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Dispositivo hidraulico para la oclusién gradual de la arteria
pulmonar en canidos

Hidraulic device for gradual occlusion in the canine pulmonary
artery
Pedro L. Flores Chavez*  Luis E. Santos Martinez**  Oscar Infante Vazquez*  Raul Martinez Memije*

Gustavo Sanchez Torres***  Carlos Tena Betancourt***  Verdnica Graullera Rivera***
Genaro Rodriguez Rossini'  Julio Sandoval Zarate**

Abstract

A hydraulic occlusion device (HOD) made of inert and biocompatible material is presented here.
By injecting water into the device, it expands and causes compression of the main pulmonary
artery, consequently increasing the right ventricular systolic pressure (RVSP) to mimic the
effect of pulmonary disease of the right ventricle. Inert and biocompatibles materials in the
construction of the DOH were used. After testing the HOD for distention, the devices were sur-
gically implanted into the main pulmonary artery of 12 healthy, mongrel dogs weighing 18- 28
Kg. Both the pre and post-surgical RVSP, and the RVSP under acute and chronic compression
were assessed. Results are expressed as mean * standard deviation. Differences between
RVSP under basal and acute compression were compared using the t test for paired groups;
while differences between RVSP under basal and chronic compression were compared using
multiple sample ANOVA with Bonferroni’s adjustment. Statistical significance was considered
when P < 0.05. Chamber pressures at known volumes ranged from 1.4 £ 1.4 mmHg for 0.1 ml
of water to 185.8 £ 9.3 mmHg for 0.8 ml of water. Basal pre and post-surgical RVSP were 20.9
+ 3 mmHg and 22 £ 2 mmHg, respectively (P < 0.871). After acute compression, basal RVSP
increased from 22 £ 2 mmHg to 58 £ 3 mmHg (P < 0.001); while after chronic compression,
RVSP initially increased to 41.7 £ 1.1 mmHg, reaching 61.4 £ 1.9 mmHg (P < 0.005). The HOD
allowed maintaining this pressure level for 60 days. The HOD is a versatile device that can be
used to acutely or chronically increase the RVSP.

Key words: RIGHT VENTRICULAR FUNCTION, PULMONARY ARTERY HYPERTENSION,
HYDRAULIC DEVICE.

Resumen

Se presenta un dispositivo oclusor hidraulico (DOH) que, al inyectarsele agua, se expande
y comprime el tronco de la arteria pulmonar, incrementando la presion sistélica ventricular
derecha (PSVD), lo que remeda el compromiso de las enfermedades cardiopulmonares sobre
el ventriculo derecho. Se utilizaron materiales inertes y biocompatibles en la construccion de
los DOH. Se les realizaron pruebas de distensibilidad y se implantaron en el tronco de la arteria
pulmonar, mediante procedimiento quirdrgico, en 12 perros mestizos, sanos, de 18 a 28 kg
de peso. La respuesta hemodinamica fue evaluada en condicién prequirirgica y posquirur-
gica, aguda y croénica. Los valores se expresan en media * desviacién estandar. Se utilizd una
prueba t para grupos pareados, para la diferencia de la PSVD en condicién aguda, y para la
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cronica, ANOVA de muestras repetidas con ajuste de Bonferroni. Una P < 0.05 se consideré
significativa. Las presiones en las cdmaras a volumen conocido fueron de 1.4 = 1.4 mmHg
a 185.8 £ 9.3 mmHg que corresponden a 0.1 ml y 0.8 ml de agua, respectivamente. Los
valores basales obtenidos en condicion prequirdrgica y posquirurgica fueron 20.9 £ 3 mmHg
contra 22 £ 2 mmHg, P < 0.871. En condicién aguda se obtuvieron 22 = 2 mmHg basales
incrementando hasta 58 £ 3 mmHg, P < 0.001. Mientras en la fase croénica los valores fueron
de 41.7 £ 1.1 al inicio, incrementando hasta 61.4 £ 1.9 mmHg de PSVD con una P < 0.005,
y manteniendo esta cifra por 60 dias. El DOH es versatil, permite el incremento agudo y

cronico de la PSVD.

Palabras clave: FUNCION VENTRICULAR DERECHA, HIPERTENSION ARTERIAL

PULMONAR, DISPOSITIVO HIDRAULICO.

