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RESUMEN.

Para analizar |z influencia de la presencia de vértigo sobre la modulacién autdénoma de la funcién
cardiovascular, se estudiaron las respuestas cardiovascular y respiratoria a los estimulos térmico ¥
rotatorio {en la oscuridad) de sujetos sin enfermedad y la respuesta a pruebas simples de reflejos
cardiovasculares de sujetos con neuronitis vestibular, en fase aguda. La modulacion auténoma se evalud
mediante mediciches de la respiracion, de la frecuencia cardiaca y de la presién arterial, asi como por la
variabitidad de los intervalos entre ondas R consecutivas del electrocardiograma y de 1a presion arterial.
En un primer estudic, mediante 1a irrigacion del conducto auditivo externo a 30°C, se indujo vértigo a 7
sujetos jévenes (25 - 34 afios de edad), 6 de ellos sin enfermedad vestibular y un paciente con falla
vestibular bilateral idiopética. La frrigacién se efectud tanto con respiracién espontdnea come con
respiracion guiada por un metrénomo (0.25 Hz). Comparando perfodos de 2 minutos antes y después del
estimulo, se identificaron los cambios en la frecuencia cardiaca, en la presion arlerial, en la frecuencia
respiratoria y en las caracterlsticas espectrales de la variabilidad de los intervalos RR y de la presion
arterial. En los sujetos sin enfermedad, pero no en el pacients, y sélo durante la respiracion espontanea,
aumentd la densidad de la potencia espectral de las frecuencias de 0.15 a 0.4 Hz de los intervalos RR
(p< 0.05) y de 0.04 a 0.4 Hz de la presion arterial media (p< 0.05), Cambios que se asociaron a un
aumento en la frecuencia respiratoria {p< 0.05). Los resullados sugieren influencia de la actividad
vestibular en la modulacién auténoma cardiovascular mediante modificaciones del patrén respiratorio.
Para corroborar este hallazge, 15 sujetos adulios (22-57 aflos), 12 sin enfermedad y 3 con falla vestibular
bilateral idiopatica, en la gscuridad, fueron expuestos a rotacién a velocidad constante a 60°/s de todo el
cuerpa, con la cabeza en diferentes posiciones: |. erguida para rotacién a través de un eje proximo al
vértex; Il inclinada para rotacidn a través de un eje préximo al eje inter-aural, en direccion hacia el frente
y lll. misma posicién que en li. pero con rotacién hacia atras. Sélo durante |a rotacion en el plano sagital,
en los sujetos sin enfermedad pero no en los pacientes, se observd aumento en la frecuencla respiratoria
{p< 0.05) por disminucién del intervalo entre inspiraciones consecutivas (p< 0.05). No se observaron
cambios a la detencién de la rotacién, Los resultados sugleren influencia de la actividad de los conductos
semicirculares verticales, aunados a la somato-sensacion, sobre el ritmo respiratorio.

La influencia del vértigo espontaneo sobre la funcién cardiovascular se estudio aplicando en 2 ocasiones,
con intervalo de dos semanas, las pruebas de cambio activo de postura e inmersion de una mano en
agua frla, con respiracion ritmica {0.2 Hz). Participaron 7 pacientes {27 - 52 afos de edad) con nauronitis
vestibular en fase aguda y 7 sujetos sin enfermedad (27 - 49 afios). Aungue en un estudio preliminar se
identificé que la repetibilidad de ambas pruebas es mayor al 80%, sélo en la evaluacién inicial los
pacientes mostraron respugstas anormales al ortostatismo y a la inmersién de la mano en agua fria. Dos
semanas después, estas respuestas fueron similares a las del grupo ceontrol. Los hallazgos sugirieron
hipo-reactividad simpatica durante la fase aguda de falla vestibular, periférica, siibita y unilateral.

Los resultados de estos estudics sefialan que el sistema vestibular participa, con otros sistemas, en el
control para mantener [a homeostasis durante el movimiento y los cambios de postura.

Palabras clave: vértigo, funcién vestibular, funcidn aufonoma, reflejos cardiovasculares.



SUMMARY.

To assess the autonomic modulation of the cardiovascular function during verligo, respiration and
cardiovascular responses of heaithy subjects were investigated after caloric stimulation and constant
velocity retatien, in the dark; also simple cardiovascular reflex tests were performed on patients with
acute, unilateral, vestibular failure. The autonomic modulation was evaluated by changes on heart rate,
blood pressure, heart rate variability (HRV} and blood pressure variability (BPV).

The HRY, BPV and respiratory frequency were measured by spectral analysis in 7 young subjects (25 - 34
years old), 6 healthy humans and one labyrinthine defective patient during cold (30°C) stimulation.
Irrigation to each ear was delivered under two different breathing cenditions; |, spontaneous breathing and
It. breathing paced with a metronome (0.25 Hz). In the normal subjects, just during spontanecus
breathing, the caloric stimuli induced a significant increase in the absolute magnitude of the power
spectrum density at 0.15 to 0.4Hz of HRV and at 0.04 to 0.4 Hz of mean BPV (p< 0.05). These responses
were refated to an increase of the respiration f{equency (p< 0.05) and were not evident in the patient. The
results show that caloric vestibular stimulation can produce changes in the cardiovascular function through
medification of the ongoing patlern of respiration.

To further study this finding, respiration, heart rate, arterial blood pressure and skin blood flow were
measured in 15 subjects, 12 healthy subjects {22 to 52 years old} and 3 labyrinthine defective patients (38
to 57 years old} during 60°/s velocity steps in the dark, while seated on a motorized rotating chair.
Rotation was performed under three conditions: |. head vertical (axis of rotation through the vertex); 1.
head tilted chin down to the chest by at least 60°, with face rotated [aterally so that one ear was down
(axis of rotation close to the inter-aural axis), the direction of rotation was face forwards; lil. head tilted as
in condition IIl. but with rotation backwards. The respiratory pattern of the healthy subjects showed
significant changes related to rotation in the pitch plane, which were not evident in the patients. Healthy
subjects showed an increase of the respiratory frequency related to a decrease of the Interval between
inspirations (p< 0.05). Stopping responses were non consistent. These results suggested an influence of
angular mofion in the pitch plane of the head on the respiratory drive of healthy huran beings.

Responses to active change of posture and cold hand test were assessed during metronome-paced
breathing, in 7 patients (27-53 years old) during the acute phase of a unilateral peripheral vestibular lesion
and in 7 healthy volunteers (27-48 years old). The assessment was repeated at 2 weeks follow up.
Patients tested in the acute phase showed, on standing up, a smaller increase in the low/ high frequency
ratio of heart rate variability and a decrease in systolic blood pressure (p<0.01and p<0.05 respectively in
camparison to normal controls). During the cold hand test, there was a smaller increase in systolic and
diastolic blood pressure in the patients {p< 0.05). The differences observed between patients and controls
in the acute vestibular phase were not present on follow up. The results showed abnormal cardio-vascular
responses to autonomic challenges in patients with an acute vestibular failure.

Thesa results support that the vestibular system paricipatas on the multi-system control of homeostasis
during movement and postural changes.

Key words: vertigo, vestibular function, autonomic function, cardiovascular reflex.



INTRODUCCION

Relaclén del sistema vestibular con el sistema nervioso auténomo

Los cambios en la actividad de los receptores vestibulares, en condiciones como la cinetosis,
generalmente se asocian a sintomas que se atribuyen al sistema nervioso auténomo (ej.
ndusea, sudacion y alteraciones gastro-intestinales). Estos sintomas también se presentan en
- situaciones clinicas relacionadas a disfuncién vestibular periférica o central, como el vértigo
espontaneo por lesidn vestibular unilateral de presentacién sibita. Estudios anatémicos y
fisioldgicos han demostrado que existen relaciones entre las vias del sistema vestibular y las
vias del sistema nervioso auténomo (Balaban 1998, Yates 1998). También, investigaciones
recientes sugieren que la respuesta de receptores vestibulares a la aceleracién linear es
importante para el control de la actividad motora tanto somatica como auténoma (Balaban
1998).

Desde principios de este siglo, experimentos realizados en animales mostraron que la
estimulacién del laberinto puede inducir cambios en Ia presidn arterial sistémica (Spiegel 1946).
En gatos, se ha observado que el sistema vestibular puede modular la actividad simpatica
(Yates 1992) e influir en la respuesta vasomotora a los cambios de postura en el plano sagital
{Doba & Reis 1974, Jian 1994). En seres humanos, la evidencia sugiere que la informacion
ofclitica y de los mecano-receplores del cuello pedria ser importante para mantener el flujo
sanguineo de las extremidades durante el ortostatismo (Ray 1997, Shortt 19597, Normand 1997,
Yates 1999).

Eunci6n vestibular y vértigo

La palabra vértigo {latin vertere} se utiliza para identificar la presencia de alucinacion de
movimiento. El sistema vestibular periférico incluye a los cinco 6rganos sensoriales del
laberinto vestibular y al nervio vestibular de cada oido, con actividad espontanea continua
(Gacek 1982). Estos receptores envian su informacidén a estructuras del sistema nervioso
central, en donde por un sistema complejo de conexiones se uliliza fa informacién de ambos
laberintos para identificar la crientacién de la cabeza en el espacio y la aceleracién y direccién
de sus movimientos. Cuando se presenta una asimetria del indice de descarga de los aparatos
vestibulares derecho e izquierdo se produce una sensacion de movimiento. Si esta informacién
es incongruente con la que proviene de otros sistemas sensoriales se presenta el vértigo. Ante
enfermedad vestibular, el vértigo puede ser espontanec o ser provocado por situaciones
especificas como los cambios de postura.



En sujetos con y sin enfermedad, el vértigo también puede ser inducido por un estimulo
vestibular asimeétrico. La induccion de vértigo se utiliza regularmente en la practica clinica de la
neuro-otologia, con el fin evaluar los reflejos vestibulares y opto-vestibulares, mediante pruebas
estandarizadas.

Estimulo vestibular térmico

La presentacién de manifestaciones autdnomas relacionadas a cambios en el tono vestibular es
variable. Durante la evaluacion clinica para el diagnéstico de enfermedades neuro-otoldgicas
se utiliza el estimulo vestibular unilateral mediante cambios térmicos del hueso temporal
{prueba caldrica). Este es un estimulo no fisiclégico capaz de inducir vértigo. En algunos sujetos
la aplicacién de la prueba cal6rica ests limitada por la presencia de manifestaciones auténomas,
en tanto que en otros individuos se induce vértigo sin otras molestias. Costa y colaboradores
(1995), mediante imigacidn de! conducto auditivo externo, indujeron manifestaciones
vestibulares y autdnomas {ndusea y vémito) a un grupo de voluntarios. En estos sujetos, las
mediciones seriadas de la frecuencia cardiaca, de la presion arterial y de los niveles één'cos de
nor-epinefrina, durante y después del estimulo, no se modificaron en forma significativa. El
monitoreo de la actividad eferente simpatica del nervio peroneo tampoco mostré modificaciones.
Pero la ausencia de cambios en los marcadares de la funcion cardiovascular no se considerd
como concluyente porque no se estudid la variabilidad de los mismos, indicader de ia
modulacién auténoma sobre la funcién cardiovascular (Bernston 1997). En ofro éstudio. Cuiy
colaboradores {1997), mediante microneurografia, identificaron un aumente de la actividad
simpéatica de! nervio tibial de sujetos sin enfermedad vestibular expuestos a irigacion del
conducto auditivo externo con agua a 10°C, pero una respuesta similar se present6 en los
mismos sujetos con la inmersién de una mano en el agua fria.

Eslimulo vestibular rotatorio

La funcién de los conductos semicirculares también se puede explorar mediante la rotacién de
la cabeza en diferentes planos (axial, sagital, frontal o combinacién de estos). Este es un
estimulo bilateral que simula las ¢ondicicnes naturales que modifican la actividad vestibular. Se
efectia exponiendo al sujeto a rotacién alterma (activa o pasiva) o a rotacién continua. En
1988, Convertino y colaboradores utilizaron este tipo de estimulo con el propésito de investigar
la posible asociacién entre cambios en la actividad de los conductos semicirculares horizontales
y el baro-reflejo por cambios en 105 intervalos entre ondas R (RR). Sujetos sin antecedentes de
enfermedad fueron expuestos a rotacién sinuscide de todo el cuerpo, en el plano axial, al
mismo tiempo que se les aplicaba presion graduada en el cuello, mediante un cojinete cervical.



Los investigadores identificaron cambios en los intervalos RR asociados a la rotacion, que
interpretaron bajo el supuesto de que la actividad parasimpética aumentaba durante la rotacién
de la cabeza. Sin embargo, el estudio no mostré evidencia de cambios en dicha actividad.

En otro estudio, Ray y colaboradores (1998) evaluaron a sujetos sin enfermedad vestibular
mientras estos efectuaban rotacién activa de la cabeza en el plane axial. Los autores ho
identificaron cambios significativos {inducidos por el movimiento) en la presién arterial, en fa
frecuencia cardiaca, ni en la actividad simpatica del nervip tibial y de la piel. Sin embargo, ia
metodologia que se utilizd en el estudio sdlo permitid explorar el efecto da [a combinacién de
aceleracion angular y linear en el plano axial de la cabeza; en tanto que, los estudios en
animales han sugerido que la influencia vestibular en la funcién auténoma se presenta
particularmente cuando se efectdan movimientos en el plano sagital.

Estudios clinicos en pacientes con vértigo espontaneg

En la practica clinica, es frecuente observar sintomas del sistema nervioso autbnomo en
relacion con alteracién de la funcidén vestibular, pero la intensidad y persistencia de estas
manifestaciones varia. En seres humanos y en animales, la seccidn de un nervie vestibular
produce nistagmus y latero-pulsion, que durante los primeros dias en los seres humanos se
acompafian de vértigo con nausea yfo vomito hasta en el 80% de los casos y de diaforesis en
menos del 25% de los-mismos (Silvoniemi 1988, Bdshmer 1996). Estas manifestaciones suslen
desaparecer o pueden sbio disminuir durante la evolucién de la enfermedad. En el caso
particular de los pacientes con neuronitis vestibular, alteracion que implica una lesién
laberintica, unilateral y aguda, los sintomas solo persisten una semana en aproximadamente
70% de los pacientes y dos semanas en menos del 5% de los mismos (Silvoniemi 1988).

En un informe publicado en japonés, Kawasaki (1993) refirid que pacientes con vértigo de
etiologla variada pueden presentar supresién de la respuesta simpatica durante la prueba de
inclinacién pasiva con la cabeza hacia arriba. El autor evalud la respuesta simpética al reto
ortostatico mediante los cambios que se presentaron en la varabilidad de la frecuencia de la
onda del pulso arterial de un dedo. Pero las conclusiones del estudio no se consideraron como
vélidas, porque las mediciones de la variabilidad se efectuaron sin seguir las recomendaciones
intemmacionales para el registro, andlisis e interpretacion de la variabilidad en el dominio de
frecuencias (Task Force 1996).



