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Editorial
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APPRECIATION TO REVIEWERS 2022
Peer-review is a critical component of scholarly publications. Some submissions require several review rounds to comply with 
quality standards. Recommendations from peer-reviewers are very valuable for Editors to make decisions on acceptance or 
rejection of manuscripts. Archivos de Neurociencias provides recognition to peer-reviewers through Web of Science (formerly 
Publons), but also offers public acknowledgement for this important contribution.

Peer-reviewers for Archivos de Neurociencias during 2022:

• Abel Santamaría del Angel
• Adriana Casallas Vanegas
• Alejandra Calderón Vallejo
• Alejandro Soto Ospina
• Alfredo Manzano
• Ana Natalia Seubert Ravelo
• Antonio Camiro Zúñiga
• Araceli Díaz Ruiz
• Arnold Rene Thompson Cerna
• Arturo Espíndola Rodríguez
• Bayron Alexander Sandoval Bonilla
• Bruno Antonio Marichal Cancino
• Carlos Seanez
• Carlos Alberto Rodríguez Aceves
• César Adán Almendárez Sánchez
• César Alejandro Martínez de los Santos
• Daniel San Juan Orta
• Denisse Danya Rodríguez Maldonado
• Edgar Gerardo Ordóñez Rubiano
• Elma Paredes Aragón
• Enrique Villarreal García
• Fabiola Eunice Serrano Arias
• Fernanda Flores Alfaro
• Francisco Paz Rodríguez
• Gregorio Macías
• Iván Pérez Neri
• Javier Andrés Galnares Olalde
• Jesús Ramírez Bermúdez
• José Gerardo Garza Marichalar
• Juan Carlos López Hernández
• Juan Manuel Hernández Hernández
• Julio César López Valdés
• Karla María Soler Limón
• Laura Hernández Vanegas
• Lenin Pavón Romero
• Lucía Magis Weinberg
• Luis Alberto Rodríguez Hernández
• Luis Alberto Camputaro
• Marcela Cisneros
• María Alejandra González Patiño

• Maria Anayali Estudillo Guerra
• Mayela Rodríguez Violante
• Miguel Restrepo Martínez
• Miguel Cabanillas Lazo
• Mireya Alcaraz Zubeldia
• Nicola Montemurro
• Omar Cárdenas Saenz
• Oscar Esquivel Zapata
• Pablo Felipe Amaya González
• Pardeep Kumar
• Patricio Zárate
• Ramiro Ruiz García
• Roberto Rodríguez Rivas
• Rodolfo Pedro Molina Martínez
• Rodrigo Uribe Pacheco
• Sabino Luzzi
• Sergio Andrés Castillo Torres
• Silvina Romero
• Vanessa Cano Nigenda
• Verónica Rivas Alonso
• Víctor Gálvez 
• Vishal Chavda
• William Florez Perdomo
• Yamil Burguete Fourzali
• Yvonne Flores Medina

Thank you!
Editorial Council
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BRIEF BIBLIOMETRIC ANALYSIS OF THE PARTICIPATION 
OF LATIN AMERICAN AUTHORS IN TOP NEUROLOGY 

JOURNALS DURING 2021: HOW BIG IS THE GAP?

Dear Editor,

Research is an essential tool for social development.  Its outcome must be communicated 
to the scientific community to acquire applicability. Nowadays, health professionals 
are encouraged to participate in scientific publications and cultural heterogeneity is a 
fundamental aspect of the diffusion of different perspectives and realities in their work.1 In 
this context, bibliometric analysis of neurology articles is very useful for assessing the quantity 
and quality of research carried out in low- and middle-income countries, such as Latin 
American countries, in which there is a particular interest in improving scientific production.2,3 

In the subject area and category of neurology (clinical), a bibliometric analysis was carried 
out based on the information available in five leading neurology journals, according 
to the Scimago Journal & Country Rank (SJR). The aim was to assess the participation 
of Latin American authors during 2021 in neurology journals with the highest impact 
factor (according to 2020 metrics). The selected journals were: The Lancet Neurology 
(SJR: 12,776), JAMA Neurology (SJR: 5,298), Brain (SJR: 5,142), Annals of Neurology 
(SJR: 4,754), and Neurology (SJR: 2,910). The typology of publications was organized 
as follows: original articles, reviews (narrative, systematic, and meta-analysis), and other 
types (any other type of manuscript, e.g. letters to the editor). Collaborative groups were 
not considered. Metrics and data on the number of published articles, total number of 
authors, Latin American authors, and publications according to typology were analyzed. 

A total of 2463 articles were considered. 38.4% were original articles (n=946), 3.9% 
were reviews (n=95) and 57.7% were articles included in the category of “other types” 
(n=1422) (Figure 1). A total of 19,703 authors participated in the aforementioned 
publications, 1.3% were Latin American authors (n=265) and only 15.5% of them were 
main authors (n=41/265). Regarding typology, Latin American authors participated 
more frequently with articles included in the “other types” category (n=182; 12.8%) 
and seldom with reviews (n=3; 3.2%). In relation to the total number of publications, 
Latin American authors represented only 10.8%. Annals of Neurology was the journal 
with the highest participation of Latin American authors, considering the total number 
of articles published (27.08%) and the total number of authors (2.66%), followed by 
Neurology in both categories (9.97% and 1.42%, respectively). Neurology included the 
highest number of articles with Latinos as main authors (n=21/128; 16.4%); although 
the journal with the highest proportion of Latinos as main authors in relation to the total 
number of articles with Latino participation was The Lancet Neurology (n=7/10; 70%).

https://www.archivosdeneurociencias.org/index.php/ADN
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.31157/an.v28i2.442
mailto:ilozadam%40unicartagena.edu.co%0D?subject=
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According to the types of articles, Annals of Neurology showed 
the highest Latino participation over the total of original 
articles (37.04%), JAMA Neurology in reviews (10%), and 
Brain in other types (22.94%). During the analyzed period, 
out of the total articles published, Annals of Neurology was 
the journal that published the highest proportion of original 
articles (48.7%), and The Lancet Neurology had the highest 
proportion of reviews (8.1%) and other types (75.2 %).

The results of this bibliometric analysis offer an overview of the 
high-quality scientific production of Latin America, insofar as 
top neurology journals − with a significant global impact − 
published those studies. According to our findings, Annals of 
Neurology is the top journal most attractive and with the greatest 
coverage for Latin American authors, especially with texts other 
than originals or reviews. Despite this, Latino authors had a 
low publication rate in 2021 (10.8%). Only 1 out of 10 articles 
published in top neurology journals included a Latin American 
author. This represented 1% of the total number of authors.

This information should be considered as a wake-up call 
to address the long road ahead in promoting scientific 
development in low- and middle-income countries. Achieving 
optimal research -- adequate and applicable to its context 
--, focused on global challenges in the field of neurology, 
is essential for such purpose. The gap with high-income 
countries, evident when analyzing high-quality scientific 
production, often published in top neurology journals, is 
still very wide. Therefore, it is necessary to radically modify 
the way neurology research is conducted in Latin America.

Figure 1. Number of articles published in top neurology journals during 2021, according to text types.
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NEUTROPHIL-LYMPHOCYTE AND LEUKO-GLYCEMIC 
RATIOS AS PREDICTIVE MARKERS FOR VENTILATORY 
SUPPORT IN PATIENTS WITH GUILLAIN-BARRE 

SYNDROME

Abstract
Background:  Guillain-Barré syndrome (GBS) is the most common cause of acute flaccid paralysis 
worldwide. Serum markers such as the neutrophil-lymphocyte (NLR) and leuko-glycemic (LGR) ratios 
have been studied for the severity and prognosis of non-neurological and neurological disorders.
Methods: Cross-sectional study from a prospective cohort of patients with GBS. A comparison of 
clinical and paraclinical variables between patients with and without ventilatory support was performed, 
as well as logistic regression analysis.
Results:  123 patients were included; mean age 45.5±16.5 years, 77 (62.6%) were men and 37 
(30%) required ventilatory support. A greater age (51.7±18.2 vs 42.9±15.1, p=0.006), cranial nerve 
involvement (75.6% vs 40.6%, p<0.001), dysautonomia (67.5% vs 8.1%, p<0.001), median EGRIS 
score (IQR 2-4) vs 5 (IQR 4-6), p<0.001], median NLR [6.15 (IQR 4.18-9.23) vs 3.1 (IQR 2.21-
4.08), p<0.001] and median LGR [1.58(IQR 0.99-1.99) vs 1.02(IQR 8.85-1.32), p<0.001] was 
observed at admission in patients that needed ventilatory support. The multivariable logistic regression 
analysis demonstrated that the presence of dysautonomia [OR 30.6 (95% CI 6.9-134), <0.001], a 
higher score on the EGRIS scale [OR 2.0 (95% CI 1.3-3.1), p=0.001], and higher NLR [OR 8.6 (95% 
CI 2.0-36.7), p=0.004] are independent risk factors for invasive mechanical ventilation. LGR and NLR 
demonstrated high performance for ventilatory support prediction, with 0.70 and 0.81, respectively. 
Conclusions: the presence of dysautonomia and increased NLR are independent risk factors for 
invasive mechanical ventilation in patients with Guillain-Barre syndrome.

Keywords: Guillain-Barre syndrome, invasive mechanical ventilation, risk factors, neutrophil-
lymphocyte ratio, leuko-glycemic ratio

Introduction

Guillain-Barré syndrome (GBS) is the most common cause of 
acute flaccid paralysis worldwide. Twenty percent of patients 
become seriously disabled and up to 5% die. About 30% of GBS 
patients become ventilator dependent, with an increased risk of 
death, associated complications, and worse clinical outcomes.1,2

Scores such as Erasmus GBS Respiratory Insufficiency Score 
(EGRIS) use clinical data including days from symptom onset 
and admission, facial or/and bulbar weakness, and Medical 
Research Council (MRC) sum score to predict respiratory 

insufficiency within the first week of admission. Additionally, 
other tools can be used to evaluate pulmonary function 
(e.g., forced vital capacity and forced expiratory volume 
in 1s), although special equipment might be required.3,4 

Several studies have supported the role of molecular mimicry 
in disease pathogenesis, by examining a causal relationship 
between C. jejuni lipo-oligosaccharides and gangliosides. 
Lymphocytes and neutrophils are associated with systemic 
inflammation and production of proinflammatory mediators. 
GBS, as an autoimmune disease, elicits an upregulation 
in inflammatory and metabolic pathways, with increased 

https://www.archivosdeneurociencias.org/index.php/ADN
https://creativecommons.org/licenses/by-nc/4.0/
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production of lymphocytes and neutrophils. Serum markers 
such as the neutrophil-lymphocyte (NLR) and leuko-glycemic 
(LGR) ratios have been studied for the severity and prognosis 
of non-neurological disorders such as myocardial infarction, 
cancer, and autoimmune diseases.5,6,7 Regarding neurological 
disorders, little information is available, with some reports in 
patients with multiple sclerosis and cerebrovascular disease.8,9 
Scarce data has been published on the use of these indices 
and autoimmune peripheral neuropathies. This inflammatory 
cascade can appear before GBS clinical symptoms.10 In this 
study, we evaluate NLR and LGR in patients with GBS and 
their relationship as predictive markers for ventilatory support.

Materials and methods

A cross-sectional study from a prospective cohort of patients 
with GBS was conducted, from January 2018 to February 
2021. GBS diagnosis was made by the National Institute 
of Neurological Disorders and Stroke (NINDS)11 and all 
patients had complete blood work on admission to the 
emergency room (CBC, basic metabolic panel, electrolytes, 
and liver function tests). Exclusion criteria included patients 
with diabetes mellitus, previous autoimmune disorders, 
drug-induced immunosuppression, or HIV infection. Patients 
with acute bacterial infection (pneumonia, urinary tract 
infection, etc.) or sepsis on admission, based on the Third 
International Consensus Definition for Sepsis and Septic 
Shock, were also excluded.12 General demographic data 
was obtained, as well as a history of previous infection, 
symptom-to-admission (GBS-associated symptoms to ER 
arrival), assessment of muscle strength based on Medical 
Research Council (MRC) on admission, GBS disability 
score (GDS) on admission, cranial nerve involvement, 
autonomic dysfunction, mechanical ventilation (IMV) and 
length of stay. Nerve conduction studies were performed on 
admission and the electrophysiological damage mechanism 
was classified according to Hadden et al. criteria.13 
Cerebrospinal fluid (CSF) glucose, protein concentration, 
and cell count were evaluated. Albuminocytological 
dissociation was defined as elevated CSF proteins (>45mg/
dL) with low cell count (≤ 50 cells/µL). For each patient, 
the leuko-glycemic ratio [glycemia (mg/dl) x leukocytes 
(106/L) /1,000] and the neutrophil-lymphocyte ratio were 
calculated by neutrophil count divided by lymphocyte count.

The study was approved by the Ethics Committee and the 
Institutional Review Board. Signed consent was required for 

study participation.

Statistical analysis
Demographic data were analyzed with descriptive statistics. 
Kolmogorov-Smirnov test was used for distribution, and 
medians with standard deviation or medians with interquartile 
range were obtained, accordingly. A correlation analysis 
with the Person test was performed. Comparison between 
patients with and without ventilatory support was performed 
with student´s t-test or Mann-Whitney U test based on 
distribution. The chi-square test was used for categorical 
variables, and Fisher´s exact test was applied when necessary. 

A logistic regression analysis was performed for patients 
with mechanical support, according to TRIPOD consensus.14  
Variables included age, dysautonomia, EGRIS score, 
neutrophil-lymphocyte (NLR), and leuko-glycemic (LGR) ratios. 
Goodness-of-fit was assessed with Hosmer & Lemeshow 
test, results were reported in odds ratio with 95% confidence 
intervals, and the performance of the model was assessed 
through analysis of area under the curve.  Both NLR and 
LGR performances were obtained with an area under the 
curve analysis, cut-off values, sensitivity, and specificity were 
established by the Youden index, and a value of p<0.05 was 
considered statistically significant.  Data were analyzed using 
SPSS version 22. 

Results

Of 174 patients with GBS, 51 patients were excluded 
(Figure 1), leaving 123 patients for study analysis. The mean age 
was 45.5±16.5 years, 77 (62.6%) were men and 37 (30.0%) 
required ventilatory support. In patients with mechanical 
ventilation, the mean age was 51.7±18.2 years, and the 
median time from symptom onset to ventilation was 5 days 
(IQR 3-5). Moreover, 75.6% had cranial nerve involvement 
(facial and/or bulbar), a mean MRC sum score of 22.2±16.9, 
median EGRIS score of 4 (IQR 2-5), median LGR of 1.58 
(IQR 0.99-1.99) and median NLR of 6.15 (IQR 4.18-9.23). 
Baseline demographics patients are shown in Table 1.

The distribution of leukocyte, lymphocyte, neutrophil, and 
serum glucose counts at admission with respect to the age 
of the population is shown in Figure 2.  In the analysis of 
correlation between age (years) and the other variables 
(leukocyte count, lymphocytes, neutrophils, and serum 
glucose levels) there were no statistically significant results.

When comparing both groups, a greater age (51.7±18.2 vs 
42.9±15.1, p=0.006), cranial nerve involvement (75.6% vs 
40.6%, p<0.001), dysautonomia (67.5% vs 8.1%, p<0.001), 
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Patients requiring 
ventilatory support

n=37

Patients not requiring 
ventilatory support 

n=86
P value

Age – yr, mean 51.7±18.2 42.9±15.1 0.006
Male gender - no. (%) 20(54) 57(66.2) 0.22
Diarrhea, no. (%) 13(35.1) 30(34.8) >0.99
Cranial nerve involvement – no. (%) 28 (75.6) 35 (40.6) <0.001
       -Facial nerve- 24(64.8) 34(39.5) 0.011
       -Bulbar nerves 25(67.5) 21(24.4) <0.001
Dysautonomia, no (%) 25(67.5) 7(8.1) <0.001
GDS score, median (IQR) 4(1-4) 4(2-5) <0.001
MRC score on admission, mean (SD) 22.2±16.9 35.2 ±16.1 <0.001
EGRIS score, median (IQR) 3(2-4) 5(4-6) <0.001
Hospital stay (days), median (IQR) 58(31-83) 7(5-10.5) <0.001
Protein count in LCR (mg/dl), median (IQR) 39(27-100) 446(32-60) 0.83
Leucocyte (103/ml), median, (IQR) 12.51(9.12-16.58) 9.75(8.20-11.72) 0.002
Neutrophil (103/ml), median, (IQR) 8.3 (5.85-11.30) 6.40(5.45-8.10) <0.001
Lymphocyte (103/ml), median, (IQR) 1.60(1.15-1.90) 2.20(1.60-2.60) <0.001
Glucose (mg/dl), median (IQR) 122(110-141) 106(95.5-118) <0.001
Sodium (mEq/dl), median (IQR) 138(135-140) 138(137-140) 0.75
Albumin (g/dl), mean SD 4.28±0.52 4.45±0.46 0.089
NLR, median, (IQR) 6.15(4.18-9.23) 3.1(2.21-4.08) <0.001
LGR, median, (IQR) 1.58(0.99-1.99) 1.02(8.85-1.32) <0.001

Table 1. Comparative analysis between GBS patients with invasive ventilation mechanical
 (IVM) vs no-IVM

Figure 1. Flow diagram of patient inclusion and exclusion

174 patients

35 patients excluded for lack 
of complete laboratory tests

139 patients

123 patients

16 patients excluded for:
a) 9 had pneumonia on 
admission
b) 2 had urinary tract 
infection on admission.
c) 5 were diagnosed with 
diabetes mellitus
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MRC score (22.2±16.9 vs 35.2±16.1, p<0.001), and 
median EGRIS score [3 (IQR 2-4) vs 5 (IQR 4-6), p<0.001] 
was observed at admission in patients that needed ventilatory 
support. No statistically significant differences were 
encountered neither for demyelinating (38.7% vs 42.4%, 
p=0.82) nor axonal subtype (61.2% vs 50.6%, p=0.39). 
Both median NLR [6.15 (IQR 4.18-9.23) vs 3.1 (IQR 2.21-
4.08), p<0.001] and median LGR [1.58 (IQR 0.99-1.99) vs 
1.02 (IQR 8.85-1.32), p<0.001] in patients with ventilatory 
support were significant.