Introduction

he right ventricle (RV) has its own character-

I istics in shape and function when compared

to the left ventricle, even though they share

the inter-ventricular septum and both are locked
within the pericardial cavity sharing ventricular
dependencies.! The knowledge of the repercussion
of the increase of the afterload to the RV has pro-
moted interest in researching its function. The dis-
eases that have variable degrees of increased right
ventricle pressure in acute and chronic conditions
are acute and chronic pulmonary thromboembolism
(PAT), primary pulmonary arterial hypertension (P-
PAH), chronic obstructive pulmonary disease and
others with different physiopathological mechanisms
such as interatrial communication and emphysema.
In those conditions the right ventricular function
may be altered and the development of ventricular
hypertension may lead in time to a ventricular hyper-
trophy.” In P-PAH, survival and prognosis of patients
are related to the right ventricle dysfunction parame-
ters.”” Due to the limited amount of patients and the
difficulty of identifying them during the early stages
of the disease has made it necessary to develop exper-
imental models. Most of the hypertension and right
ventricle hypertrophy models have used flax tape
(umbilical tape) to produce banding of the pulmo-
nary artery trunk, that produces the pressure over-
load in the RV by occluding the pulmonary artery;
that is to say, a single pressure increase maintained
through time, without the possibility of later increas-
ing the occlusion, and therefore, increasing the RV
pressure; °¥ only when the banding has been done in
animals during the first 24 to 48 hours after birth,'”
"* has there been any success in increasing RV pres-
sure above 40 mmHg. Other models elevate the RVSP
through an increase of pulmonary arterial pressure
(PAH). Different mechanisms have been used to
develop PAH, such as the destruction of pulmonary
parenchyma with papaine,” hypoxic vasoconstric-
tion," and the use of microspheres to imitate a pul-
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propias en su forma y funcién respecto del

ventriculo izquierdo, aunque comparten un
septum interventricular y ambos estan encerrados en
la cavidad pericardica compartiendo dependencias
ventriculares.' El conocimiento de la repercusién del
aumento de la poscarga al VD ha incrementado el
interés en la investigacién de su funcién. Las enferme-
dades que cursan con grados variables de sobrecarga
de presién ventricular derecha en condicién aguda'y
crénica, son la tromboembolia pulmonar (TEP) aguda
y crénica, la hipertensién arterial pulmonar primaria
(HAP-P), la enfermedad pulmonar obstructiva cré-
nica y otras con mecanismos fisiopatolégicos diferen-
tes, como la comunicacién interatrial y el enfisema.
En estas entidades la funcién ventricular derecha
puede estar alterada y el desarrollo de hipertensién
ventricular puede llevar con el tiempo a hipertrofia
ventricular.” En la HAP-P la sobrevida y el pronéstico
de los pacientes estan relacionados con parametros
que traducen disfuncién ventricular derecha.’” El
nimero limitado de pacientes y las dificultades en
captarlos en estadios tempranos de la enfermedad ha
hecho necesario el desarrollo de modelos experimen-
tales. La mayoria de los modelos de hipertensién e
hipertrofia ventricular derecha han utilizado cintas
de lino (cinta umbilical) para producir bandaje del
tronco de la arteria pulmonar, que al ocluir la arte-
ria pulmonar condicionan la sobrecarga de presién
al VD; esto es, un incremento tnico de presién que se
mantiene en el tiempo, no pudiendo posteriormente
aumentar la oclusién y, por ende, incrementar la pre-
sion del VD;%* s6lo cuando el bandaje se ha realizado
en animales de 24 a 48 horas de nacido,'*!? se ha
tenido éxito para obtener incrementos de presién del
VD mayores de 40 mmHg. Otros modelos elevan la
PSVD mediante el incremento de la presién arterial
pulmonar (HAP). Para el desarrollo de HAP se han
utilizado diferentes mecanismos, como la destruccién
del parénquima pulmonar por papaina,” la vaso-

l j I ventriculo derecho (VD) tiene caracteristicas



monary embolism." In these models, the same as with
flax tape banding, the control of RVSP increase is not
adequate, due to the fact that there is the possibility
of taking the subject to an acute right ventricular fail-
ure (ARVF) and death or the unexpected increase in
RVSP. In this sense, a device is required to permit the
increase of systolic pressure in the RV in a controlled,
acute or chronic manner allowing an animal model,
freedom of movement, and stable conditions in the
inter-study periods, as we inform in this document.

The study has two phases: design, construction
and distensibility tests of the hydraulic occlusive
device (HOD) and the implantation of the HOD in
canids, for the evaluation of its performance in the
generation of acute and chronic progressive right
ventricular hypertension in these animals

To establish the design of this device, a study of
the existing models was performed in order to evalu-
ate their advantages and disadvantages, founding
that the hydraulic device had the best characteristics
for the requirements of this study such as: durability
through time, easy variation of its volume, taking into
consideration that the ideal device should also have
another series of advantages; for example, durabil-
ity, biocompatibility, easy placement, low cost, small
size and that it can be safely fastened, among other
aspects.'®

This device was designed and constructed based
upon the premises of the car inner tubes, that when
air is put in they increase their volume from the center
to the periphery, effect that is given by the rigid cen-
tral support that the metal base gives. To achieve
the desired effect: (vascular occlusion) with a HOD,
the expansion of the chamber should be towards the
center and the rigid portion towards the periphery so
that the occlusion be made to the center.

The HOD consists of a tubular chamber that
lodges water inside (marked with number 2 in Figure
1); this tubular chamber is united to an external
Teflon semi-rigid band (number 1 in Figure 1), that
shall prevent pressure on the periphery and a valve
(number 4 in Figure 1) that connects with the tubular
chamber through a minute silastic tube (number 3
in Figure 1), where water shall be injected into the
chamber.