En un segundo estudio publicado en japonés, Seki (1997) evalué la variabilidad de la presion
arterial en un grupo de 80 pacientes con antecedente de padecer vértigo asociado a disfuncién
autdnoma y un grupo control de 25 sujetos sin enfermedad vestibular ni auténoma. Los
resultados mostraron actividad simpéatica mas variable en los pacientes que en los sujetos del
grupo control. Sin embargo, la fuerza de estos hallazgos se vio deteriorada porgue se utilizé
como marcador de la funcién simpatica a la razdn de la potencia espectral, obtenida con
analisis linear, de las frecuencias bajas y las frecuencias altas de series temporales de menos
de dos minutos de duracion, perfodo en el que los métodos utilizados no permiten evaluar de
forma confiable la potencia espectral de las frecuencias bajas {Task Force 1996),

Sistema nervioso auténomo y sistema cardiovascular

Prugbas de reflejos cardigvasculares

Las pruebas que utilizan los reflejos cardiovasculares como marcadores de la funcién autdnoma
han sido ampliamente utilizadas durante las dltimas décadas (Greenwood 1997). Las pruebas
sencillas evaldan los cambios de la frecuencia cardiaca y/ o de la presion arterial a estimulos
como la respiracién profunda (Araujo 1992) o la exposicion al frio {McCardle 1992). Otras
pruebas utilizan estimulos complejos para inducir las respuestas cardiovasculares, como la
inclinacién pasiva del cuerpo, la aplicacidon de presién negativa en las extremidades infericres o
la administracion de farmacos (Lindqvist 1990, Piha 1991, Low 1992). Los protocolos de
evaluacién clinica, con una o varias pruebas, constituyen instrumentos Utiles para el diagnéstico
clinico de dis-autonomia (Piha 1991).

E! equilibrio relativo entre el predominic vagal o no vagal de la medulacién del sistema
cardiovascular, es una caracleristica que permite la adaptacion del organismo a situaciones
diversas. Cuando se somete a un individuo a estrés, psicolégico o fisico, se activa a! sistema
simpatico, Este sistema induce un aumento de la presién arterial y de la frecuencia cardiaca. La
inmersién de una mano en agua fria es una forma ampliamente usada para estudiar esta
respuesta {(LeBlanc 1975, McClean 1992, Tavemer 1996). En otras situaciones, para mantener
la presién arterial se requiere modificar la actividad cardiaca. La modufacién auténoma del
sistema cardiovascular es un mecanismo importante para amortiguar los posibles cambios
debidos a modificaciones de la postura (Cooke 1999), durante los cuales se ha propuesto que
intervienen reflejos denominados vestibulo-simpaticos (Normand 1997, Ray 1997, Shortt 1897).



Por este motivo, fa inclinacidn pasiva de todo el cuerpo y el cambio activo de postura del
decObitc a la posicién sedente y al ortostatismo, constituyen pruebas que evalian el
funcionamiento del sistema nervioso auténomo (Low 1893). La adaptacion a la posicidon erguida
se¢ puede estudiar en e} tiempo, por cambios que se presentan en la presidn arterial y en ia
frecuencia cardiaca y/ o por la variabilidad de ambas mediciones en el dominio de frecuencias
(Jasson 1997, Sloan 1997).

Variabilidad del ciclo cardiaco y de la presién arterial

Actualmente se aceptan como métodos complementarics y no invasivos para estudiar el control
que el sistema nervioso autdnomo ejerce sobre el sistema cardiovascular, a la medicion de la
variabilidad de los intervalos RR y de la presién arterial (Omboni 1997). Los intervalos RR y la
presién arterial sufren fluctuaciones ritmicas y no ritmicas, como resultado de la interaccidn
entre los estimulos ambientales y los mecanismos para el control cardiovascular, El estudio de
estas variaciones puede efectuarse de diferentes maneras (Task Force 1996). El célculo de
promediocs y desviacién estandar es una medida de variabilidad durante un periodo de registro.
Sin embargo, la descripcién de variacion sélo en funcién de! tiempo no es completa. Los
fendmenos que varian también pueden ser descritos como la suma de componentes
oscilatorios, definidos por su amplitud y frecuencia. E! estudio de Ia variabi!idad, en el dominio
de frecuencias, utiliza técnicas espectrales para analizar los registros del electrocardiograma y/
o de la presion arterial. Mediante el mismo se identifica la potencia relativa de las diferentes
frecuencias participantes, en componentes sinusoidales individuales (Bernston 1997).

E! anélisis espectral de ia variabilidad de los intervalos RR y de la presion arterial son
marcadores de la modulacion parasimpatica y simpatica de la actividad cardiovascular (Malliani
1991, Grasso 1997). El componente de frecuencia alta de la variabilidad de los intervalos RR,
alrededor de 0.25 Hz (de 0.15 a 0.4 Hz), se ha relacionado a la respiracién y a la actividad vagal
eferente (Grossman 1991, Hayano 1984). El componente de frecuencia baja de los intervalos
RR, alrededor de 0.1 Hz (de 0.04 a 0.15 Hz), se considera relacionado a factores neuro-
humorales asociados con el reflejo baro-receptor, a influencia parasimpatica y a mecanismos de
contra! central { Task Force 1896, Piepoli 1997, Cooley 1998). Este ultimo se ha utilizado come
un indicador de las influencias tanto simpatica como parasimpatica sobre el ritmo cardiaco
(Task Force 1996). En tantc que, las oscilaciones de baja frecuencia de la presidon arterial
sistdlica {de 0.04 a 0.15 Hz) se han asociado a los cambios ritmicos de la actividad vaso-
motora, probablemente mediados por el asa simpética del reflejo baro-receptor (Grasso 1997).



La interpretacion fisiolégica de las oscilaciones de los intervalos RR de frecuencia muy baja aiin
no es clara, aunque la evidencia sugiere que estas dependen principalmente de la actividad
parasimpatica {Taylor 1998).

La variabilidad de los intervalos RR es el resultado de la influencia de muchos factores, tanto
individuales como ambientales. Entre [os factores fisiologicos destaca la respiracion (Al-Ani
1996, Laude 1995, Novak 1993). Entre otros factores se deben considerar a la edad, el sexo
(Laitinen 1998, Ryan 1984) y la potencia aerdbica (Kenney 1985).

Las caracteristicas de la respiracién se relacionan a las modificaciones que presentan los
intervalos RR (Novak 1993). Para un volumen respiratorio determinado, e! intervalo RR
aumenta al disminuir la frecuencia respiratoria. La frecuencia cardiaca varia con las fases de la
respiracién, aumenta con la inspiracidn y disminuye durante la espiracion. Se ha propuesto que
los efectos de la respiracion en el sistema intra-toracico de baja presién y/ 0 en el volumen de
ayeccion del corazén pedrian producir fluctuaciones en la presién arterial, asociada a cambios
subsecuentes en el intervalo RR. Sin embargo, se ha observado gue las oscilaciones de alta
frecuencia del intervalo RR pueden contribuir a las oscilaciones de alta frecuencia de la presion
arterial {Colley 1998, Taylor 1996). También se conoce que la respiracion influye en la
modulacion vagal y simpatica del ritmo cardiace por disminucion del tono vagal durante la
inspiracion (Novak 1993). Por estos motivos, cuando se estudia ia variabilidad de los intervalos
RR es importante considerar los cambios simultaneos de la respiracién.

La repetibilidad de las mediciones que se analizan en el dominio de frecuencias depende de las
caracteristicas de! estudio (Pitzalis 1996), las condiciones iniciales de cada sujeto (Tsuji 1996) y
aln de la hora del dia a la que se realizan los registros (Furlan 1990). En individuos sanos, en
condiciones de reposo, se ha observado que los indices utilizados para ¢l andlisis espectral de
las variaciones de los intervalos RR son reproducibles en periodos de hasta un mes (Dimier-
David 1994). En situaciones de investigacion clinica se ha informado de una reproducibilidad
satisfactoria de los resultados durante periodos de hasta una semana (Cloarec-Blanchard
1997), pero no hay informes clinicos sobre la reproducibilidad en periodos méas prolongados.
Ademas, se ha identificado que la repetibilidad adecuada de las mediciones de la potencia
espectral de ia banda de frecuencias altas solo se presenta en condiciones de respiracion
controlada (Pitzalis 1996).



10

Analisis espectral de los intervalos RR

Cuando se investigan periodos de corta duracidn es preferible que se afectie el analisis de la
variabilidad de los intervalos RR en el dominic de frecuencia, con métodos lineares o no-
lineares (Task Force 1996). Para el andlisis mediante métcdos lineares, los célculos se pueden
efectuar a partir de la duracidn de los intervalos RR versus el nimero de latidos progresivos
{Tacograma); o a partir de [a interpolacién de series discretas de eventos (series temporales)
para obtener una sefial continua en funcion del tiempo; o bien, mediante la cuenta unitaria de
las pulsaciones en funcidn del tiempo, que corresponden a cada complejo QRS reconocido.
Para estandarizar el procesamiento de datos se ha sugeride que se utilice el tacograma de los
intervalos RR con métodos paramétricos, o la interpolacién con muestreo regufar de las series
temporales con métodos ya sea paramétricos o no-paramétricos. La aplicacion de cualquiera de
ambas opciones requiere que el registro se efectGe durante un intervalo de al menos 10 veces
la longitud de onda de la frecuencia mas baja que se desea investigar, sin extender demasiado
el perfodo de andlisis. Para estudiar la banda de frecuencias altas se requiere de al menos 1
minuto de registro estable, en tanto que para estudiar la banda de frecuencias baja se necesita
de aproximadamente 2 minutos de registro {Task Force 1996, Bernston 1997).

El origen de la variabilidad de los intervalos RR incluye fenémenos no lineares, determinados
por la interaccién compleja de factores humorales, hemodindmicos, electrofisiclégicos y
reguladores del sistema nervioso autdénomo. Este hecho ha motivado interés para el desarrollo
de métodos de analisis no-linear, ain en estudio (Manser 1996). Algunos de estos métodos
son:
- El! andlisis en tiempo y frecuencia, para eliminar la dependencia del supuesto de
estabilidad de las sefiales.
- La aplicacion de la geometria fractal, para distinguir los componentes arménico y fractal
del espectro.
- El usode la dindmica no linear para ef estudio def comportamiento cadtico.

Vértigo y funcién auténoma

El sistema vestibular periférico presenta descargas neurales continuas, lo que permite que los
cambios en la actividad de los receptores en el laberinto posterior se traduzca en estimulos
tanto con disminucidn de la descarga {estimulo inhibitorio) como con aumentn de la desearga
(estimulo excitatorio). Esta informacién se organiza en los primeros relevos de la via vestibular,
donde se determina la coherencia de la informacion proveniente de cada uno de los laberintos.
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Si existe incongruencia de esta informacién con la que proviene de otros sentidos, entonces se
presenta vértigo. La presencia de manifestaciones clinicas del sistema nerviosos auténomo
asociadas a vértigo es una de las evidencias de que la funcién de ambos sisternas se encuentra
relacionada, Sin embargo, en esta area del conocimiento, son muchas las interrogantes
cientificas que aln no tienen respuesta. Aungue la evidencia en animales sefiala que la
informacidn vestibular influye sobre la actividad del sistema auténomo, los estudios realizados
en seres humanos son pocos y presentan resuftados contravertidos. Los hallazgos sugieren la
participacidn de fa informacion otolitica durante la adaptacién a fos cambies de postura, pero se
cuestiona ia posible participacién de los conductos semicirculares. Para comprender las
relaciones entre la funcidn vestibular y la funcidn auténoma, atin es necesario identificar las
caracteristicas de la funcidbn auténoma cuando existe lesidn o no del aparate vestibular,
considerando la posible variabilidad inter-sujeto. En el presente proyecto se evaluaron las
caracteristicas de la modulacion auténoma de la funcidén cardiovascular de sujetos sin
enfermedad vestibular, durante estimulacién vestibular dinamica unilateral y bilateral y de
pacientes, durante la fase aguda de una lesion vestibular periférica unilateral.

El estimulo vestibular unilateral se aplicé para inducir vértigo en sujetos sin enfermedad
vestibular. Se eligid la irrigacion del conducto auditivo externo con agua a 30°C porque
constituye una prueba (til y bien aceptada para la evaluacién neuro-otoldgica de cada oido.
Esta es la Gnica prueba clinica estandarizada que reproduce las manifestaciones de una lesion
vestibular periférica unilateral, con vértige y manifestaciones vegetativas. Sin embargo, en los
pocos informes en los que se ha ulilizado este tipo de estimulo en seres humanos, no se ha
considerado la impertancia de ia respiracidn en la modulacién auténoma de la respuesta
cardiovascular. Por lo que se realizé un estudio con el objetivo de analizar {as caracteristicas
de la variabilidad del ciclo cardiaco y de la presién arterial en el dominio de frecuencia, de seres
humanos jévenes, sin antecedentes de enfermedad neuro-otolagica yfo cardiovascular, antes y
durante la presencia de vértigo inducido mediante la irrigacién del conducto auditivo externo
{con agua a 30°C), con y sin respiracién ritmica,

El estudio con estimulo vestibular térmico mostré diferencia en las respuestas durante ia
irfigacién con respiracién espontanea y la irrigacion con respiracion ritmica. Hallazgo que motive
realizar un segundo estudio para evaluar la respuesta respiratoria al estimulo de los conductos
semicirculares de forma mas selectiva y fisiologica. En un sillén giratorio, sujetos sin
antecedentes de enfermedad y pacientes con falla vestibular bilateral idiopatica fueron
expuestos a rotaciéon continua de todo el cuerpo, con la cabeza en tres posiciones distintas.
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Asi se Identificaron las respuestas al estimulo tantoe de los conductos semicirculares
horizontales como de los verticales. El estudio se realizd con el objetivo de identificar los
cambios en la respiracion, en la frecuencia cardiaca, en la presidn arterial y en el fiujo cutaneo
de la mano asociados a la rotacidn a velocidad constante de 60°/s, en los planos axial y sagital

de la cabeza, de seres humanos sin enfermedad.

En la tercera y dftima patte del proyecto, se investigd la funcidon auténoma durante ef vértigo
espontaneo que se presenta por lesion vestibular, periférica, unilateral y de inicio sibito. En
seres humanos y en animales, la lesion unilateral del sistema vestibular de instalacidn rapida
produce vértigo acompafiado de manifestaciones vegetativas que disminuyen durante la
primera semana de evelucién de la lesion (Silvoniemi 1988). En gatos, la neurectomia vestibutar
bitateral aumenta la susceptibilidad a la hipotensién postural {Doba 1974). Sin embargo, hasta
ahora se desconccia el efecto de una lesién vestibular unilateral y en fase aguda sobre los
reflejos cardiovasculares simples del ser humano.

El estudio se realizd con el objetive de analizar las caracteristicas de la variabilidad de los
intervalos RR, durante e! reposo, y de la respuesta cardiovascular a las pruebas de cambio
activo de postura e inmersién de una mano en agua fria, de sujetos con vértigo asociado a
lesidn vestibular periférica en fase aguda {(primeras 72 horas) y de sujetos sin vértigo ni
antecedente de alteracién vestibular, en dos ocasiones con dos semanas de diferencia entre las
mismas.