The multivariable logistic regression analysis demonstrated that 
the presence of dysautonomia [OR 30.6 (95% CI 6.9-134), 

p=<0.001], a higher score on the EGRIS scale [OR 2.0 
(95% CI 1.3-3.1), p=0.001], and higher NLR [OR 8.6 
(95% CI 2.0-36.7), p=0.004] are independent risk factors 
for invasive mechanical ventilation; the model performance 
is AUC 0.938, 95% CI (0.89-0.98), p= <0.001 (Table 2).

Both LGR and NLR demonstrated high performance for 
ventilatory support prediction, with 0.70 [95% CI (0.59-
0.81), p<0.001] and 0.81 [95% CI (0.72-0.89), p<0.001], 
respectively. The best cut-off values, according to the Youden 
index, are 1.12 for LGR (sensitivity 0.70, specificity 0.40) 
and 3.59 for NLR (sensitivity 0.78, specificity 0.33). The 
operating characteristic curve analysis is shown in Figure 3.

Figure 2. Count of leukocytes, lymphocytes, and serum glucose levels at admission with respect to population age
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Univariable model Multivariable model

Patients 
requiring 
ventilatory 

support
n=37

Patients not 
requiring 
ventilatory 

support
n=86

P value OR (IC 95%) OR (IC 95%) P value

Age - yr 51.7±18.2 42.9± 15.1 0.006 1.03(1.0-1.06) 1.06(1.0-1.1) 0.003

Symptom-to-admission -median (days) (IQR) 5(3-5) 6(4-10) 0.003 0.87(0.78-0.98

Cranial nerve involvement – no. (%). 28(75.6) 35(40.6) <.001 4.5(1.9-10.7)

MRC score - mean (SD) 22.2±16.9 35.2 ±16.1 <0.001 0.95(0.92-0.97)

Dysautonomia, no (%) 25(67.5) 7(8.1) <0.001 23(8.3-66) 30.6(6.9-134) <0.001

EGRIS score, median (IQR) 3(2-4) 5(4-6) <0.001 1.9(1.4-2.4) 2.0(1.3-3.1) 0.001

LGR (%) 1.58(0.99-1.99) 1.02(8.85-1.32) <.001 3.0(1.6-5.5) 0.7 (0.2-2.5)) 0.58

NLR (%) 6.15(4.18-9.23) 3.1(2.21-4.08) <.001 4.0 (2.0-8.19) 8.6(2.0-36.7) 0.004

Logistic regression description:
Overall model fit: chi-square 81.123, df 5, p< 0.0001.
Goodness-of-fit test: r2 = 0.483; Hosmer & Lemeshow test, chi-square, 12.47, df 8, p= 0.13.
Model performance: AUC 0.938, 95% CI (0.89-0.98), p= <0.001.

Table 2. Multivariable analysis for ventilatory support in patients with GBS

Figure 3. ROC curves for Neutrophil-lymphocyte index and Leuko-glycemic index for 
ventilatory support prediction
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Discussion

Guillain-Barre Syndrome (GBS) is an autoimmune disorder 
where antibodies are abnormally produced against peripheral 
nerve gangliosides. Cellular responses potentially play a role in 
the pathogenesis of GBS and complement-mediated nerve injury. 
Experimental allergic neuritis models have encountered several 
pro-inflammatory molecules related to acute nerve injury, such 
as IFN-γ, IL-1β, tumor necrosis factor (TNF), IL-6, and IL-10.  
All these inflammatory processes occur in the pre-symptomatic 
stages of patients with GBS and further portray worse clinical 
presentations with early ventilatory support requirements.15

Classically, old age has been considered a risk factor for 
ventilatory support and inability to walk independently at 
1, 3, and 6 months.1 Despite decreased immunological 
responses in the elderly, as described previously by Hagen et 
al. this subset of patients has increased leukocyte, neutrophil, 
and lymphocyte counts when compared to younger patients 
with GBS, and they should be treated as high-risk patients 
for several complications and worse functional outcomes.15 

The EGRIS scale, developed in European and North American 
populations, uses only clinical variables (MRC score, cranial/
bulbar weakness, and days between onset and hospital 
admission) to predict respiratory insufficiency and ventilatory 
support within the first week of admission.3 Early involvement 
of bulbar muscle strength can cause microaspiration, hence 
the large population of GBS patients with a high EGRIS score 
with pneumonia upon admission.16 In these cases, it is difficult 
to distinguish if the inflammatory process is due to sepsis 
associated with aspiration pneumonia or GBS inflammatory 
process. In our study, patients who presented some infectious 
process (pneumonia) on admission were excluded. We 
observed that high NLR is a risk factor, independent of 
the EGRIS scale score, for ventilation requirement; to our 
knowledge, this data had not been previously reported. 

Consequently, we consider that the elevation of NLR in 
patients with GBS who require VMI is due to the systemic 
immune response of the disease, as in the case of other 
neurological autoimmune diseases (multiple sclerosis).9

We observed that the presence of dysautonomia is also a risk 
factor for the requirement of invasive mechanical ventilation, 
independent of the EGRIS scale score, which has not been 
previously reported. Cardiovascular dysautonomia is due 
to injury of the thoracic medullary roots exit that form the 
paraganglionic chains of the sympathetic autonomic system. 

The diaphragmatic weakness that occurs in patients with 
SGB requiring VMI, in part, is attributable to damage of the 
phrenic nerves in their exit from the cervical roots.  Therefore, 
we theorize that both the presence of dysautonomia and 
diaphragmatic weakness is due to severe root damage in GBS.3

The neutrophil-lymphocyte ratio is an indicator of systemic 
inflammation and has been described as a marker of severity 
and short overall survival in subjects with acute respiratory 
distress syndrome (ARDS). Wang et al. demonstrated an 
increase in in-hospital, 28-day, and 90-day mortality in patients 
with ARDS with a NLR of >14: 57.8% vs 43.2%, 58.9% vs 
41.1,% and 58.0% vs 42.0%, respectively.17 Furthermore, 
inflammatory diseases have higher NLR, as recently described in 
a meta-analysis of 1550 patients with rheumatoid arthritis.6 
Fewer evidence exists on its utility for neurological disorders. 
However, a higher NLR (classified by terciles and adjusted for 
clinical and laboratory values) was associated with unfavorable 
outcomes in terms of mRS score after acute ischemic stroke.18 

Additionally, higher NLR values have been observed in patients 
with multiple sclerosis when compared to healthy controls.9

Scarce information is available on the usefulness of NLR as an 
indicator in autoimmune peripheral nerve disorders, such as 
GBS. One study reported a higher NLR in subjects with acute 
inflammatory demyelinating polyneuropathy (AIDP), but we did 
not find any association with electrophysiological subtypes.19 

Other reports have associated this ratio with severe 
presentations of GBS, for example, Huang et al. reported 
a higher level of NLR in subjects with GDS ≥3 and a 
cut-off value of 2.295 for GBS occurrence and 3.05 for 
severity.20 Moreover, Pingping N et al. reported several 
ratios as risk factors for IMV in patients with GBS, particularly 
NLR, with an OR of 3.319 and a cut-off value of >3.5 for 
mechanical ventilation.21 We obtained a similar cut-off value 
of 3.59 with a sensibility of 78% and a specificity of 33%.

High serum glucose in a patient requiring ventilatory support 
due to any disease is considered a marker of severity.22 
We observed higher serum glucose levels on admission in 
GBS patients with ventilatory support compared to those 
without, as demonstrated in other series.23 The increase 
in serum glucose levels might be directly related to the 
metabolic response to stress in acute inflammatory processes.
On the other hand, an interesting fact is the high prevalence 
of autonomic dysfunction in severe GBS cases and in patients 
with mechanical support,23 where cortisol-induced glucose 
increment can be produced by adrenergic dysregulations.24
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Although LGR has been extensively studied in acute 
myocardial infarction and relates to severity,25 few reports 
have demonstrated its correlation with severity in acute 
ischemic stroke.26 We observed a statistically significant 
OR in the univariable analysis for LGR but not in the 
multivariable analysis. To our knowledge, this is the first report 
of LGR in subjects with GBS. Further studies are needed to 
confirm the role of these indexes in other circumstances.

Conclusion

The presence of dysautonomia and increased NLR are 
independent risk factors for invasive mechanical ventilation in 
patients with Guillain-Barre syndrome.
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EVALUACIÓN DE UNA BATERÍA DE ESTÍMULOS DE 
RECONOCIMIENTO EMOCIONAL AUDITIVO

Resumen
Introducción: el reconocimiento emocional auditivo (REA) es la capacidad de reconocer estados 
emocionales en otros, poniendo énfasis en las características prosódicas, tales como tono, intensidad 
y frecuencia. La literatura sobre esta área es escasa y en la actualidad no hay baterías de estímulos 
de REA validadas en Latinoamérica. 
Objetivo: evaluar una batería de estímulos de REA en una muestra de población adulta chilena. 
Material y métodos: 140 adultos de entre 18 y 50 años de edad respondieron un formulario online 
que contenía la batería de estímulos auditivos y preguntas asociadas. Los estímulos fueron elaborados 
a través de un modulador sintético de acuerdo a los parámetros sugeridos en la literatura. Se solicitó 
a los participantes que asociaran los estímulos auditivos a estados emocionales.
Resultados: la característica F0M es clave para el reconocimiento de las emociones alegría y enojo, 
F0SD es importante para la emoción Tristeza y HF500 para la emoción Enojo; se encontraron 
diferencias significativas entre las medias de respuesta entre participantes que reportaron un trastorno 
psiquiátrico al momento del estudio y aquellos que no lo reportaron. 
Conclusiones: varios de los estímulos fueron evaluados por los/las participantes como representativos 
de algún estado emocional en alta proporción. Se encontraron similitudes entre los resultados de 
este estudio y la literatura en cuanto a la importancia de la presencia/ausencia de HF500 en la 
identificación de las emociones Alegría, Tristeza y Enojo, así como de F0M en el caso de Alegría y 
F0SD en el de Alegría y Tristeza.

Palabras clave: emoción, reconocimiento emocional auditivo. prosodia.

Introducción

El reconocimiento emocional (RE) juega un papel 
fundamental en la cognición social, pues nos permite 
predecir el comportamiento de otros en nuestro entorno y, 
con esto, adaptarnos a las exigencias del contexto social.1

El reconocimiento emocional auditivo (REA) es la 
capacidad de interpretar componentes perceptivos del 
habla 2 e identificar estados emocionales a través de 
estas características prosódicas,3 lo que resulta de gran 
relevancia puesto que proporciona mayor información para 
un entendimiento cabal del ambiente social y comunicativo.4 
El estudio respecto a este tipo de reconocimiento es 
limitado en comparación con el de tipo visual; 5 la mayoría 
de la investigación desarrollada se ha enfocado en una 
combinación de estímulos de distinta naturaleza.6,7,3

La emoción es transmitida por variaciones en el tono de 
la voz, lo que conduce al proceso de reconocimiento 
emocional vocal receptivo (también llamado reconocimiento 
emocional auditivo); la interpretación de esta característica 
(el tono), permite a los individuos inferir el verdadero estado 
emocional del hablante, aunque el contenido verbal del 
discurso sea neutro.8 La voz, debido a sus características 
de tono y amplitud, permite expresar emociones más 
complejas que la expresión facial, pues el hablante tiene 
la posibilidad de agregar intenciones con mayor eficacia.4

Se han identificado patrones relativamente distintivos de 
señales acústicas según emociones específicas: 1) tono, el 
cual tiene los componentes de frecuencia fundamental media 
(F0M), variabilidad de la frecuencia fundamental (F0SD) y 
forma del contorno de la frecuencia fundamental (F0contour); 
2) intensidad, que se conforma de intensidad media de la 
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voz (VoiceintM), variabilidad de la intensidad de la voz 
(VoiceintSD) y tasa de aumento de la amplitud (ATTACK); 
3) calidad, compuesta por la proporción relativa de energía 
acústica por encima y por debajo de 500Hz (HF500) y ancho 
de banda del primer formante (F1BW), y 4) temporalidad, 
establecido por la velocidad del habla (ritmo del habla) y 
cantidad de pausas en el habla (proporción de pausas).2,8

Actualmente, en Latinoamérica y en Chile no existen 
baterías ni estudios de validación de éstas sobre el REA. La 
literatura sugiere que las características vocales que expresan 
dichos estados emocionales pueden aproximarse mediante 
audios no vocales y de ondas sonoras puras, de la misma 
naturaleza que los utilizados en esta investigación. Así, se 
vuelve necesario conocer los parámetros exactos de estas 
características físicas y cómo los cambios en ellas afectan el 
reconocimiento de ciertas emociones en la población chilena.

Por lo tanto, se buscó evaluar una batería de estímulos 
de reconocimiento emocional auditivo (REA) generados 
sintéticamente en una población de adultos chilenos, 
estableciendo la tasa de respuesta y frecuencia de estímulos 
de REA según las características físicas asociadas a cada 
tipo de emoción.

Material y métodos

Muestra
Se trabajó con 140 adultos de nacionalidad chilena (104 
mujeres), con edades entre los 18 y 50 años. Del total de 
participantes, 31 reportaron haber sido diagnosticados 
con algún trastorno psiquiátrico (esto fue señalado en 
las respuestas del cuestionario demográfico incluido en 
la encuesta online, que no consideraban verificación 
clínica, sólo el reporte de los/las participantes). Los/
las participantes leyeron y validaron un consentimiento 
informado, en el cual se aceptaba la participación voluntaria 
en la tarea y la utilización de los datos en la investigación.

Diseño y procedimiento
Este proyecto fue revisado y aprobado por el Comité de Ética 
de la Facultad de Psicología de la Universidad de Talca.

Se desarrolló un cuestionario online a través de la plataforma 
SurveyMonkey, que incluyó el consentimiento informado, con 
su correspondiente aceptación o rechazo, un cuestionario 
demográfico y la secuencia de estímulos auditivos. El cuestionario 
continuaba solo para aquellos participantes que aceptaban 
participar en el estudio en la etapa de consentimiento informado.

Las instrucciones para la secuencia de estímulos auditivos 
se requirió el uso de audífonos y ajustar el volumen al 50%, 
un estímulo de prueba, y, por último, se presentaron, un 
estímulo a la vez, los 42 estímulos auditivos aleatorizados en 
su presentación entre los/las participantes. Cada participante 
debía reproducir cada sonido y responder a la pregunta “¿qué 
emoción está demostrando este sonido?”, seleccionando una 
de 5 respuestas (alegría, tristeza, enojo, miedo o sin emoción). 

Instrumento y Variables 
a. Cuestionario demográfico. El cuestionario demográfico 

incluyó 14 ítems que abarcaban información 
autoreportada relacionada con la edad, sexo, nivel 
educacional, diagnósticos psiquiátricos, entre otros.

b. Batería de estímulos auditivos. La batería contó con 42 
estímulos representativos de 4 emociones básicas (miedo, 
enojo, alegría y tristeza) y una expresión sin emoción o 
neutra; el tiempo aproximado de aplicación fue de 15 
minutos.

En cuanto a los estímulos de REA, se trataron de archivos de 
audio, de 500 ms de duración, creados a través de un modulador 
sintético y de carácter no vocal, puesto que corresponden a un 
sonido modulado. Fueron creados por la Dra. Johanna Kreither, 
como parte del proyecto Fondecyt 11180961, mediante el 
Software Matlab. Los estímulos seguían las características 
que Juslin y Laukka 9 y Kantrowitz et al.8 plantean para que el 
sonido represente una emoción en particular. Adicionalmente, 
las características operacionales de los estímulos auditivos 
se detallan a continuación: 1) F0M: frecuencia fundamental 
media, su incremento varía la percepción de emociones, siendo 
sus niveles 125=bajo, 225=medio y 378=alto. Este tono 
modulado es típicamente percibido como “alegría” (etiqueta 
“Alegría 378/125”); 2) F0SD: variabilidad de la frecuencia 
fundamental, su fluctuación en la altura varía la percepción, 
siendo sus niveles “bajos” 20, 40 y 60, “medio” 80 y 125 y 
“alto” 150 y 175. Este tono modulado es típicamente percibido 
como “tristeza” (etiqueta “Tristeza 125/20”); 3) HF500: ruido 
de alta energía que se sobrepone al tono estándar actuando 
como interferencia sin afectar la frecuencia fundamental 
ni la variabilidad de la altura. Este sonido es típicamente 
percibido como “enojo” o “miedo” (etiqueta “Enojo/Miedo 
HF500”). Dicho parámetro estuvo presente (Si) o ausente 
(No) en los audios, lo que dividió los estímulos en dos grupos. 
Estas características se encuentran resumidas en la Tabla 1.

Por último, se realizó un apartado luego de cada estímulo, 
que refería a la emoción que representaba el ítem según el 
participante. 
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Plan de Análisis 
El análisis estadístico de los datos se realizó mediante los 
softwares SPSS versión 26 y Excel de Microsoft 365.

a. Plan de análisis para frecuencias por estímulo. Con el 
objetivo de mostrar cuántas respuestas se obtuvieron para 
cada estímulo auditivo y por cada emoción, se dividieron 
los estímulos en dos grupos: del 100 al 120, que incluía 
los estímulos auditivos sin ruido de fondo (HF500), y del 
200 al 220, que sí lo presentaban. Luego de esto, se 
calcularon los porcentajes de frecuencia de las emociones 
asociadas a cada estímulo.

b. Plan de análisis para determinar diferencias según 
reporte de trastorno psiquiátrico. Para identificar 
posibles variables intervinientes en el proceso de REA, se 
compararon las medias de frecuencia respecto a cada 
emoción según la presencia o ausencia de un trastorno 
psiquiátrico al momento de la realización del cuestionario. 
Para ello se llevó a cabo la prueba T de Student para 
muestras independientes.

Resultados

Resultados de análisis para frecuencias por estímulo.
El porcentaje de respuestas de los estímulos del 100 al 120 
se presentan en la Tabla 2. Se encontraron estímulos que 
obtuvieron frecuencias altas (sobre 35%) asociados a Alegría, 
Tristeza y Sin Emoción.