The tubular chamber of the HOD was constructed
from an acrylic cylindrical mold of 10 mm in diam-
eter X 40 mm in length to form a tubular chamber
with medical grade silicon.*

Once the chambers were formed, a silastic minute
tube with 1 mm internal diameter X 1.5 mm external
diameter X 150 mm in length was added to the end.
Once the absence of leaks was verified, the tubular
chambers were filled with water at 150 mmHg pres-
sure and left in that condition during 15 days. If at

constriccion hipé-xica,' y el que utiliza microesferas
para remedar la embolia pulmonar."” En estos mode-
los, al igual de lo que ocurre con el bandaje con cintas
de lino, el control del incremento de la PSVD no es
adecuado, dado que tienen la posibilidad de llevar al
sujeto a falla ventricular derecha aguda (FVDA) y al
fallecimiento o que el incremento de la PSVD no sea
el esperado. En este sentido, se requiere un disposi-
tivo que permita el incremento de la presién sist6lica
del VD en forma aguda y crénica de manera contro-
lada y que permita en un modelo animal, libertad de
movimiento y condiciones estables en los periodos
interestudio, como aqui se informa.

El estudio comprende dos fases: Disefo, construc-
cién y pruebas de distensibilidad del dispositivo oclu-
sor hidraulico (DOH), y la implantacién del DOH en
canidos, para la evaluaciéon de su desempeiio en la
generacién de la hipertensiéon ventricular derecha
aguda y crénica progresiva en estos sujetos.

Para el disefio de este dispositivo se hizo un estu-
dio de los modelos actuales con el fin de evaluar sus
ventajas y desventajas, encontrando en el hidraulico
las mejores caracteristicas para los requerimientos de
este estudio, como son: Durabilidad en el tiempo y
facil variacién de su volumen, teniendo en cuenta que
el dispositivo ideal debe reunir, ademas, una serie de
ventajas; por ejemplo, durabilidad, biocompatibili-
dad, facil colocacién, bajo costo, de tamafo pequeiio
y de fijacién segura, entre otros aspectos.'

El presente dispositivo fue disefiado y construido
con base en las cimaras neumadticas de los autos, que
al ser infladas con aire aumentan su volumen del
centro a la periferia, efecto dado por el soporte rigido
central que le impone su base de metal. En los DOH,
para lograr el efecto deseado (oclusién vascular), la
expansion de la cimara debe ser hacia el centro, y la
porcién rigida hacia la periferia, de manera que el
efecto de la oclusién sea hacia el centro.

El DOH consta de una camara tubular que alojara
agua en su interior (sefialado con el nimero 2 en la
Figura 1), esta camara tubular va unido a un cincho
semirrigido externo de teflén (ntimero 1 en la Figura
1), lo que evitara que la presién sea ejercida hacia la
periferia, y una valvula (ndmero 4 en la Figura 1) que
conecta a la cdmara tubular mediante un minitubo
de silastic (nimero 3 en la Figura 1), por donde se
inyectara agua a la caimara.

La camara tubular del DOH fue construida de un
molde cilindrico de acrilico de 10 mm de didmetro X
40 mm de largo para conformar una cimara tubular
con silicon de grado médico.*

Una vez formadas las cdmaras, se les anadié en un
extremo el minitubo de silastic de 1 mm de didmetro

*Silastic Down Corning.
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the end of this period there were no leaks, once emp-
tied, the expandable silicon tube was integrated to
the Teflon band with a silk thread net, thus defining
the occlusive expandable part of the HOD (Figure
1). The valve was manufactured in medical grade
stainless steel consisting of three parts: the first two
form the body of the valve and the third is a minute
duct where the silastic minitube is connected (Figure
2). The body of the valve lodges a cavity, that in the
upper two thirds is occupied with silicon, that when
the exit is obstructed, it serves as water retainer and
avoids leaks once the tubular chamber is filled, the
other third remains empty (number 3 in Figure 2),
this space forms a water reservoir for the water that
is injected into the tubular chamber, and this shall
allow a controlled increase or reduction of the volume
of the tubular chamber that occludes the pulmonary
artery when it is fixed around it and with this, there
is a proper control of the increase or reduction of the
systolic pressure in the right ventricle.

Prior to the implantation in the canid, each one of
the HOD’s were tested for distensibility; for this the
internal pressure that is developed within the tubular
chamber in response to a known volume of water. The
first determination was made without water volume,
after that, 0.1 ml of water was injected through the
valve until a total volume of 0.8 ml was achieved; at
each step, the internal pressure of the tubular cham-
ber was obtained.

After the HOD were constructed and tested,
they were implanted into 12 healthy, 18 to 28 Kg in
weight, mongrel dogs. The placement of the HOD
on the trunk of the pulmonary artery was done with
prior iv. anesthesia (superficial brachial artery) with
sodium pentobarbital, at a dose of 25 mg/kg; the dogs
were intubated with flexible, Number 8, endotra-
cheal tubes and connected to a mechanical ventilator
adjusted to a flow volume of 15 ml/kg of weight,"” and
breathed oxygen portion at 40%'® during the surgical
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Figura 1. Componenetes del dispositivo oclusor
hidraufiico: 1: Cincho de teflén. 2: Camara tubu-
lar expandible de silicon. 3: Minimanguera de
silastic. 4: Valvula.

