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Abstract

Background: Persistence of cavum septum pellucidum (CSP) and cavum vergae (CV) into adulthood and their association
with mood disorders is unknown. Objective: We aimed to assess persistence of these cava in Atahualpa cohort individuals, and
their association with clinical depression (as a surrogate of limbic system dysfunction). Methods: Cases were defined as Atahualpa
residents aged >20 years with CSP and/or CV and paired 1:1 to age- and sex-matched randomly-selected controls. A board-
certified psychiatrist (blinded to case-control status) interviewed individuals with the aid of the Patient Health Questionnaire
depression module (PHQ-9) to establish a diagnosis of clinical depression. The McNemar’s test and conditional logistic regression
models were fitted to assess the independent association between persistence of CSP and/or CV and clinical depression (as the
dependent variable). Results: Of 1,298 individuals undergoing a head CT, 51 (3.9%) had a CSP and/or CV. The selection process
for the nested case-control study on the Atahualpa cohort (after excluding eight missing individuals with midline cava) generated
43 pairs. Nine of 43 case-patients (20.9%) and only two control subjects (4.7%) had moderate-to-severe scores on the PHQ-9
(cutoff >10 points). Clinical depression was significantly more frequent among case-patients than controls by the McNemar’s test
(OR: 8;95% C.I1.: 1.1 — 354.9) and the conditional logistic regression model (OR: 8; 95% C.I.: 1.00 — 63.96). Conclusions: This
study provides epidemiological evidence favoring the association between midline cava and clinical depression, supporting their
relationship with limbic system dysfunction.
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Resumen

Antecedentes: La persistencia de cavum septum pellucidum (CSP) y cavum vergae (CV) en adultos y su asociacion con trastor-
nos del estado de &nimo es desconocida. Objetivo: Evaluar la persistencia de estas cavidades y su asociacion con depresion clinica
(como marcador de disfuncién del sistema limbico). Métodos: Los casos se definieron como residentes de Atahualpa con edades >20
afios con CSP y/o CV y se emparejaron 1:1 con controles aleatoriamente seleccionados de acuerdo con edad y sexo. Un psiquiatra
(ciego al estado caso/control) entrevisto a los individuos con el médulo de depresion del cuestionario de salud del paciente (PHQ-9)
para establecer diagndstico de depresion clinica. La prueba de McNemar y modelos de regresion logistica condicional se utilizaron
para evaluar la asociacion independiente entre persistencia de CSP y/o CV y depresion clinica (como variable dependiente). Resul-
tados: De 1.298 individuos sometidos a TC de cerebro, 51 (3.9%) tenian un CSP y/o CV. El proceso de seleccion para el estudio de
casos y controles genero 43 pares. Nueve de 43 casos (20.9%) y solo dos controles (4.7%) tuvieron puntajes de moderados a severos
en el PHQ-9 (punto de corte >10 puntos). La depresion clinica fue significativamente mas frecuente entre los pacientes que en los
controles mediante la prueba de McNemar (OR: 8; 95% C.1.: 1.1 - 354.9) y la regresion logistica condicional (OR: 8; 95% C.1.: 1.00
- 63.96). Conclusiones: Este estudio proporciona evidencia epidemiologica que favorece la asociacion entre persistencia de CSP y/o
CV y depresion clinica, lo que favorece su relacion con disfuncion del sistema limbico.

Palabras clave: Cavum vergae; Cavum Septum Pellucidum; Depresion clinica; Modulo de depresion del cuestionario de
salud del paciente.
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Introduction

Three forms of anterior midline intracranial cava have
been recognized, the cavum septum pellucidum (CSP), the
cavum vergae (CV) and the cavum vellum interpositum
(CVI). Current knowledge suggests that CSP and CV are
not related to the ventricular cavities as they do not contain
cerebrospinal fluid nor do they have ependymal lining. CVI
is considered a subarachnoid cistern that communicates
with the quadrigeminal cistern and the cisterna magna'-