Aungue las pruebas clinicas de los reflejos cardiovasculares simples constituyen instrumentos
aceptados para e! diagnostico de dis-autonomla, su adecuada interpretacion requiere que sean
estandarizadas en el ambiente y condiciones clinicas donde se les va a utilizar (Low 1993).
Antes de realizar el estudio en pacientes con lesién vestibular, se efectud un estudio preliminar
con el objetivo de identificar la repetibilidad, a dos semanas, y el coeficiente de repetibilidad
de las mediciones de la frecuencia cardiaca, de la presién arterial y de la variabijlidad de los
intervalos RR (en el dominio de frecuencia) durante las pruebas de cambio activo de postura e
inmersién de una mano en agua fria en sujetos sin enfermedad vestibular, ni antecedentes de
enfermedad cardiovascular.
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RESUMEN DE METODOS Y RESULTADOS

Estudio |

Documento en referencia:

- Jduregui-Renaud K, Bronstein AM, Yarmow K, Gresty MA. Effects of caloric stimulation on heart
rate and blood pressure variability and respiratory frequency. Brain Res Bull 2000;53:17-23.

Métodos

Participaron en el estudio 7 sujetos, seis voluntarios sin enfermedad vestibular de 25 a 34 afios
de edad (2 mujeres), y un paciente masculino de 33 afios con perdida bilateral y adquirida de la
funcion vestibular, de etiologia desconocida. Todos ellos con antecedente de exposicidn previa
a pruebas térmicas; pero sin antecedentes de enfermedad cardiovascular, enfermedad
neurclégica, administracion reciente de medicamentos o tabaquismo. Antes del estudio, se les
solicito abstenerse de cafeina y alcohol por al menos 12 horas. La evaluacién se efe_c:tué entre
las 10 y 14:30 horas, mientras los sujetos descansaban en decubito supino con la cabeza a 30°
de lo horizontal, en un ambiente con luz tenue y a temperatura aproximadamente constante
(26°C).

La irrigacién con agua a 30°C (Chartrer, NCI480 100} se llevé a cabo durante tres periodos: el
primero de 40 segundos {s) y los dos siguientes de 20s, con intervalos de 20s entre cada uno
de ellos, Se imigt cada conducto auditivo en dos ocasiones, con perfodos de reposo de al
menos 10 minutos (min) entre la irrigacion de cada oido. Antes de aplicar el estimulo, se
instruyd a los sujetos pafa respirar con frecuencia respiratoria: espontanea o guiades por un
metrénomo a 0.25 Hz. El orden de las condicicnes de frecuencia respiratoria se asigné de forma
alterna.

A un indice de muestreo de 500 Hz, se digitalizaron {Dash 8, Astromed}: el electrocardicgrama
{Callin Co, BP508), la presion arterial del dedo medio de la mano izquierda (Portapres, TNO
BM)), los movimientos oculares (Electronistagmografo Grass Inst.) y la frecuencia respiratoria
(Thermocouple Respiration Transducer, Grass Instruments). Después de verificar la ausencia
de artefactos antes (2 min) y después (2 min) de la irrigacién, se elaboraron series temporales
latido a latide de los intervalos RR, de la presidn arterial y de la respiracion. Se hizo un
muestreo de las series temporales a 10Hz {con interpolacién) v sus caracteristicas esnectrales

se calcularon mediante transformacion rapida de Fourier (MatLab, The Math Works Inc).



14

Se estimé la potencia espectral de las bandas de frecuencias baja (FB, de 0.04 a 0.15 Hz), alta
(FA, de 0.15 a 0.4 Hz} y total (0.04 a 0.4 Hz) en unidades absolutas y normalizadas
{{FB/(FB+FA)] x 100, vy [FA/(FB+FA)] x 100), asi como la relacidn de frecuencias bajas/
frecuencias altas (FB/FA) (Task Force 1996). La frecuencia respiratoria se estimé calculando la
media ponderada de la distribucion por frecuencias del espectro de la respiracién.

La proporcién de la potencia espectral de la presion arterial y de los intervalos RR relacionados
linealmente con la respiracién se calculd estimando la fraccién correspondiente a la potencia
coherente entre cada par de espectros y su complemento.

Para identificar la respuesta cardiovascular a los cambios en la profundidad de la respiracion, a
los 7 sujetos se les efectud una prueba de respiracién profunda (2 min) a frecuencia ritmica
(0.25Hz), sin irrigacion. En el registro electrocardiografico, durante la prueba, se identifico el
cambio en la frecuencia cardiaca y el valor mas alto de la relacion Espiracion/ Inspiracién (E/)
de los intervalos RR de las respiraciones 2a 7.

El andlisis de las cifras absolutas de la potencia espectral se efectué después de realizar
transformacién logaritmica, debido a que la distribucidn de los datos fue significativamente
diferente a la distribucién normal (p< 0.05, Kolmogorov Smirnof). E! analisis estadistico de los
resultados se efectdo utiizando andlisis de varianza, prueba 1" de Student y prueba de rangos
con signo de Wilcoxon. Las diferencias se consideraron significativas cuando el valor de p fue
menor a 0.05.

Resultados

Tanto en condiciones de respiracion espontdnea como de respiracién ritmica, las mediciones
seriadas de la presion arterial y de la frecuencia cardiaca mostraron cambios variables El
estimuto térmico tampoco indujo cambios especificos en la potencia espectral absoluta de la
varfabilidad de los intervalos RR de 0.04 a 0.4Hz, ni en las unidades normalizadas, ni en la
retacién de la potencia espectral de las frecuencias bajas (0.04 A 0.15 Hz) y altas (0.15 a 0.4
Hz), ni en las unidades normalizadas de las frecuencias bajas vy altas de la potencia espectral
de la variabilidad de la presion arteria!, Sin embargo, durante la respiracién espontanea y no
durante la respiraciérr ritmica, en todos los sujetos sin enfermedad vestibular la irrigacion indujo
fluctuaciones en la onda de presién arterial que no se presentaron en el paciente; y la densidad
absoluta de la potencia espectral de la banda de frecuencias altas de los intervalos RR aumento
en 5 de los 6 sujetos con un minimo aumento para el paciente.
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La frecuencia respiratoria de los sujetos sin enfermedad vestibular también mostré cambios
significativos durante la irrigacidn con respiracion espontanea. La mediana de las medias
ponderadas del espectro de la respiraciébn mostré un cambio de 0.27 Hz (recorrido de 0.17 &
0.29 Hz) a 0.3 Hz (0.26 Hz a 0.31Hz) con el estimulo (p<0.05), mientras en el paciente las
medias ponderadas fueron 0.37 Hz y 0.34 Hz, respectivamente. Sin embargo, la proporcidn de
la variabilidad de los intervalos RR y de la variabilidad de la presién arterial independientes de la
respiracién no presentd cambios significativos relacionados al estimulo térmico.

La prueba de respiracién profunda mostré resultados similares para los sujetos sin enfermedad
vestibular y para e! paciente. Los sujetos sanos presentaron un Iincremento medio de la
frecuencia cardiaca de 15.7 latidos por minuto (recorrido de 2.8 a 32) con una relacién E/l media
de 1.18 (recorrido de 1.1 a 1.27). El paciente presentd un aumento de 11 latidos por minuto con
una relacion E/l de 1.13,

Estudio Il

Documénto en referencia:

- Jauregui-Renaud K, Reynolds R, Bronstein AM, Gresty MA. Respiratory responses of normal
and vestibular defective human subjects to rotation in the yaw and pitch planes. Neurosc Letf
2001;298:17-20. '

Metodos

Aceptaron participar quince sujetos, 12 sin enfermedad vestibular de 22 a 52 afios de edad {4
mujeras) y 3 pacientes, de 38 a 57 afios de edad (hombres), con pérdida bilateral y adquirida de
la funcién vestibular de etiologla desconocida. Todos negaron antecedentes de enfermedad
cardiovascular o del sistema nervioso central, asi como ser fumadores o haber tenido
exposicidn reciente a medicamentos. Sentados en una silla motorizada, los sujetos fueron
expueslos a rotacién a velocidad constante de 60°/s, en la oscuridad, durante un minuto, con
diferentes posiciones de la cabeza: I. rotacién lateral (en el plano axial), cabeza en posicion
vertical para rotar alrededor de un eje proximo al vértex; II. rotacién al frente (en el plano
sagital), cabeza inclinada al menaos 60° de o horizental con respecto a la tierra, con cada oldo
hacia abajo, para rotar alrededor de un eje préximo al gje inter-aural y movimiento hacia la cara
anterior de la cabeza y ll. rotacidn hacia atrds (en el plano sagital), misma posicién de la
cabeza que en |l. pero con rotacion hacia la cara posterior de la cabeza del sujeto. El orden de
las condiciones de rotacion se asigné mediante el uso de protocolos consecutivos, previamente
disefiados, para exponer a los sujetos a las diferentes condiciones en un orden balanceado.
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Antes de la rotacién (2 min), durante la rotacion (1 min) y después de [a misma (2 min) se
digitalizaron a 500 Hz (Dash 8, Astromed): el efectrocardiograma, la presion arterial del dedo
medio de la mano derecha (Portapres, TNO), el flujo sanguineo del dedo medio de la mano
izquierda (Plethysmography, Grass instruments) vy los movimientos respiratorios (Respitrace,
NiMS). Para identificar la posible presencia de malestar o incomodidad durante el movimiento,
al término del estudio, cada sujeto dio respuesta a un cuestionaric de sintomas de cinetosis
($8Q, Kennedy 1893).

La estimacién de los cambios en la duracidn de los intervalos RR, la presion arterial y el flujo
sanguineo de la mano, se efectuaron comparando los registros de los dltimos 30s antes de la
rotacion versus los 10s al inicio de la rotacién y los Gltimos 30s al fin de la rotacion versus los
primeras 10s inmediatamente después de la misma. El calculo de los cambios en la frecuencia
respiratoria, en la duracién de la inspiracién y en la duracion de! intervalo entre inspiraciones
consecutivas se efectito en los pericdos de 30s, antes de la rotacién versus al inicio de la
misma, asl como al fin de la retaclon versus al término de la misma. Se calcularon los intervalos
de confianza del 95% de las mediciones efectuadas durante cada uno de estos pericdos asl
como los intervalos de confianza de las diferencias entre los mismos. Se consideré como
diferencia auténtica aquella cuyo intervale de conflanza no incluy6 el cero.

Resulftados

La rotacion y la detencién de la rotacién indujeron la sensacién de movimiento giratorio en todos
los sujetos sin enfermedad vestibular, pero en ninguno de los pacientes. Estos Glitimos refirieron
la sensacién de ser empujados levemente hacia un lado durante cada una de las condiciones.
La presencia de manifestaciones de malestar fue minima en todos los sujetos con y sin
enfermedad vestibular.

Los cambios en la frecuencia cardiaca y en la presién arterial fueron variables tanto para los
sujetos sin enfermedad vestibular como para los pacientes. El flujo cutdneo mostrd discreta
disminuclon, de presentacion variable en ambos grupes. La frecuencia respiratoria de los
sujetos sin enfermedad aumentd significativamente durante la rotacién en el plano sagital,
debido a un acortamiento de los intervalos entre inspiracicnes consecutivas. Estos cambios
fueron diferentes a lo observado durante la rotacion en el plano axial y a lo observado en los
pacientes. La respuesta a la detencién de la rotacién fue variable en todas las condiciones de
prueba.
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Estudio ill.

Documentos en referencia:

- Jauregui-Renaud K, Hermosillo G, Mérquez M, Ramos Aguilar F, Hemnéndez Goribar M, Cardanas M.
Repeatability of heart rate variability during simple cardiovascular reflex test on healthy subjects. Arch
Med Res 2001:32;21-26.

- Jauregui-Renaud K, Hermosillo GA, Gomez A, Mérquez M, Bronstein AM. Abnormal cardiovascular
response in vertigo due to acute unilateral vestibular failure. En preparacion.

Meélodos

1. Estudio de repetibilidad del protocolo de prusbas. Aceptarcn paricipar veinte sujetos de 29.3
+ 2.5 afios (15 hombres). Todos negaron tener antecedentes de enfermedad otolégica,
neurolégica o cardiovascular, ser fumadores o haber tenido exposicion reciente a
medicamentos. Se les efectud un protocolo de prusbas simples de refiejos cardiovasculares en
dos ocasiones, con dos semanas de intervalo. Las pruebas se realizaron siempre entre las
10:0C y 14:00 horas, en la misma habitacion y después de haber permanecido en posicién de
decibito dorsal durante al menos 10 min. El protocolo de pruebas incluyd:

-

) instruccion para realizar respiracion ritmica, guiada por un metronomo a 0.2 Hz;
2) reposo por 5 minutes, en decibito dorsal, con respiracion espontanea;

3) reposo por § minutos, en deciibito dorsal, con respiracidn ritmica;

4) cambio activo a sedente sin respaldo por § minutos, con respiracion ritmica;

5) cambio activo a bipedestacion por 5 minutos, con respiracion ritmica;

6) descanso en decbito dorsal (10 min), con respiracién espontanea y sin registro;
7) reposo en la misma postura por 3 minutos, con respiracion ritmica;

8) inmersion de la mane derecha en agua a 5°C (2 min}, con respiracidn ritmica y

9) reposo en la misma postura por 3 minutos, con respiracién ritmica.

Durante las pruebas se efectud registro electrocardiografico continuo con monitor Holter
(NewWave, Hewlett Packard) y medicién de !a presidén arterial cada minuto, con
esfigmomanémetre de mercurio. El andlisis espectral se realizé en periodos de prueba de §
minutos para el reposo con respiracion espontdnea y el cambio activo de postura, y de 2
minutos para la exposicién al frio. La distribucidn de la potencia espectral se calculd con el
método de auto-egresién (Predictor 3.0, Corazonix). Se estimo la densidad de la potencia
espectral de las bandas de frecuencias baja (FB, de 0.04 a 0.15 Hz) y alta (FA, de 0.15a 04
Hz) en unidades normalizadas ([FB/(FB+FA)] x 100, y [FA/(FB+FA)] x 100}, asl como la relacidn
de frecuencias bajas/frecuencias altas (FB/FA) (Task Force 1996). La repetibilidad de los
resultados se evalud utilizando el método de Bland y Altman (1988).
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Hl. Evaluacion de los pacientes con vértigo espontaneo. Aceptaron participar 14 sujetos: siete
pacientes de 27 a 53 afios de edad (3 mujeres) con lesién vestibular periférica y unilateral,
durante las primeras 72 horas desde el Inicio del vértigo, y 7 sujetos sin enfermedad vestibular,
de edad y sexo similares a los de los pacientes, de 27 a 49 afios de edad (3 mujeres). Ambos
grupos sin antecedentes de enfermedad cardiovascular o neuroldgica, nit exposicién reciente a
medicamentos. A todos los sujetos se les aplicd el protocolo de estudio y registro de variables
descrito en el apartado previo en dos ocasiones, durante su evaluacién inicial y dos semanas
. después.