Components of the hydraulic occlusive device. 1:
Teflon. 2: Silicon expandable tubula chamber. 3:
Silastic minitube. 3: Valve.

interno X 1.5 mm de didmetro externo X 150 mm
de largo. Después de que se verificé la ausencia de
fugas, las camaras tubulares se inflaron con agua a
150 mmHg de presién y se dejaron en estas condi-
ciones por 15 dias. Si al término de este periodo no
hubo fuga alguna, ya desinflado el tubo expandible
de silicon se procedi6 a integrarlo al cincho de teflon
con una malla de hilo de seda, quedando definida
la parte oclusora expandible del DOH (Figura 1). La
valvula se manufacturé en acero inoxidable de grado
médico, que consta de tres partes: Las dos primeras
conforman el cuerpo de la valvula y la tercera es el
minitubo en donde se conecta la minimanguera de
silastic (Figura 2). El cuerpo de la valvula aloja una
cavidad, que en sus dos tercios superiores estd ocu-
pado con silicon, que al obstruir la salida sirve como
retén de agua y evita que se fugue una vez que se
inyecta a la cimara tubular; el tercio restante queda
vacio (ndmero 3 en la Figura 2), este espacio for-
mard un reservorio para el agua que se inyecta a la
camara tubular, lo que permitird de manera contro-
lada aumentar o disminuir el volumen de la cimara
tubular, que al ser fijada alrededor de la arteria pul-
monar la ocluye, y con esto el control adecuado del
incremento o de la disminucién de la presién sistolica
del ventriculo derecho.

Previo a la implantacién en los cinidos, a cada
uno de los DOH se les realizaron pruebas de dis-
tensibilidad; esto es, se determiné la presién que se
desarrolla dentro de la cimara tubular en respuesta
a un volumen conocido de agua. La primera determi-
nacién fue sin volumen de agua, posteriormente se
le inyecté por la valvula 0.1 ml de agua a la cimara
tubular hasta llegar a 0.8 ml de volumen total, en cada
paso se obtuvo la presién del interior de la camara
tubular.

*Palmer LTD, Effra Road, London, SW. 2.
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procedure.

Under anaesthesia, through a sterile technique, the
steps were: thorax asepsis and thoracotomy by layers
all along the length of the intercostal space between
the fourth and fifth ribs. Once inside the pleural
cavity, the left lung was separated until the pericar-
dium was observed. The pericardium was opened
longitudinally and when the pulmonary artery trunk
was reached it was liberated by careful dissection of
the posterior portion of the ligament that unites it to
the aorta.'”* The tubular chamber with the Teflon
band was passed and both ends were united with the
silk mesh in order to form the occlusive ring without
pressing the pulmonary artery (Figure 3); thus the
right ventricle pressure was not modified in an acute
manner. Then the pericardium was closed with sepa-
rate stitches with an absorbable suture material; pos-
sible bleeding sites were verified; a pleural catheter
with closed drainage was put in place and the thorax
was closed by layers. The minitube that connects the
tubular chamber to the valve was externalized by
layers towards the dorsal region of the dog, until it
remained lodged between t3 and t4 in the subcutane-
ous tissue. Postoperative care was carried out in the
animal lodging unit by the members responsible for
the project.

Systolic pressure of the right ventricle was assessed
hemodynamically with a Swan-Ganz* catheter placed
in the right ventricular cavity while the dogs were
under anaesthesia and with mechanical ventilation.

The hemodynamic values were obtained from a
system of experimental hemodynamic records pre-
viously validated.”"* The recording system for the
digital acquisition of the hemodynamic variables that
are briefly described below is integrated by the fol-
lowing elements: a personal computer (PC) to which,

Figura 2. Detalles de la valvula, dimensiones y las partes
que la componen. 1: Tapa. 2. Cuerpo de silicon. 3: Camara de
reserva. 4: Minitubo conector. 5: Base. 6: Barrenos de fijaciéon
de 3/64” de diametro.

Details of the valve, parts and dimensions. 1: Lid. 2: Silicon
body. 3: Reserve chamber. 4: Connector minitube. 5: Base. 6:
Fastening boreholes 3/64” in diameter.

Luego que se construyeran y probaran los DOH,
se implantaron en 12 perros, sanos, mestizos, de 18 a
28 kg de peso. La colocaciéon del DOH en el tronco de
la arteria pulmonar se realiz6 previa induccién anes-
tésica v. 1. (arteria braquial superficial) con pentobar-
bital s6dico, a dosis de 25 mg/kg de peso, los perros se
intubaron con un tubo endotraqueal flexible, niimero
8, y conectados a un ventilador mecénico ajustado a
un volumen corriente de 15 ml/kg de peso,” y frac-
ci6n inspirada de oxigeno al 40%'® durante el proce-
dimiento quirdrgico.