Características Enojo Miedo Felicidad Tristeza
Tono
F0 M Alto Medio Alto Bajo

F0 SD Alto Bajo Alto Bajo
F0 cont Medio Alto Alto Bajo
Intensidad
Int M Alta Baja Alta Baja
Int SD Grande Grande Grande Pequeña
Ataque Alto Bajo Medio Medio
Calidad
F1 BW Bajo Alto Alto Alto
HF 500 Alto Bajo Alto Bajo
Señales Temporales
Velocidad del sonido Medio Alto Medio Medio
Proporción de la pausa Bajo Medio Medio Alto

Nota. Adaptación del resumen aparecido en “Impact of intended emotion 
intensity on cue utilization and decoding accuracy in vocal expression of 
emotion”, de Juslin y Laukka, 2001.9

Tabla 1. Resumen simplificado de los patrones de señales del 
sonido, específicos para determinadas emociones básicas

Estímulo
Características Porcentajes de respuestas (%)

F0M/F0SD
(Hz)

HF500 Alegría Enojo Miedo Sin 
Emoción Tristeza

100 125/20 No 2,9 10,7 20,7 26,4 39,3

101 125/40 No 5,0 15,0 20,0 33,6 26,4

102 125/60 No 5,7 17,9 22,9 30,0 23,6

103 125/80 No 7,1 17,1 17,1 34,3 24,3

104 125/125 No 7,1 11,4 29,3 28,6 23,6

105 125/150 No 13,6 9,3 20,7 38,6 17,9

106 125/175 No 16,4 16,4 19,3 30,0 17,9

107 225/20 No 5,0 1,4 20,7 15,7 57,1

108 225/40 No 13,6 5,0 14,3 21,4 45,7

109 225/60 No 12,9 5,7 20,7 21,4 39,3

110 225/80 No 15,0 7,1 14,3 34,3 29,3

111 225/125 No 22,1 10,0 16,4 27,9 23,6

112 225/150 No 30,7 10,7 13,6 25,7 19,3

113 225/175 No 30,7 12,1 14,3 30,0 12,9

114 378/20 No 17,9 0,7 14,3 12,1 55,0

115 378/40 No 22,9 5,7 17,9 13,6 40,0

116 378/60 No 33,6 5,0 14,3 18,6 28,6

117 378/80 No 39,3 5,7 12,9 17,1 25,0

118 378/125 No 45,0 5,7 17,1 18,6 13,6

119 378/150 No 56,4 7,9 7,9 18,6 9,3

120 378/175 No 62,1 7,9 10,0 11,4 8,6

Tabla 2. Resumen de porcentaje de respuestas por estímulo
 del 100 al 120

Nota. Se han destacado en los porcentajes de respuestas por emoción los 
valores > 35%. Las características operacionales y moduladas son F0M: 
frecuencia fundamental, F0SD: altura de la frecuencia y HF500: ruido de 
alta energía.

Los estímulos del 200 al 220 mostraron porcentajes de 
respuesta altos (> 35%) para las emociones Enojo y Alegría 
(Tabla 3).

Resultados de análisis para determinar diferencias según 
reporte de trastorno psiquiátrico
Se obtuvieron diferencias significativas en la emoción Miedo 
(p < 0,01) entre quienes sí reportaron un trastorno psiquiátrico 
(M=11,42; SD=5,94) y aquellos que no lo reportaron 
(M=8,52; SD=5,15), al igual que en la emoción Tristeza 
(p < 0,05), entre los participantes que reportaron un 
trastorno psiquiátrico (M=10; SD=5,61) y quienes no 
(M=7,93; SD=4,44). Algo similar ocurrió en el caso 
de Sin Emoción: el grupo de quienes reportaron un 
trastorno psiquiátrico (M = 5,26; SD = 5,26) y el grupo 
que no reportó un trastorno psiquiátrico (M=10,37; 
SD=11,12) presentaron diferencias significativas (p < 0,01).

https://www.archivosdeneurociencias.org/index.php/ADN


Kreither Johanna et al.

  Arch Neurocien (Mex) | Volumen 28, número 2, año 2023 archivosdeneurociencias.org |  17

Estímulo
Características Porcentaje de respuestas (%)

F0M/F0SD
(Hz)

HF500 Alegría Enojo Miedo Sin 
Emoción Tristeza

200 125/20 Sí 2,9 38,6 32,9 17,9 7,9

201 125/40 Sí 0,7 45,0 27,1 21,4 5,7

202 125/60 Sí 2,9 40,7 31,4 15,0 10,0

203 125/80 Sí 3,6 40,7 30,0 20,0 5,7

204 125/125 Sí 3,6 38,6 30,0 17,9 10,0

205 125/150 Sí 7,1 32,1 22,9 25,7 12,1

206 125/175 Sí 2,1 35,7 30,7 25,7 5,7

207 225/20 Sí 3,6 18,6 32,9 13,6 31,4

208 225/40 Sí 4,3 25,7 27,9 20,0 22,1

209 225/60 Sí 7,1 34,3 23,6 22,9 12,1

210 225/80 Sí 13,6 31,4 22,1 23,6 9,3

211 225/125 Sí 10,7 27,1 25,7 27,1 9,3

212 225/150 Sí 13,6 27,1 25,7 25,0 8,6

213 225/175 Sí 12,1 35,0 23,6 25,7 3,6

214 378/20 Sí 8,6 9,3 33,6 15,0 33,6

215 378/40 Sí 17,1 13,6 28,6 15,7 25,0

216 378/60 Sí 20,7 22,1 21,4 16,4 19,3

217 378/80 Sí 19,3 15,7 27,9 23,6 13,6

218 378/125 Sí 35,0 24,3 19,3 15,7 5,7

219 378/150 Sí 37,1 22,9 23,6 13,6 2,9

220 378/175 Sí 35,7 27,9 17,1 14,3 5,0

Tabla 3. Resumen de porcentaje de respuestas por estímulo del 
200 al 220

Nota. Se han destacado en los porcentajes de respuestas por emoción los 
valores > 35%. Las características operacionales y moduladas son F0M: 
frecuencia fundamental, F0SD: altura de la frecuencia y HF500: ruido de 
alta energía.

Discusión

Esta investigación utilizó estímulos sintéticos con 
variaciones en tono (F0M/F0SD) y calidad (HF500), lo 
cual permitió evaluar los efectos de la variabilidad de esos 
tres componentes físicos en el reconocimiento emocional. 
Esto potencialmente permite, como fue señalado por 
Kantrowitz et al.,8 el uso de la misma batería de estímulos 
en poblaciones interculturales sin las barreras del lenguaje, 
la adaptación y traducción. Por tanto, fue posible valorar 
cómo la información de la literatura expuesta y los resultados 
de estudios anteriores se replicaban en población chilena.

En cuanto a las características físicas de los estímulos 
utilizados, tono se compone de frecuencia fundamental 
(F0M) y variabilidad de la frecuencia fundamental (F0SD). 

Respecto a los resultados de esta investigación, se evidenció 
que el nivel de la frecuencia fundamental (bajo=125: 
medio=225; alto=378) tiene un papel clave en el porcentaje de 
identificación de emociones como Alegría y Enojo; en estímulos 
con niveles altos de F0M se reconoce Alegría en mayor 
medida, mientras que en estímulos con niveles bajos de F0M 
se identifica más Enojo. En relación con la variabilidad de la 
frecuencia fundamental, se encontró que esta característica 
determina el porcentaje de precisión para la identificación de 
Alegría, esto es, hay un mayor porcentaje de identificación 
de esta emoción cuando aumenta la variabilidad, lo que se 
aprecia en el aumento en los estímulos 114 al 120 (Ver Tabla 2).
En el caso de Tristeza, dicha variabilidad cumple 
principalmente un rol significativo en su reconocimiento, 
aunque también juega un papel en la precisión, lo que se 
evidencia en los estímulos mejor identificados, que tuvieron 
las características 225/20, 378/20 y 225/40, demostrándose 
que F0SD es el parámetro que permite el reconocimiento 
de esta emoción, según los resultados de los estímulos 107, 
114 y 108. Con respecto a Alegría, esta característica debe 
ser mayor a 60 Hz (medio=80 - 125; alto=150 - 175) y su 
aumento es directamente proporcional con el porcentaje de 
reconocimiento, por ejemplo, el estímulo con parámetros 
378/80 tuvo un menor porcentaje que el estímulo con 
características 378/175. En contraste, para el reconocimiento 
de Tristeza, F0SD tiene que encontrarse en niveles bajos (20 
- 40 - 60), incluso cuando la característica F0M se encuentre 
en nivel alto o medio, lo cual amplía los hallazgos de los 
estudios de Juslin y Laukka 9 y Kantrowitz et al.,8 quienes 
proponen que los parámetros para reconocer Tristeza deben 
ser F0M bajo y F0SD bajo. Cabe mencionar que, si bien el 
estímulo “estereotípico” de Tristeza (125/20) es identificado 
en este estudio como tal emoción, el porcentaje de respuesta 
es de los más bajos, lo que supone que su reconocimiento 
está más ligado a la característica F0SD que al nivel de F0M.

En cuanto a calidad (HF500), su presencia en los estímulos, 
según la literatura, está ligada al aumento de la percepción 
de Enojo y a la disminución con respecto a Tristeza  8, lo que 
se condice con lo encontrado en este estudio, ya que el 
primer set de estímulos, que no presentó el ruido HF500, no 
mostró porcentajes significativos de la percepción de Enojo, 
a diferencia del segundo set, que sí lo presentó y en el que 
aumentó la identificación de esta emoción, al tiempo que 
fueron eliminaron porcentajes significativos en la percepción 
de Tristeza. En relación con la emoción Alegría, ésta fue 
identificada transversalmente en ambos sets de estímulos, 
pero su reconocimiento se redujo en el grupo que contenía 
el ruido HF500, contrario a lo postulado por Juslin y Laukka.9 
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Era esperable que no se obtuvieran percepciones significativas 
(>35%) para Miedo, ya que el estudio de Kantrowitz et al.,8 
en el que se basó esta investigación, no trabajó con dicha 
emoción, por lo que se desconocen los efectos específicos de 
las características trabajadas en esta batería de estímulos en 
su reconocimiento. Por su parte, el estudio de Juslin y Laukka 9 
sí postula posibles características para que un estímulo 
pueda identificarse correctamente como Miedo, lo cual no 
se comprueba en la presente investigación. Lo anterior puede 
deberse a que los estímulos de la presente se modificaron 
según 3 aspectos prosódicos, y Miedo podría requerir la 
modulación F0SD en niveles bajos junto con otros aspectos, 
como forma del contorno de la frecuencia fundamental 
(F0cont), que tendría que encontrarse en nivel alto.2 Dicha 
característica del tono varía en esta emoción más que en otras, 
por ejemplo, Tristeza, con la que comparte varios parámetros. 
 
En los estudios que trabajaron con estímulos auditivos para 
REA con muestras de población clínica (esquizofrenia) y 
controles,2,8 se encontraron diferencias significativas en 
el rendimiento de los grupos según el reconocimiento 
emocional, sin discriminación por emoción. La presente 
investigación arrojó diferencias significativas en el porcentaje 
de respuestas de identificación entre participantes que 
reportaban un trastorno psiquiátrico y aquellos que no con 
respecto a las emociones Miedo y Tristeza y la expresión Sin 
Emoción, lo que coincide parcialmente con la literatura, 
puesto que las emociones Alegría y Enojo no mostraron 
diferencias, en contraste con estudios anteriores. Esta 
diferencia parcial podría deberse a que los parámetros de los 
estímulos generan distintas respuestas en la población chilena 
y en la de los estudios de Leitman et al.2 y Kantrowitz et al.8

Cabe mencionar que el presente estudio, al ser, a saber 
de los autores, el primero que plantea evaluar una batería 
de estímulos en la población chilena, buscó establecer los 
parámetros de reconocimiento de emociones por medio 
de estímulos auditivos en adultos, y evaluarlos de manera 
exploratoria. Por esta misma razón, se decidió no descartar 
los resultados de los participantes que reportaron un 
trastorno psiquiátrico, ya que el porcentaje de prevalencia 
de éstos es el que se encontraría en la población chilena.

En conclusión, este estudio en población chilena tuvo resultados 
similares a los de investigaciones previas, específicamente 
los que se desprenden de los estudios de Juslin y Laukka 9 
y Kantrowitz et al.8 basados en población angloparlante. Por 
un lado, se confirmó que el parámetro F0M en niveles altos 
determina la identificación de Alegría, y el parámetro F0SD 

en niveles bajos la de tristeza, con la salvedad de que, a 
diferencia de los estudios anteriores, F0M alto y F0SD bajo 
aún permite el reconocimiento de Tristeza, lo cual muestra que 
en esta población F0M no cumple un papel determinante en 
la identificación de dicha emoción. Por otro lado, la presencia 
o ausencia del sonido de alta energía HF500 se relaciona 
con la aparición de Enojo y la desaparición de Tristeza, 
aunque se amplifica para la emoción de Alegría. La literatura 
postularía que con el sonido de alta energía esta emoción 
no debería reconocerse tan claramente; en este estudio sólo 
disminuyó su porcentaje de reconocimiento, que nunca bajó 
de 35%, lo cual se evidencia en los estímulos 218 a 220.

Este trabajo es relevante dado el número limitado de estudios 
en reconocimiento emocional auditivo y la inexistencia de 
investigaciones en español al respecto. Adicionalmente, se 
encuentra el hallazgo de que, contrario a lo que postulan 
Kantrowitz et al.8 respecto al uso de baterías de estímulos no 
verbales sintetizados y el reconocimiento de las emociones 
que evocan según distintos contextos culturales, hay menores 
diferencias en la identificación de ciertas emociones. Esto 
puede deberse a que dichas emociones estén determinadas 
por factores culturales, tanto en su expresión como en su 
interpretación, lo que abre nuevas líneas de investigación 
en torno a la evaluación de parámetros específicos de los 
estímulos y sus características físicas (F0M, F0SD y HF500) 
adaptados a la población participante.

Dentro de las recomendaciones para estudios futuros en 
poblaciones latinoamericanas, se encuentra contar con un 
mayor número de participantes en función de la validez y 
utilidad de los datos, así como con participantes controles 
y pacientes de algún diagnóstico verificado clínicamente, lo 
cual debe ser parte de los criterios de inclusión. Además, es 
necesaria una mayor producción de este tipo de estudios con 
diversos parámetros prosódicos de los estímulos emocionales 
auditivos. 
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THE EFFECTS OF MEMANTINE AND MK801 ON NMDA 
RECEPTOR SWITCHING 2B AND 2A SUBUNITS IN 

HIPPOCAMPAL CELL CULTURE

Abstract
Background: Schizophrenia (SCZ) is a severe and chronic neurodevelopmental disorder whose 
onset begins in adolescence or early adulthood. Notwithstanding, brain dysfunction occurs before 
the disease onset and involves a switch in NMDA receptor subunit composition from GluN2B to 
GluN2A at early neonatal period. We have recently postulated memantine (MEM) as an effective 
experimental treatment, due to its effect on modulating NMDA receptor subunit turnover during the 
postnatal period, as it prevents glutamatergic hypofunction in the maternal deprivation model of SCZ. 
Methods: We evaluated the turnover of pre and postsynaptic glutamatergic synaptic components by 
using primary mouse hippocampal neurons during the synaptic formation period. Results: MK801 
stimulation prevented the GluN2B to GluN2A molecular switch at 11 days in vitro (DIV).  Vesicular 
glutamate transporter 2 (VGLUT2) was also reduced at this time point. MEM treatment reverted these 
effects by normalizing GluN2B, and GluN2A, and over-expressing VGLUT2 expression. Conclusion: 
Our data supports a molecular mechanism by which SCZ may be prevented with MEM treatment 
through regulation of the glutamatergic synaptic molecular composition.

Keywords: Schizophrenia, synapses, SNARE, glutamate, development, NMDA receptor.

Introduction

Schizophrenia (SCZ) is considered a neurodevelopmental 
disorder,1 that onsets in adolescence or early adulthood 
in 80% of cases, without showing clear signs of behavioral 
dysfunction during childhood.2 The glutamatergic system has 
been widely associated with the disease,3 specifically, the 
N-Methyl-D-Aspartate Receptor (NMDAR), which undergoes 
subunit changes along the life of the mammalian brain. The 
most important of these changes occur in the postpartum 
period, when the exchange of GluN2B to GluN2A subunits 
takes place,4 generating a very low concentration of GluN2B 
in hippocampal tissue during early adulthood.5 This change 
of subunits produces significant variations in synaptic 
connections between the hippocampus and prefrontal cortex, 
causing a high risk to develop neuropsychiatric disorders 
during adulthood.6 In addition, the inversion of the normal 
ratio between GluN2A/GluN2B in the hippocampus causes 
poor synaptic metaplasticity, altering long-term depression and 
potentiation,7 a major cause of NMDA receptor hypofunction 
in schizophrenic patients.8,9 We have proposed that this, in 
turn, could cause altered patterns of hippocampal-cortical 

communication,10 which may produce the clinical symptoms 
of the disease in early adult life, during the maturation of the 
prefrontal cortex.11 

The GluN2A subunits transcription is a key step in the neonatal 
brain and is enhanced by the presence of brain-derived 
neurotrophic factor (BDNF), as well as by the correct activation 
of GluN2B subunits during the switch.12 Memantine (MEM) is 
a low-affinity voltage-dependent uncompetitive antagonist at 
NMDAR, that has a preference for GluN2B subunits and is able 
to induce up-regulation of BDNF throughout the modulation 
of glutamatergic signaling.13 Previous work from our 
laboratory showed that MEM treatment in the early postnatal 
period prevents brain atrophy, and electrophysiological and 
behavioral abnormalities induced by the maternal deprivation 
model of SCZ.14,15 To gain further insight into the molecular 
mechanisms potentially operating in the development of 
hippocampal synapses, which is difficult with the maternal 
deprivation model in vivo; we have modeled glutamatergic 
hypofunction by stimulating hippocampal neurons in vitro 
with the NMDAR no competitive antagonist MK-801. NMDAR 
antagonists are commonly used to model SCZ as they 
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produce acute molecular abnormalities consistent with those 
observed in the disease. We show that GluN2B receptors 
are downregulated with a parallel decrease in VGLUT2 
expression, which is prevented by MEM co-stimulation.

