom onset relates to the time of making
an MS diagnosis.

2. Methods

2.1. Patients and methods

We conducted a retrospective study, enrolling patients with the
diagnosis of MS who were treated at the Instituto Nacional de Ciencias
Neurol�ogicas (INCN) in Lima – Peru. We retrospectively reviewed all
medical record databases of patients who were evaluated between 2010
and 2018. This institution is a government-run, tertiary level neurolog-
ical center that treats persons with neurological disorders referred from a
wide geographic and socio-demographic area.

Clinical and demographical data (at disease diagnosis) reviewed were
age, sex, place of birth, current residence, disease phenotype, year and
age at first symptom, year and age at diagnosis, recalled clinical symp-
toms (motor, sensitive, cerebellar, visual, oculomotor, cranial nerves,
autonomic, gait, cognitive), number of relapses before diagnosis, EDSS
score, first immunomodulatory treatment and follow up time until chart
reviewed.

Brain and spinal MRI data was collected from the radiology report
(closest to diagnosis). Radiology reports came from different MRI centers
and we didn't have access to the images. Data collected was lesion
localization, presence of black holes (hypointense lesions in T1 weighted
imaging), and contrast enhancement.

Paraclinical data collected (at disease diagnosis) were cerebrospinal
fluid (CSF) protein level, CSF cellularity, oligoclonal bands (determined
bymeans of isoelectric focusing), and 25-hydroxyvitamin D. AQP4-IgG or
MOG-IgG were not performed.

The onset syndrome (first symptom recalled by the patient at the time
of diagnosis) was defined as follows: optic neuritis (ON), brainstem
syndrome (BSS), myelitis and other (cerebellar, hemispheric or polyre-
gional syndromes). Time to diagnosis was calculated from the recalled
date of the first symptom and the date of diagnosis.

Included were medical records from adult MS patients diagnosed
according to the 2010 or 2017 McDonald used at the time of diagnosis.
Medical records with incomplete data were excluded. The Institutional
Review Board (Comit�e Institucional de �Etica en Investigaci�on del INCN)
approved the study.

2.2. Statistical analysis

The study included a descriptive analysis of data from all medical
records (n: 121) and a multivariate analysis using Cox regression for the
2

relapsing-remitting Multiple Sclerosis (RRMS) group (n: 71). The
descriptive analysis of the data was presented as percentages, mean
values, and standard deviation or medians. The distribution of data was
assessed with the Shapiro-Wilk test. Comparisons of continuous data
among the groups were analyzed using the Kruskal-Wallis test or the
Mann-Whitney U test, and categorical data were analyzed using the
Pearson chi-square test or Fisher's exact test.

The exploratory analysis of time to diagnosis in the RRMS group was
performed using Kaplan-Meier curves and the differences in time to
diagnosis were compared using the log-rank test. For the construction of
the Cox Regressionmodel, we considered all covariates that had a p value
less than 0.2 in the bivariate analysis (Table 1) and the possible in-
teractions between variables, evaluating the different factors that can
modify the time until diagnosis. Risks were adjusted for age and sex, it
was modeled using Cox proportional hazards regression analysis that
shows results for hazard ratio (HR) with 95% confidence intervals (CI).
The proportionality assumptions of the Cox hazard regression models
were evaluated based on the Schoenfeld residuals.

All analyzes were performed using two-sided p values, values below
0.05 within the model were considered statistically significant. Statistical
analyses were carried out with Stata/SE 14.2 for Windows.
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3. Results

There were 268 medical records identified with the diagnosis of MS.
Among these, 16 records were lost, 104 records corresponded to an
alternative diagnosis (33 Neuromyelitis Optica, 23 to another CNS
demyelinating disease), and 27 records had insufficient data. Among the
other CNS demyelinating disease, 10 records corresponded to MS vari-
ants, 7 records to tumefactive demyelinating lesions, 4 records to isolated
myelitis and 2 records to isolated optic neuritis. Finally, we included 121
records in this study (Figure 1).

The largest percentages of patients (48.76%) were born in Lima
(parallel 12�0203500S); 27.31% of the patients were born in the north of
the country (from parallel 0�0104800S -9�3104000S) and 13.24% in the
south of the country (from parallel 14�40400S - 18�2100300S). Figure 2
shows the distribution of patients in the country, and shows the popu-
lation density of the country, data taken from the Instituto Nacional de
Estadística e Informatica INEI (“National Institute of Statistics and Infor-
matics”) [15].