En plano anestésico, mediante técnica estéril, se
realiz6 asepsia del térax y toracotomia por planos
entre los espacios intercostales cuarto y quinto en toda
su longitud. Una vez en cavidad pleural, se separé el
pulmoén izquierdo hasta visualizar el pericardio, que
se abrié longitudinalmente hasta la base del tronco
de la arteria pulmonar, que se liberé mediante cui-
dadosa diseccién roma de la porcién posterior del
ligamento que la une a la arteria aorta.'”*" Después
se pasé la camara tubular con el cincho de teflén y se
unieron ambos extremos con la malla de seda para
formar el anillo oclusor, sin hacer presién sobre la
arteria pulmonar (Figura 3); de esta manera no se
modificé la presién del ventriculo derecho en forma
aguda. Enseguida, se cerro el pericardio con puntos
separados y sutura absorbible, se verificaron posi-
bles sitios de sangrado, se coloc6 sonda pleural con
drenaje cerrado y se cerré el térax por planos. El
minitubo que conecta la camara tubular a la valvula
se exteriorizé por planos hacia la regién dorsal del
perro, quedando alojada a nivel de t3 y t4 en el tejido
celular subcutaneo. Los cuidados posoperatorios
fueron realizados en el Bioterio de la unidad por los
responsables del proyecto.

Estando los perros en ventilacién mecanica y en
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Figura 3. Dispositivo oclusor hidratlico (DOH):
Posicién en el tronco de la arteria pulmonar del
perro, VD: Ventriculo derecho, TAP: Tronco de la
arteria pulmonar, S: Minitubo de silastic.

Hydraulic occlusion device (DOH): Position on the
pulmonary artery trunk of the dog, VD: Right ven-
tricle, TAP: Pulmonary artery trunik, S: Silastic
minitub.

under a specific design, a card was added to convert
the analog signals into digital signals (A/D); the nec-
essary electronics and programming to receive in the
PC the differential electrocardiogram (ECG), two
recordings of intra-cavity pressure from the Millar
Transducers** in the PC and two hemodynamic sig-
nals obtained from the Swan-Ganz catheter.”**

The electronic circuits were constituted by an
instrumentation amplifier that has a common mode
recoil of 86 dB at 60 Hz and gain of 25, whose output
is sent to a pass band filter that limits the signal to the
frequencies found between 0.5 to 45 Hz, from where,
at the end, it passes on to a 20 times amplification
stage. Both recordings from the Millar catheters, that
come from the cavities are only amplified from the
output of the control unit of the transducer to adjust
them to the A/D converter, while for the Swan-Ganz
catheters the electronics were instrumented so that
beginning at the Wheastone bridge the pressure sig-
nals could be adapted to the range of the converter,
using for this a set of electronic circuits that adjust the
signal to leave it under similar characteristics to the
ones described for the ECG.

The A/D conversion card is inserted into an ISA
type expansion slot of the computer and it has 8 chan-
nels, each one with 10 bits of resolution in amplitude
and 30 microseconds in conversion time per channel.
The amplitude range of the converter was assigned
over -5 to 5 volts.

Programming of the PC was drafted in Turbo-
Pascal, which allows the observation of signals at
different time, amplification and position bases as
440 samples are captured per second. Signals in the
PC may be amplified, summed, multiplied, filtered,
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condiciones de anestesia previamente referidas, se
realiz6 valoraciéon hemodindmica de la presién sis-
tolica del ventriculo derecho mediante un catéter de
Swan-Ganz* colocado en la cavidad ventricular dere-
cha.

Los valores hemodinamicos se obtuvieron de un
sistema de registros hemodindmicos experimentales
previamente validados.”** El sistema de registros
para la adquisicion digital de las variables hemodi-
namicas que aqui se describe de manera breve, lo
integra una computadora personal (PC) a la que se
le agreg6, bajo diseno especifico, una tarjeta para
convertir las sefiales analdgicas a digitales (A/D), la
electrénica y la programacioén necesarias para adqui-
rir en la PC el electrocardiograma (ECG) diferencial,
dos registros de presiéon intracavitaria procedentes
de dos transductores Millar** y dos senales hemodi-
namicas obtenidas de un cateter de Swan-Ganz.***

Los circuitos electrénicos estan constituidos por
un amplificador de instrumentacién que cuenta
con un rechazo a modo comin de 86 dB a 60 Hz y
ganancia de 25, cuya salida se envia a un filtro pasa
banda que limita la sefal a las frecuencias compren-
didas entre 0.5 a 45 Hz, de donde al final se pasa a
una etapa de amplificacién por 20. Los dos registros
intracavitarios procedentes de los catéteres Millar
s6lo se amplifican a partir de la salida de la unidad
de control del transductor para ajustarlos a la entrada
del convertidor A/D, mientras que para los registros
de los catéteres Swan-Ganz se instrument? la electré-

*KMA-9601-5F; KMA,Inc, Oklahoma.
**Millar Instruments Inc. 6001 Gulf Freeway, Houston, Texas
77023, U.S.A.



derived, or integrated to facilitate identification and
measuring (visual, automatic or assisted) of the com-
ponents of interest. Thus, with a cursor, times and
amplitudes may be measured in an assisted manner,
and automatically heart rate and diastolic and systo-
lic pressures may be measured, giving also the aver-
age and standard deviation of these variables in the
complete record or segments of it. The signals and
the data that are obtained may be printed and stored
in disk, either in binary or ASCII for later study or
presentation and analysis with other computer soft-
ware. For this work only two channels were used, the
ECG and the one for the determination of the RVSP
with the Swan-Ganz catheter.