Las mediciones de la frecuencia cardiaca y de la presion arterial efectuadas minuto a minuto se
consideraron para la descripcion de los resultados de todas las pruebas. Las mediciones de la
variabilidad de los intervalos RR en el dominio de frecuencia se emplearon para describir [as
mediciones en reposo con respiracion espontdnea, el efecto de [a respiracién ritmica y el
cambio activo de postura. Las respuestas de cada grupo se estimaron como la diferencia entre
la medicién Inicial y la medicién durante el reto auténomo. Se calcularon los intervalos de
confianza de! 95% de cada una de las mediciones, as! como de las diferencias entre las
condiciones inicial y subsiguiente de cada prueba del estudio. Se considerd como diferencia real
aquella cuyo intervalo de confianza no incluyé el cero,

Resultados

El estudio de la repetibilidad del protocolo de pruebas simples de reflejos cardiovasculares
sustentd su aplicacidn para el seguimiento de los pacientes con afeccién vestibular aguda. Se
observd repetibilidad mayer al 90% de los casos en todas las respuestas. Sin embargo, se
identificaron grandes diferencias individuales en los cambios de la variabilidad de los intervalos
RR durante la exposicién de una mano al frio. Este ltimo hallazgo sustentd que en e! siguiente
estudio, Iz prueba de exposicién al frio se evaluara mediante los cambios en la presién arterial y
en la frecuencia cardiaca, sin utilizar la variabitidad de los intervalos RR.

En e! estudic del vértigo espontaneo por lesién vestibular periférica, unilateral y de presentacién
stibita, durante la fase aguda de la enfermedad, todos los pacientes refirieron vértigo rotatorio
espontaneo. La expleracion fisica hizo evidente en todos los casos un nistagmus espontaneo
presente durante la fijacién visual (2°° a 3* grado), de caracterlsticas compatibles con lesion
vestibular periférica. Las pruebas del reflgjo vestibulo-ocular mostraron paresia canalicular
siempre unilateral (Jonkees 19R4), asi como desviacién de la peicepcion visual de io vertical
{media 7.6°, D.E. 2.9°} mayor a lo considerado como nomal (£ 2°) (Aranda 1997). Seis de los
pacigntes manifestaron nausea, que se acompané de vomito en 3 de los mismos.
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Dos semanas después, los pacientes manifestaron discreta sensacion de rotacién e

inestabilidad que se desencadenaba solo al realizar movimientos sibitos de la cabeza, pero

todos negaron alucinacion de movimiento de presentacién espontanea. En la exploracién se

observé disminucién del nistagmus en los 7 pacientes, en ese tiempo de 1% grado. La

percepcién visual de lo vertical también mostré menor desviacion, media de 2.2° (D.E. 1°). En

esta ocasion, ningan paciente refirio tener ndusea o vomito.

‘Las respuestas a las pruebas simples de refiejos cardiovasculares fueron ancrmales solo

durante la fase aguda de la lesion vestibular, periférica y unilateral. Durante esta fase se

observd que:

Las mediciones en reposo y las respuestas a la respiracion controlada fueron similares
en los sujetos con y sin enfermedad vestibular.

La respuesta al ortostatismo activo (cambio activo de postura) estuve significativamente
deprimida en los pacientes, en comparacién con lo observado en los sujetos sin
enfermedad vestibular.

La respuesta a la inmersién de una mano en agua fria fue menor en los pacientes que
en el grupo control.

En !a segunda evaluacidn, dos semanas después, se observaron las siguientes respuestas:

Durante el reposo con respiracién espontanea, la frecuencia cardiaca fue mayor y
presion arterial diastélica fue menor en 168 pacientes que en el grupo control.

Durante la respiracion ritmica, la frecuencia cardiaca de los pacientes diéminuyb
mientras que en los sujetos sin enfermedad vestibular no se modificé.

En el cambio activo de postura y en la inmersidn de una mano en agua fria, las
respuestas de los pacientes fueron similares a fas observadas en los sujetos sin
enfermedad.
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DISCUSION Y CONCLUSIONES

La informacién obtenida de esta serie de estudios sefiala que, en seres humanos:
- El estimuto del sistema vestibular puede Influir en la modulacién de ia actividad
cardlovascular, probablemente a través de !a respiracion.
- La aceleracién angular en sl plano sagltal de ia cabeza de sujetos sin enfermedad
vestibular puede modificar su ritmo respiratorio.
- La lesién del aparato vestlbular, en etapa aguda, puede asociarse a respuestas
anormales de pruebas simples de reflejos cardlovasculares.

Los hallazgos sugferen que el sistema vestibular, ademds de preparar al sistema
misculo-asquelético para el movimiento y los cambios de postura, mediante el reflejo
vestibulo-espinal, también contribuye a mantener la homeostasis corporal durante su
ejecucién. Influencla que efectda en sincronia con la informacidn provenlente de otros
sistemas sensoriales.

Influencia de la actividad vestibular sobre ¢l ritmo respiratorio

Las respuestas al estimulo vestibular dindmice uni y bilateral, en sujetos sin enfermedad
vestibular, son muestra de que la actividad de los conductos semicirculares puede modificar el
ritmo respiratorio. Estos hallazgos son complementarios a 10s resultados de estudios recientes,
en los que se ha demostrado influencia de la aceleracion lineal en el patrdn respiratorio de
sujetos sin enfermedad (Reynolds 2000). Los resultados tienen particular significado ﬂéiolégico,
si se considera que los cambios en la respiracidn repercuten no sélo en la adecuada
oxigenacidén del organismo, sino también en la funcidn cardiovascular, por mecanismos
diversos. Observaciones realizadas hace mas de dos décadas demostraron que la inspiracion
es capaz de inhibir reflejos que ocasionan bradicardia, tanto por estimulo de receptores
pulmonares como a través del control central de la respiracién (BMJ 1978). Estudios mas
recientes han proporcionado evidencia de la influencia respiratoria sobre la modulacion vagal
del ritmo cardiaco (Hayano 1994} y de la importancia de ios cambios de presion intra-toracica
en la funcién cardiovascular {Saul 1996). Ademas, se ha infermado de un acoplamiento no

linear entre los ritmos respiratorio y cardiaco por mecanismos de control central {Shafer 1553).
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Durante ¢l vértigo inducido mediante irrigacién del conducto auditivo externo, no se observé
influencia del estimulo térmico scbre las cifras absolutas de la frecuencia cardiaca ni de la
presién arterial. Este resultado es congruente con estudios previos, en lcs que no se ha
observado alguna tendencia en la influencia del estimulo térmico sobre estas variables (Preber
1958, Costa 1996). Sin embargo, en todos los sujetos sin enfermedad vestibular, la irrigacion
con respiracion espontanea y no con respiracioén ritmica, indujo un aumente de fa variabilidad de
la onda de presidn arterial y de la banda de frecuencias altas de! espectro de los intervalos RR,
que no se presentaron en el paciente. Estos cambios se asociaron a un aumento en la
frecuencia respiratoria, sin modificacion de la proporcién de variabilidad de estas mediciones
independientes de la respiracién. Desafortunadamente, en este estudio no efectuamos medicion
de los volimenes respiratorios y no podemos descartar que las fluctuaciones en la presién
arterial hayan estado relacionadas a cambios en la profundidad de la respiracién. Sin embargo,
la diferencia de resultados entre las dos condiciones de respiracién y la asociacién entre los
efectos del estimulo térmico y los cambios de la frecuencia respiratoria, sugieren que este tipo
de estimulo puede inducir cambios en la modulacion de la actividad cardiovascular mediante su
efecto en el ritmo respiratorio.

Es importante considerar que !a irrigacién de! conducto auditivo externo constituye un estimulo
complejo. Por este motivo, los resultados del estudio de su efecto sobre |a respiracién y funcién
cardiovascular constituyen evidencia insuficiente para sustentar la relacién entre la activacion
de los receptores vestibulares a la aceleracién angular y el control de la respiracion. Hatlazgo
que requeria comprobacién, para lo que se efectud un estudio con estimulo vestibular rotatorio,
en diferentes planos de la cabeza. Durante el mismo, los sujetos fueron expuestos a rotacion de
todo el cuerpo siempre en posicion sedente, con cambios en el eje de rotacidn de la cabeza sin
medificar el eje de rotacién del cuerpo. Durante la rotacién en el plano sagital, se observaron
medificaciones del ritmo respiratorio en los sujetos sin enfermedad vestibular que no fueron
evidentes en los pacientes con falla vestibular bilateral. Estos cambios estuvieron relacionados
a un acortamiento de los intervalos entre inspiraciones consecutivas, pero sin modificacién
significativa de la duracién de fa inspiracion.

La deteccién de las rotaciones de la cabeza en el plano sagital se lleva a cabo principalmente
per los conductos semicirculares verticales. Los hallazgos del estudio, aunados a este hecho,
sugieren que la informacién que proviene del patrén de estimulo de los conductos
semicirculares verticales puede inducir cambios en el pairdn respiratorio. La observacién de un
acortamiento de los intervalos entre inspiracnones sucesivas es congruente con los cambios
respiratorios que se presentan durante el movimiento.
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En situaciones naturales, en e! ser humano, la actividad de los misculos que participan durante
la espiracidbn se modifica ante cambios de postura en el plano sagital, como al adoptar el
ortostatismo (Davis 1980, De Troyer 1983). En esta postura, e! volumen pulmonar al final de ta
espiracién se encuentra determinado activamente y se mantiene por debajo del punto neutral,
por la contraccién de los musculos abdominales (De Troyer 1983). Evidencia en animales
sugiere que la activacién de los receptores vestibulares influye sobre la actividad de los
misculos respiratorios {Yates 1993) y estudios anatémicos han demostrado relacién directa
entre los nucleos vestibulares y el grupo respiratorio ventral de neuronas pre-motoras del talio
cerebral (Yates 1998).

Cabe destacar que en este estudio, las modificaciones de la respiracion se observaron solo
durante la rotacion mas no a la detencién de la misma, situacién en la que el estimulo vestibular
es selectivo. Sin embargo, con el objetivo de disminuir la informacién propioceptiva de! sujeto
durante la rofacién en nuestro estudio se utilizd una velocidad de rotacién baja (60°s), que
produce un estimulo vestibular sub-6ptimo. Lo que podria haber influido en los resultados. Pero
la ausencia de cambios respiratorios consistentes durante la detencién de la rotacion, también
sugiere que la respuesta observada no sélo depende de la informacién vestibular, sino que
consfituye una respuesta a un estimulo mulfi-sistémico. Situacién en la que la congruencia de la
informacién vestibular y la somato-sensacion influyd sobre los cambios en la funcién respiratoria
‘relacionados al movimiento.

Influencia de Ia falla vestibular subita en los reflejos cardiovasculares

En e! ser humano, la pérdida subita de la funcion vestibular unilateral es una de las principales
causas de vértigo. En etapa aguda, los pacientes refleren alucinacién de movimiento
acompafiada de nausea y vémito. El deterioro del reflejo vestibulo-espinal produce ademés
tendencia a caer hacia el lado de la lesion, con gran dificultad para mantenerse de pie y para
caminar (Bohmer 1996). Estas manifestaciones clinicas suelen remitir en pocas semanas. Sin
embargo, en fase aguda, el cuadro clinico de los seres humanos aunado a los estudios en
animales con seccién de los nervios vestibulares, que presentan hipotension postural (Doba
1974), sugieren afeccidén auténoma. El estudio que se realizd en pacientes con diagnéstico
clinico de neuronitis vestibular y sujetos sin enfermedad vestibular mostrd resultados
congruentes con la evolucién natural de la afeccidn vestibutar
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Aungue en la primera evaluacion, las mediciones durante el reposo con respiracion espontanea
fueron similares para ambos grupos, dos semanas después se observaron diferencias en la
frecuencia cardiaca y en ia presion arerial. Estas diferencias podrian estar relacionadas al
reposo relativo que guardan los pacientes durante esta etapa de la enfermedad. Estudios sobre
el efecto del decibito prolongado han mostrado que este se relaciona 2 un aumento de la
frecuencia cardiaca, disminucion de la presidn arterial y disminucién de! volumen plasmatico,
entre otros efectos (Takenaka 1994, Levin 1997). Las diferencias entre grupos del efecto de la
respiracion ritmica sobre la frecuencia cardiaca, en esta segunda evaluacion, podrian estar
asociadas a la diferencia observada en el registro inicial con respiracion espontanea.

En sujetos sin enfermedad, durante los cambios de postura, son varios los refiejos auténomos
que intervienen para mantener la presién arterial. inmediatamente at ponerse de pie, la presién
arterial de la parte superior del cuerpo tiende a disminuir, para prevenirlo la frecuencia cardiaca
aumenta por disminucién de la influencia vagal y predominio de la influencia simpéatica con
aumento de la actividad neural simpatica muscular y aumento de la resistencia vascular
periférica (Cooke 1999). La prueba de cambio activo de postura que se utilizd en este protocolo
constituye un reto auténomo gradual, que pone a prueba tanto al sistema parasimpético como al
sistema simpatico. Al realizarse la prueba en dos etapas, de acostado a sentado y de sentado a
la bipedestacion, constituye una prueba gradual en fa que la bipedestacion representa un reto
auténomo mayor que el estar sentado. En este estudio, no obstante la reorientacion de la
cabeza, el cambio del deciibito a sedente no permitid diferenciar a los pacientes de los sujetos
sin enfermedad vestibular. Pero al ponerse de pie, fue evidente que los pacientes tenfan una
respuesta deficiente. Las diferencias entre grupos, se observaron tanto en la modulacién
auténoma de la funcién cardiaca (por la variabilidad de los intervales RR), como en la falla para
mantener la presién arterial al primer minuto de adoptar la nueva postura.

La activacién de! sistema simpdtico se explor6 con la prueba de inmersién de la mano en agua
fria. En sujetos sin enfermedad, esta prueba suele inducir aumento de la presidn arterial. Sin
embargo, en la primera evaluacion de los pacientes con lesidn vestibular su respuesta fue
menor a la de los sujetos sin enfermedad vestibular. Resultado que fue congruente con los
cambios observados durante el ortostatismo activo. Estos hallazgos sugieren que durante Iz
fase aguda de una lesidn vestibular periférica la reactividad simpética puede encontrarse
disminuida.
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ABSTRACT: Heart rats variability (HRV), blood pressure varl-
sbility (BPV). and respiratory frequency were measured by
power spactrum tachniques in six normat humans (25-34 years
okf} and one labyrinthine-defective patiant (33 years old} during
cold (30°) vestibular caloric stimulation. Caloric stimull were
deltvered intermittently for 2 min, under two different breathing
conditions: (1} spontanecus breathing and {2) breathing paced
with & metronoms (0.28 Hz). During the spontaneous breathing
condition, in the normal subjects, the caloric stimull induced a
significant increase in the sbsolute magnitude of the power
spectrum density of the high frequency component {0.15-0.40
Hz) of HRV and tha total bandwidth (0.04-0.4 Hz) of mean BPY.
These respanses were related to a shift in the weighted average
of the raspiration frequency on the respiration spectrum, from a
maedian value of 0.27 Hz {range, 0.17-0.29 Hz) during baseline to
0.31 Hz (0.26-0.31 Hz) tollowing caloric stimulation. This
change was not obsarved in the labyvinthine-defective patient,
who had weighted averages of 0.37 Hz and 0.34 Hz, respec-
tively. No significant changes in the normallsed units of the low
trequency component (0.04-0.15 Hz) or the high frequency
component {0.04-0.4 Hz) of HRV and BPV were cbaerved. Dur-
ing the paced breathing condition, no consistent effect on HRV
or BPV was evident. For both breathing conditions, the propor-
tions of HAY and BPV power (inearly independent from respi-
retion did not show any caloric-induced change. This study
shows that caloric vestibidar stimudation produces changes in
HRV and BPV by modifying the respiratory pattern. @ 2000
Elsevier Sclence Inc.