Methods

2.1 Hippocampal cell culture
Brains obtained from E15 mice embryos (Mus musculus) were 
dissected on ice-cold Hank’s balanced salt solution (HBBS) 
buffer. The meninges were removed, and the brains were cut 
through the midline to expose the hippocampi, which were 
removed using fine forceps and incubated in HBSS containing 
0.25% trypsin (15090–046; Gibco, Schwerte, Germany) 
and 60 U/mL DNAse-I (D5025; Sigma) for 25 min at 37 °C. 
Trypsinization was stopped by the addition of 5% fetal bovine 
serum (FBS; Invitrogen, Waltham, MA, USA) diluted in a 
Neurobasal medium. The tissue was mechanically dissociated 
by repeated pipetting. Cells were seeded at a density of 7.5 × 
104 cells/mL on coverslips coated with 50 µg/mL polyornithine 
(P4957; Sigma) and 20 µg/mL laminin-entactin (Corning, 
New York, NY, USA). Neurons were incubated in a Neurobasal 
medium containing 2% B27 (Invitrogen), glutamine (20 
mM; Invitrogen), and PenStrep antibiotic mix (Invitrogen).

2.2 Drugs administration
MK801 was applied on the 8th DIV, the moment in which 
synaptic connections are visible at the microscope. A dose ≥ 
40 µM of MK801 is cytotoxic in vitro, and between 10 - 20 
µM ensures the NMDAR hypofunction without cytotoxicity.16 
The medium was washed 24 hours later. On the 10th DIV, 
MEM, a neuroprotective, was applied (5 µM).17 Both, 
MK801 and MEM are noncompetitive antagonists, but act 
at different places of NMDAR with diverse purposes, for 
example, MEM interacts with two places, at the magnesium 
site and with less affinity, the extracellular vestibule of the 
channel, modulating calcium influx.18 Besides, MK801 binds 
within the ion channel vestibule, promoting closure of the 
ion channel gate, and physically blocking ion permeation.13

The study was designed with six groups: control group 
(CONTROL), Memantine group (MEM), MK801 at 10µM 
treatment group (MK801 (10µM)); MK801 at 10µM and 
posterior MEM treatment (MK801 (10µM) + MEM); MK801 
at 20µM treatment group (MK801 (20µM)); MK801 at 
20µM and posterior MEM treatment (MK801 (20µM) + 
MEM) (Figure 1). In addition, the time course of GluN2A and 
GluN2B subunits with no intervention drugs was recorded 
from DIV 8 to DIV 11 (Figure 2).

Figure 1. Timeline and experimental groups.

2.3 Protein extraction and western Blot
Whole-cell lysates were prepared in a buffer containing 
50 mM Tris HCL pH 7.4, 150 mM NaCl, 0.1% SDS, 1% 
NP-40, 0.5% sodium deoxycholate, plus proteinase and 
phosphatase inhibitors. Samples (20 µg) were run on a 10% 
SDS-PAGE gel, transferred to a nitrocellulose membrane, 
blocked with 5% milk in TBS, and incubated overnight at 
4°C with primary antibodies against GluN2A (1:500, Life 
technologies, A-6473), GluN2B (1:500, Life technologies, 
A-6474), PSD95 (1:10.000, Abcam, ab18258), VGLUT1 
(1:2000; Synapticsystem), ab227805), and VGLUT2 (1:1000, 
Synapticsystem, ab216463); syntaxin-1 (Abcam, ab272736) 
was used at 1:20.000 as well as B-Actin (1:1000, Santa Cruz 
Biotechnology H-63, USA) as a loading control. Membranes 
were washed in TBS, incubated with an HRP-conjugated 
secondary antibody (1:5000; Santa Cruz Biotechnology) for 
1 hour at RT, washed, and incubated with ECL solution (Perkin 
Elmer) for 1 min. Blots were developed using Amersham 
ECL Prime Western Blotting Detection Reagent (Life Sciences, 
Waltham, MA, USA) and scanned using a digital enhanced 
chemiluminescence (ECL) detection device (Thermo Fisher).
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2.4 Statistical Processing
All data points are presented below as means ± SD. 
Multiple-group values were compared with the non-parametric 
Kruskal–Wallis (KW) test and the Dunn post-hoc test. 
To compare the two groups the non-parametric Mann-
Whitney test was used. For nonparametric correlations, 
the Spearman coefficients were calculated. WB percentage 
was the target protein band signal normalized to 
the loading control (Ratio of control at Y-axis label).
Four (8) WB were made (N=8).

Results
3.1. An NMDA receptor switch is observed between 8 and 10 DIV
We identified an exchange of GluN2B and GluN2A subunits 
between 8 and 11 DIV (Figure 2A). The levels of GluN2A 
receptor subunits were undetectable at 8 DIV. GluN2A 
expression progressively increased (9 DIV: P=0,0003; 10 
DIV: P=0,006) until the end of the incubation period at 11 
DIV (P=0,0008). Interestingly, GluN2B receptor subunits 
presented a maximal level of expression at 8 DIV which was 
progressively lower until 11 DIV. 

Figure 2. Time course of GluN2A and GluN2B subunits

NMDAR subunits are exchanged in vitro during the early phases of neuronal maturation. 
A) Time course evaluation of GluN2A and GluN2B expression. GluN2A subunits (black) presented 
a progressive increase while GluN2B subunits (grey) showed a progressive decrease during the 
incubation period. Significant differences with respect to the initial evaluation condition were identified 
from 9 to 11 DIV for both NMDAR subunits. B) Representative western blots. N=5 experiments 
analyzed in triplicate. Values are mean +- SDand analyzed by non-parametric Mann Whitney test. 

**P<0.01 and ***P<0.005 for differences between pairs of groups.
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Figure 3. MK-801 and MEM have opposite effects on NMDAR subunit expression in vitro

A) MEM induced an increase of GluN2A subunit expression that was dose-dependently reversed by MK-801. MK801 increased GluN2B subunit that was 
reversed by MEM. B) Representative western blots. N=3 experiments. Data are mean values +- SD. ***P<0.001 between conditions. (two squares) P<0.01 

and (three squares) P<0.001 for condition vs untreated control (non-parametric Kruskal-Wallis test followed by Dunn post-hoc test). 

3.2 MEM and MK801 have opposite effects on NMDAR 
subunit expression in vitro
NMDAR subunit composition was then evaluated at 11 DIV after 
incubation with MK-801 with or without MEM. MK-801 did not 
show any dose-dependent effect over GluN2A expression. MEM 
significantly increased the GluN2A expression, although this effect 
was dose-dependently reduced with MK-801 co-stimulation 
(Figure 3A). By contrast, MK-801 induced a significant increase 
in GluN2B expression at 11 DIV which was blocked by MEM 
co-stimulation (Figure 3B). This suggests an antagonist effect 
of MK-801 and MEM over GluN2A and GluN2B expression.

3.2.1 GluN2A
MEM increased the GluN2A expression (+34.2%) 
compared with control (P=0,0021). On the other hand, no 
differences were found in the expression of GluN2A after 
MK801 at 10 µM with respect to control (P=0,072); MEM 
treatment subsequently increased it (+28,9%) (P=0,0042).

No differences were found after the application of MK801 at 
20 µM with respect to control (P=0,068) nor with the posterior 
administration of MEM (P=0,091). Moreover, no differences 
were found in the GluN2A expression after the application of 
MK801 at 10 (P=0,071) and 20 µM (P=0,089) (Figure 3A). 

3.2.2 GluN2B
No differences were found after the administration of MEM 
compared with control (P=0,27). MK801 at 10 µM increased 
the GluN2B expression (+47,1%) with respect to control 
(P=0,0003), and the posterior administration of MEM 
reduced it (-37,3%) significantly (P=0,0011). MK801 at 20 
µM induced an even higher increase (+59,6%) with respect 
to control (P=0,0001); MEM administration also reduced it 
(-52,9%) (P=0,0026). Significant differences were found in 
the GluN2B expression after the application of MK801 at 10 
and 20 µM (P=0,003) (Figure 3A).
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3.3 MEM promotes the expression of glutamatergic 
presynaptic components altered by MK801 at 11 DIV
We hypothesized that NMDAR subunit exchange may be 
accompanied by alterations to other elements of the synaptic 
machinery. Hence, we evaluated the presynaptic proteins 
VGLUT1, and VGLUT2, two members of the SNARE complex, 
synaptotagmin and Syntaxin-1, and the NMDAR interacting 
component PSD95. VGLUT1 and PSD95 were unaffected by 

the different treatments (Figure 4). However, MEM caused a 
significant reduction of VGLUT2 (P=0,02). MEM had no effect 
on VGLUT2 expression when co-incubated with MK-801 10µM 
(P=0,5). Moreover, while MK801 20µM significantly reduced 
VGLUT2 expression compared to the untreated control, co-
incubation with both stimuli induced a notable increase of 
VGLUT2 expression compared to the MK-801 (P=0,0003) 
and untreated control conditions (P=0,0006) (Figure 4). 

Figure 4. MK-801 treatment alters presynaptic components of the glutamatergic synapse

VLGUT1 and PSD95 were not affected by the different treatments. VGLUT2 expression was significantly reduced compared to the untreated control by MK-801 
20µM. MEM reduced VGLUT2 compared to the untreated control but reversed the effect of MK-801 20µM. Syntaxin 1 was significantly increased only when MK-
801 was applied. Synaptotagmin was significantly increased only under MK-801 and MEM coincubation. *P<0.05, ***P<0.005 for differences between groups; 
one black point P<0.05, three black points P<0.005 for differences with Control group (non-parametric Kruskal-Wallis test followed by Dunn post-hoc test). 
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Also, this protein had an inverse correlation with GluN2A 
in the MEM group (P= -0,031), and a positive correlation 
with GluN2A in the MK801 20µM group (P= 0,039) 
(Table 1). Importantly, Syntyaxin-1 was upregulated only by 
MK801 20µM (P=0,04), while co-incubation with MEM 
prevented this effect (P=0,45) (Figure 4). Synaptotagmin was 
significantly increased by MEM only when co-incubated with 
MK-801 20µM (P=0,03) (Figure 4), and it had a positive 
correlation with GluN2B in the control group (P= -0,029) 
(Table 1). PSD95 had a positive correlation with GluN2A in 
the MEM group (P=0,048); Synaptotagmin had an inverse 
correlation with GluN2B in the control group (P= -0,029) 
(Table 1).

Discussion

The NMDAR GluN2B and GluN2A subunit switch is a key 
event in the formation of mature synapses, which has been 
proposed to be disrupted in SCZ.19 The glutamatergic 
hypofunction may be causative of long-lasting events affecting 
cortical connectivity, leading to SCZ-like behavior in rodents.10 

Alteration of normal subunit switch causes abnormalities 
in synaptic metaplasticity, including long-term depression 
and potentiation,7 which have also been identified in the 
schizophrenic brain.20 Here we have used in vitro stimulation 
with MK-801 to model the glutamatergic hypofunction, which 
is supposed to be the premorbid stage of SCZ.10 Our results 
showed that at 11 DIV glutamatergic hypofunction caused 
an increase in GluN2B subunit expression together with a 
reduction of the presynaptic marker VGLUT2 and upregulation 
of Syntaxin-1. These effects induced by MK-801 were reversed 
by MEM, along with a mild upregulation of Synaptotagmin.

MK-801 has already been shown to modulate the expression 
of NMDAR subunits in the brain cortex.21 Both, MK801 and 
MEM have an affinity for NMDAR containing GluN2B subunits, 
which are highly expressed during the early stage of brain 
development.4,22 There was no alteration in absolute levels 
of GluN2A and PSD-95 by incubation with MK-801, whose 
interaction has been otherwise shown to be deficient in the 
schizophrenic brain.23 Importantly, the upregulation of GluN2B 
subunits occurred in parallel to VGLUT2 upregulation while 
VGLUT1 remained unaltered. The relevance of this finding 
is substantiated by the observation of VGLUT2 upregulation, 
but the stability of VGLUT1 levels, observed in post-mortem 
samples from schizophrenic drug-naive patients.24 On the 
other hand, deficits to phosphorylation of Syntaxin 1 have also 
been associated with schizophrenia.25 Alterations to VGLUT 
and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 

    NR2A    NR2B
CONTROL
VGlut1 0,811 0,712
VGlut2 0,192 0,112
PSD95 0,329 0,711
Syntaxin-1 0,772 0,621
Synaptotagmin 0,45 -0,029

MEM
VGlut1 0,992 0,081
VGlut2 -0,031 0,062
PSD95 0,048 0,099
Syntaxin-1 0,221 0,361
Synaptotagmin 0,401 0,078

MK801 (10MM)
VGlut1 0,609 0,063
VGlut2 0,701 0,093
PSD95 0,06 0,129
Syntaxin-1 0,218 0,067
Synaptotagmin 0,072 0,213

MK801(10MM) + MEM
VGlut1 0,228 0,91
VGlut2 0,054 0,188
PSD95 0,251 0,108
Syntaxin-1 0,061 0,083
Synaptotagmin 0,199 0,309

MK801(20MM)
VGlut1 0,092 0,054
VGlut2 0,039 0,199
PSD95 0,991 0,081
Syntaxin-1 0,872 0,013
Synaptotagmin 0,901 0,072
MK801(20MM) + MEM

VGlut1 0,085 0,791
VGlut2 0,681 0,078
PSD95 0,141 0,212
Syntaxin-1 0,091 0,064
Synaptotagmin 0,199 0,931

Significant correlations (P < 0.05) are expressed with underlined 
Spearman R correlation coefficient. Inverse correlations are denoted 
with a negative sign. Control group (CONTROL), Memantine group 
(MEM), MK801 at 10µM treatment group (MK801 (10µM)); MK801 
at 10µM and posterior MEM treatment (MK801 (10µM) + MEM); 
MK801 at 20µM treatment group (MK801 (20µM)); MK801 at 20µM 

and posterior MEM treatment (MK801 (20µM) + MEM). 

Table 1. Correlations matrix between NR2A and 2B 
and the synaptic protein
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receptor (AMPAR) correlated with abnormal hippocampal 
neuronal arborization in vivo, which was shown to be actively 
dependent in vitro.26 Therefore, it could be speculated that 
the brain atrophy and abnormal electrophysiological activity 
previously reported on the model of maternal deprivation15 will 
be accompanied by decreased GluN2A, increased GluN2B 
expression, and compensatory effects on VGLUT2 and Syntaxin 
1 levels, causing abnormalities in glutamate release, all of 
which could generate further structural abnormalities within 
the cortical and hippocampal regions.

The mechanisms by which MK-801 and MEM interact and 
influence these pre and postsynaptic events are not clear. 
The NMDAR activation requires the binding of glutamate and 
glycine together with voltage-dependent relief of magnesium 
block, resulting in membrane depolarization and calcium 
influx, which are critical in synaptic transmission and plasticity 
as well as in cellular mechanisms for learning and memory, 
elements affected in schizophrenia.27 Both MK801 and MEM 
have an affinity for NMDAR containing GluN2B subunits.5,22 
MK801 binds inside the vestibule of the ion channel of the 
receptor, preventing the flow of calcium and other ions, and 
blocking the pore in two symmetry-related postures, MEM, 
on the other hand, seems to block the pore primarily in a 
single position.13 Importantly, there are reduced levels of 
BDNF, GluN2A, and GluN2B sub-units in the hippocampus 
and the prefrontal cortex in the schizophrenic rats. 28,29 In 
contrast, MEM was shown to increase BDNF mRNA in SIV-
infected macaques 30 and also to reverse the loss of BDNF 
and TrkB mRNA in the prefrontal cortex.31 Accordingly, 
deficiencies of BDNF/TrkB signaling coincided with reduced 
hippocampal neuron arborization and abnormal VGLUT 
expression, which reduces the hippocampal neuroplasticity.26 

Conclusion

Our data suggests that MEM, which has recently been 
approved for the treatment of dementia,33 could prevent the 
emergence of molecular abnormalities of SCZ, regulating 
pre and post-synaptic elements of the glutamatergic 
synapse. By understanding the different molecular stages 
of brain development, it will be possible to prevent the 
onset of neuropsychiatric disorders in people with a genetic 
predisposition using adequate treatment.

On the other hand, the present study has several limitations. A 
simple culture of hippocampal cells excludes the interactions 
of this group of neurons with the frontal cortex, a brain region 
highly involved in the development of SCZ. The use of MK801 

as a preclinical model of schizophrenia has been questioned,33 
however, it is currently considered useful for reproducing 
symptoms and brain alterations characteristic of schizophrenia 
in vivo.34 In this study, it was used as an in vitro model to 
reproduce the NMDAR hypofunction in the hippocampus of 
the schizophrenic brain, and later, MEM was used to reverse 
this state. Since both drugs act on the same receptor, this 
effect could be interpreted as a simple pharmacokinetics 
consequence in the NMDAR, rather than a solution to 
the molecular problem. Future research should involve 
NMDAR subunit knockout to evaluate the effects of MEM.
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THERAPEUTIC POTENTIAL OF CANNABINOIDS FOR 
STROKE: SCOPING REVIEW PROTOCOL

Abstract
Introduction: Each year, approximately 795,000 people experience a new or recurrent stroke, ischemic 
or hemorrhagic. The current therapeutical approach for acute ischemic stroke includes thrombolysis and 
mechanical thrombectomy. However, there are no neuroprotective treatment alternatives to improve its 
neurological outcome. Some components of the endocannabinoid system are altered after ischemic 
stroke. Cannabinoids may exert neuroprotective effects, but the use of cannabinoid receptor ligands is 
a factor to consider due to their psychotropic properties. Regardless of the various studies describing the 
benefit of administering cannabinoids for experimental stroke, several questions remain unanswered 
since most information is about non-human species. A previous systematic review detected significant 
heterogeneity among studies, therefore a scoping review was performed to evaluate the feasibility of 
an updated systematic review and meta-analysis. This scoping review protocol aims to evaluate the 
therapeutic potential of modulating the endocannabinoid system for stroke. Methods: Published studies 
(all publication types) will be retrieved from Web of Science, PubMed, Scopus, Ovid, EBSCOhost, 
and Google Scholar. Eligibility criteria: Clinical or preclinical studies reporting endocannabinoid 
levels or their effects, or reporting administration of cannabinoid modulators (stimulating or inhibiting 
their synthesis or metabolism, phytocannabinoids, or synthetic cannabinoids) in patients or models of 
stroke will be considered for inclusion. Studies written in languages different than Spanish or English 
that could not be properly translated or whose full-text files could not be retrieved will be excluded. 
Data charting: Results will be summarized in tabular form. This protocol complies with PRISMA-P.