In this manner, the hemodynamic values were
established 30 days prior to the surgery for the
implantation of the hydraulic occlusion device and
60 days after the implantation of the HOD; in post-
operative state, basal measures were taken during
rest (without filling the HOD). In that basal condi-
tion, the RVSP was sharply increased by the injection
of water into the tubular chamber of the HOD, until
the maximum systolic pressure of the right ventricle
was reached.

Water was slowly removed from the tubular cham-
ber until a 40 mmHg RVSP in the tubular chamber
was reached, then the canids were allowed to rest
during 60 days more, when they were hemodynami-
cally intervened again, a chronic condition at 40
mmHg RVSP was obtained. Water was injected again
into the HOD until the RVSP reached 60 mmHg and
it stayed there during 60 more days; once they had
recovered from this pressure increase, under rest
conditions, the last systolic pressures of the right ven-
tricle in chronic condition were obtained.

The values are expressed in mean =+ standard
deviation (M = DS). For the analysis of the acute
change of the right ventricular pressure the paired
t test was used as well as for the pressure difference
between right ventricular systolic pressures obtained
prior to surgery and 60 days after the placement of
the HOD (basal). For the chronic form of change of
right ventricular systolic pressure, multiple sample
ANOVA with Bonferroni’s adjustment for multiple
samples. The degree of significance was considered
at P < 0.05.

Ethical considerations for the care and slaughter
of experimental animals were maintained accord-
ing to the standards of the National Institute of
Cardiology “Ignacio Chavez”, the Government of
Mexico City, the Ministry of Health and the National
Research Council.*>*°

Twenty devices were tested, 12 of which were used
to assemble the occlusion part and were used for dis-
tention tests. The resulting pressures obtained in

nica que a partir de un puente de Wheastone permite
adecuar las senales de presién al rango del converti-
dor, utilizindose para ello un conjunto de circuitos
electrénicos que ajustan la senal hasta dejarla bajo
caracteristicas similares a las descritas para el ECG.

La tarjeta de conversiéon de A/D se inserta en una
ranura de expansién tipo ISA de la computadora y
consta de ocho canales, cada uno con diez bits de reso-
lucién en amplitud y 30 microsegundos en tiempo de
conversién por canal. El rango en amplitud del con-
vertidor se asigné sobre —5 a 5 voltios.

La programacién de la PC fue elaborada en Turbo-
Pascal, permite observar las sefiales a diferentes bases
de tiempo, amplificaciones y posiciones conforme se
capturan a 440 muestras/segundo. Las sefales en la
PC pueden amplificarse, sumarse, multiplicarse, fil-
trarse, derivarse o integrarse para facilitar la identi-
ficacién y medicién (visual, automadtica o asistida) de
los componentes de interés. Asi, se pueden medir, en
forma asistida, con un cursor, tiempos y amplitudes,
y, de manera automitica, la frecuencia cardiaca y las
presiones diastélica y sist6lica, dando ademas el pro-
medio y la desviacién estandar de estas variables en
el registro completo o en segmentos de éste. Las sefa-
les y los datos obtenidos pueden imprimirse y alma-
cenarse en disco, ya sea en binario o en ASCII para
su estudio posterior o su presentacién y andlisis con
otros paquetes de computo. Para este trabajo s6lo se
utilizaron dos canales, el de ECG y uno para la deter-
minacién de la PSVD con el cateter de Swan-Ganz.

De esta manera se determinaron los valores hemo-
dindmicos 30 dias previos a la cirugia de colocaciéon
del dispositivo oclusor hidraulico, y 60 dias después
de la colocacién del DOH, en estado posquirtrgico,
que se consideré como la medicién basal de reposo
(sin inflar el DOH). En dicha condicién basal, se
increment6 en forma aguda la PSVD mediante la
inyecciéon de agua a la cimara tubular del DOH hasta
alcanzar el valor maximo de presién sistélica desa-
rrollada por el ventriculo derecho.

Se retir6 paulatinamente agua de la camara
tubular hasta dejar la PSVD en 40 mmHg, y se dejo
recuperarse a los canidos por 60 dias mas, cuando
volvieron a intervenirse hemodinimicamente, se
obtuvo la PSVD en condicién crénica a 40 mmHg.
Se les volvié a inyectar agua a los DOH hasta dejar la
PSVD en 60 mmHg por 60 dias mas; una vez recupe-
rados del incremento de esta presion, se obtuvieron
en condicién de reposo las tltimas presiones sistolicas
del ventriculo derecho en condicién crénica.