Women represent 57.85% of the cohort. The female/male ratio was
1.37/1, the mean age at diagnosis was 31.25 years (SD 11.2), and mean
disease duration at the time of chart review was 30.32 months (SD
43.62). Disease phenotypes were not registered in 30.58% of the medical
records, and misclassification of phenotypes were found in 36.36% of
cases. The principal epidemiological and clinical characteristics are
shown in Table 2. Almost half of the patients (46.28%) were receiving
DMT by the time the chart was reviewed. Beta interferons were the most
prescribed DMT (69.64%), followed by Glatiramer Acetate (5.36%),
Teriflunomide (3.57%), Fingolimod (1.79%), Natalizumab (1.79%); and
Cladribine (1.79%). Nearly a fifth of patients (17.86%) were receiving
off-label medications (rituximab, cyclophosphamide, azathioprine, etc.).

Brain MRI reports showed a predominance of periventricular demy-
elinating lesions (95.73%) followed by brainstem lesions (54.7%) and
cerebellar lesions (43.59%). Cortical lesions were seen in 8 cases
(6.84%), but not all MRI scans included double inversion recovery (DIR)
imaging. Spinal cord MRIs were performed in 69 patients (57.02%), of
them 81.16% reported cervical lesions, 50.72% thoracic lesions, and only
7.25% lumbar lesions. Contrast enhancement was reported in 65.28% of
RRMS and 68.18% of PPMS cases; and only 18.8% of brain MRIs reported
black holes.

Oligoclonal bands (OCB) were tested in the CSF and serum of 59
patients (48.76%), and 74.58% of them showed isolated OCB in the CSF.
Figure 1. Flow chart of the study.
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From the BSS patients, only 9 (33.3%) have been tested for CSF-OCB,
from them 5 reported isolated OCB in CSF. Mean CSF cellularity and
protein levels were within normal ranges (mean cell number 4.97 leu-
cocytes/μl, mean protein level 33.93 mg%). Vitamin D was tested in
36.36% of patients (44 cases), and we found decreased levels in 81.82%
of them (mean vitamin D level 27.07 ng/mL, normal range >30 ng/mL).

3.1. Time to diagnosis analysis in the RRMS group

Variables included in the multivariable Cox regression model were all
the variables described in the methods part. We presented only the var-
iables that were significant when adjusting for age and sex. We analyzed
the time to diagnosis for BSS versus other onset syndromes, we found a p
value of 0.010 (Figure 3).

When observing the risk ratios within the Cox proportional hazards
model, it's evidenced that those with BBS as an onset syndrome have
much faster time to diagnosis compared to other syndromes (adjusted
HR: 2.09; CI: 1.15–3.79). Additionally, the model was also significant
regarding the presence of juxtacortical lesions, cerebellar peduncle le-
sions, and number of relapses at diagnosis (Table 3).

Although the Cox regression model showed that juxtacortical and
cerebellar peduncle lesions were significant, the small number of patients
with such lesions leads to a biased result. This is evident in the confidence
interval, which is very close to no difference.

4. Discussion

The main finding from this study is that Peruvian patients presenting
with a brainstem syndrome as the first manifestation were diagnosed as
MS earlier than patients with presentations affecting other regions of the
CNS. This suggest that it’s easier to fulfill dissemination in time and space
when the first manifestation of the disease is a BSS, or the conversion rate
after a CIS involving the brainstem is higher.

Tintor�e and colleagues have investigated the conversion to MS on
different topographies of CISs, the rate of conversion was 28% for ON,
36% for myelitis, 42% for BSS and 40% for other topographies [14, 16].
In a combined clinical and MRI follow-up study, Millner showed that
after an interval of 16 months, conversion to MS was seen in 57% of
patients with a brainstem syndrome and 42% of patients with a myelitis
onset [17]. These previous studies show that the conversion rate for
brainstem syndrome is higher than other topographies, which could be
related to our findings and could explain why in our patients a brainstem
syndrome is related to an early diagnosis.