Keywords: Artery occlusion, Endocannabinoid, Ischemia, Phytocannabinoid, Stroke

Introduction

Overview of Cannabis spp use
In recent years, medical research has delved into marijuana use 
for the possible therapeutic effects derived from its cannabinoid 
(CB) content. In the United States, a total of 47 states had 
allowed the medical use of Cannabis spp by the end of 2020;1 
nevertheless, Δ9-tetrahydrocannabinol (THC) and cannabidiol 
(CBD) application are limited for some medical conditions such as 
end-stage cancer, amyotrophic lateral sclerosis, multiple sclerosis, 
seizure disorders, Crohn’s disease, mitochondrial diseases, 
Parkinson’s disease, and sickle cell disease,1 among others.

Cannabis spp continues to be the most widely used drug worldwide. 
The United Nations Office on Drugs and Crime estimates that 
almost 4 percent of the global population aged 15–64 years 
consumed Cannabis spp at least once in 2019, almost 200 
million people.1 In addition, synthetic cannabinoids (either one of 
them or their mixture) are also used for recreational purposes.2

Stroke
Each year, about 795,000 people experience a new or recurrent 
stroke. Approximately 610,000 of these are first attacks, and 
185,000 are recurrent attacks. Among major stroke types, 
about 87% are ischemic, 10% are intracranial hemorrhage 
(ICH), and 3% are subarachnoid hemorrhage (SAH).3 Stroke 
is a leading cause of severe long-term disability in the United 
States. Around 3% of males and 2% of females reported being 
disabled because of a stroke. Moreover, total direct medical 
stroke-related costs are projected to increase more than 2-fold 
between 2015 and 2035, from $36.7 billion to $94.3 billion, 
with much of those costs arising from people ≥80 years of age.4

The current therapeutical approach for acute ischemic 
stroke includes thrombolysis and mechanical thrombectomy. 
However, no neuroprotective treatment options currently exist 
that improve neurological outcomes after ischemic stroke. 
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In addition, some patients experience a reduced quality of 
life after stroke, which can be related to some degree of 
disability, speech disturbances, cognitive impairment, and 
reduced mood, among other sequelae.5

The endocannabinoid system (ECS), integrated by endogenous 
ligands, cannabinoid receptors, and degrading enzymes, 
has been proposed as an important pharmacological target 
in several neurological diseases.6

The potential of cannabinoids for stroke therapeutics
The effect of Cannabis spp use on stroke incidence is 
unclear.7 According to some studies,8 its consumption is not 
associated with increased stroke incidence, although these 
results can be questionable.9 Neither a relation has been 
found between its use and negative outcomes in patients 
with SAH. However, the incidence of some complications 
may be higher in endovascular-treated Cannabis spp users.10

Stroke can occur in young Cannabis spp users that 
do not show cardiovascular risk factors.9 Also, 80% 
of patients with problematic Cannabis spp use may 
develop post-stroke depression.11 By contrast, synthetic 
cannabinoid consumption can cause some neurological 
symptoms, including somnolence, paresthesia, vertigo, 
psychomotor retardation, seizures, aggressive behavior, 
and rhabdomyolysis, but is not associated with stroke.2

The relationship between the mechanism of action of 
Cannabis spp and its adverse effects remains unclear. 
Substantial evidence suggests that chronic Cannabis spp 
consumption, especially during adolescence, is associated 
with the later development of schizophrenia, and several 
other psychiatric disorders, including depression, bipolar 
disorder (mania), anxiety disorders, and antisocial personality 
disorder.12 There are limited data regarding the safety 
of CBs in humans and none in the stroke population.

Some components of the ECS are altered after an ischemic 
stroke. For example, the expression of cannabinoid CB1 and 
CB2 receptors is up-regulated in the rat brain after cerebral 
ischemia, indicating that the ECS may have an important 
role in the endogenous response to stroke.13 A THC:CBD 
formulation is currently being tested in controlled clinical 
trials to improve spasticity after stroke,14 that may also be 
beneficial for post-stroke pain, according to a case report.15

Cannabinoids may exert neuroprotective effects,16 as some 
studies, mostly preclinical, have informed. It has been 

reported that CB receptor ligands (endocannabinoids, 
phytocannabinoids, or synthetic cannabinoids) reduce 
infarct volume after either transient or permanent ischemia 
in both rats and mice. However, the effect in non-human 
primates was non-significant.13 It has been shown as well 
that CBD reduced infarct size in an ischemia/reperfusion 
rodent model.17 An improved neurological outcome (but 
not survival) was also observed according to other studies.13

Some studies suggest that activation of the CB1 receptor 
triggers a neuroprotective effect while that of the CB2 receptor is 
neuromodulatory, although this conclusion might be debated. 
In addition, the use of CB1 receptor ligands is controversial 
due to their psychotropic properties.16 It has also been reported 
that the deletion of the CB1 receptor increases infarct size, 
excitotoxicity, and neurological deficits in ischemia models.18

Further evidence suggests that CB2 ligands lack some CB1-
mediated side effects and may be neuroprotective in models 
of stroke and other diseases. JWH133, a synthetic CB2 
receptor agonist, reduces infarct size, infiltrating neutrophils, 
myeloperoxidase activity, secretion of inflammatory cytokines, 
inducible nitric oxide synthase expression, and motor 
deficits in either transient or permanent ischemia models.16 
This substance decreases glutamate release, preventing 
excitotoxicity. Also, it reduces brain edema and blood-
brain barrier damage in models of hemorrhagic stroke.16

Palmitoylethanolamide, an endogenous cannabimimetic, 
reduces infarct size and neuron loss by diminishing the 
inflammatory response to anoxia after ischemia-reperfusion in 
experimental models.19 In addition, blood levels of this substance 
correlate with neurological deficits after stroke in humans.19 
Some studies suggest that its administration improves cognition 
and spasticity in patients with stroke;19 these effects may be 
partially mediated by the peroxisome proliferator-activated 
receptors,20 which can modulate CB1 receptor activity.21

Some synthetic cannabinoids (e.g., HU-211) remain effective 
when administered several hours after stroke onset.13 On the 
other hand, the effect of CB receptor antagonism in stroke is 
still unclear.13

Although many studies describe the benefits of administering 
cannabinoids for experimental stroke, some questions remain 
unanswered since most results were observed in non-human 
species. This scoping review aims to analyze the available 
evidence of the therapeutic potential of endocannabinoids, 
phytocannabinoids, or synthetic cannabinoids, as well as their 
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side effects, possible impact on financial costs and quality of 
life, in patients with stroke.

The rationale for the study
The neuroprotective potential of cannabinoids for stroke 
has been recently described in a narrative review,16 but no 
systematic approach was applied. In addition, a systematic 
review and meta-analysis of the effect of cannabinoids in 
experimental stroke — based on 111 retrieved reports from 
four databases, excluding human studies — was published 
in 2015.13 A systematic review of synthetic cannabinoids was 
also reported,2 however, it did not evaluate their role in stroke.
A scoping review protocol of current clinical and preclinical 
evidence for using both natural and synthetic CBs in 
stroke, utilizing a more comprehensive and updated search 
strategy, is valuable. A previous systematic review detected 
significant heterogeneity among studies,13 therefore a 
scoping review is necessary to evaluate the feasibility of 
conducting an updated systematic review and meta-analysis.

Methods
Protocol development
This methodology is based on a preceding protocol,22 

but it is not an update of any previous review. After 
elaborating on the research question, we used an online 
tool to define the most appropriate type of review, as 
previously reported,23 which was scoping review (https://
whatreviewisrightforyou.knowledgetranslation.net/map/
results?id=5413&code=GAkWQRoevx).

The International Prospective Register of Systematic Reviews 
(PROSPERO), the Clinical Online Network of Evidence for 
Care and Therapeutics (JBI COnNECT+), and the Open 
Science Framework (OSF) were consulted to identify ongoing 
protocols for systematic or scoping reviews related to our 
main research question (July 17th, 2021) but no relevant 
records were found.

This protocol was drafted by the research team and revised 
as necessary. Supporting materials (checklists and forms) 
are available through the OSF (https://osf.io/8erk4/?view_
only=142c7bd4f3b84f51bef04eab1baaab58) as previously 
reported 24 (registration date Nov. 16th, 2021; last updated 
Feb. 17th, 2022).

Our research team is composed of specialists with different 
profiles: clinical, preclinical, and socio-medical. This protocol 
complies with the JBI Manual for Evidence Synthesis,25 

and the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA 2020 26), complemented 
with the PRISMA extensions for abstracts (PRISMA-A 27), 
protocols (PRISMA-P 28), search strategies (PRISMA-S 29), 
and scoping reviews (PRISMA-Scr 30). Those guidelines were 
applied as much as feasible in this scoping review protocol.

Objectives
The primary objective of this study is to evaluate the therapeutic 
potential of modulating the ECS for stroke. The secondary 
objectives are as follows:
• To evaluate the therapeutic potential of either endocannabi-

noids, phytocannabinoids, or synthetic cannabinoids for stroke.
• To describe possible interactions between either endocan-

nabinoids, phytocannabinoids, or synthetic cannabinoids 
with conventional treatments for stroke.

• To describe possible side-effects of either phytocannabi-
noids or synthetic cannabinoids.

• To estimate the possible financial cost of cannabinoid-ba-
sed treatment for patients with stroke.

• To estimate the possible impact of either endocannabi-
noids, phytocannabinoids, or synthetic cannabinoids, on 
quality of life in patients with stroke.

Research questions31 for this review are described in Table 1.

Search strategy
The search strategy was created by a trained investigator 
and was peer-reviewed using the PRESS Peer Review of 
Electronic Search Strategies: 2015 Guideline Statement.32 
Published studies (all publication types) will be retrieved from 
Web of Science (Clarivate), Medline (PubMed), Scopus, 
Ovid, and EBSCOhost (Academic Search Ultimate), from the 
database inception to the present. Additionally, the first 100 
results from Google Scholar (https://scholar.google.com/), 
sorted by relevance without citations, will be retrieved24 using 
Publish or Perish.33

Databases to be consulted, their providers, and dates of 
coverage are listed in Appendix A (https://osf.io/8erk4/?view_
only=142c7bd4f3b84f51bef04eab1baaab58). Authors will 
be contacted if necessary. Collections from the authors of the 
present manuscript will also be considered. No additional 
sources will be consulted. No limits or filters will be applied.
Search algorithms were elaborated using an online tool and 
are publicly available (https://app.2dsearch.com/new-quer
y/612a734d758bc70004e35990). These algorithms were 
adjusted when necessary for each database, during the 
line-by-line analysis described in Appendix B. (https://osf.
io/8erk4/?view_only=142c7bd4f3b84f51bef04eab1baaab58).

https://www.archivosdeneurociencias.org/index.php/ADN
https://whatreviewisrightforyou.knowledgetranslation.net/map/results?id=5413&code=GAkWQRoevx
https://whatreviewisrightforyou.knowledgetranslation.net/map/results?id=5413&code=GAkWQRoevx
https://whatreviewisrightforyou.knowledgetranslation.net/map/results?id=5413&code=GAkWQRoevx
https://osf.io/8erk4/?view_only=142c7bd4f3b84f51bef04eab1baaab58
https://osf.io/8erk4/?view_only=142c7bd4f3b84f51bef04eab1baaab58
https://scholar.google.com/
https://osf.io/8erk4/?view_only=142c7bd4f3b84f51bef04eab1baaab58
https://osf.io/8erk4/?view_only=142c7bd4f3b84f51bef04eab1baaab58
https://app.2dsearch.com/new-query/612a734d758bc70004e35990
https://app.2dsearch.com/new-query/612a734d758bc70004e35990
https://osf.io/8erk4/?view_only=142c7bd4f3b84f51bef04eab1baaab58
https://osf.io/8erk4/?view_only=142c7bd4f3b84f51bef04eab1baaab58


Pérez-Neri I et al.

 Arch Neurocien (Mex) | Volume 28, number 2, year 2023 archivosdeneurociencias.org |  31

Articles written in languages other than English and 
Spanish will be included if adequately translated using 
Google Translate34 and/or DeepL, or if appropriate 
translations are found.35 Gray literature will be consulted 
through the Conference Proceedings Citation Index-Science 
(Web of Science Core Collection) and OpenDissertations 
(EBSCOhost).

Study selection
Retrieved references will be de-duplicated using Rayyan QCRI's 
default algorithm, complemented with Zotero and Endnote. 
Duplicates will be confirmed manually and will be eliminated.36

Two independent researchers will assess all references for 
eligibility using Sysrev according to predefined criteria. A third 
researcher will resolve discrepancies. Inter-rater reliability 
will be calculated using the Sysrev concordance tool.37

Two screening stages will be performed: Title/Abstract, and 
Full-text; each stage will be pilot-tested with a random sample 
of 25-50 studies.25,38

Question type Framework Description

Main research 
question

CoCoPop Framework 
(Condition, Context, 

Population)

What is the therapeutic 
potential (Co) of modulating 
the endocannabinoid 
system (Co) in patients with 
stroke (Pop)?

Secondary research 
question 1

CoCoPop Framework 
(Condition, Context, 

Population)

What is the therapeutic 
potential (Co) of 
endocannabinoids, 
phytocannabinoids, or 
synthetic cannabinoids (Co) 
in patients with stroke (Pop)?

Secondary research 
question 2

CoCoPop Framework 
(Condition, Context, 

Population)

Is there any interaction 
between (Co) 
endocannabinoids, 
phytocannabinoids, or 
synthetic cannabinoids with 
conventional treatment (Co) 
for stroke patients (Pop)?

Secondary research 
question 3

CoCoPop Framework 
(Condition, Context, 

Population)

What are the possible 
side-effects (Co) of 
phytocannabinoids or 
synthetic cannabinoids (Co) 
in patients with stroke (Pop)?

Secondary research 
question 4

CoCoPop Framework 
(Condition, Context, 

Population)

What could be the financial 
cost (Co) of cannabinoid-
based treatment (Co) in 
patients with stroke (Pop)?

Secondary research 
question 5

CoCoPop Framework 
(Condition, Context, 

Population)

What is the effect (Co) 
of endocannabinoids, 
phytocannabinoids, or 
synthetic cannabinoids on 
quality-of-life measures (Co) 
in patients with stroke (Pop)?

Table 1. Research questions for this systematic scoping review. Selected studies will be retrieved using the Retraction 
Watch database (http://retractiondatabase.org/) to identify 
retracted studies, which will be eliminated. After twelve 
months, the search will be rerun to identify recent studies for 
possible inclusion. Search strategy results will be described in 
a PRISMA flow diagram.

Eligibility criteria
Inclusion criteria
•Clinical or preclinical studies reporting endocannabinoid 
levels in any biological sample , assessed by any imaging 
or biochemical method, in stroke patients or experimental 
models.
•Clinical or preclinical studies reporting the administration of 
endocannabinoid modulators (stimulating or inhibiting their 
synthesis or metabolism, any pharmacological treatment) in 
stroke patients or experimental models.
•Clinical or preclinical studies reporting the effect of 
either phytocannabinoid or synthetic cannabinoids (any 
pharmacological treatment) in stroke patients or experimental 
models.
•Clinical or preclinical studies showing an effect of stroke 
on endocannabinoid levels in the blood and/or the brain of 
patients or experimental animals.
•As previously reported,39 no specific diagnostic criteria for 
stroke will be required if the studies describe their population 
as presenting the condition. 
•Analysis will not be limited to a clinical setting. All quantitative, 
qualitative, or mixed-method studies will be considered.

Exclusion criteria
•Studies written in languages other than Spanish or English 
that could not be appropriately translated using Google 
Translate and/or DeepL.
•Studies whose full-text files could not be retrieved.

Eligibility criteria may be adjusted during the screening 
process, as previously reported.24 Adjustments will be applied 
to all studies and reported accordingly.

Data charting
Charting variables include age [years (humans), bodyweight 
or months (experimental animals)], gender (male/female), 
cannabinoid class (phyto-, endo-, synthetic), dose, duration 
of treatment, study type (clinical study, experimental model 
or theoretical study), species analyzed and their respective 
strains and/or genetic modifications (cell culture, rodents, 
non-human primates), type of stroke (ischemic, hemorrhagic, 
other), disease stage, therapeutic effect (survival, neurological 
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deficit, infarct size), pathophysiological mechanisms 
(oxidative stress, cell death, excitotoxicity), interaction with 
conventional treatment (present, absent), cannabinoids’ 
side-effects, patients’ comorbidities, quality-of-life measures. 
Only original research studies are eligible for these charting 
methods. Therapeutic effects are the main objective of 
this review. No data will be extracted from the figures.

Data will be reported in the units of their original report; 
no conversions will be applied. Unclear information will 
not be considered. Two independent researchers will 
extract data using Sysrev; a third researcher will resolve 
discrepancies. Inter-rater reliability will be calculated 
using the Sysrev concordance tool.37 This process will 
be pilot-tested with a random 25-50 studies sample.25,38

Data synthesis
All studies are eligible for narrative synthesis. Results will 
be summarized in tables. Clinical and preclinical studies 
will be analyzed separately but may be discussed together. 
Preclinical studies will be discussed by study type (cell culture, 
rodent models, non-human primates).No statistical synthesis 
will be applied.

Strengths and limitations 
This scoping review will provide an integrative perspective 
of the therapeutic potential of cannabinoids for stroke 
based on both clinical and preclinical studies. Also, possible 
side effects of this treatment were included to determine an 
objective recommendation for its use. Finally, the costs of 
current treatments for this disease will be included — when 
possible — to evaluate its possible general application.

In contrast to other protocols,24 our research question 
complies with a systematic framework that also supports 
our search strategy, which was peer-reviewed. An effort will 
be made to include articles written in any language. The 
multidisciplinary research group provides complementary 
perspectives. This protocol complies with several 
guidelines, not only for scoping reviews (PRISMA-Scr, JBI 
Manual for Evidence Synthesis) but also for systematic 
reviews (PRISMA 2020, PRISMA-P, PRISMA-S, PRISMA-A).