Los valores se expresan en media * desviacién
estindar (M = DS). Para el anilisis del cambio de
la presiéon ventricular derecha en forma aguda, se
utiliz6 la prueba t pareada, y para la diferencia de
presiones entre las presiones sistélicas ventriculares
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these tests, under rest conditions (without water) with
the slow injection of 0.1 ml of water until 0.8 ml of
water was reached inside the tubular chamber were:
0.1 ml: -1.4 = 1.4 mmHg; 0.2 ml: 18.9 = 7.5 mmHg;
0.3 ml: 57.1 = 19.5 mmHg; 0.4 ml: 75.2 = 15 mmHg;
0.5 ml: 109.4 = 28.1 mmHg; 0.6 ml: 183.2 + 16.1
mmHg; 0.7 ml: 197.8 = 11.5 mmHg; 0.8ml: 185.8 =
9.3 mmHg respectively (Figure 4).

During the hemodynamic selection of the dogs,
30 days prior to surgery in relation to the RVSP,
the pressure found was 20.9 * 3 mmHg, and 60
days after surgery (basal HOD pressure) was 22 = 2
mmHg, with P < 0.871. Once the basal values were
established, using the HOD, water was injected into
the chamber in a controlled manner, until maximum
right ventricle systolic pressure was obtained; the
obtained values were 58 = 3 mmHg, P < 0.001, in
relation to the basal value (Figure 5). Pressure was
then reduced until 40 mmHg of RVSP; 60 days after
this increase and in chronic rest condition the dogs
were once more subjected to hemodynamic inter-
vention, the RVSP that was obtained was 41.7 * 1.1
mmHg indicating that the RVSP was maintained
60 days after the last intervention. RVSP was then
increased to 60 mmHg and the dogs were allowed to
rest during 60 more days; finally the last values of the
RVSP in chronic condition were 61.4 = 1.9 mmHg, P
< 0.001, in relation to the 40 mmHg measurement.
All the groups had P < 0.005 among them for the
change in the chronic right ventricular systolic pres-
sure, basal condition (1), at 40 mmHg (2) and at 60
mmHg (3), (1 vs. 2; 1 vs. 3 and 2 vs. 3).

There were not any rejection reaction cases, only
slight capsulation with fibrous tissue. Of the installed
devices, all (12) reached the last stage, yet there was
one incident where the minitube was loosened when

derechas obtenidas de manera previa al acto quirdar-
gico y 60 dias posteriores a la colocacién del DOH
(basal). Para el cambio de la presién sistélica ventri-
cular derecha en forma crénica, se utiliz6 ANOVA
de muestras repetidas con ajuste de Bonferroni para
muestras multiples. El nivel de significacién se consi-
der6 con P < 0.05.

Las consideraciones éticas fueron mantenidas de
acuerdo con las normas del Instituto Nacional de
Cardiologia “Ignacio Chavez”, las del Gobierno de la
ciudad de México, de la Secretaria de Salud y las del
Consejo Nacional de Investigacién, para el cuidado y
sacrificio del animal de experimentacién.**

Se probaron 20 dispositivos, de los cuales 12 se
utilizaron en el ensamblado de la parte oclusora y se
les realizaron pruebas de distensién. Las presiones
de las 12 camaras obtenidas en estas pruebas, desde
la condicién de reposo (sin agua), e inyectarles por
pasos 0.1 ml de agua paulatinamente hasta llegar a
0.8 ml de agua a la camara tubular, fueron, respec-
tivamente, 0.1 ml: -1.4 = 1.4 mmHg; 0.2 ml: 18.9 +
7.5 mmHg; 0.3 ml: 57.1 = 19.5 mmHg; 0.4 ml: 75.2 +
15 mmHg; 0.5 ml: 109.4 = 28.1 mmHg; 0.6 ml: 183.2
= 16.1 mmHg; 0.7 ml: 197.8 = 11.5 mmHg; 0.8ml:
185.8 = 9.3 mmHg (Figura 4).

En la seleccién hemodinamica de los perros 30
dias previos al acto quirdrgico respecto a la PSVD, se
encontré presién de 20.9 = 3 mmHg, y 60 dias poste-
riores al acto quirdrgico (basal sin presién del DOH)
fue de 22 = 2 mmHg, con P < 0.871. Una vez deter-
minados los valores basales, utilizando el DOH, se
inyect6 agua a la cimara de manera controlada, hasta
obtener la mixima presién sistélica del ventriculo
derecho, los valores obtenidos fueron 58 + 3 mmHg,
P < 0.001, respecto del valor basal (Figura 5). Luego
se disminuy6 la presién hasta dejarlos en 40 mmHg

Figura 4. Comportamiento de la presion intra-
cavitaria de las 12 camaras tubulares ante la
adicion de un volumen conocido de agua.
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Behavior of the internal cavity pressure of the 12
tube chambers due to the addition of a known
volume of water.
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Figura 5. Trazo hemodinamico del incremento
agudo de la presiéon ventricular derecha maxima
obtenida (de 22 a 58 mmHg), utilizando el dis-
positivo oclusor hidraulico en el tronco de la arteria
pulmonar de un perro (sujeto 6), ECG: Electrocar-
diograma, PSVD: Presiéon sistolica del ventriculo
derecho (imagen amplificada por 2).

| [l
Hemodynamic plotting of the acute maximum right
ventricular pressure increment that is obtained
(from 22 to 58 mmHg), using the hydraulic occlusion
device on the pulmonary artery of the dog (subject
6), ECG: Electrocardiogram, PSVD: Right ventricle
systolic pressure (image amplified x 2).

the dogs tried to take off the valve, but this could be
corrected and it remained implanted. The design,
construction and implantation of the hydraulic
occlusion device satisfies whatever is needed to be
able to provoke a gradual and controlled closure of
the pulmonary artery in dogs and with this an acute
and chronic RVSP increase.