Another explanation is that patients are more prone to seek neuro-
logic evaluation when brainstem symptoms occur. Lesions appearing in
infratentorial and spinal cord regions are usually more prone to affect
clinically eloquent areas and are frequently associated with relapses in
the same topography [18]. This could have led our patients with BSS to
seek neurological attention faster than patients with other presentations,
thereby reducing time to diagnosis.

It is also possible that Peruvian neurologist are more reassured of MS
being the correct diagnosis when the onset is in the brainstem versus
other locations, particularly since NMO, which classically affects the
spinal cord and/or optic nerves, is one of the principal differential di-
agnoses whenMS is suspected. Nevertheless, demyelinating lesions in the
brainstem can be frequently found in other diseases such as NMOS
spectrum disorders and Myelin Oligodendrocyte Glicoprotein antibody
associated encephalomyelitis (MOGEM) [19, 20, 21, 22]. Making anti-
body testing very important in the differential diagnosis of such lesions.
Finally, it is possible that this predisposition to diagnosis MS relates to
unmeasured confounding.

Our results highlight the relevance of BSS as the initial manifestation
and allowed us to have an earlier diagnosis of MS in such patients. Earlier
diagnosis is important for the optimal timing for initiating DMT, thus
identification of patients with a higher probability of conversion to MS is
a key step in the decision of initiating treatment. Our findings emphasize



Figure 2. Distribution of patients (%) in the study. Population density of the country (2017). Source: Instituto Nacional de Estadística e Inform�atica (INEI), reprinted
with permission.

Table 2. Epidemiological and clinical characteristics.

CIS (n:12) RRMS (n:71) SPMS (n:15) PPMS (n:23) TOTAL p

Age at diagnosis Mean (SD) 32 (14.1) 28 (9.8) 37 (12.9) 40 (9.9) 31.24 (11.19) 0.0002*

Gender Female (70) 7 (58.33 %) 38 (53.52 %) 12 (80.00 %) 13 (56.52 %) 70 (57.85 %) 0.324**

Male (51) 5 (41.67 %) 33 (46.48 %) 3 (20.00 %) 10 (43.48 %) 51 (42.15 %) Reference group

Onset syndrome Optic neuritis 6 (50%) 13 (18.31%) 3 (20.00%) — 22 (18.18) 0.005**

Brainstem syndrome 4 (33.33%) 18 (25.35%) 2 (13.33%) 3 (13.04%) 27 (22.31) 0.059**

Myelitis — 25 (35.21%) 4 (26.67%) 8 (34.78%) 37 (30.58) 0.130**

Other syndromes 2 (16.67%) 15 (21.13%) 6 (40.00%) 12 (52.17%) 35 (28.93) Reference group

Relapses at diagnosis Median (IR) 1 (1–1) 2 (1–3) 2 (2–3) 0 (0–0) 2 (1–3) 0.0001*

Time to Diagnosis (months)
Median (IR)

Optic neuritis 2.5 (2–5) 12 (1–24) 73 (24–859) — 7 (2–24) 0.059*

Brainstem syndrome 1.5 (1–37.5) 7 (2–13) 48 (24–73) 31 (14–61) 8 (2–24) 0.068*

Myelitis — 23 (3–49) 43 (25–85) 41 (16–55) 28 (4–49) 0.297*

Other syndromes 67 (24–110) 24 (1–52) 79 (24–122) 18 (10–40) 24 (11–61) 0.128*

(*) Kruskal-Wallis test; (**) Chi2 test. p-value represents the comparison between different phenotypes for baseline variables. p values <0.05, statistically significant.
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the preferred localization of demyelinating lesions in MS. Infratentorial
lesions have been considered specific for MS, and the presence of such
lesions ranged from 6% in patients with optic neuritis to 40% in patients
with CIS [23, 24, 25]. Tintor�e et al. have showed that the presence of
infratentorial lesions in CIS patients increased the risk of conversion to
MS [18]. Therefore, MRI is the most informative predictive marker for
conversion to MS [7, 16, 18].

Another result that caught our attention was that the majority of
primary progressive multiple sclerosis (PPMS) patients showed
gadolinium-enhancing lesions in T1-weighted imaging. This result differs
with results from clinical trials, in the ORATORIO study [26] the per-
centage of patients with gadolinium-enhancing lesions was 27.5% for the
treatment group and 24.7% for the placebo group. In the OLYMPUS study
[27], 24.5% of patients showed gadolinium-enhancing lesions. Ingle
et al. reported 42% gadolinium-enhancing brain lesions in PPMS patients
4

whose duration of disease was less than 5 years [28]. One explanation for
our results could be the younger age at diagnosis of PPMS patients (40
years) showing that younger patients present more inflammatory lesions;
also a misclassification of patients as PPMS may play a confounding
factor.