Only a narrative analysis of the evidence will be presented. 
No risk-of-bias analysis or certainty of evidence assessment 
will be considered. The heterogeneity of the included studies 
allows an exhaustive analysis of the research topic. However, 
this could be a limitation since it might preclude performing 
a systematic review of intervention or meta-analysis.
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COMPARATIVE EFFICACY OF FIRST AND SECOND 
GENERATION LONG-ACTING INJECTABLE ANTIPSYCHOTIC 
IN SCHIZOPHRENIC PATIENTS: A SYSTEMATIC REVIEW 

AND NETWORK META-ANALYSIS

Abstract
Introduction: Long-acting injectable antipsychotics (LAIA) can influence the course of treatment and 
have the potential to improve treatment adherence. This systematic review and network meta-analysis 
aimed to evaluate the efficacy of second-generation LAIAs (SG-LAIAs) and first-generation LAIAs 
(FG-LAIAs) in the treatment of schizophrenia. Methods: The present study adheres to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and is registered in 
Prospero (ID CRD42019128700). A comprehensive search was conducted in Medline, Embase, Web 
of Science, and Scopus databases. The search encompassed the period from June 17, 2020, with 
an update from June 2020 until September 14, 2021. Results: The standardized mean differences 
(SMDs) for four antipsychotics (80%) demonstrated significant reductions in PANSS scores compared 
to the placebo. The SMDs ranged from -0.72 (95% CrI -0.99 to -0.46) for haloperidol to -0.45 
(-0.54 to -0.37) for paliperidone. Eight studies provided usable results for both negative and positive 
symptoms, involving a comparison of four antipsychotics. The SMDs for three antipsychotics (75%) 
significantly reduced negative symptoms compared to placebo, ranging from -0.40 (95% CrI -0.53 
to -0.26) for aripiprazole to -0.32 (-0.44 to -0.19) for risperidone. The SMDs for the three drugs 
(100%) that significantly reduced positive symptoms compared to placebo ranged from -0.50 (95% CrI 
-0.63 to -0.37) for aripiprazole to -0.19 (-0.57 to 0.20) for zuclopenthixol. Discussion: Our findings 
suggest that all long-acting injectable antipsychotics, except for zuclopenthixol, exhibit comparable 
efficacy in symptom reduction. Conclusions: The majority of LAIAs demonstrate similar effectiveness in 
reducing overall symptoms, and the differences between individual LAIAs are not statistically significant.

Keywords: Schizophrenia, antipsychotics, long-acting injectable antipsychotics

https://www.archivosdeneurociencias.org/index.php/ADN
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.31157/an.v28i2.432
mailto:drerasmosaucedouribe%40gmail.com?subject=
https://orcid.org/0000-0002-0304-6624
https://orcid.org/0000-0001-6164-297X
mailto:drerasmosaucedouribe%40gmail.com?subject=


Arch Neurocien (Mex) 
Comparative efficacy of first and second generation long-acting injectable antipsychotic in schizophrenic 
patients: a systematic review and network meta-analysis

36  | archivosdeneurociencias.org  Volume 28, number 2, year 2023

Introduction

Schizophrenia, a severe chronic disorder, affects more than 
21 million people worldwide1,2 It has been recognized as a 
crucial mental health concern within the Grand Challenges 
in Global Mental Health Initiative.3–6 The diagnosis of 
schizophrenia profoundly impacts life expectancy, with mortality 
rates increasing 2-3 times among younger individuals.7 

Long-acting injectable antipsychotics (LAIA) have the 
potential to lead the course for schizophrenia treatment 
and to increase adherence, as well as reduce healthcare 
costs in the long term. Additionally, LAIAs have been 
associated with a lower risk of all-cause mortality, relapses, 
and hospitalizations compared to other antipsychotics.8–11

However, the question of LAIA efficacy in the treatment 
of schizophrenia remains uncertain. Previous systematic 
reviews comparing second-generation (SG) and first-
generation (FG) LAIAs have primarily focused on mortality 
risk12 or discontinuation rates.13 Only one meta-analysis 
conducted by our research group14 has specifically 
addressed efficacy and tolerability; nevertheless, results 
are considered preliminary due to the lack of evidence.

Considering the critical role of depot antipsychotics for 
long-term symptom stability, we performed a systematic 
review and network meta-analysis of randomized clinical 
trials (RCT) of patients with diagnosis of schizophrenia 
who are at least 18 years old with a minimum >12 
weeks of treatment, in which SGA-LAIs were compared 
to FG-LAIs or placebo, to evaluate efficacy through 
clinimetry (PANSS global score, PANSS Positive subscale, 
and PANSS Negative subscale) and clinical criteria.

Methods 

Search strategy and selection criteria
This network meta-analysis adheres to the guidelines 
outlined in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) (the PRISMA checklist 
is available in the supplementary material). The protocol for 
this study was registered in PROSPERO under the registration 
number CRD42019128700. An experienced librarian 
(EG), in collaboration with the lead researcher, developed 
and implemented the search strategy across multiple 
databases, including Medline, Embase, Web of Science, 
and Scopus, from database inception to June 17, 2020, 
with an update from June 2020 to September 14, 2021. 

Additionally, references from eligible studies and reviews 
were also screened for eligibility (search can be found in 
supplementary material Table 1).

To be included in this systematic review and network meta-
analysis, studies were required to be randomized controlled 
trials (RCTs) investigating depot antipsychotics, both typical 
(first generation) and atypical (second generation), comparing 
them with each other, or placebo, and that also meet the 
following criteria: A) Inclusion of patients aged 18 years or 
older with a confirmed diagnosis of schizophrenia based 
on recognized diagnostic criteria, such as the Diagnostic 
and Statistical Manual of Mental Disorders (DSM) or the 
International Classification of Diseases 10th Edition (ICD-10); 
B) Evaluation of depot antipsychotics efficacy measured by 
various scales, including the Positive and Negative Symptoms 
Scale (PANSS), the Clinical Global Impression (CGI), the Brief 
Psychiatric Rating Scale (BPRS), as well as assessments of the 
quality of life, treatment adherence, suicide risk, aggressiveness, 
relapse, and rehospitalization; and C) Minimum treatment 
duration of ≥12 weeks. Studies were eligible for inclusion 
if they compared one LAIA treatment with another or with a 
placebo. Studies were excluded if they were nonrandomized 
clinical trials, involved patients with treatment-resistant 
schizophrenia or with a diagnosis other than schizophrenia, 
treatment durations of less than 12 weeks, or comparisons 
with oral antipsychotics or other psychotropic medications; 
studies not measuring efficacy were also not considered.

Three pairs of investigators (ESU, AFG, FCM, PLCM, RM, 
and PJGM) independently selected the studies, reviewed the 
primary reports and supplementary materials, extracted the 
relevant information from the included trials, and assessed 
the risk of bias. Before each screening phase, pilots were 
conducted to ensure satisfactory inter-rater reliability, with 
a Fleiss' kappa value exceeding 0.70.15 Any discrepancies 
were resolved through consensus and arbitration by a panel 
of investigators within the review team (FCN and PLCM).

Outcomes of interest and data extraction
A web-based extraction form was developed and 
evaluated by all reviewers before data extraction. General 
information from the included studies (author names, 
publication year, country of origin, funding sources, 
and study design) was extracted. The primary efficacy 
outcome of interest was symptoms, assessed by changes 
in the Positive and Negative Syndrome Scale (PANSS) 
total score. The PANSS score was chosen as the primary 
measure due to its utility in defining symptom severity.16,17 
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Secondary efficacy outcomes encompassed changes 
in the PANSS Positive and Negative subscales.

Data analysis
Effect sizes for each treatment comparison reported in the 
included studies were estimated with odds ratios (OR). 
Subsequently, frequentist network meta-analysis models were 
constructed to examine the primary and secondary efficacy 
outcomes, with placebo serving as the reference group in all 
models.

Pairwise meta-analytical techniques were employed to 
estimate effect sizes based on the mean changes in the 
PANSS score reported in each study. If the degree of statistical 
heterogeneity was considerable (i.e., an I2 statistic >50%), 
both random and fixed effects models were explored. 
In cases of a significant Q test for heterogeneity, the random 
effects results were utilized.

In the network meta-analysis models, both random effects 
and fixed effects models were considered. The assumption 
of transitivity was assessed using network graphs containing 
at least one closed loop; inconsistency within the models 
was evaluated through the Q statistics and the netsplit 
techniques (i.e., comparing the difference between indirect 
and direct estimates in closed loops within the network 
graph). If a significant level of inconsistency was detected, 
the results from the random effects model were reported. 
Treatment comparisons without direct estimates did not allow 
for the assessment of inconsistency. Treatment ranking was 
conducted using the P-score technique, and the results were 
presented in a forest plot that depicted the pooled effect sizes 
of each treatment estimated using the network meta-analysis.

A significance level of p <0.10 was considered indicative of 
statistical significance for all analyses of heterogeneity and 
inconsistency. For all other analyses, a threshold of p <0.05 
was considered. Data analysis was performed using the R 
software (version 4.1.2), in conjunction with RStudio (version 
2022.02.03+492) and the following packages: “meta”, 
“netmeta”, and “dmetar”.

Risk of bias 
The risk of bias in the included studies was assessed following 
the guidelines outlined in the Cochrane Handbook for 
Systematic Reviews of Interventions.18 Two independent 
reviewers (RM, SM), working in duplicate, evaluated the risk 
of bias for each individual RCT using the Cochrane risk of bias 
tool 2.0 (RoB2.0). This tool encompasses six domains, which 

include bias arising from the randomization process, deviations 
from the intended intervention, missing outcome data, 
mismeasurement of outcomes, and selection of reported results. 
According to the tool, the overall risk of bias for each study was 
classified as low, moderate (referred to as "with some concerns'' 
in the tool), or high.19 In the event of any discrepancies between 
the reviewers, resolution was achieved through consensus or, if 
necessary, by consulting a third reviewer.

GRADE assessment 
The certainty of the evidence for outcomes with significant 
clinical significance, such as PANSS, positive symptoms, and 
negative symptoms was assessed and categorized using the 
Grading of Recommendations Assessment, Development, 
and Evaluation (GRADE).19 To determine the certainty of 
treatment effect estimates from the network meta-analysis, it 
was necessary to evaluate the level of evidence for both direct 
and indirect comparisons, as well as the best estimates derived 
from both direct and indirect evidence, including the network 
meta-analysis (combining direct and indirect evidence).20 The 
quality of evidence was classified as high, moderate, low, 
or very low, reflecting the certainty of the evidence for the 
meta-analysis.

Results

The initial search included a total of 6,525 citations, from 
which 5,658 unique reports were identified. After screening 
the titles and abstracts, 215 full-text articles were retrieved, 
resulting in 17 studies with a total of 7,139 participants. 

An additional search update was conducted from June 2020 
to September 14, 2021, which identified 184 citations; only 
26 articles were selected for full-text assessment, however, 
no articles met the inclusion criteria. The PRISMA flowchart 
depicting the study selection process, including reasons 
for exclusion, can be found in the Supplementary Material. 

Among the 17 included studies, the treatment groups consisted 
of 7 studies using risperidone, 11 using paliperidone, 2 using 
aripiprazole, 1 using haloperidol, 1 using zuclopenthixol, 
and 10 placebo groups; with the most common comparison 
being between paliperidone and risperidone (5 studies).

Network Plot
Figure 1 shows the network plots, where nodes and edges 
represent the different LAIAs treatments, comparisons, and 
placebo. Overall, a well-connected network was observed. 
The examined comparisons focused on PANSS score and its 
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Positive, and Negative symptoms subscales as reference as the 
primary efficacy outcome; secondary outcomes as results can be 
appreciated between various LAIA treatments and placebo. 
The most frequently examined comparisons in terms of PANSS 
score were between paliperidone vs. risperidone, as well as 
paliperidone vs. placebo. On the other hand, there were fewer 
direct comparisons between zuclopenthixol or haloperidol 
compared to other treatments. 

Efficacy
Out of the 17 included studies, 15 reported usable results for 
PANSS score involving the comparison of five antipsychotics. 
The remaining two studies were excluded from subsequent 
analyses due to inconsistency with the rest of the LAIA treatments 
or placebo studies. The SMDs for the four antipsychotics 
(80%) that significantly reduced PANSS score compared with 
placebo ranged from –0.72 (95% CrI –0.99 to –0.46) for 
haloperidol to –0.45 (–0.54 to –0.37) for paliperidone, 
as shown in Figure 2. In hierarchical order, haloperidol, 
aripiprazole, risperidone, and paliperidone demonstrated 
significantly greater reduction in PANSS score compared to 
other drugs, contrary to the belief that newer antipsychotics are 
more effective than older ones. However, it is worth mentioning 
that there was only one study comparing haloperidol with 
paliperidone using the overall PANSS scale, without specifically 
assessing the efficacy of haloperidol in reducing negative and 
positive symptoms, limiting the results. Further details of the 
direct and indirect comparisons are presented in Figure 3.

Eight out of 11 studies assessed for negative symptoms 
reported usable results (four antipsychotics compared). The 
most common comparisons were between paliperidone and 

placebo (4 studies), as well as paliperidone and risperidone 
(3 studies). The SMDs for three antipsychotics (75%) that 
significantly reduced negative symptoms compared to 
placebo ranged between –0.40 (95% CrI –0.53 to –0.26) 
for aripiprazole to –0.32 (–0.44 to –0.19) for risperidone 
as depicted in Figure 2. In hierarchical order, aripiprazole, 
paliperidone, and risperidone demonstrated a significant 
reduction in negative symptoms compared to other drugs. 
Among the antipsychotics examined for negative symptoms, 
zuclopenthixol was the only one that did not show improvement 
in the negative symptoms subscale when compared to 
risperidone. Additional information on the direct and indirect 
comparisons is presented in Figure 3.

For the reduction of positive symptoms, 8 out of 11 studies 
provided usable results (involving the comparison of four 
antipsychotics). Similar to the negative symptoms section, 
the most common comparisons were between paliperidone 
and risperidone (3 studies) and paliperidone and placebo 
(4 studies). The SMDs for the three drugs (100%) that 
significantly reduced positive symptoms compared to placebo 
ranged from –0.50 (95% CrI –0.63 to –0.37) for aripiprazole 
to –0.19 (–0.57 to 0.20) for zuclopenthixol, as shown in 
Figure 2. In hierarchical order, aripiprazole, paliperidone, and 
risperidone demonstrated a significant reduction in positive 
symptoms compared to other drugs. Further details of the 
direct and indirect comparisons can be found in Figure 3.

In terms of the primary outcome, typical antipsychotic 
haloperidol ranked first in reducing PANSS scores, which is 
considered a crucial and comprehensive measure of efficacy. 
As for the secondary outcomes, aripiprazole exhibited the most 

Figure 1. Network plot illustrating the meta-analysis results. A) PANSS total score, B) Negative symptoms score, C) Positive 
symptoms score.
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Figure 2. Treatment ranking based on the network meta-analysis of all trials. A) PANSS total score, B) Negative symptoms score, 
C) Positive symptoms score. 

Note: Placebo serves as the reference group in both efficacy plots. SMD: standardized mean difference, OR: overall risk, Arip: 
ariperidone, Hal: haloperidol, Pal: paliperidone, Pcb: placebo, Risp: risperidone, Zuc:  zuperidone, Flph:  flupenthixol.

Figure 3. Direct and indirect comparisons in the network meta-analysis of all efficacy trials. 
Note: The diagonal represents the various long-active injectable antipsychotics examined in the study. On the left side of the 
diagonal, effect sizes are presented as standardized mean difference (SMD) with corresponding 95% confidence intervals (CIs) 
and 95% prediction intervals, with each cell indicating values for a specific comparison between the LAIAs. On the right side of 
the diagonal, efficacy values are presented as relative risk (RR) with 95% CIs and 95% prediction intervals. Statistically significant 

data are shown in bold.
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significant reductions in positive and negative symptoms and 
ranked second, following haloperidol, regarding PANSS score 
reduction. These findings indicate that one typical and one 
atypical antipsychotic emerged as leading treatments in terms 
of efficacy outcomes. These results are considered because 
the internal consistency of the network meta-analysis of these 
outcomes could be evaluated, and statistically significant 
differences were observed. 

Discussion

In this network meta-analysis involving 17 studies and 7139 
participants, we evaluated the comparative efficacy of eight 
different long-acting injectable antipsychotics and placebo 
in the treatment of schizophrenia. This study builds upon 
previous findings from pairwise meta-analyses that compared 
first versus second-generation LAIAs and examined various 
outcomes assessed by clinician-administered rating scales, 
such as positive and negative symptoms.

Our results indicate that, with the exception of zuclopenthixol, 
all LAIAs were more effective than placebo in reducing overall 
PANSS scores. The SMD ranged from –0.72 for haloperidol 
decanoate to –0.45 for paliperidone palmitate. However, these 
findings also suggest that the differences between individual LAIAs 
are not statistically significant. In our previous meta-analysis, we 
found that first and second-generation LAIAs had similar efficacy 
in reducing general psychopathology, although only three studies 
were included. The overlapping confidence intervals in this 
network meta-analysis further support the notion that most LAIAs 
have similar effectiveness in reducing overall symptoms, including 
haloperidol decanoate. Although node splitting assessment 
revealed no inconsistencies, only one study included haloperidol 
LAIA, which may limit the generalizability of these findings.

For positive and negative symptoms, the available data 
primarily originated from studies involving newer LAIAs such as 
paliperidone palmitate, aripiprazole, lauroxil, and risperidone 
microspheres, with all LAIAs exhibiting a similar effect in reducing 
these symptom dimensions. Even though this statement may 
hold true for the positive dimension, the evaluation of negative 
symptoms in the clinical trials included was based on the PANSS 
negative symptoms subscale, which does not differentiate 
between primary and secondary negative symptoms.21 
Therefore, it remains unclear whether the improvements 
observed in these core symptoms with LAIAs are directly 
related to their actions on the primary biochemical deficits in 
schizophrenia or if they are mediated through other mechanisms.

Regarding zuclopenthixol LAIA, it is worth noting that the 
presence of comorbid substance use disorder in the studied 
population may alter the homogeneity of the sample, 
potentially explaining the observed differences with other LAIAs.