KEY WORDS: Vestibular system, Autonomic nervous system,
Cardiovascular systam, Heart rate variability.

INTRODUCTION

Anatomical and physiclogical smdies have idemified interactions
berween vestibular and autonomic pattways, which provide potential
substrates for effects of vestibular stimulation on cardiovascular and
respiratory function [2,18]. Animal studies suggest that vestibulo-
respiratory reflexes may participate in the hemodynamic changes that
occur during movement and changes in posture [18]. In healthy
humans, autonomic responses induced by vestibular stimuli have been
observed during vestibular laboratory testing, vehicular motion and
exposure to gravitationa] stress [3]. Clinical evidence from patients

includes the vegetative symptoms related to acute unilateral vestibular
loss [15].

The caloric test has wide acceplance in clinical vestibular
testing, but its effects on the autonomic system are unclear. More
than 50 years ago, experiments using animals showed that caleric
stimulation of the labyrinth can elicit a decrease in blood pressure
with small, variable or inconsistent changes in heart rate [16].
However, in humans, results describing the autonomic response to
caloric stimuli are few and inconsistem [4.5,11].

Measurements of heart rate variability (HRV) and blood pressure
variability (BPV) employ a non-invasive approach based on contin-
uous electrocardiograph {ECG) and blood pressure monitoring, for
the assessment of candiovascular aatonomic control. Heart rate (HR)
and blood pressure (BP) undergo considerable thythmic and non-
rhythmic fluctuations, reflecting the imeraction of mechanisms of
cardiovascular control with the respiratory system and externa) stimuli
[8). These Auctuations in HR and BP may be evaluated using various
techniques but, for short-term recordings, frequency domain methods
are generafly recommended [17). The high frequency (HF) compo-
nent of HRV, occurring at around 0.25 Hz, has been linked to
respiration and efferent vagal activity, whereas the low frequency
(LF) component of the HRV, around 0.1 Hz, is thought to be related
to both sympathetic and parasympathetic activity (8.17]. It has also
been suggested that the LF component of systelic BPV is related 1o
sympathetic nervous system activity [6].

In this study we assessed the autonomic contrel of the cardio-
vascular system in six normal human subjects and a Fabyrinthine-
defective patient during cold caloric imrigation and measured HRV,
BPV and respiratory activity, Personal observations by the clini-
cians amongst the authors that caloric irrigation can affect breath-
ing regularity, and evidence that respiration can ovetride hemody-
namic fluctuations [9], indicated that respiratory activity should be
controlled for. For this reason we observed autonomic responses 10
vestibular stimulation under conditions of spontancous and rnet-
ronome-paced breathing,

MATERIALS AND METHODS

Subjecrs .

Six healthy subjects, 25-34 years old (two female), and a
33-year-old male patient with profound reduction of vestibular

T Adiiress for cormespondence: Dr. Adolfo Bronstein, MRC Human Movement and Balance Unit, [nstitute of Neurology. National Hospital for Neurclogy
and Neurosurgery, 8-11 Queen Square. WCIN 3BG London, UK. Fax: +44-0-171-837-7281(; E-mail: a.bronstein@ion.ucl.ac.uk



TABLE |

CHANGES IN INDIVIDUAL MEAN HEART RATE (HR) AND
INDIVIDUAL MEAN BLOOD PRESSURE (BF) AFTER CALORIC
STIMULATION, COMPARED TO BASELINE

Sponuncous Brexthing Paced Breathing
Meassrement Medizn Renge Median Range
Systolic BP (mmHg) 1.6 -1,5-15.1 5.1 =37-13.6
Diastolic BP {mmHg} 7.1 —48-133 10 -6.3-16.0
Meun BP (mmHg) 5.7 L9-14.1 58 -6.0-15.3
HR (bpm} —-0.04 —93-29 -0.24 -19-29

bpm, Beats per minute.

function gave informed consent to participate in the study, accord-
ing to the guidelines of the local ethics committee. The vestibular
loss was documented by absent nystagmic responses to conven-
tiona! caloric irrigation (36° and 44°) and horizontal rotation in the
dark ax velocity steps of 80°s. The vestibular lesion was acquired
but of unknown origin. Subjects had no history of central netvous
system or cardiovascular disorders and all had experienced the
caloric test previously. They were non-smokers, were not taking
any medication and avoided caffeine and alcohol for at least 12 h
before the test, Thus, in this study we tested a homogeneous group
of young subjects. Unfortunately this limited our ability to find
health- and age-maiched [abyrinthine-defective patients.

Procedure

Studies were performed between 0930 and 1430 h in a dimly lit
room kept at a temperature of 26°. Subjects lay quietly in a supine
position with their head comfortably sapported at 30° from the
earth-horizontal.

Caloric stimuli. Unilateral irngation of each external ear canal
was performed with water at a constant temperature of 30° using
a caloric stimulator (NCL 480, LCS Medical Corp., Illinois, USA).
In order to prolong the vestibular response, irrigation to each ear
was delivered intermittenly during 2 min, separated by two irri-
gation-free intervals of 20 s. The first irrigation lasted 40 5 and the
other two 20 5 each. Caloric stimulation 10 each ear was performed
under two breathing conditions: 1. subjects were not asked to
modify their breathing pattern (*spontaneous breathing’) and 1L
subjects were asked to inspire-expire in synchrony with two tones
from a metronome, at 0.25 Hz (2 s to inspire and 2 s to expire), The
initial breathing condition was 1. (spontaneous) for four of the
subjects and II, (paced) for the remaining subjects. Before each of
these conditions a 2-min baseline recording, with the correspond-
ing breathing pattern, was obtained. For each subject, the caloric
effect was estimated as the difference between baseline data and
caloric data (right and left irrigation averaged).

Deep breathing (hypervensilation) test, Additionally, deep
breathing was used as an autonomic challenge [7], without caloric
stimulation, ai least 10 min after the caloric imrigation was per-
formed. Subjects were asked to breath as deeply as they could for
2 min, at a respiratory frequency of 0.25 Hz, synchronised with the
metronome.

Data Acquisition

HR was monitored by surface three lead ECG (BP508; Colin
Corp., Hayashi, Komak; Cny] Continuous blood pressure mea-
cuFements WEIT 5h wui-invasively by finger photo-plethys-
mography with built-in height correction (Portapres; TNO, BMI,

JAUREGUI-RENAUD ET AL.

Amsterdam), The built-in calibrator of the Portapres was used in
between recordings but was swiiched off, once measurements were
stable, during data collection. Respiration frequency was recorded
by 2 nasal thermistor (Thermocouple Respiration Transducer:
Grass, West Warwick, RI, USA). To verify that an effective
caloric stimufi was achieved, horizonlal eye movements wert
recorded with bi-temporal electronystagmography. All signals
were acquired by a digital recorder (Dash 8, Astro-med, West
Warwick, R1, USA} at a sampling rate of 500 Hz. Blood pressure
measurements were additionally stored in a flash card at 200 Hz
(Portapres; TNG BMI}.

Signal Processing and Data Analysis

The analysis was carried out off-line in artefact-free, 2-min
periods acquired duting the baselines and immediately after com-
pletion of the last irrigation (during nystagmus generation). The
finger blood pressure wave stored in the flash card was used to
estimate the brachial systolic, mean and diastolic anerial blood
pressure using commercial software (BeatFast; TNG, BMI). The
ECG was visually inspected for ectopic beats. Mean and SD values
for HR and BP measurements were calculated over the 2.min
intervals.

From the signals stored in the digital recorder, beat to beat
interval signals were constructed by identifying negalive second
derivatives of the R spike on the HR signal. Maximom and
minimum values of the BP signal were obtained within each R-R
tnterval, to provide estimates of sysiolic and diastolic pressures,
Mean blood pressure was calculated as: mean BP = diastolic
BP + [(systolic BP — diastolic BPY3). The respiration signal was
digitally low-pass filtered (f < 0.5 Hz) and re-sampled at aach R
wave peak lo provide a beat to beat respiration signal,

Time series of the beat to beat changes in R-R interval, mean
BP, systolic BP and diastolic BP were obtained, Data were re-
sampled at a frequency of 19 Hz with linear interpolation. After
signals were zero padded and lincarly detrended, the spectral
characteristics of the recordings were calculated using a fast-
Fourier transform algorithm for discrete time series of 2048 points,
with a Hanning window (MatLab; The Math Works Inc., Massa.
chusenis, USA). Cumulative power was integrated over a fre-
quency band from 0.04 to 0.4 Hz and also over two frequency
bands defined as 1.F from 0.04 Hz to 0.15 Hz and HF from 0.15 w0
0.4 Hz [17). Power was expressed as absolute values, (ms)*/Hz and
(mmHg)*/Hz, and in normalised units calculated as [LF{LE+HF)}
X 100, and [HFALF + HF)j > 100. The LF/HF ratio was also
calculated [17].

The power spectrum density estimate for each respiration sig-
nal was used 10 obtain & weighted average, which described the
main breathing frequency, by taking the cumulative sum of the
product of magnitade and frequency across all frequency bins and
dividing it by the curnulative sum of magnitude alone. To evaluate
the proportion of the power spectra of BP and HR which were
linear functions of respiration, coherences were calculated between
each variable and the respiration spectra using seven overlapping
averages (0.033-5 Hz, 300 data points). The squared coherence
between each pair of measurements was calculated by dividing
their cross-spectral density by the produrt of their individual
power spectral densities. Then, *coherent power® spectra of respi-
ration with HR and BP were calculated as the product of each
measurement’s power spectrum density function with its respec-
tive squared coherence function. To estimate the proportion of
power tinearly independent of respiration, each variable's coherent
power with respiration was subtracted fami @S puwe spectrum
density; the rcsultlng function was divided by the relevant power
spectrum density function toyield & ratio at each frequency bin.
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FIG. 2. Weighted averages from the spectra of the respiration frequency (a
0104-04 Hz), from six eormal subjects (1-6) and one labyrinthine.
defective subject {LD), during baseline and during response to calori¢
stimuli, under the sp breathing conditi

The deep breathing (hyperventilation) recordings were anal
ysed with conventional techniques calculating the expiration/in-
spiration (EA) ratic [1,10], For each respiratory cycle, the longest
R-R interval during expiration was divided by the shortest R-R
interval during inspiration. The highest ratio was used 1o guantify
an individual subject's responsiveness 1o deep breathing,

Statistical Analysis

Differences in individual mean HR and BP between baseline and
stinmulus, within each subject, were analysed using the Student’s r-test,
Group changes in the absolue power spectrom density were analysed

JAUREGUI-RENAUD ET AL.

using Student’s r-tests after @ loganithmic transformation was per-
forined, because the data were not normally distributed. The Wil-
coxon Signed rank test was used to analyse changes in the normalised
units of the power spectrum density and the proportion of variability
related te respiration. Statistical significance is reported only when the
p value was equal or less than 0.05.

RESULTS

Caloric stimuli induced nystagmus in all healthy subjects, but
not in the labyrinthine-defective subject, The duration of the nys-
tagmic response, measured from the onset of irvigation, was sim-
ilar in the spontanecus condition {236 s = 50 5) and the paced
condition (248 s * 31 s). For technical reasons we failed 10 obtain
eye movement recordings in one of the normal subjects but the
vertiginous sensation induced and observable nystagmus provoked
testified to adequate vestibular stimulation.

Caloric Test

Mean HR and BP. The HR and BP responses to catoric stimuli
were variable among subjects (Table 1}. During post-caloric re.
sponse with spontancous breathing, the individual mean HR
showed no significant change for three of the normal subjects and
for the labyrinthine-defective patient, while the individual mean
BF had a significant increase for five of the six normal subjects
(3.1-14.1 mmHg} and for the patient (23 mmHy) (p < 0.05, paired
Student’s i-1est). During the paced breathing condition, subjects
gave even more variable responses (see ranges in Table 1).

Respiratory frequency. For the spontaneous breathing condi-
tion, inspection of the respiration spectra showed considerable
fluctuation in the respiratory frequency within each subject. en-
compassing both the LF and the HF bands (Fig, 1A). In one case,
n subject switched her respiratory peak frequency from the low
frequency band (0.12 Hz), during baseline recording, to the high
frequency band (0,28 Hz) during response to caloric stimuli. In the
normal subjects, the median of the weighted averages of the

TABLE 2

POWER SPECTRUM DENSITY VALUES OF HEART RATE VARIABILITY (HRV) AND ELOOD PRESSURE VARIABILITY (BPY) OF THE 51X NORMAL
SUBIECTS DURING SPONTANEQUS AND FACED CONDITIONS

Spontancous Breathing Paced Breathing
Baseline Calorics Baseline Calorics
Meaturement Median Range Median Range p* n  Median Range Medizn Range P* n

HR ((.04-0.4 Hz) 2040 4.54-58.98 29.97 3.94-98.21 ns 6 211 4.78-4745 2489 3096347 s 6
{ms*Mz)

HR (0.15-0.4 Hz) 16.78 3.01-55.80 25.65 3.30-77.59 <005 6 1876 3.43-3895  19.98 1.18-5889 ms 6
(ms*Hz)

HR (0.04-0.15 He) 4.20 0.35-24.54 i 0.64-20.63 ns 6 LBS 0.37-11.81 1.26 049-86§ s 6
{ms*Hz)

SBP (0.04-04 H2) 002 0012-0.05 0.04 0.01-0.07 ns 6 003 0,008-0.04 0023 0.011-009 ns &
(mm Hg*/Hz)

SBP (0.04-0.15 Hz) 0.006 0.001-0.04 0.01 0.003-0.03 ns 6 0019 0.0008-0.02 007 0.003-0.03 o6
(mm Hg*/Hz)

DBP (0.04-0.4 Hzy 0.0l 0.003-0.023 0.01 0.004-0.03 ns 6 0013 0.004-004 0.01 00050035 ns 6
tmm Hg’fHz)

MBP (0.04-0.4 Hz) 0.008 0.062-0.017 0014 00050023 <005 6 0016 0.001-0.03 0007 0001-003 ns 6
(mm Hg*Mz)
HR, beart rate: SBP, systolic blood pressure: DBP, diastolic blood pressure; MBP, mean hload pemccies; ne, not sizalficani.

e was cUimalcd using pared Smdent f-test after log transforming the data.
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FIG. 3. Normalised units of power spectrum density (at 0.04-0.15 Hz) of heart rate variability (HRV) and systolic¢ blood pressure varisbility (SBPV),
under the spontancous breathing condition (A, C) and the paced breathing condition (B, D).

respiratory frequency from the power specirz {at 0.04 - 0.4 Hr) was
0.27 Hz (range, 0.17-0.29 Hz} during baseline and 0.3 Hz (0.26-
0.31 Hz) during respense to caloric stimuli (p < 0.05, Wilcoxon)
(Fig. 2). In the labyrinthine-defective subject, the weighted aver-
ages were 0.37 Hz and 0.34 Hz, respectively.

During the paced breathing condition, for technical reasons, we
failed to obtain respiration recordings in one of the normal sub-
jects, but during the recording perind his breathing was synchro-
nous with the metronome. The respiratory frequencies of the
remaining five subjects and the labyrinthine-defective subject were
0.23 Hz (range, 0.23-0.24 Hz) during baseline and 0.24 Hz
(0.23-0.24Hz} during caloric stimulation (Fig. 1B).