CSP and CV are often present in newborns and infants
(as part of the normal embryo-fetal development) but their
prevalence decrease during the first year of life. However,
persistence of these congenital cava may be observed in
young adults or even later in life, probably as a signature of
limbic system dysgenesis? In addition, cases of acquired
cava may be observed among professional boxers, fighters
and survivors of repeated traumatic brain injury*’

Prevalence of midline cava among young and older
adults varied across studies® Such differences are likely
related to characteristics of study populations. Data on the
prevalence of these cava in the population at large is unk-
nown, since most series are not based on healthy indivi-
duals taken from the community’ A recent meta-analysis
comparing prevalence of CSP across patients with mood
disorders versus healthy subjects found that 293 out of
630 controls (46.5%) included in nine studies had CSP,
which is likely an overestimate?

Some studies found that persistence of CSP and/
or CV into adulthood is associated with mood disorders
and other psychiatric conditions?!? As part of the limbic
system, the septum pellucidum has a role in the connec-
tion between hypothalamus, hippocampus, amygdala, the
trigonum habenulae, and the brainstem reticular formation,
thus, providing a pathogenetic rationale for the association
between persistence of congenital brain cava and various
psychiatric disorders!® Other studies, however, found no
relationship between midline cava and mood disorders!*!>

In this study, we aimed to assess the prevalence of
CSP and CV in a cohort of individuals aged >20 years, and
to assess their association with clinical depression. Indivi-
duals with CVI were not included in view of the lack of
relationship between this cavum and psychiatric disorders.

Methods

Study population: This study was conducted in
Atahualpa, a rural Ecuadorian village. The population
is homogeneous regarding race/ethnicity (Amerindians),
living conditions, socio-economic status and dietary
habits, as previously described!

Study design: Using a population-based design, we
identified Atahualpa cohort individuals aged >20 years
with a CSP and/or CV (case-patients) by means of a head
CT. All identified cases were matched 1:1 by age (2
years) and sex to individuals without evidence of mid-
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line cava (control subjects), in order to assess potential
associations with symptoms of depression by use of the
McNemar’s test and conditional logistic regression models.
The study followed the recommendations of the standards
of reporting of neurological disorders (STROND) gui-
delines,)” and was approved by the Institutional Review
Board of Hospital-Clinica Kennedy, Guayaquil, Ecuador
(FWA 00006867). All individuals signed a comprehensive
informed consent form before enrollment.

Neuroimaging protocol: CTs were performed with
a Philips Brilliance 64 CT scanner (Philips Medical Sys-
tems, Eindhoven, The Netherlands) at Hospital-Clinica
Kennedy, Guayaquil. Slice thickness was 3mm, with no
gap between slices. Readings focused on the presence of
CSP and CV on axial scans. CSP was defined as a struc-
ture located between the frontal horns of the lateral ven-
tricles having as the anterior boundary the genu of the
corpus callosum and as the posterior boundary the
columns of the fornix (Figure 1, upper panel). CV was
defined as a structure located between the lateral ven-
tricles having as the anterior boundary the body of the
corpus callosum and as the posterior boundary the crus
of the fornix (Figure 1, lower panel). All images were
read by two raters blinded to clinical information. Inter-
rater agreement of CT lesions of interest was excellent
(k=0.92); discrepancies were resolved by consensus.

Selection of control subjects: Individuals with no
evidence of CSP or CV on CT were selected as poten-
tial controls by the use of the Random Integer Generator
(https://www.random.org/integers/) and then matched 1:1
by age (2 years) and sex to patients with CT evidence of
these cava. Subjects were ordered according to their unique
7-digit code used for enrollment in the Atahualpa Project.
If a given randomly selected individual did not match with
the corresponding case-patient or did not agree to partici-
pate, the next on the list (also matched by age and sex with
the corresponding paired case-patient) was chosen.