Results obtained from the previous analyses suggest that 
older, less expensive LAIAs such as haloperidol decanoate 
exhibit comparable efficacy to second-generation LAIAs 
(aripiprazole, lauroxil, paliperidone palmitate, risperidone 
microspheres). However, only aripiprazole lauroxil (OR 0.2), 
risperidone microspheres (0.26), and paliperidone palmitate 
(0.39) demonstrated a significantly lower odds ratio (OR) for 
psychotic exacerbation. While clinician-administered rating 
scale improvements were commonly used as primary outcome 
measures in the included RCTs, relapse, and exacerbations are 
more frequently employed in clinical practice. Discrepancies 
in the criteria used across studies often prioritize the focus on 
rating scales, which may explain some differences observed 
between the PANSS mean changes and other outcomes.

Although the main focus of this manuscript is the efficacy 
of LAI´s antipsychotics, our protocol also encompasses 
data on safety and tolerability. Due to the heterogeneous 
nature of these studies (inconsistency among studies and 
evaluation methods), a separate analysis and discussion 
of the information pertaining to efficacy were necessary.

We conducted a search for various safety variables, including 
treatment-emergent adverse events (TEAEs), serious treatment-
emergent adverse events (sTEAEs), extrapyramidal symptoms 
(EPS), use of antiparkinsonian drugs, clinically significant 
weight gain, suicide ideation, and attempts, pain at the 
injection site, discontinuation due to any cause, discontinuation 
due to adverse effects, and discontinuation due to lack 
of efficacy. However, given the limited literature available 
on most of these variables, we were only able to provide a 
critical review of the literature for the following variables.

Nonetheless, we can discuss some of the results included in 
our protocol, considering the significant relevance of the safety 
aspect of antipsychotics, particularly given the prevalence 
of metabolic alterations and neurologic adverse events 
associated with this class of drugs.

Regarding TEAEs and sTEAEs, aripiprazole and risperidone 
demonstrated favorable outcomes when compared to placebo, 
respectively. However, aripiprazole exhibited a non-protective 
effect against sTEAEs.
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Only one study reported two deaths, with the majority of 
studies reporting a low incidence of mortality. Among LAIs, 
risperidone demonstrated the lowest mortality rate compared 
to placebo.

The all-cause discontinuation rate of LAIs indicated a 
protective effect for all treatments, except for haloperidol 
decanoate. Aripiprazole exhibited the highest rate of 
treatment continuation compared to placebo. Regarding 
discontinuation due to adverse events, aripiprazole had 
the lowest rate of treatment abandonment attributed to 
adverse events. Please refer to Figure 4 for detailed results.

In a meta-analysis conducted by our group,14 we aimed to 
assess safety aspects related to the use of LAIs. Despite the 
numerous variables we attempted to evaluate, measures 
were often reported using different methods, making it 
difficult to draw conclusions regarding these variables. 
However, indirect and direct comparisons allowed for some 
insights to be gained. Regarding extrapyramidal symptoms 
and tardive dyskinesia, SG-LAIs were more likely to be 
associated with these adverse events compared to placebo, 
although this did not impact treatment discontinuation.
The metabolic profile of LAIs was evaluated in only one study 
that conducted a metabolic assessment including measures of 
glucose, HbA1c%, and lipid profile over a 24-month period.22 

This study compared haloperidol decanoate and 
paliperidone palmitate, with no differences observed 
within this comparison. These findings are of great interest, 
as SGA-LAIs are associated with metabolic parameters 
increase. However, SGA-LAIs were associated with weight 
gain and increased body mass index during long-term use.

Another study comparing paliperidone palmitate at different 
dosages (50mg, 100mg, and 150mg) versus placebo over a 
three-month period in acutely ill patients with schizophrenia 
evaluated safety outcomes. The overall incidence of 
TEAEs did not differ significantly between the groups. 
The frequency of extrapyramidal symptoms and glucose 
increase as TEAEs was low. However, clinically significant 
weight gain was more frequently observed in the paliperidone 
palmitate group (12% for 50 mg, 10% for 100 mg, 4% 
for 150 mg) compared to the placebo group (2%).23

A study comparing paliperidone palmitate (at dosages 
of 50mg, 100mg, and 150mg) and risperidone LAI (at 
dosages of 25mg, 37.5mg, and 50mg) over a 13-week 
period, assessing safety through TEAEs, clinical laboratory 
findings, EPS, electrocardiogram findings, and physical 
examination findings, found no significant differences 
between the two groups, with no new findings compared 
to previous studies.24

Figure 4. Safety outcomes. A) Treatment Emergent Adverse Events (TEAEs), B) Serious Treatment Emergent Adverse Events 
(STEAEs), C) Deaths, D) All-cause discontinuation, E) Discontinuation due to adverse events.
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Strengths and limitations
To the best of our knowledge, this network meta-analysis 
represents the first attempt to compare the efficacy of first 
and second-generation long-acting injectable antipsychotics 
(LAIAs) and placebo in the treatment of schizophrenia. Previous 
meta-analyses in this area have primarily focused on mortality 
risk or discontinuation rates, without considering evidence 
regarding efficacy.

Overall, our analysis revealed no evidence of network 
inconsistency, while the risk of bias ranged from low to 
moderate across the included studies. The quality of evidence 
varied from very low to high. Detailed results pertaining to the 
risk of bias and the GRADE assessment can be found in the 
supplementary material.

When interpreting our findings, several limitations should be 
taken into account. We were unable to examine all variables 
that previous studies have identified as potentially influencing 
the efficacy of LAIAs, such as discontinuation rates, mortality, 
or adverse events. Our focus was specifically on assessing 
efficacy based on PANSS scores within the included trials, 
aiming for precision. However, we have identified other 
variables that may be worthwhile to explore in future research. 
Lastly, it should be noted that unpublished studies were not 
included in our analysis.

Conclusions

Clinical practice guidelines recommend individualized 
antipsychotic selection based on side effect profiles. The 
distinct pharmacokinetics of oral and depot antipsychotics 
pose challenges in managing adverse events, necessitating 
careful consideration before drug selection. In terms of PANSS 
scores, all LAIAs demonstrated similar performance compared 
to the placebo.
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MEDIAN ARTERY OF THE CORPUS CALLOSUM IN 
THE CONTEXT OF ANTERIOR COMMUNICATING 
ARTERY ANEURYSM RUPTURE: THE RELEVANCE OF 

PERIANEURYSMAL ANATOMY

Abstract
It is important to understand the patient’s vascular anatomy before treating cerebral aneurysms. The 
middle artery of the corpus callosum is one of the least common variations of the anterior communicating 
artery (AComA) complex. We describe the case of a 59-year-old woman who suffered a subarachnoid 
hemorrhage due to an AComA complex aneurysm that had ruptured. Fluorescein injection during 
the aneurysm clipping procedure revealed a partial obstruction of the middle artery, requiring clip 
repositioning. The vascular variations that patients may exhibit must be considered in aneurysm clipping 
surgery.

Keywords: AComA aneurysm, clipping, vascular abnormalities, subarachnoid hemorrhage, fluoresceine.

Background

The anterior communicating artery (AComA) has been 
identified around 41-48 days of gestation during 
embryological development.1 The AComA develops from 
a multi-channeled vascular network that coalesces at the 
time of birth and unites the anterior cerebral arteries (ACA) 
in the lamina terminalis cistern,2,3 completing the anterior 
circle of Willis.4 In the embryo, it can reach a maximum 
length of 18 mm.5 The average AComA diameter is 1.2 mm 
when the difference in diameter between the right and left 
precommunicating (A1) segments of the anterior cerebral 
artery (ACA) is 0.5 mm or less, and 2.5 mm if the difference 
is more than 0.5 mm.1,6 A variety of vascular abnormalities of 
the anterior communicating artery complex include AComA 
aplasia, duplication, A1 hypoplasia or aplasia, azygos, 
and median artery of the corpus callosum (MACC).2,3,4,7,8,9

The median artery of the corpus callosum is found in 2% of 
cases and dissections.2,10,11 It runs parallel to and behind the 
normal pericallosal artery,12 and gives branches to the corpus 
callosum, splenium, and paracentral lobules of both sides.6,7 

Its diameter ranges between 0.4 and 3.1 mm, with an average 
of 0.9 mm.9 There are two anatomic variants of this vessel, the 
classical and hemispheric, the first one terminating along the 
body of the corpus callosum in the midline and the second one 
serving as a second pericallosal with medial cortical branches.9 
It is well known that hemodynamic abnormalities create 
stress in artery bifurcations, resulting in aneurysm formation.6

Considering all vascular abnormalities of the AComA complex, 
we present a case of an AComA aneurysm with a median 
artery of the corpus callosum.
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Case presentation

A 59-year-old woman with a previous history of smoking 
and alcohol consumption, poorly controlled chronic arterial 
hypertension, and associated obesity, with a body mass 
index (BMI) of 40 kg/m2, arrived at the emergency room 
due to cephalalgic syndrome with secondary characteristics 
consisting of frontotemporal bilateral intense severity 
associated with loss of consciousness and posterior 
recovery. The patient presented transient motor aphasia 

with full recovery after one hour. Physical examination 
revealed morbid obesity with no other findings. Neurologic 
examination showed meningeal signs with a positive 
jolt accentuation maneuver and nuchal rigidity. Simple 
computerized tomography (CT) scan showed a subarachnoid 
hemorrhage and a left Sylvian clot corresponding to Fisher 
I, Hunt-Hess II, and World Federation of Neurological 
Surgeons (WFNS) I. CT angiography revealed a superior 
projecting anterior communicating aneurysm and a median 
callosal artery (Figure 1).

Figure 1. Preoperative aneurism. A, B. Preoperative CT angiography in coronal and sagittal projections 
with evidence of an AComA aneurysm with a superior projecting dome and a median callosal artery. C. 3D 
reconstruction showing the vascular preoperative relations of the aneurysmal dome. D. Anatomy diagram of 
the anterior communicating complex with the aneurysm. CT: computerized tomography; AComA: anterior 
communicating artery; 3D: three-dimensional; A1: precommunicating segment; A2: infracallosal segment; Ml: 
sphenoidal segment; ICA: internal carotid artery.
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Urgent surgery with standard pterional approach was 
performed, followed by a sub-frontal corridor and posterior 
depletion of the carotid and optic-carotid cisterns. Optical 
nerves, chiasm, carotid artery, and ACA were identified. 
Opening of the lamina terminalis was performed to achieve 
brain relaxation. A1 was identified and followed toward the 
AComA. An anterior-inferior bi-lobulated projecting aneurysm 
was identified. Dissection of the aneurysm dome was done 
with bipolar forceps and aspirator. We identified both the 
infracallosal (A2) arteries; a third artery arising from the AComA 
was also identified. After the correct identification of all the 
AComA complex arteries, definitive clipping was performed 
with a 9 mm straight clip. Fluorescein was administered in 

a 4 mg/kg dose to confirm parent vessel patency and total 
aneurysm occlusion. When exposing both A2, a median 
callosal artery was detected partially occluded by the clip, 
which made it necessary to relocate it. Aneurysm residual was 
found in the inferior portion, and a second definitive 5 mm 
straight clip was used with no residual after clipping. Dural 
watertight reconstruction, bone repositioning, and aponeurotic 
repair were performed in the usual manner (Figure 2).

A postoperative CT- angiography (Figure 2) confirmed total 
occlusion of the aneurysm neck with no residual. The patient 
evolved satisfactorily with no vasospasm during follow-up and 
was discharged after six days.

Figure 2. Transoperative photograph and postoperative CT angiography. A. Transoperative photograph 

showing the AComA complex and the final clip display with no residual. B. Intraoperative fluorescein angiography 

control with complete patency of the AComA complex and no residual filling of the aneurismal dome. C, D. CT 

angiography in coronal and sagittal projections displaying clipped AComA aneurysm with a superior projecting 

dome without residual, and a patent AComA complex with median callosal artery. E. 3D reconstruction of CT 

angiography showing clip configuration. A1: precommunicating segment; A2: infracallosal segment; Ml: sphenoidal 

segment; ICA: internal carotid artery; ON: optic nerve; AcomA: anterior communicating artery. CT: computerized 

tomography; 3D: three-dimensional. 
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Discussion and conclusion

Since the exposure obtained in the laboratory is different 
from that obtained in the operating room, adequate 
knowledge of the anterior communicating artery complex 
and its variants is required; this also becomes relevant 
when considering that the most common aneurysm site on 
the anterior cerebral artery is at the level of the AComA, 
which represents the most frequent intracranial aneurysm.6

As described by Yasargil and simplified by Lawton, 
AComA aneurysm dissection identifies 14 arteries: ipsi-
and contralateral A1 segments; ipsi-and contralateral A2 
segments; AComA; ipsi-and contralateral recurrent arteries 
of Heubner; ipsi-and contralateral orbitofrontal arteries; 
ipsi-and contralateral frontopolar arteries, and the collection 
of AComA hypothalamic perforators, the proximal origin 
of the callosomarginal arteries and a third A2 segment.2,3,4

Multiple surgical approaches have been used to treat 
anterior communicating artery aneurysms as the operative 
field is mainly dependent on the selected approach 
and the amount of dissection made for exposure.

All possible variants must be identified during the preoperative 
angiography because this will allow the surgeon to select the 
best approach and operative plan. This also saves time in 
the operating room since differentiating the median artery of 
the corpus callosum and an early branching pattern of the 
A2 may be challenging during surgery. In addition, MACC 
can be difficult to identify because it runs parallel to and 
behind the normal pericallosal artery, and it is easy to damage 
during surgery.2 As Ogawa et al13 have mentioned, there are 
two types of patterns: type A is when the aneurysm is at the 
trifurcation of the MACC, the branching point of the AComA, 
and the ipsilateral A1 or A2; type A2 is when the aneurysm 
is formed at the junction of the AComA and the ipsilateral A.

In this case, previous acknowledgment of the MACC variant 
allowed extending the AComA dissection until the complete 
identification of the aneurysm; both A2 and the MACC had 
a Type A pattern. It is important to highlight that even if a 
vascular anomaly has not been identified in the preoperative 
studies, all these variations should be considered, 
including a MACC, to avoid a postoperative stroke.

Preoperative diagnosis of this anatomic variation is mandatory 
to avoid occlusion of this artery. Despite not being identified 
in the preoperative image, it should always be considered 

that this variation may be present and intentionally 
discard this possibility to avoid ischemic complications 
secondary to the occlusion of these abnormal arteries.
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SIGNO DE ROMBERG: CONCEPCIÓN HISTÓRICA

Abstract
El signo de Romberg es uno de los signos clásicos y de mayor ayuda en la exploración neurológica. 
Fue propuesto por el alemán Mortiz Heinrich Romberg en 1851, al describir la pérdida del control 
postural que experimentaban los pacientes con tabes dorsal después de cerrar los ojos o en la 
oscuridad. 

En la literatura se reporta diferentes descripciones del signo de Romberg, y actualmente no existe 
un consenso. En las primeras descripciones, dicho signo fue relacionado con el daño a la vía 
propioceptiva. Asimismo, no solo se emplea en la neurología sino también en otras áreas médicas, 
por lo que resulta de gran utilidad.
 
Palabras clave: conceptos historicos, descipcion, revisión, signo de Romberg

Introducción

El signo de Romberg es una prueba que nos permite 
valorar alteraciones en la sensibilidad propioceptiva de 
los pacientes al observarse pérdida del control postural en 
ausencia de estímulo visual. De forma general, la prueba 
de Romberg se realiza solicitando al paciente que se pare 
con los pies juntos, primero con los ojos abiertos y después 
se le pide que los cierre. Se dice que el signo está presente 
cuando se observa pérdida de la estabilidad o incluso 
caída en el momento en que el paciente cierra los ojos.1,2

El signo de Romberg es uno de los hallazgos clínicos más 
antiguos que se han descrito. Inicialmente fue descrito como 
signo patognomónico de tabes dorsal en la neurosífilis, 
sin embargo, actualmente este signo persiste como parte 
integral de la exploración neurológica porque constituye 
una herramienta útil para valorar la propiocepción.1,3

Desde su descripción a mediados del siglo XIX por Mortiz 
Heinrich Romberg, el signo de Romberg ha tenido diversas 
modificaciones y adaptaciones e incluso hoy en día no 
existe un consenso sobre las variantes en ejecución e 
interpretación y, sobre todo, su traducción clínica, lo que ha 
producido discrepancias acerca de la validez e importancia 
semiológica de esta prueba en la práctica neurológica y 
en otras áreas afines, como la otorrinolaringología.4,5,6

Desarrollo histórico de la descripción del signo
Quizás la primera descripción del signo de Romberg como 
hoy lo conocemos se deba atribuir al neurólogo inglés 
Marshal Hall, quien en 1836, en su obra Lectures on the 
Nervous System an its Diseases, describió la pérdida de 
control postural en la oscuridad en pacientes con compromiso 
importante de la propiocepción: “Este día he visto un 
paciente con un ligero grado de debilidad. El camina de 
forma segura y normal mientras tiene los ojos fijos sobre el 
suelo, pero trastabilla si trata de caminar en la oscuridad 
(…) Sus propias palabras fueron; mis piernas se sienten 
adormecidas, no le podría decir donde se encuentran mis 
pies en la oscuridad, no puedo mantenerme en equilibrio.”7

Por su parte, en Alemania, Mortiz Heinrich Romberg describió en 
la segunda edición de su obra Lehrbook der Nervenkrankheiten 
des Menschen (1851) la pérdida del control postural que 
experimentaban los pacientes con tabes dorsal después de 
cerrar los ojos o en la oscuridad. Basado en la descripción 
de Marshall Hall, Romberg ideó una prueba para demostrar 
el fenómeno, lo que después dio lugar al multicitado signo 
neurológico. En la obra antes mencionada, Romberg señala: 
“Si al paciente se le dice que cierre sus ojos mientras está 
en posición de bipedestación, inmediatamente comienza a 
moverse de lado a lado y a oscilar incluso al grado de caer”.
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En otro apartado, Romberg describe la forma en que, al 
caminar, los pacientes con pérdida de la propiocepción 
colocan la planta del pie con gran fuerza, con la mirada fija 
en sus extremidades.8