HR variability, For both breathing conditions, caloric stimuli
did not induce consistent changes in the absolute power spectrum
density at 0,044 Hz (Table 2), in the normalised units of the
low frequency and high frequency components or in the LF/HF
ratio (Fig. 3). However, during the spontaneous condition, the
absolute power spectrum density of the high frequency component
increased for five of the six normal subjects (Fig. 1C), with a minnr
increase for the patient (0.96-1.08 ms®Hz), This effect was not
evident during the paced condition (Fig. 1D).

BP variabilitv, In all normal subjects. caloric stimuli during
spontaneous breathing induced Auctuations in the BP wave, which
were not observed in the labyrinthine-defective subject (Fig. 4).
Spectral analysis showed a significant increase in the absolute
power spectrum density of mean BPV at 0.04-0.4 Hz (Table 2).
This change was not consistent with significant changes in systolic
and diastolic BPY. The labyrinthine-defective subject showed a
slight decrease in both systolic BPV (0.019-0.017 mmHg?/Hz)
and diastolic BPV (0.0093-0.0077TmmHg*/Hz) with a small
change in the mean BPV {0.0074—0.0093 mmHg?/Hz). However,
during paced breathing, only two of the normal subjects showed
increases in BPV whilst the power decreased for all the other
subjects, including the patient. For both breathing conditions, no
significant changes in the normalised wnits of the low and high
trequency components of systolic BPY were observed (Fig. 3).

HR and BP variability linearly related to respiration frequency.
For both breathing conditions, the proportions of HRV and BPV
power linearly not related to respiration were approximately half
of total nower, 2nd did not show any sigaiiicani ciange rejated to
the caloric stimuli (Table 3).

Although no quantitative assessment of the subjective response
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FIG. 4. Blood pressure wave rom a normal subject (NS) and a labyrinthine-defactive subject (LDS) during baseline and during response to caloric

stimulation,

was made, all subjects were interrogated on the sensations and
symptoms experienced during the caloric irrigation; all subjects
(including the patient) had experienced the caloric test before. All
normal subjects reported a turning, vertiginous sensation. In addi.
tion, ene subject (no. 3) experienced moderate motion sickness-
like symptoms and was the only one who reported the sensation as
unpleasant; he showed the largest changes in BPY (Fig. 4). The
patient did not experience turning sensations or nausea and, ac-
cordingly, did not rate the experience as unpleasant.

Deep Breathing Test

During deep breathing, the normal subjects and the age-matched
patient showed similar, consistent results. The normal subjects
showed a mean increase in HR {above the baseline) of 15.7 beats per
minute (bpm) (range, 2.6-32 bpm) and a mean E/1 ratio of 1.18

(range, },1-1.27), The labyrinthine-defective patient showed a similar
result, with an increase in the HR of 11 bpm and an £/ ratio of 1.13.

DISCUSSION

The main results for discussion are that the caloric sumuli
induced variable changes of individual mean HR and BP measure-
ments both in the normal subjects and the labyrinthine-defective
patient. During spontaneous breathing, caloric stimuli induced a
significant increase in the abselute power spectrum density of the
HF component of HRY and the meats BPV. These resulls were
related to a shift of the respiratory frequency. These changes were
not observed during paced breathing.

The few availabde studies investigating the autonomic response to
caloric stimuli have reported conflicting results. Freber {11] assessed
the HR, BP and skin resistance of 50 young and healthy subjects after

TABLE 3

FROPORTION OF POWER SPECTRUM DENSITY OF HEART RATE (HR) AND BLOOD PRESSURE (BP) NOT ATTRIBUTABLE TO RESPIRATION, FOR
NORMAL SUBIECTS

Spontzneous Breathing Paced Breathing
Baseline Calonics Baseline Calotics

Measerement Median Range Median Range p* n Medan Range Medizn Range M» on
HR (0.04-0.4 Hz) (ms*Hz) 046 034054 0.50 038077 ns 6 0.45 0.4§-0.67 0.38 034062 ns 5
HR (0.15-0.4 Hz) (ms*/Hz) .38 0.16-043 0.40 0.21-059 ns 6 0.34 0.28-0.64 0.36 023054 ns §
SBP (0.04-0.4 Hz) (mm Hg *Mz) 043 0.26-0.52 04} 029074 ns 6 0.53 0.46-0.76 046 038-059 =ms 5
SBP (0.15-0.4 Hz) (mm Hg *MHz) 0.32 0.22-041 025 0.19-073 ns 6 0.3¢% 0.32-0.73 0.38 0.27-05¢ ns 5
DBP (0.04-0.4 Hrz) (mm Hg /Hz) 0.61 040067 0.58 650066 ns 6 0.61 0.46-0.69 054 48067 ns 5
DBP {0.15-0.4 Hz) (mm Hg */Hz) 0.51 0.29-0.60 048 039064 s 6 0.56 0.36-0.63 045 039060 ns 5
MBP (0.04-0.4 Hz) {mm Hg "Mz} 0.58 0.46-0.76 061 038074 ns 6 066 044075 0.58 054-068 ns 5
MBP (0.15-04 Hz) (mm Hg Mz} 048 033013 054 029-073 ns 6 0.62 0.31-067 050 047064 s 5

HK, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean biood pressure.

* Statistical significance was ¢stimated using Wilcoxon signed rank test,
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cold (30°} and hot (44°) caloric stimulation. The results showed
variable changes (either increases or decreases) in HR and BP and
either decreases or no changes in skin resistance. These resulls are
consistent with the lack of a trend in individua) mean HR and BP
changes that we observed after caloric stimulation,

Costa et al. [4] assessed autonomic function in normal subjects
during and after cold caloric stimuli {30°-16°) without finding sig-
nificant changes in HR, BP, norepinephrine levels or peroneal muscte
sympathetic nerve activity. These results are consistent with the
evidence that yaw head rotation does not alter sympathetic nerve
activity Lo either muscle or skin (12]. However, Cui et al, [5] observed
an increase in tibial muscle sympathetic nerve activity during caloric
stimulation with water at 10° and 44°, and a cold pressor test, In
agreement with Costa's results, our study did not show any specific
effect of the caloric stimuli on the LF components of the BPY or
HRV, which, it has been proposed, may partly reftect sympathetic
activity [6.17). Furthermore, the caloric-induced changes in the abso-
lute values of the power spectrum density of HRY and BPV were only
observed during spontaneous breathing. when subjects modified their
respiration frequency.

It is unlikely that our results reflect a direct influence of
vestibular stimuli over sympathetic or parasympathetic control of
the cardiovascular system. However, we observed caloric-induced
changes in HRV and BPV related to a shift in respiration fre-
quency, without changes in the proportion of HRV and BPV
linearly related o respiratory activity, Thus, the observed caloric-
induced changes were pastly mediated by changes on the respira-
tory thythm. Novak et al. [9) have demonstrated that respiration
can pace hemodynamic fluctuations and that both systems ane
modulated by the same rhythm. Non-linear analysis of the ECG
and respiratory flow of normal subjects has shown that a cardio-
respiratory synchronization does exist, which could be an expres-
sion of a centrat coupling between cardiovascular and respiratory
neuronal activity [14). However, respiration also affects BP and
HR via the relationship between the instantaneous lung volume
and systernic arterial and venous circulation within the thorax [13].
Unforunately, during this study we neither measured nor con-
trolled tdal valumes, and therefore cannot exclude the possibility
that the increased BP fluctuations were related to changes in tidal
volume.

In clinical practice, there are inter-individual differences in
patient’s susceptibility 10 vestibular-induced autonomic symp-
toms [4.11). This was reflected in our results during caloric
stimulation in that no consistent changes were observed in
autonomic control of the cardiovascular system, The observed
changes in HRV and BPV were related o the experimental
breathing conditions. Comparison of the results from spontanc-
ous versus paced bremthing show that a way in which caloric
vestibular stimuelation induces changes in cardio-vascular pa-
rameters is via its effects on the respiratory rhythm.
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Abstract

We evaluated the contribution of the samicircular canals to autonomic responses to rotation in 12 normal subjects and
three labyrinthine defective patients. Raspiration, heart rate, arterial blood pressure and blood flow in the finger were
recorded during 60°%s steps of constant velocity rotation. Rotation was performed in the dark about a vertical axis: (I} with
head upright for yaw stimulation of horizontal canals; {ll) head tilted chin down and rotated latarally to stimulate the
vertical canals in both face-forwards and backwards directions. In normal subjects, rotation in the pitch plane elicited an
increase in respiratory frequency due to & shortening of the time for expiration, whilst patients had inconsistent
responses, We conclude that vertical semicircular canal activity exerts a regulatory drive on respiration in buman

subjects. © 2007 Published by Elsevier Scienca lreland Ltd.

Keywords, Vestibular system; Semicircular canals; Respiration; Autonamic reflaxes

Changes of posture and spatial reorientalions of the body
evoke a pattern of autonomic reflexes to maintain appropri-
ate blood-volume distribution together with concurmrent
adjustrnents of respiration [2), which mechanically rein-
force the torso in addition to maintaining blood oxygena-
tion. A component of the adjustment in respiratory muscle
activity during movement and postural changes resulis from
activation of vestibular receptors [10}). In animals, move-
menis in the pitch plane but not in the yaw plane can modify
nerve activity to the respiratory muscles [9], suggesting that
otolith receptors contribute to adjust muscle activity not
only for antigravity proposes but also to maintain an appro-
priate respiratory activity, In human subjects, irrigation of
the gxternal ear canal with cold water (*caloric’ stimulation)
can induce changes in respiratory frequency 131, However,
these changes are non-specific, as the caloric stimulus is
multi-sensory. In this study we attempted to demonstrate
that vertical semicircular canal activity without reorienta-
tion of the body is sufficient to produce changes in respira-
tory activity in normal subjects.

* Corresponding author. Tel.: +44-20-7837-3611, ext. 4112; fax:
+44-20-7837-7281

Twelve normal subjects, 2252 years old (mean 32,7, SD
9.9; four female), and three patients with profound bilateral
reduction of vestibular function, 35, 56 and 57 years old
{three men} consented to participate in the study. In all
cases the vestibular loss was idiopathic [8] and was demon-
strated by absent nystagmic responses to both caloric irriga-
tion at 30 and 44°C and horizontal rotation in the dark using
velocity sweps of 80%/s. Neither normal subjects nor patients
had history of central nervous system or cardiovascular
disease, nor were they receiving any medication.

Subjects were seated on a motorized rotating chair. The
rotational stimuti comprised: an initial 2 min baseline at
rest; acceleration in <| s t© a constant rotational velocity
of 60°fs about a vertical axis. sustained for 1 min; decelera-
tion to rest with observations taken for a further 2 min, The
trials were in darkness and subjects were instructed to close
their eyes and relax. Rotational stimuli were dispensed
under three different conditions. (1) Head vertical, axis of
rotation through the vertex (rotation in the yaw plane of the
head). {IT) Head tilted chin down to the chest by at least 60°
with face rotated laterally so that one ear was down and the
axis of rotation approximated the inter-aural axis {rotation
inthe patch plane of the head). The direction of rotation was
face forwaids. (THy Head diied as in condition 11 but with

0304-3940/31/% - sea front matter © 2001 Published by Elsevier Science Iraland L1d.
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Fig. 1. Breathing records of ane patient and one normal subject
betore, during and after constant valocity rotation (560°%s} in the
dark, head tiited, direction forwards.

rotation head-backwards. Groups of four healthy subjects
and one patient were exposed to one of the three conditions
at first. Then, a following condition was chosen for each
group according to a balanced design.

Recordings were taken of respiration as movements of the
thorax-abdomen (Basic¢ Inductotrace, A.M.S., NY), blood
pressure in the finger (Pontapres, T.N.O., Amsterdam), elec-
trocardiogram and bloed flow in the finger (Plethysmo-
graph, Grass Instruments, Quincy). Signals were acquired
at 500 Hz. Additionally, at the end of the study, to assess
symptans and discomfort provoked by the test subjects
completed a sickness questionnaire which include sub-
scales for gastrointestinal distress, eyestrain, disorientation
and postural discomfort (S5Q) {4]. From the electrocardio-
gram {ECG) the R-R interval was calculated using a first-
derivative algorithm, and blood pressure and skin blood
flow were calculated on a beat by beat basis. Systolic and
diastolic blood pressure were calculated as the maximum

Head Vertical. Lateral

Head Tilted. Backwards

and minimum peaks on the blood pressure wave between
each two consecutive R waves. The blood Aow in the finger
was calculated as the difference between the maximum and
minimum peaks on the plethysmograph wave between each
two consecutive R waves. Signals from the thorax and abdo-
men were linearly combined and analyzed over 30 s periods.
Inspiration and expiration peaks were identified by inspec-
tion and wsed to calculate the respiratory frequency, inspira-
tion lime and time between consecutive inspirations.
Respenses were assessed as the differences between base-
line (last 30 s) vs. stant of rotation, first 10 s for the cardi-
ovascular variables and first 30 s for respiration, and end of
rotation (last 30 s) vs. stopping from rotation. first 10 s for
cardiovascular variables and first 30 s for respiration. For
each condition, responses to right and left rotations were
averaged. Statistical analysis was performed using 95%
confidence intervals (95% CI) and analysis of variance.
Statistical significance is reported only when the p value
was equal or less than 0.05.

Rotation and stopping stimuli evoked a perception of self-
rotation in all nonmal subjects but not in patients, who
reported a brief sensation of being pulled briefly to one
side by the rotational acceleration. Symptoms of sickness
assessed by the questionnaire were minimal for all subjects
who scored between zero and five points out of a maximum
of 48 (normal) and 0-3 (patients). Subjects reported slight
postural discomfort, 1-5 points out of 12 for normal subjects
and -2 points for patients,

The respiration of the normal subjects underwent signifi-
cant changes related to rotation in the pitch plane (Fig. 1),
During conditions 11 and I, rotation elicited a significant
increase of the respiratory frequency for all the healthy
subjects, while the patients showed variable changes (Fig.
2). In agreement with the semicircular canal response (o a
velocity step, changes of the respiratory pattern were more
evident during the first 30 s of rotation (Fig. 1). These
changes were not evident after rotation. In healthy subjects

Head tilted. Forwards

20 20 20
T —+— healthy

19 i 18 subjects
EnCe——% 1 £ Py e
E 17 E 47 E 17
B 3 F]
£ 16 £ £ 18
215 3
& —W g 15 __?__—_-_—?__ o 15
@ 14 T l o 14 T g @ 44

13 L 13 | 13 L

12 : 12 12 :

baseline rotation baseline rotation baseline rotation

Fig. 2. Mean and SEM of the respiratory fragquency of 12 normal subjects and three labyrinthine defective patients before and during
constant velocity rotation (60"/s) in the dark. The low baseline breathing rate of the patients was biased by one who had a low breathing
rate (11 breaths/min). Despite the elevation of ventilatory responsiveness 10 physical siress in elderly subjects in comparisan to young
subjects {5], we observed that rotation evoked smaller and more veriable responses in the mature patients than in the younger normal
subjects.
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Table 1

Difference batween the last 30 s of baseline and the first 30 8 of rotation of the time for inspiration and tha interval between consecutive
inspirations of 12 normal subjects and three labyrinthine defectiva patients®

Condition Time for inspiration {ms} Tima between inspirations (ms)

Normal subjects Patients Normal subjects Patients

Mean =50 95% CI Mean =50 95% Cl Mean =50 85% CI Mean +SD 95% ()
Head venticat 44 =120 -31w120 40104 -259169 -39+283 -219to 140 893+ 233 —490t0686
Head tilted forwards —-24+£112 -96t047 103+179 34110647 -134:218 -273t04 100+ 181 ~375t0575
Head tilisd backwards —54+95 -115t066 66=85 -204tc217 —-193+243 34810 -38 -136+x76 -3241051

* S0 = standard deviation, 95% Cl = 95% confidence interval,

only rotation with head tilted induced significant changes in
respiration. Rotation face-forwards provoked an increase in
breathing rate of 0.86 breaths/min (95% Cl 0.35-1.3), simi-
lar to the increase observed during rotation backwards
(mean 0.84 breaths/min, 95% CI 0.16-1.5]) whereas there
was little change in rate (mean ~0.17 breaths/min, 95% CI
~1,22-0.86) with yaw rotation. The changes of the respira-
tory frequency, during rotation in the pitch plane were
related to a shortening of the interval between consecutive
inspirations, with no significant change in duration of
inspiration (Table 1). In the patients, the changes of the
respiratory frequency and the interval between inspirations
were small and variable (Fig. 2). In this group, the difference
between responses to rotation in the pitch plane vs. the yaw
plane was not evident,

In both normal subjects and patients, rotation induced
small and variable changes of the imer-beat interval, the
systolic and the diastolic blocd pressure and of the skin
blood flow (Table 2). For the inter-beat interval and the
arterial blood pressure no trend on the responses could be
identified. However, the blood flow in the finger usually
showed a slight decrease, similar for both normal subjects
and patients.