Psychiatric evaluation: Both case-patients and
control subjects were interviewed by a board-certi-
fied psychiatrist blinded to the case-control status. The
psychiatric interview focused on the application of a
widely used screening instrument to detect depression
in primary care settings, the Patient Health Question-
naire depression module (PHQ-9). The PHQ-9 consists
of nine items indicative of clinical depression plus a ques-
tion about functional impairment. The nine questions
were scored on a Likert scale ranging from 0 to 3, with a
maximum score of 27 points. Individuals with a score up
to 9 points were considered to be non-depressed or mildly
depressed, those with a score of 10-14 points were mode-
rately depressive and those with 15-27 points were mode-
rate-to-severe or severely depressive. We used a cutoff of
>10 points as positive for depressive symptoms, as pre-
viously described!® The PHQ was developed by Spitzer



Figure 1. Unenhanced CT of a study participant with a cavum septum pellucidum (upper panel) and with a cavum Vergae (lower panel), showing
the typical anterior and posterior boundaries of these midline cava.

et al (PRIME-MDO© Pfizer Inc.),° and the PHQ-9 depres-
sion module has been further translated into the Spanish
language and validated in urban and rural Latin American
communities?**' The instrument is useful for estimating
the presence of major depression in both clinical settings
and at the population level.

Covariates investigated: Education, alcohol
intake, history of epilepsy and living arrangements may
be associated with clinical depression, and were identi-
fied as covariates. Education was dichotomized in up to
primary school education or higher. Alcohol intake was
dichotomized in <50 g/day and >50 g/day. For epilepsy
assessment, a neurology resident conducted face-to-face
interviews to identify individuals with a suspected seizure
disorder, and then, a certified neurologist confirmed the
diagnosis. Living arrangements were classified into two
groups: individuals living with their spouses or other rela-
tives, and those living alone.

Statistical analyses: Data analyses were carried out
by using STATA version 16 (College Station, TX, USA).
In univariate analyses, differences in the prevalence of
mood disorders across case-patients and control sub-

jects were assessed by the McNemar’s test for paired data
(matched-pair analysis). Multivariate conditional regres-
sion models were fitted to assess the independent associa-
tion between the presence of CSP and/or CV (as the expo-
sure) and clinical depression (as the dependent variable).

Results

Figure 2 depicts the reasons for not including poten-
tially eligible individuals at each step of the enrollment
process. Of 1,702 individuals aged >20 years identified
during annual door-to-door surveys (2012 to 2018), 1,298
(76%) underwent a head CT. Of these, 51 (3.9%) had
a CSP and/or CV, and the remaining 1,247 had no evi-
dence of these cava on CT. The prevalence of brain cava
decreased with age, being present in 5.6% individuals
below and in only 2.2% above the median age (45 years)
of the study population (p=0.002).

Demographics of the 51 individuals with brain cava
differed from the 1,247 who did not had these cava. The
former were younger (mean [+SD] age: 42.5+17.7 versus
48.1+18.4 years; p=0.033), and more often men (63%
versus 46%; p=0.022) than those without cava.
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Figure 2. Flow diagram depicting the process of enrollment and the reasons for not including potentially
eligible individuals at each step of the process.

Eight out of the 51 case-patients did not undergo the
psychiatric interview. Three had left the village, two were
disabled, two declined consent and one died after CT. This
left 43 case-patients and a similar number of control sub-
jects for analyses. Of the 43 subjects initially selected as
controls, 15 did not match to case-patients or declined the
interview. These subjects were substituted with corres-
ponding controls next on the list (as detailed above).
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None of the 43 case-patients had any condition
known to be associated with acquired midline cava. The
mean age of the 43 case-patients was 43.5+14.7 years
(median age: 35 years), and 17 (39.5%) were women. As
expected, these numbers were similar to those of con-
trol subjects (mean age 43.9+17.7 years [median age:
36 years], and 39.5% women). Among case-patients, 17
(39.5%) had primary school education only, 14 (32.6%)



reported alcohol consumption >50 g/day, one (2.3%) had
epilepsy, and none lived alone. Among the 43 control sub-
jects, 15 (34.9%) had primary school education only, 9
(20.9%) reported alcohol consumption >50 g/day, none
had epilepsy, and one (2.3%) lived alone. There were no
significant differences across case-patients and control
subjects in any of the covariates.