We found a higher proportion of patients in the North of the country
compared with the proportion in the South. We expected to find more
patients in the South of the county due to the latitudinal prevalence
gradient. Risco et al. have shown a latitudinal prevalence gradient of
MS in Latin American countries between Panama and Argentina, and
determined an increase in the prevalence of 0.33 per 100000 per degree
latitude [29]. This result caught our attention due to a possible inver-
sion in the latitudinal gradient of MS, but when we analyzed this pro-
portions with the population density of the country (Figure 2), we
found that the proportion of cases was directly related to population



Figure 3. Exploratory Kaplan-Meier analysis of time to diagnosis in RRMS comparing Brainstem syndrome vs other syndromes.

Table 3. Cox proportional Hazard model for time to diagnosis in RRMS.

Hazard ratio
(crude)

Hazard ratio
(adjusted)

p* 95% CI

BSS vs other
syndromes

1.93 2.36 0.029 1.15–3.79

ON vs other syndromes 0.96 1.27 0.549

Myelitis vs other
syndromes

1.0 1.26 0.526

Juxtacortical lesion 1.10 2.32 0.021 1.15–6.13

Cerebellar peduncle
lesion

0.60 0.55 0.033 0.29–0.94

Number of relapses 0.60 0.59 0.000 0.39–0.71

p values <0.05, statistically significant.
* Adjusted HR for age and sex.
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density. The majority of patients belonged to Lima because the popu-
lation density is the highest in this metropolitan city area, which rep-
resents 1/3 of Peruvian population. Furthermore, access to medical care
and diagnostic methods is easier in the capital city. Our result is similar
to a descriptive study that found that 65% of MS patients were born in
Lima, and 11% in the North of Peru (Piura), where they postulated an
explanation due to exposure to chemical substances in that region due
to petrochemical industry and organic solvents [30]. Another explana-
tion could be that there is a great deal of genetic difference between
Lima and the other cities of the country, probably finding more Spanish
ancestry in Lima.

Of the 268 patients initially identified as MS, 104 patients had an
incorrect assignment of diagnosis. We found a misdiagnosis rate of
36.2%. Of these patients, 31.7% had neuromyelitis optica (NMO),
22.1% had another CNS demyelinating disease, and 46.15% corre-
sponded to non-demyelinating disease (stroke in 7.69%, neoplasm in
4.81%, migraine in 2.88%, tropical spastic paraparesis in 1.92%, among
the more representative). This rate can be compared with multiple
studies that have indicated that 30–67% of referrals to MS subspecialty
centers ultimately do not have MS [31, 32, 33]. Solomon et al. found
110 misdiagnosed patients from 4 academic MS centers, of them 6%
were NMO spectrum disorders [32]. Kaisey et al. retrospectively
5

reviewed new MS patients in two centers in USA and identified 36% of
misdiagnosed patients [33]. Our results are consistent with the litera-
ture; interestingly we found a significant proportion of NMO among
misdiagnosed patients, which could be related to ancestry. Misdiagnosis
of MS remains a contemporary problem and is associated with
long-term risk and morbidity for patients and considerable cost for
health care systems [34].

The main limitation of our work is the retrospective recollection of
data. The MS unit in our institution started in 2017, since then cases are
systematically diagnosed and followed. Data before 2017 could be
inexact due to the lack of standardized evaluation of demyelinating
diseases. Recall bias for symptoms may also be one big limitation of our
study, since the recalled first symptom, and date of presentation may be
inaccurate. MRI data is also a limitation, since our results are based on
radiology reports and we didn't have access to images. Moreover our
cohort of patients is a small group from which to make big conclusion.

5. Conclusions

The present study findings show that brainstem syndrome as an initial
presentation of MS in Peru is related to an earlier diagnosis. The popu-
lation of this study has a wide representation of patients from different
regions of our country. We found similar clinical, epidemiological, and
imaging characteristics to other countries in Latin America.
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