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Monitorizaciéon hemodinamica en un modelo de shock

por reperfusion intestinal en rata
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RESUMEN

OBJETIVO: disefiar un modelo de monitorizacién hemo-
dinamica en el sindrome de reperfusién intestinal, que
pueda aplicarse a futuros ensayos terapéuticos.

DISENO EXPERIMENTAL: A) Tres grupos de 12 ratas,
monitorizadas durante cuatro horas: 1) Control: sin isque-
mia intestinal; 2) Isquemia: se clampa durante 60 minutos
la arteria mesentérica superior; 3) Suero Salino: ademas se
perfunden 2 ml de suero salino en los 15 Ultimos minutos
de la isquemia. Se monitorizan tensiéon arterial media,
frecuencia cardiaca, frecuencia respiratoria y diuresis, y se
evalta la mortalidad a las 48 h. B) En el grupo control y en
el grupo Suero Salino, se han obtenido gasometria arterial,

- hematimetria e iones plasmaticos, exanguinando animales

al inicio y al final de la isquemia, y en los tiempos de
reperfusion 5', 60" y 180’

RESULTADOS: Mortalidad: 0% para la serie 1 y 83%
para las series 2 y 3 (p < 0,001). Las variables hemodina-
micas permanecieron estables durante la isquemia, mien-
tras que al comenzar la reperfusion se produjo una caida
brusca de la tension arterial y de la diuresis, asi como una
elevacion progresiva de las frecuencias cardiaca y respira-
toria. Los otros parametros medidos tampoco se alteraron
durante la isquemia, pero durante la reperfusion se desarro-
116 acidosis metabolica (pH = 7,15; p < 0,01; HCO, = 8; p
< 0,01), aparecié hiperkaliemia (6 mEq/l; p < 0,01) y el
hematocrito ascendi6 (56%; p < 0,01).

CONCLUSION: el modelo experimental resulta fiable v de
facil reproduccién, permite una monitorizaciéon hemodiné-
mica adecuada del shock producido en el sindrome de
reperfusién intestinal, y parece apropiado para valorar el
efecto de diferentes terapéuticas.

Palabras clave: isquemia-reperfusion, intestino, rata,
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INTRODUCCION

Desde los afios cincuenta se conoce que el dafio tisular
producido en el intestino durante un periodo de isquemia, se
intensifica durante la reperfusién. Pero ademas, la reperfu-
si6n se acompaiia de un deterioro hemodinamico (shock) y
de la disfuncién de diferentes 6rganos (higado, rifién, pul-
moén, etc), pudiendo desembocar en un cuadro de fracaso
multiorganico y muerte.

En 1981 Granger y McCord propusieron que los radicales
libres del oxigeno (RLO) eran los principales agentes pato-
génicos en el sindrome de reperfusion intestinal (1). Estas
moléculas altamente reactivas provocan lesiones no solo di-
rectamente sobre los enterocitos y las células endoteliales,
sino también mediante la activacion de los PMN y el siste-
ma inmune (2, 3). La existencia de un exceso de RLO du-
rante la reperfusion se ha podido demostrar tanto por méto-
dos directos (quimioluminiscencia, resonancia nuclear para-
magnética (4-6) como indirectos (malonildialdehido) (7).
También se ha comprobado una mejoria de las lesiones tras
administrar antioxidantes antes de la reperfusion (8, 9). En
este sentido, diversos trabajos realizados en nuestro Labora-
torio han demostrado que los antioxidantes administrados
durante la fase de isquemia, inmediatamente antes de la
reperfusion, mejoran las lesiones intestinales producidas por
ésta y disminuyen la mortalidad.

Sin embargo, son escasas las publicaciones en las que se
estudia la relacién existente entre la produccion de RLO y
el shock, habitualmente irreversible, que se produce tras el
SRI. El propésito de este trabajo ha sido disefiar un modelo
en el que pudieran monitorizarse los parametros hemodina-
micos basicos y los gases sanguineos en ratas sometidas a

reperfusion intestinal. ,

METODOS

Se han utilizado ratas Sprague-Dawley hembras de 200 g,
no sometidas a ayuno previo. Los experimentos se han lie-
vado a cabo siempre a la misma hora, con el fin de evitar
las posibles modificaciones debidas a los ritmos biologicos
circadianos, y siguiendo la normativa vigente sobre protec-
cion de los animales utilizados para experimentacion.