Paralelamente a los trabajos de Romberg, el médico alemán 
Bernardus Brach describió manifestaciones similares. En 1850, 
Brach describió lo siguiente: “Es bien sabido que las personas 
con tabes dorsal tienen una marcha inusual (…) el paciente 
con tabes dorsal levanta las piernas con las rodillas extendidas 
y con dificultad. Cuando da pasos golpea el piso con sus pies 
con fuerza (…) No siente el movimiento que hace con sus 
piernas, no tiene sensación en sus extremidades. Su marcha 
es muy propensa a caer y tiene que usar su cuerpo y brazos 
para mantener el balance. En las pruebas para sensibilidad 
de temperatura, presión y dolor, el paciente responde como 
cualquier persona sana. Entonces no podemos afirmar que 
no tiene sensibilidad”.5  Brach notó que estos pacientes no 
presentaban debilidad. De hecho, como anécdota curiosa, 
refiere que, en 1838, un paciente de 36 años caminó durante 
4 horas para ir a verlo. Días antes, dicho paciente le había 
descrito a Brach sus síntomas en una carta: “Debo usar mis 
ojos para guiarme. En la oscuridad no tengo equilibrio, 
incluso en lugares que me son familiares, y ciertamente tiendo 
a caer. Cuando camino, debo concentrarme totalmente 
en la tarea que están realizando mis pies (…) Doy pasos 
muy fuertes que inclusive las plantas de mis pies presentan 
lesiones y se inflaman después de caminar distancias cortas.”5

Adopción del signo
Durante el siglo XIX, la identificación de la pérdida del 
control postural con los ojos cerrados o en la oscuridad fue 
una contribución atribuida con mayor frecuencia a Moritz 
Romberg, aunque algunos autores daban crédito tanto a 
Romberg como a Bernardus Brach, o incluso se presentaba la 
descripción del signo sin autoría. Era notoria la discrepancia 
entre los neurólogos más destacados sobre la atribución de 
este hallazgo clínico. Por citar algunos ejemplos, el médico 
estadounidense William Osler,9 el notable neurólogo Frances 
Jean Martin Charcot8 y el destacado neurólogo británico 
Willam Gowers,5 en sus diferentes publicaciones denominaban 
al fenómeno descrito como signo de Romberg.2,5,9,10 Sin 
embargo, otros neurólogos importantes de la época, como 
Charles K. Mills o Charles Loomis9, se referían al hallazgo 
como signo de Brach-Romberg.5 En contraste, autores como 
Duchenne de Bologne, Alexander Hammond y Charles 
Radcliffe8,9 citaban el fenómeno sin acreditarlo a nadie.5,10,11  
A pesar de las diversas descripciones y atribuciones a lo 
largo del siglo XIX, fue Romberg el primero en evaluar dicho 

fenómeno en el examen neurológico, lo que continúa siendo 
parte integral de la exploración física en neurología. 

En 1871, William Hammond presentó sus observaciones 
sobre pacientes con tabes dorsal, en las que señaló que el 
signo era independiente de algún grado variable de paresia y 
estableció la utilidad de éste para distinguir la tabes dorsal de 
una afección de tipo cerebeloso.10 Por su parte, Jean Martin 
Charcot, tal vez el neurólogo más importante de la época, 
refería al signo en las clases que impartía en La Salpêtrière, 
hospital de París, en las que convergían estudiantes de 
diferentes partes del mundo. Esta audiencia internacional 
contribuyó a la difusión del fenómeno clínico. Charcot, al 
igual que Hammond, consideraba el signo como característico 
de la tabes dorsal, sin embargo, describió que pacientes 
con enfermedad de Friedreich, neuropatía alcohólica y 
algunos pacientes con histeria también lo presentaban.5

Posteriormente, en 1888, William Gowers, en su obra A Manual 
of Diseases Of the Nervous System, estableció claramente las 
bases anatomofisiológicas del signo de Romberg y agregó la 
instrucción de que el paciente debía asumir una postura en 
la que la base de sustentanción se redujera, es decir, debía 
pararse con los pies juntos. A diferencia de cuando el paciente 
únicamente cerraba los ojos, Gowers consideraba que de 
esta forma la sensación de posición de los pies se ponía aún 
más a prueba, y que exigía al máximo la propiocepción del 
paciente, lo que posibilitaba valorar si existía una alteración.3

Recuento anatómico de la propiocepción 
De forma general se acepta que existen tres modalidades de 
sensibilidad: superficial o exteroceptiva, que incluye dolor, 
tacto y temperatura; profunda, también conocida como 
propiocepción, que refiere a las variantes de vibración, 
sentido de posición articular y dolor profundo, y de asociación 
o combinada, que utiliza vías de asociación cortical para 
integrar la sensación y el reconocimiento del medio externo. 

Los diversos axones de neuronas de un mismo tipo de 
receptores forman un haz (tracto) para crear una vía 
sensorial, en el caso de la sensibilidad propioceptiva, la 
información viaja a través de la vía del lemnisco medial, 
también denominada de los cordones posteriores.12,13,14

El sistema lemniscal (cordón posterior) conduce tacto, 
sensaciones articulares, discriminación entre dos puntos 
y sentido de vibración. Los receptores, de Pacini, Golgi y 
muy especialmente el huso neuromuscular, se localizan en 
músculos, tendones y articulaciones. El impulso se transmite a 

https://www.archivosdeneurociencias.org/index.php/ADN


Violante-Villanueva A,  Lopez-Hernández J C

 Arch Neurocien (Mex) | Volumen 28, número 2, año 2023 archivosdeneurociencias.org |  51

través de unas fibras muy mielinizadas del ganglio dorsal de 
las astas posteriores y asciende por los cordones posteriores 
hasta el bulbo, donde se produce una segunda sinapsis en 
los núcleos gracilis y cuneatus, luego cruza la línea media 
para colocarse del lado contralateral, y asciende por el 
lemnisco medio al tálamo y después a la corteza parietal 
en el área somatosensitiva 3, 1 y 2 de Brodman.12,13,14

La propiocepción es el tipo de sensación que informa 
al organismo de la posición de los músculos y constituye 
la capacidad de sentir la posición relativa de partes 
corporales contiguas. De igual modo, regula la dirección 
y rango de movimiento, permite reacciones y respuestas 
automáticas, interviene en el desarrollo del esquema 
corporal, y en la relación de éste con el espacio, y 
sustenta la acción motora planificada. Otras funciones 
en las que actúa con más autonomía son el control del 
equilibrio y la coordinación de ambos lados del cuerpo. 
Cabe destacar que varias de estas funciones, como el 
equilibrio, el sentido de posición y el movimiento, son un 
constructo conformado no sólo por la propiocepción y las 
estructuras neuroanatómicas, ya que también intervienen el 
cerebelo, el sistema vestibular, la visión, entre otros.12,13,14

Como ya se ha mencionado, en los orígenes de la descripción 
del signo de Romberg, este se atribuía exclusivamente al tabes 
dorsal, que se trata de un proceso observado en la neurosífilis, 
caracterizado por lesiones desmielinizantes a lo largo de la vía 
de los cordones posteriores, lo que se traduce en alteraciones 
de las modalidades de sensibilidad propioceptiva, entre 
ellas, la aparición del signo de Romberg. Sin embargo, una 
vez que se documentaron las bases neuroanatómicas del 
signo, éste no fue más un signo patognomónico del tabes 
dorsal. Cualquier condición neurológica que afecte la vía 
de los cordones posteriores en su trayecto desde el receptor 
hasta la corteza somatosensorial en el lóbulo parietal podría 
manifestarse con signo de Romberg, por ejemplo, esclerosis 
múltiple, traumatismo, enfermedad Charcot-Marie-Tooth, 
incluso deficiencia de vitamina B12. Asimismo, se debe 
puntualizar que también se ha documentado la presencia de 
signo de Romberg en afecciones no relacionadas directamente 
con la vía priopioceptiva, como daño vestibular agudo 
(neuritis vestibular aguda) y en afecciones cerebelosas.12,15,16

Técnica y variantes del signo
Desde su descripción original, y hasta los últimos años, han 
existido variaciones en la forma de realizar y evaluar el signo de 
Romberg, surgidas de la necesidad de dar mayor sensibilidad 
o especificidad al signo al evaluar la función propioceptiva.

La descripción original indica: el paciente al estar de pie 
y cerrar los ojos comienza a tambalearse, o al estar en 
obscuridad la marcha se vuelve insegura. Como puede 
observarse, esta descripción no señala características sobre 
la base de sustentación o la posición de las manos, aunque 
con el tiempo se agregaron especificaciones al respecto. Por 
ejemplo, se ha recomendado que la base de sustentación 
sea una área pequeña, esto es, que se solicite al paciente 
que mantenga los pies juntos y en una superficie firme.1,9

También se han propuesto variantes con respecto a la 
posición de las manos; algunos autores señalan que las 
manos deben estar a los lados del cuerpo, otros, que deben 
estar extendidas hacia el frente, o cruzadas sobre el tórax. 
Sin embargo, no hay datos que indiquen que la posición 
de las manos afecte la sensibilidad de la prueba. De tal 
manera que, actualmente, la mayoría de las descripciones 
del la prueba expresan: al paciente, en bipedestación, 
con los pies juntos y con los brazos extendidos al frente, 
se le pide que cierre los ojos y mantenga esa posición.1,5

El signo de Romberg tandem constituye otra variación; en ella 
el paciente se coloca de pie en posición tamden, es decir, 
con un pie frente al otro de tal forma que la punta de un pie 
toque el talón del pie delantero. La interpretación del signo es 
similar al Romberg tradicional.5

Romberg caminando, otra variante de la prueba, consiste en 
que el paciente camine cinco metros con los ojos abiertos 
y posteriormente con los ojos cerrados; el signo se registra 
como positivo si el paciente se balancea, cae o no puede 
realizar la prueba cuando tiene los ojos cerrados. En un 
estudio que comparó esta variante con el Romberg tradicional, 
la primera resultó ser más útil para detectar anormalidades 
propioceptivas en pacientes con mielopatía crónica.9

Ya que la prueba de Romberg, como se comentó 
anteriormente, no es utilizada exclusivamente para detectar 
lesiones propioceptivas, también se han descrito pruebas 
modificadas. Por ejemplo, en un estudio la prueba fue 
designada exclusivamente para evaluar la función vestibular: 
el participante debía mantener el equilibrio sobre una base 
de hule espuma −empleada para confundir la información 
propioceptiva− con los ojos cerrados.4

A continuación se expone brevemente la experiencia de 
los autores con respecto al signo de Romberg troncal. La 
prueba consistía en pedirle al paciente, sentado sobre 
la mesa de exploración, que extendiera sus brazos hacia 
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delante llevando la cabeza hacia atrás, todo esto con los 
ojos abiertos. Una vez que el paciente estaba en dicha 
posición se le pedía que cerrara los ojos. En caso de 
ser positivo el signo, el paciente comenzaba a presentar 
inestabilidad troncal con balanceo del mismo. Este hallazgo 
de documentó en cuatro pacientes con esclerosis múltiple con 
lesión espinal a nivel de la vía de los cordones posteriores. 

Interpretación de la prueba
El test de Romberg es difícil de interpretar ya que existen 
múltiples variaciones en los criterios para considerar positivo 
el signo. En general se acepta que el signo es positivo cuando 
el paciente al cerrar los ojos comienza a balancearse, pierde 
la postura o cae. Esto sería un indicador de lesión de las 
vías propioceptivas, puesto que, al eliminarse la información 
visual, el paciente depende únicamente de la información 
propioceptiva para mantener la posición. Sin embargo, 
factores como la experiencia del examinador y el grado de 
lesión pueden generar falsos positivos o negativos.1,2 De 
igual modo, existe variación según el grado de balanceo 
que debe presentarse para que el signo se considere 
positivo. Muchos médicos no consideran el balanceo de 
cadera, e insisten en observar el balanceo de tobillos antes 
de confirmar el signo. Otros especialistas prefieren que 
el paciente esté descalzo durante la prueba y confirman el 
signo sólo si éste da un paso correctivo a un lado, o si casi 
se produce una caída.12 Por otra parte, muchos pacientes 
de edad avanzada se balancean ligeramente con los ojos 
cerrados, así que esto puede resultar poco significativo. No 
obstante, el balanceo mínimo puede desparecer pidiendo 
al paciente que se mantenga totalmente inmóvil.17 En 
suma, dicha falta de unificación de criterios puede alterar la 
sensibilidad de la prueba y restar confiabilidad al diagnóstico.

Otros usos de la prueba
Ya que el signo de Romberg aparece no sólo en el caso 
de lesiones en las vías propioceptivas, sino también en 
lesiones cerebelosas y vestibulares, su uso no se restringe al 
campo de la neurología, e incluso ha sido empleado como 
prueba de control postural para indagar en la relación 
entre defectos secundarios de éste y esguinces de tobillo.15

Asimismo, el signo ha sido utilizado como indicador de riesgo de 
caída en personas ancianas, resultando un predictor confiable 
de caídas dentro de un lapso de dos años, por lo que ha sido 
sugerido como herramienta útil de prevención. Al respecto, 
una investigación que evaluó la sensibilidad y especificidad 
de los test de movibilidad, mostró que un conjunto de 
pruebas clínicas −que incluían radio de balanceo con prueba 

de Romberg, máximo apoyo anterior y posterior y arco de 
movimiento, lateral y medial, al sentarse y levantarse, así como 
grado de balanceo al sentarse y levantarse− presentaban una 
sensibilidad de 80% y especificidad de 74% para predecir 
caídas (fall status) o riesgo de caídas en personas ancianas.17

El test, en su variante de Romberg modificado, descrita 
anteriormente, también se ha utilizado en la detección de déficit 
de equilibrio y afecciones vestibulares. Se ha argumentado que 
esta variante evalúa específicamente la función vestibular, sin 
embargo, se desconoce la validez de esta afirmación, ya que, 
como se ha explicado antes, la base fisiopatológica del signo 
de Romberg refiere a la valoración de las vías propioceptivas.

Conclusión

Aunque la literatura ofrece diferentes modificaciones del signo 
de Romberg, éste continúa siendo uno de los signos clínicos 
de mayor utilidad para el médico neurólogo en la valoración 
de alteraciones en la vía propioceptiva.

Contribución de los autores

VVA: redacción, revisión y edición; LHJC: redacción, revisión 
y edición.

Referencias

1. Campbell, WW. DeJong's The Neurologic Examination. 6th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2005. 

2. Lanska D. The Romberg sign and early instruments for measuring 
postural sway. Semin Neurol. 2002;22(4):409-18. doi: 
10.1055/s-2002-36763

3. Gowers WR. Locomotor Ataxy (tabes dorsalis: posterior sclerosis). 
En: A manual of diseases of the nervous system. American edition. 
Philadelphia: P. Blakiston, Son & Co.; 1888. p. 285-323. 

4. Agrawal Y, Carey JP, Della Santina CC, Schubert MC, Minor 
LB. Disorders of balance and vestibular function in US adults. 
Arch Intern Med. 2009;169(10):938-44. doi: 10.1001/
archinternmed.2009.66

5. Lanska D, Goetz C., Romberg´s sign: Development, adoption 
and adaptation in the 19th century. Neurology 2000;55:1201-
1206. doi: 10.1212/wnl.55.8.1201 

6. Wilkins R, Brody I. Neurological Classics. Philadelphia: American 
Association of Neurological Surgeons; 1997. 

7. Hall M. Lectures on the nervous system and its diseases. London: 
Sherwood, Gilbert, & Piper; 1836. 

8. Poore V. Selections from the clinical works of Dr. Duchenne. 
London: The new Sydenham society; 1883. 

https://www.archivosdeneurociencias.org/index.php/ADN
mailto:%2010.1055/s-2002-36763%20?subject=
mailto:%2010.1055/s-2002-36763%20?subject=
mailto:%2010.1001/archinternmed.2009.6?subject=
mailto:%2010.1001/archinternmed.2009.6?subject=
doi: 10.1212/wnl.55.8.1201


Violante-Villanueva A,  Lopez-Hernández J C

 Arch Neurocien (Mex) | Volumen 28, número 2, año 2023 archivosdeneurociencias.org |  53

9. Findaly GF, Balain B, Trivedi JM, Jaffray DC. Does walking change the Romberg sign? Eur Spine J. 2009;18(10):1528-31. doi: 10.1007/
s00586-009-1008-7

10. Hammond WA. Sclerosis of the posterior columns of the spinal cord (locomotor ataxia). En: A treatise on diseases of the nervous system. 
New York: D. Appleton & Co.; 1871. p. 484-516. 

11. Pearce JM. Romberg and his sign. Eur Neurol. 2005; 53(4):210-3. doi: 10.1159/000086732

12. Afifi A, Bergman R. Neuroanatomía funcional: texto y atlas. 2ª ed. Ciudad de México: McGrawHill; 2006.  

13. Crossman A, Neary R. Neuroanatomía: texto y atlas a color. 3ª ed. Barcelona: Elsevier; 2007. 

14. Waxman S. Clinical Neuroanatomy. 26ª ed. EUA: McGrawHill; 2009. 

15. McKeon P, Hertel J. Systematic review of postural control and lateral ankle instability, part II: is balance training clinically effective? J Athl 
Train. 2008; 43(3):305-15. doi: 10.4085/1062-6050-43.3.305

16. Notermans NC, van Dijk GW, van der Graaf Y, van Gijn J, Wokke JH. Measuring ataxia: quatification based on the estándar neurological 
examination. J Neurol Neurosurg Psychiatry. 1994; 57(1):22-6. doi: 10.1136/jnnp.57.1.22

17. Ortuño M, Martín E, Barona R. Posturografía estática frente a pruebas clínicas en ancianos con vestibulopatía. Acta Otorrinolaringol Esp. 
2008;59(7):334-40. doi:10.1016/S0001-6519(08)75552-3

© Instituto Nacional de Neurología y Neurocirugía 
Manuel Velasco Suárez

https://www.archivosdeneurociencias.org/index.php/ADN
doi: 10.1007/s00586-009-1008-7
doi: 10.1007/s00586-009-1008-7
doi: 10.1159/000086732
doi: 10.4085/1062-6050-43.3.305
doi: 10.1136/jnnp.57.1.22
doi:10.1016/S0001-6519(08)75552-3