Nine of 43 case-patients (20.9%) and only two of 43
control subjects (4.7%) had moderate-to-severe depres-
sion. According to the McNemar’s test, clinical depres-
sion was significantly more common among case-patients
than control subjects (OR: 8; 95% C.I.: 1.1 — 354.9,
p=0.046). A conditional (fixed-effects) logistic regression
model also revealed a significant association between the
presence of midline cava and depression (OR: 8; 95%
C.1.: 1.00 — 63.96; p=0.05).

Discussion

In this case-control study nested to a population-
based cohort, subjects with CSP and/or CV had increased
odds of having depression compared to those without
midline cava. These results provide epidemiological evi-
dence supporting an association between midline cava
and depression.

As previously noticed, the association between mid-
line cava and mood disorders is controversial. A recent
meta-analysis including nine studies found no significant
association between CSP and mood disorders® However,
in the largest study evaluated in this meta-analysis, the
presence of CSP was significantly associated with mood
disorders; and in three others, the Odds of having mood
disorders among individuals with CSP was from 2 to 4
times greater than in those without CSP (results did not
reach significance due to large confidence intervals, pro-
bably related to the sample size or the effect of hidden
confounders)!?>**? On the other hand, studies attempting
to find an association between CV and mood disorders
are scarce, but a significant association was found in the
single large series published to date!’

Most studies that assessed the presence of midline
cava in patients with mood disorders were carried out at
specialized centers and compared them with apparently
healthy — often unmatched — controls. This may have
resulted in a degree of selection bias. In contrast, the pre-
sent study has a true population-based design in which all
adults (aged >20 years) from the community were invited
to undergo CT, and then, individuals with CT evidence
of CSP and/or CV (and their matched control subjects)
had a psychiatric evaluation to assess the prevalence of
depression across case-patients and control subjects. This
design reduces the chance of selection bias and allows for
a more accurate determination of any differences in the
population at large. This nested case-control study design,
together with unbiased selection of subjects, the use of

a validated instrument for detection of individuals with
clinical depression, the assessment of case-patients and
control subjects by a certified psychiatrist, the systematic
evaluation of CT images, and the high level of inter-rater
agreement for CT findings of interest, all argue for the
strength of our results.

On the basis that persistence of midline cava into
adulthood is associated with limbic system dysfunction;-'?
our results support the concept that clinical depression
is linked to dysfunction of midline brain structures of
the limbic system and probably to abnormalities in the
hypothalamic-pituitary-adrenocortical axis regulation.?**
In this view, our results provide a rational explanation for
pathogenetic mechanisms involved in clinical depression.

The present study has some limitations, including
the cross-sectional design, which precludes the evalua-
tion of a potential cause-and-effect relationship between
the presence of midline cava and depression. However,
biological plausibility suggests that the direction of the
relationship goes from midline cava to depression, since
reverse causation in unlikely. Another limitation is the
lack of MRI exams, which could demonstrate small mid-
line cava not well-visualized by CT. However, the use of
a high resolution 64 row CT scanner with 3mm slice thic-
kness and no gap between slices, reduces this possibility.
Moreover, the possible lack of visualization of small CSP
may be — at the same time — an advantage of our study
since small midline cava have not been associated with
psychiatric manifestations. In view of the homogeneity of
Atahualpa residents in terms of ethnicity and living con-
ditions, our results might not be generalizable to other
populations or ethnic groups. Finally, we cannot rule out
the possibility that some of our patients with CSP and/or
CV (particularly those in the younger age group) who had
no current symptoms of depression may develop them in
the future. Further longitudinal studies with repeated neu-
roimaging and psychiatric evaluation of the study popula-
tion will be helpful to answer these questions.
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