We helieve that this is the first study showing a contriba-
tion of the vertical semicircular canals to respiratory drive in
humans. During movement in the pitch plane, consistent
changes of the respiratory frequency of normal subjects
unrelated to motion sickness were observed. In this group.
the main effect of rotation in the pitch plane was an increase
of the respiratory frequency, due to a shortening of the
interval between inspirations. This is consistent with the

Table 2

finding that, in cats, the expiratory neurons of the ventral
respiratory group participate in  vestibulo-respiratory
reflexes [7). The observed change of the respiratory pattern
can be explained if we consider that, quotidian, challenging
pitching movements of the head occur when a subject stands
up. In this manoeuvre the end-expiratory lung volume is
actively determined and maintained below the neutral posi-
tion of the respiratory system by abdominal contraction {2].
Qur results suggest that, in normal man, the activity of the
vertical sernicircular canals contributes to the recruitment of
these abdominal muscles.

The apparent lack of change of the cardiovascular vari-
ables is in agreement with previous findings on vestibular
catoric stimulation [1,3,5). However, absence of changes in
the absolute vatues of heart rate and blood pressure do not
exclude contribution from arterial baroreceptors which
could work defend against changes in blood pressure. The
contribution of baroreceptors in controlling heart rate and
blood pressure are amenable to analysis via their variability
but our interventional experimental design would preclude
this analysis which requires prolonged stationary epochs.
Therefore we cannot exclude the possibility that our nega-
tive finding was due to compensatory mechanisms,
however, we have observed that caloric stimuli can only
induce changes in the power spectra of heart rate and
blood pressure variability through changing respiratory
frequency [3].

Although stopping retation evokes a vestibular signal
{exponentially decaying activation} similar to that of start-
ing, the accompanying responses we observed were weak.
This 13 possibly because actual rotation elicits a coherent

Mean and standard deviation of the mean of the inter-beat interval, blood pressura end skin bleod flow changes from basetine during

the first 19 5 of constant veloeity rotation (60°%s) in the dark®

Variable Head vertical, 1ateral Head tilted forwards Head tilted backwards

Healthy subjects Patients Healthy subjects Patients Healthy subjects Patienty
R-R intarval {ms} 9821 16 =15 12=22 242989 76=28 206=15
Systelic BF {mm Hg) 3=z2 63x5 24*36 46>4 34:38 68=x42
Diastolic 8P {mm Hg} 09+1.2 24x35 07x21 16x21 1628 25+3
Blood flow {%) -62+10 -95*+18 —27%15 -68+1 -32+69 -11=+20

. Ardl aaamn
2P, blood pressiing,
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multi-system response, inctuding an appropriate cognitive
interpretation of what is happening, which, in total, exerts a
decisive influence on homeostasis. [n a stopping response
the vestibular signal is not corroborated by other systems
which detracts from and its influence is thus weakened.
Our study demonstrates that vertical semi-circular canal
activity modulates respiratory pattern in normal human
beings. This function may thus contribute to the multi-
system control of homeostasis during movements; paricu-
larly those in which the head rotates in tilt, to and from the
vertical, thereby causing strong venical canal activation.
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Background Our purpose was to determine the repeatability, afier 2 weeks, of frequency
domain measures of heart rate variability (HRV) during simple cardiovascular reflex tests.
Methods. Twenty healthy volunteers aged 29.3 + 2.5 years were assessed twice {at weeks
0 and 2). Continuous electrocardiogram and minute-to-minute blood pressure were re-
corded during spontaneous and metronome-paced breathing (0.2 Hz). Under paced breath-
ing, two tests were performed: 1) active change of posture: 3 min supine position, 5 min
seated upright, and 5 min standing up, and 2} cold pressor test: the right hand was im-
mersed in cold water (5°C) for 2 min.

Results, Paced breathing elicited 4 significant increasc of the high-frequency (HF) com-
pooent of HRV. This effect was repeatable on 95% of the subjects. Active change of pos-
ture induced a significant increase of the heart rate with an increase of the low-frequency/
high-frequency ratio of HRV. Although repeatability was better for the response to being
seated upright than for the response to being standing up, it was always higher than 90%.
The cold pressor test induced a significant increase of the heart rate and blood pressure,
but with variable changes on the HRV measurements (cither a decrease or an increase).
Repeatability of responses was evident for 95-100% of the subjects. Although repeatabil-
ity of HRV measurements in the same subject during the tests was higher than 95%, coef-
ficients of repeatability reflected large differences among the subjects.

Conclusions. The results suggest that it is not advisable to use isolated HRV changes o
interpret the response to simple cardiovascular reflex tests in groups of healthy subjects.
© 2001 IMSS. Published by Elsevier Science Inc.

Key Words: Heart rate variability, Autonomic function, Cardiovascular, Repeatability.

lnlrodm_:ﬂon ized autonomic failure; 2) bepign autenomic dssonim that

Cardiovascular reflex Lests are considered to be safe and use-
ful for the diagnosis of autonomic disorders (1,2). Simple
tests measure the immediate heart rate and blood pressure
changes to stimuli such as deep breathing or cold water. More
complex tests use additional tools such as tilt tables or phar-
macologic stimulation. Antoromic function tests are strongly
indicated when the following are suspected (2): 1) generel-

Address reprint requests to: Kathrine Ifwregui-Renaud, Unidad de
Investigacidn en Epidemiologla Clinica HG-GGG, Centro Médico Nacio-
nal Ls Razp, Av. Incarandas y Vallejo, Col. La Raza, (2990 México, DF.,
México. Tel: (+3525) 724-5900; FAX: (+325) 535-6232; E-mail; kjan-
ren @data nermx

mimic life-threatening disorders; 3) distal sroall fiber neurop-
athy; 4) awtonomic neuropathy; 5) sympathetically mediated
pain, and 6) orthostatic intolerance syndrome. However, pro-
tocois for cardiovascular reflex testing may have variable
methodologies and interpretations. Therefore, the clinically
relevant tests should be standardized before they are used in
the clinical setting, and their repeatability should be assessed.
¥ the results of & test show considerable variation in repeated
measurements on the same subject (poor repeatability), the
test would not be useful in patient follow-up.

Heart rate variability (HRV) is a method for the study of
physiologic mechanisms responsible for the control of heart

rate fluctuations, in which the mrteonomic nervous s -
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pears 1 play a primary role (3,4). Measures of HRV are in-
creasingly being employed in epplications ranging from basic
investigations of ceniral regulation of autonomic function to
studies of clinical risk (5,6). These measures are dependent on
the analyzed condition (7), but when conditions are stable they
can provide information of the degree of aumtonomic modula-
tion of the heart. Perindic components of HRV aggregate
within different frequency bands. The most noticeable is at the
respiratory frequency, which is considered to range from ca,
0.15-04 Hz (6). This frequency band, the high-frequency (HF)
component of HRV, provides information conceming vagal
tone (3), and is reproducible only during controlled respiration
(8). The present report is intended o determine the repeatabil-
ity (after 2 weeks) of frequency domain measupes of heart rate
varisbility during simple cardiovascular reflex tests.

Materials and Methods

Subjects. Twenty healthy volunteers aged 29.3 =+ 2.5 years
(15 males) accepted to participate in the study. They had no
history of cardiovascular or neurologic disease, were non-
smokers, and were not receiving any medication. They were
included in the study after having a normal response to
head-up tilt test and to deep breathing test.

Procedures. A battery of short tests was incorporated into an
investigation protocol that was performed twice, in sessions
separated by 2 weeks, During each session, a continuous elec-
trocardiogram (ECG) was recorded digitally using a Holter
system (NewWave, Hewlett Packard, Palo Allo, CA, USA)
and blood pressure was measured minute-to-minuts using a
mercury sphygmomancreter. After each blood pressure mea-
surement, the heart rate from the ECG signal was also re-
corded. Subjects were studied between 9:00 a.m. and 2:00 p.m.
after fasting for at least 4 h and abstaining from caffeine and
aleohol intake for a minimum of 12 h. The tests were always
performed in the same ordes, under paced breathing, and in the
same foorn. The protocol consisted of the following tests:

Paced breathing. Before the first investigation, the sub-
jects were trained to perform paced respiration {(at 0.2 Hz}
guided by a metronome, which was recorded on a magnetic
tape. To evaluate the cffect of paced breathing while in su-
pine position, subjects were asked to perform 5 min of spon-
taneous respiration followed by 5 min of paced breathing.

Active change of posture. After 10 min of undisturbed
supine rest, subjects were instructed to change their position
to back-unsupported seating as quickly as possible. After 5
min in this position, they were instructed to stand and to re-
main standing unsupported for 5 min.

Cold pressor test. Aftet 10 min of undisturbed supine

rest whils sublests weie shil in supine position, a 2-min

baseline was recorded, followed by a 2-min immersion of
the right hand into cold water af a temperature of 5°C.

Data analysis. After each session, the ECG signal was
stored digitally on 2 hard disk and processed using commer-
cial software (Predictor 3.0, Corazonix Co.. Oklahoma City,
OK, USA). Autoregressive spectral analysis was performed
in periods of § min to study the effect of controlled respira-
tion and of the postural change, and in periods of 2 min to
study the cold pressor test. Cumnulative power was estimated
over & frequency band from 0.04-0.4 Hz (total power) and
also over two frequency bands defined as low frequency
(IP) from 0.04 Hz-0.15 Hz and high frequency (HF} from
0.15-0.4 Hz (6). Power was expressed in normalized units
calculated as {LFALF+HP)] X 100, and [HF/(LF+HF)] X
100. The LF/HF ratic was slso calculated (6). Because the
normalized units of the LF and HF components complement
cach other, results are given solely for the normalized units
of the HF component and for the LE/HF ratio (9).
Minute-to-minute blood pressure and heart rate were de-
scribed using standard statistical descriptors for each 5-min
and 2-min period, Data distribution was compated to normal
distribution using the Kolmogarov Smirnof test. Repeaiability
of changes on heart rate, blood pressure, nermalized units of
HRY, and the LF/HF ratio of HRYV was analyzed using Bland
& Altman method (10). We calculated the mean difference
and the standard deviation (SD) of the differences between in-
dividual responses to the first and to the socond studies. We
expected 95% of differences to be less than two SDs (repeat-
ability coefficient). Differences between conditions were ana-
lyzed using either ANOVA and paired 7 test or Kruskal Wallis
and Wilcoxon signed rank test. Statisticat significance is re-
ported when the p valie was equal to or less than 0.0,

Results

Paced breathing. Paced breathing induced no significant
changes on min-to-min heart rate {mean change 0.1, SD 2.8
beats/min), systolic blood pressure (mean change 0.3, $D
3.2 mmHg), and diastolic blood pressure (mean change 0.6,
SD 2.1 mmHg). These responses were repeatable in 100,
95, and 95% of the cases, respectively. Controlled respira-
tion elicited a significant increase of normalized units (p
<0.05) of the HF component of HRV (mean 17, SD 13. 8),
with a decrease of the LF/HF ratio (mean (0.99, SD 1.18).
The HRV changes were repeatable in 95% of the cases for
both the normalized uaits of the HF component and the LF/
HF ratio, Absolute values of the changes of the power spec--
trum density are shown in Table 1, while coefficients of re-
peatability are shown in Table 2.