It is possible to obtain reversible occlusion of the
large blood vessels using mechanical devices such as
bands, stents, metallic wire rings or pneumatic rings,
with which total or partial closure of the pulmonary
artery is attained in order to increase the RVSP,>'
or irreversible occlusion by resection and surgical
sutures.

The placement of the hydraulic occlusion device
on the pulmonary artery trunk, with addition of
water to the chamber, obstructs the exit tract of the
right ventricle, thus facilitating the gradual incre-
ment of the right intraventricular pressure in a safe,
sustained, gradual and controlled manner, giving
the right ventricle time to adapt to the pressure
increments and with time, the development of right
ventricular hypertrophy.

The right ventricle, under normal conditions,
tolerates acute increases in mean pulmonary artery
pressure of 40 mmHg;' greater pressures take it to
ventricular failure and death of the subject. Under
chronic overload of pressure to the RV, the ventricle
tolerates greater pressures.

When RVSP is manipulated with the HOD in an
external manner, the risk of mortality of the dogs
by ARVF is reduced, and this allows the study of the
dogs in acute conditions, even in ventricular failure,
since once the variables of interest are obtained, the
water is removed from the tubular chamber through
the valve (HOD), and the dog is allowed to continue

de PSVD; 60 dias posteriores a este incremento y en
condicién crénica de reposo, los perros fueron inter-
venidos una vez mas hemodinamicamente, la PSVD
obtenida fue 41.7 = 1.1 mmHg indicando que la
PSVD se mantuvo a 60 dias de la dltima interven-
cién. Luego se incrementé la PSVD a 60 mmHg y se
dejé reposar a los perros por 60 dias mas; finalmente
se obtuvieron los tltimos valores de la PSVD en con-
dicién crénica, éstos fueron 61.4 = 1.9 mmHg, P <
0.001, respecto de la medicién a 40 mmHg. Todos los
grupos obtuvieron entre si P < 0.005 para el cambio
de la presion sistolica ventricular derecha crénica, de
condicién basal (1), a 40 mmHg (2) y a 60 mmHg (3),
(lous2;1us3y2us3).

No hubo casos que presentaran reacciéon de
rechazo, sélo el encapsulamiento ligero con tejido
fibroso. De los dispositivos instalados, todos (12) lle-
garon hasta el final, aunque en uno se tuvo el inci-
dente de zafarse la minimanguera cuando los perros
trataron de quitarse la vdlvula, se pudo corregir y
continuaron implantados. El disefio, construcciéon e
implantacién del dispositivo oclusor hidraulico satis-
face las necesidades para provocar el cierre paulatino
y controlado de la arteria pulmonar en perros, y con
esto, el incremento agudo y crénico de la PSVD.

Se pueden obtener oclusiones reversibles de los
grandes vasos sanguineos usando dispositivos meca-
nicos de banda, stents, anillos metalicos de alambre
o anillos neumaticos, con los cuales se cierra total o
parcialmente la arteria pulmonar para incrementar
la PSVD,>'% o los irreversibles, como en los casos de
reseccion y sutura quirargica.

El dispositivo oclusor hidraulico, al colocarse en
el tronco de la arteria pulmonar, con adicién de agua
a la cimara, obstruye el tracto de salida del ventri-
culo derecho; asi, facilita el incremento gradual de
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living. To inject or remove water from the HOD gives
us the ability to increase or decrease pressure in
repeated occasions, with time spaces, in a controlled
manner, that allows us to limit gradually the desired
RVSP without compromising the health of the subject
due to acute right ventricular failure by giving the
right ventricle enough time to adapt to the pressure
change through hypertrophy. In this manner severe
pressure increments to the RV may be achieved, as
would be seen in severe P-PAH and other entities
related to pulmonary vascular compromise."**?

The usefulness of the HOD was demonstrated in
this work, since it was possible to control acute incre-
ment to RVSP (safety of the maneuver), facilitating
also the gradual and sustained increase of RVSP, let-
ting the dog live comfortably during the inter-study
periods. These characteristics of the HOD for the
control of the RVSP shall allow the mimicking of
the diseases that develop with acute or chronic pres-
sure overload to the right ventricle and with this aid
research and give clarity to the natural history of
diseases that include pressure overload to the right
ventricle.

A hydraulic occlusion device was designed that
allows the controlled increase of systolic pressure to
the right ventricle in an acute and chronic manner, by
occlusion of the pulmonary artery trunk.
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