Active change of posture. Change of posture from supine to
seated upright and from seated to standing induced an in-
crease in heart rate, with varisbls chanzss in sysiviic and di-
astolic blood pressure (Figure 1). Heart rate increascd sig:
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nificantly in the first minute of postural change (Figure 1).
Thesc cffects showed a repeatability of 95% for the three
variables during the change from supine rest to seated up-
right, and for the heart rate during the change from seated
upright to stending, but a repeatability of 90% for blood
pressure changes during standing. Coefficients of repeat-
ability and mean changes are shown in Table 2. The normal-
ized units of the HF component of HRV showed a signifi-
cant decrease during both seating upright and standing; this
decrease was accompanied by an increase of the LF/HF ra-
tio (Figure 2). Absolute values of the changes of the power
spectrum density are shown in Table 1. The responses to
seated upright were repeatable in 100% of cases for the nor-
malized units of the HF component and in 95% of cases for
the LF/HF ratio. Responses to standing, measured by both
the HF component and the LF/HF ratio, were repeatable in
95% of the cases (Table 2). Statistical analysis showed no
significant difference between the results of the first and
second smdies (p >0.05) for any of the measurements.
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Cold pressor test. Immersion of the right hand into cold wa-
ter induced a significant increase of the beart rate (mean 8,
SD 6.7 beats/min), systolic blood pressure (mean 11.4, SD
3.33 mmHg), and diastolic blood pressure (mean 16.2, SD
5.2 mmHg) (Figure 3). Repeatability of these responses was
95% for heart rate changes and diastolic blood pressure
changes and 100% for systolic blood pressure changes (Table
2). Absotute values of the changes of the power spectrum
density are shown in Table 1. The normalized units of the HF
component of HRV showed variable changes, i.e., either a
decrease (eight subjects) or an increase (12 subjects). How-
ever, this response was repeatable in 100% of the cases. Also,
the LF/HF ratio changes wers varizble but repeatable in 95%
of the cases (Table 2). Statistical analysis showed no signifi-
cant difference between the results of the first and second
studies (p >0.05) for any of the measurements.
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Discusslon

Paced breathing., The effect of paced breathing was notice-
able only in the HRV measures. The minute-to-minute heart
rate and blood pressure showed no significant changes, but
the HF component of HRV showed a significant increase,
‘This response can be explained by the influence of the res-
piratory thythm on heart rate,

Respiratory sinus arrhythnia appears to be associated with
several parasympathetic parameters, including central vagal
outflow to the heart, cardiac vagal tone, baro-reflex activity,
and the phasic respiratory modulation of vagal activity'(11-
14). This is an important issue because healthy individuals do
not breathe uniformly and testing conditions may substan-
tially aker respiratory parameters. These respiratory changes
may intreduce complex difficulties in the interpretation of the
HF component of HRV. However, heart rate fluctuations dur-
ing spontancous breathing appear to be within the 95% confi-
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Table 2. Repeaubility of the changes of heart rate (HR), systolic blood p {SBP), diastolic blood p {DBP), HF (high frequency) component, and
LFAHF ratio of HRY during paced breathing, active change of posture, and cold pressor test
Change
from Difference CoefTicient
previous of response. of 95% Repeatability
condition afier 2 weeks repeatability within 95% interval
Test Measurement Mean, SD Mean_ SD Coefficient Percentage of cases
Paced respiration HR {beats/min) -0, 28 0,32 633 100
SBP {mmHg) -03,32 0.55,56 107 95
DBP (mmHg) =047, 2.1 13,58 It.3 95
HF {normalized unis) 17.1, 138 0.8, 204 40.8 95
1 FMF catio -099, 1.18 ~0.17, 1.83 3.59 95
Supine to seated HR (beats/min) 85,55 2.8,6.1 12.t 95
SBP {(mmHg)} 23.48 31,67 13.1 95
DBP (mmHg) 19,33 —1.84 164 95
HF {normalized units) —16.6, (0.9 =-21,12.1 236 100
LF/HF ratio . 1.03,0.38 035,08 163 95
Seated 10 standing HR (beats/min) 15.4.1 0.77, 64 125 : 95
SBP (mmHg) 01,338 21,77 15.1 90
DBP {mmHg) 332 0.38,6.5 12,2 20
HF (normalized units) =10k 10 29,146 2.6 95
LFHF ratio 1.52,1.57 86,26 5.1 95
Cold pressor Lest HR {beats/min) 19,67 —0.25,87 17.1 95
SBP {mmHg) 114,33 05,117 29 100
DBP {mmkg) 16.2,52 06,145 284 95
HF (normalized units) 50,115 38.194 319 100
LF/HF ratio —0.08.0.69 G011 146 287 95
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Fizgure 1. Active change of poswure. Mean values in 20 healthy subjects and 3 93% confidence interval {Cl) of the nican (95% Cl) of min-10-mia heart rte
and systolic blood pressure.
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Figure 2, Active change of posture. Mean values in 20 healthy subjects and a 95% CI of the mean (95% C1) of low frequency/high frequency raio (LF/HF

ratic) of heart ratc variability.

dence limits of those measured during controlled breathing
(15,16). In view of these considerations, subjects performed
the tests under paced breathing during this study.

The repeatability of the effect of paced breathing was evi-
dent in 95-100% of the cases. However, the coafficients of re-
peatability showed that some measurements were more vari-
able among some subjects than others, For the paced breathing
condition, the HF component of the HRV showed a variable
increase, with a coefficient of repeatability of 41 nomalized
units, During the respiratory cycle, the heart rate increases in
mspiration and decreases in expiration, and this variation is
dependent on cardiac parasympathetic activity (11). However,
there are interindividual differences in respiratory parameters
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and respiratory-vagal coupling (4). In our swdy, although
HRV changes induced by paced breathing were variable
among subjects, additional analysis of the results showed that
changes of the absolute values of the HF component were re-
fated to the baseline measure of each subject (Pearson's ' =
0.82 during study I and r = 0.7 during study 2, p <0.001).

Active change of posture. Active change of posture induced
significant changes in heart rate and HRV that were not no-
ticeable in the blood pressure measurements. Absence of arte-
rial pressure changes does not exclude contribution from arte-
rial baro-receptors to the autonomic adjustments that occur
while standing. During postural changes, several autonomic
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Figure 3. Cold pressor test. Min-to-mix systelic and diastelic bluad pressuze before, during, and afies immersion of the right hand imo cold water. Mcan vgl-

ues in 20 healthy subjects and & 95% C1 of the mean (95% CI).
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reflexes are important for controlling heart rate and blood
pressure. One important function of these reflexes is their ca-
pability to maintain blood pressure. Iimmediately on standing,
the arterial pressure in the head and upper part of the body
tends to decrease; to prevent that decrease right and left ven-
tricular stroke volumes decline, heart rate increases second-
ary to vagal withdrawal and sympathetic stimulation, and
muscle sympathetic perve activity and forearm vascular resis-
tance increase (17). Also, during head-up tilt, increases of
sympathetic stimulation overwhelm respiratory influences
and vagal gating is reduced (17). In agreement with these
physiologic changes, normal subjects in this study showed &
significant increase of heart rate, which was accompanted by
a decrease of the normalized units of the HF component of
HRYV and an increase of the LF/HF ratio.

Repeatability of the tests was invariably higher than 90%.
The lowest variability of the changes was observed for hean
rate and the normalized units of the HF component of HRV.
During this test, subjects showed a graded response that in-
creased from the supine position to seated upright to stand-
ing. However, repeatability was higher for the change from
supine rest to seated upright than from seated upright to
standing. These findings almost certainly mean that the
maintenance of a back-unsupparted seated position is less
demanding than the maintenance of a free-standing position.

Cold pressor test. Immersion of the right hand into cold wa-
ter elicited a significant increase of heart rate and blood pres-
sure, evidence of activation of the sympathetic nervous sys-
tem (18,19). Repestability of responses was evident in 95 to
100% of the cases. However, HRV changes demonstrated
variable alterations among subjects with large coefficients of
repeatability. The large coefficients of repeatability oould be
related to interindividual differences. In an adult cohort study
of normotensive twins, Busjahn et al. showed that a signifi-
cant genetic variation exists that is specific to the cold-pressor
stress condition (20). Also, HRV is a composite of several in-
fleences, including the respiratory responses. To actuafly ac-
count for the impact of respiration processes on HRYV, respi-
ration must be recarded simultanecusly with the ECG signal.
Because it was outside the scope of the present study to in-
vestigate the physiologic mechanisms that underlic changes
in heart rate and HRY, we did oot measure tidal volumes and
therefore cannot exclude the possibility that subjects had vari-
able tidal volume changes during the test, This result suggests
that it is not advisable 1o use isolated HRV changes to inter-
pret the response to cold pressor test.

In conclusion, although repeatability of HR'Y measurements
during a simple capdiovascular reflex test can be high (>95%),
the coefficients of repeatability reflected great differences be-
tween the subjects in this study. The results suggest that it is not
advisable to use isolated HRV changes to interpret the response
to cardiovascular reflex tests in groups of healthy subjects.
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Abstract

Cardiovascular responses to active change of posture and immersion of the hand in
cold water were assessed during the acute phase of vestibular neuritis and at 2
weeks follow up. Seven patients and 7 normal control subjects were tested. During
the acute phase, the patients showed abnormal heart rate variability response on
standing up and decreased blood pressure response to cold hand test. At two weeks
follow up, these responses were similar for both patients and control subjects. Acute
vestibular lesions may disrupt vestibulo-autonomic reflexes which, in tumn, may

contribute to the patients’ malaise.

Key Words: Vestibular neuritis, autonomic function, heart rate variability, vertigo.
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Introduction

In order to maintain homeostasis, autonomic reflexes modulate heart rate, blood
pressure and other internal bodily functions. Animal studies suggest that the
vestibular system participates in these reflexes during body movement and postural
changes. In cats, section of the VIl cranial nerve modifies pressor responses to nose
up movements', increasing the susceptibility to postural hypotension®. in man, recent
experiments have demonstrated a fast-acting vestibulo-cardiac reflex, capable of
increasing heart rate within one heart beat after head acceleration®, Patients suffering
from sudden vertigo usually show impaired vestibulo-spinal/ocular reflexes along with
autonomic symptoms. However, it is not known if, in man, vestibular lesions induce

abnommnal responses to autonomic function tests.

Methods

Subjects

Wa investigated 7 patients (27-53 years old, 3 women) with unitateral peripheral
vestibular failure within the first 72 hours of the onset of vertigo due to vestibular
neuritis (acute phase) and at 2 weeks (follow up). All patients had 2™ or 3™ degree
spontaneous nystagmus, tilt of the visual vertical (mean 7.6°, S:D: 2.9°) and unilateral
canal paresis. Seven age/sex matched healthy volunteers (27- 49 years old) served
as controls. No patient or normal control had a history of cardiovascular or
neurological disease nor were they receiving any medication. All subjects gave
informed consent to participate in the study and the loca! ethics committee approved

the study protocol.
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Procedures

Patients and controls were evaluated twice, during the acute phase of vestibular
neuritis and at two weeks follow up. Continuous electrocardiogram (Holter
monitoring, NewWave, Hewlett Packard, USA) and minute to minute standard blood
pressure readings of the left arm were recorded: |) Resting supine during
spontaneous breathing (5 min). This was followed by recordings under metronome-
paced breathing at 0.2 Hz: Il} Active change of posture: 5 min supine rest, 5 min
seated upright and 5 min standing up and 1ll) Cold pressor test: after 10 min supine

rest, the right hand was immersed in cold water {5°C) for 2 rmin.

In order to ensure reproducibility of the results, all investigations were performed
under standardized conditions; all subjects were investigated during moming hours,
after fasting for at least 4 hours and abstaining from caffeine and alcohol intake for at
least 12 hours. Repeatability of the study protocol was confirmed in a preliminary

study on 20 healthy subjects *

Analysis

To analyze heart rate variability, the electrocardiogram signals were visually
inspected for ectopic beats and processed using commercial software (Predictor 3.0,
Corazonix Co., USA). Autoregressive spectral analysis was performed and the
cumulative power over two frequency bands, 0.04 -0.15 Hz (low frequency, LF) and
0.15-0.4 Hz {(high frequency, HF), was measured. Then the LF/HF ratio was
calculated® s a measure of heart rate variability useful to discriminate orthostatic

intolerance §
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Responses were considered as the absolute difference between baseline and test
condition. Ninety five percent confidence intervals (95% C.1.) of the difference
between group means were calculated. Comparisons between groups were
evaluated using analysis of variance, with a significance level of 5% (CSS, Statsoft,

USA).

Results

in the acute phase, whilst resting with spontaneous breathing, there were no
differences between groups in heart rate, systolic blood pressure, diastolic blood
pressure and the LF/HF ratio of heart rate variability. Responses to sitting upright
were also similar in the two groups. Responses whilst standing up, however, differed
between the groups (Table I); in contrast to normal subjects, patients showed no
increase of the LF/HF ratio of heart rate variability ('Figure 1) (mean difference with
respect to contro! subjects: -0.85, 95% C.1. -1.57 to -0.13) (p= 0.024). Additionally, in
the first minute after standing up, a small decrease in systolic blood pressure of
patients was noted (mean difference with respect to control subjects: -11 mmHg,
95% C.1. -16 to -6 mm Hg) (p = 0.0005). Immersion of the hand in cold water elicited
a smaller increase of systolic blood pressure in patients compared to controls (mean

difference -7 mmHg, 95% C.l. -13 to -1 mm Hg) (p = 0.026) (Figure 1).

The main finding at 2 weeks follow up was that, in spite of a significant lower diastolic
blood pressure and higher heart rate baseline values in patients {mean differences -
8.6 mm Hg, 95% C... -15.6 to -1.5 and 10.5 beats per min, 95%C.|. 1.6 to 19.4), the
heart rale variability response to standing up was no longer different between groups

(Table [). In the first minute after standing up, the systolic blood pressure response of
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the patients was more variable than during the acute phase, but still different than the
systolic blood pressure response of the conirol subjects (mean difference with
respect to contro! subjects: - 6.6 , 95% C.I. =13 to - 0.7) (p = 0.047). The cold hand
test elicited a similar increase of systolic blood pressure for both patients and controls
{p =0.105) with a lower increase of diastolic blood pressure in the patients (mean

difference -7, 85% C.1. -13 to -0.9) (p = 0.028).

Discussion

We believe this is the first report documenting abnormal cardiovascular responses
during the acute phase of a vestibular lesion in man. The recovery in the responses
at two weeks, notably the normalization in orthostatic heart rate variability, is in
agreement with the subjective improvement in both vertiginous and autonomic
symptoms  observed in patients with vestibular neuritis’. The baseline heart rate
increase and diastolic blood pressure decrease shown by the patients during supine
rest, at two weeks follow up, are consistent with the results of previous studies

screening the effects of prolonged bed rest.®*

The study protocol was designed to consider the malaise that could be evoked by
reorientation of the head in patients with vertigo. In order to evaluate separately the
possible effect of head recrientation (vestibular) and the orthostatic challenge, the
active change of posture was performed in two stages, from supine to sitting upright
and then to unsupported standing. Interestingly, differences between responses of
patients and controls were not observed during the main reorientation of the head but

during standing un, when subjects ware exposed io a greater autonomic challenge.
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On assuming the upright posture there is blood displacement towards the lower
segments of the body. This is accompanied by haemodynamic and autonomic
adjustments which tend to maintain or even increase blood pressure,'” iﬁc!uding an
increase of sympathetic nerve activity and a decrease of the respiratory influence on
heart rate. In this study, the degree of autonomic modulation of the heart rate was
measured using heart rate variability."*2 During the acute vestibular phase, patients
showed an abnormal response to the active change of posture, with a lack of
increase of the LF/HF ratio of heart rate variability and a shall but consistent
decrease of the systolic blood pressure. The poor response to the cold pressor test
indicates low sympathetic responsivenass. Overall, these findings could be related to

abnormal vestibulo-sympathetic reflexes.’"

The results suggest that vestibular lesions, at least in the acute stage, can interfere
with homeostatic cardiovascular control during postural changes. Thus, patients with
acute vertigo can be susceptible to orthostatic intolerance. This may have to be taken

into account, particularly in patients receiving vasoactive medication.
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Heart rate variability response to active change of posture in 7 patiens with vestibular

neuritis and 7 healthy controls, at day 1 and at two weeks follow up.

DAY 1 WEEK 2
CONDITION Patliants Controls Patients Controls
mean 95%C.). | mean 95%ClLl | mean 95%C. | mean 95% C.1.

Seated minus supine

LF/HF ratio 0.43 -0.3-1.2 0.67 -0.3-1.6 0.29 -0.25-0.8 0.85 -0.4-2,15

HF normalizedunlts | -134 -283-1.3 | -149 -30.20.2 13 -12-38 | 136  -27.8-05
Standing minus seated

LF/HF ratio 0.1 0.4-0.3 0.78 0.05-1.5 0.88 -0.34-2.1 1.14 0.46-1.8

HF normalized units -1 -8.9-7.1 -8.5 -18.2-11 | -318 -51--12 -11.9  -233--07

LF/HF = Low Frequency / High Frequency
HF = High Frequency component

§
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Figure legend

Figure 1

Day 1, mean and 95% Confidence Interval of the mean of (A) low frequency/high
frequency (LF/HF) ratio of Heart rate variability during active change of posture and
(B) systolic blood pressure during cold hand test in 7 patients with vestibular neuritis

and 7 healthy volunteers.
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