Procedimientos quirurgicos

Tras anestesiar el animal mediante inoculacién ip. de
Pentobarbital Sédico (30 mg/kg) y Diacepam (2,5 mg/kg),
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TABLA 1
Valor predictivo de los parametros hemodindmicos

Valor limitante Valor predictive (+) Valor predictivo () V.P.global Sensibilidad Especificidad

TAM (R-5) < 80 mmHg 91%
TAM (R-15 a 30) <90 mmHg 95%
‘Fe 2500 lpm 83%
Fr > 100 rpm 79%
Diuresis < 0,5 ml/kg/h 83%

71% 83% 83% 83%
61% 78% 72% 91%
76% 81% 91% 62%
67% 2% 81% 54%
61% 75% 79% 67%

" Entre paréntesis se indica el momento de medicion (minutos tras restablecer la perfusion intestinal); donde no se indica nada, se refiere a cualquier

momento del estudio.
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FIG. 2.— Curvas de frecuencia cardiaca y frecuencia respirato-
ria. En los animales sometidos a isquemia intestinal, la reperfu-
sion se acomparia de una brusca elevacion de la frecuencia
cardiaca (arriba) y taquipnea progresiva (abajo), que se man-
tienen durante todo el experimento. Las diferencias frente al
grupo control son significativas.

valor predictivo positivo, valor predictivo negativo, valor
global, sensibilidad y especificidad.

RESULTADOS

Mortalidad y supervivencia

Las maniobras quirirgicas necesarias para provocar la
isquemia mesentérica se han tolerado perfectamente, no
derivandose de ellas mortalidad alguna. En cambio, la re-
perfusion tras 60 minutos de clampaje mesentérico ha pro-
vocado una mortalidad del 83,3%; tasa que no experimenta
variaciones tras la administracion i.v. de 2 ml de suero
salino.

Parametros hemodinamicos

Durante la fase de isquemia intestinal los pardmetros es-
tudiados no se han modificado significativamente. En cam-
bio, tras el desclampaje de la arteria mesentérica se observa
una caida importante de la TAM seguida de una recupera-
cion variable durante los siguientes 25 minutos. A partir de

ese momento la TAM bien se mantiene estable, o bien da
paso a un deterioro progresivo hasta el fallecimiento del
animal (Fig. 1). Dentro de cada grupo, se observa que la
TAM es netamente inferior en los animales que fallecen que
en los que sobreviven (Fig. 1). Las cifras de TAM en los
minutos 5, 15 y 30 post-reperfusién muestran el mayor valor
predictivo (tabla I).

La frecuencia cardiaca se ha elevado progresivamente
durante la reperfusion (Fig. 2), observandose unas cifras
significativamente mayores en aquellos animales que falle-
cen; de tal manera que superar los 500 L.p.m. adquiere un
importante valor predictivo de mortalidad (tabla I). A pe-
sar de que la frecuencia respiratoria permanecio practica-
mente constante en el grupo control y durante la fase de
isquemia (FR < 96 r.p.m.), durante la reperfusién se
instauré una taquipnea progresiva (Fig. 2). Valores supe-
riores a 120 r.p.m. alcanzan un valor predictivo de morta-
lidad del 80%. (tabla I).

La diuresis, que se ha mantenido constante a lo largo de
todo el experimento en el grupo control (0,75 ml/kg/h; ran-
g0 0,5-1) y durante la isquemia (1 mV/kg/h; rango 0,25-1,5),
casi desaparecioé durante la reperfusion (0,1 ml/kg/h; rango
0-0,5; p < 0,001). No se han observado diferencias entre los
animales que viven y los que mueren.

La administracién de suero salino durante los ultimos
minutos de isquemia no ha tenido repercusiones valora-
bles en ninguno de los parametros hemodindmicos estu-
diados.

Parametros analiticos

Durante la isquemia el pH ha permanecido estable, aun-
que el bicarbonato disminuyé significativamente (25,5 vs 17
mEgq/]; p < 0,01). Durante la primera hora de reperfusion, el
pH cay6 bruscamente (7,43 vs 7,15; p < 0,01) y el bicarbo-
nato se redujo a la mitad (17 vs 8 mEq/l). A partir de ese
momento se pudo observar una cierta recuperacién, elevan-
dose el pH a 7,21 y el bicarbonato a 14,5 mEq/l (Fig. 3).
Los gases arteriales no se han visto afectados a lo largo de
la experiencia.

En cuanto al ionograma, destaca la instauracion de una
hiperkaliemia progresiva, que se inicia durante la isquemia
(4,8 mEq/]), se exacerba al iniciarse la reperfusién con un
pico muy marcado a los cinco minutos (6 mEq/1) seguido de
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se introdujo un catéter de teflon transparente 16G en la tra-
quea, y otro de 21G en la vejiga. A continuacion, se expu-
sieron la arteria y vena femorales izquierdas, introduciéndo-
se un catéter de teflon 22G en la arteria y una aguja 27G en
la vena.

Mediante un poligrafo (Hewlett Packard 7754 B System)
se registro el trazado electrocardiografico y la tension arte-
rial. La via arterial se mantuvo permeable mediante la infu-
sion de bolus de 0,05 ml de suero fisiologico heparinizado
(4 Ul/ml) cada vez que la grafica dibujada mostraba para-
metros de amortiguacion.

La isquemia intestinal se indujo mediante clampaje direc-
to de la arteria mesentérica superior en su salida de la aorta
(10). En los casos indicados, veinte minutos antes de fina-
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FIG. 1.— Curvas de Tension Arterial media. Se aprecia el
brusco descenso provocado por la restauracion del flujo san-
guineo al intestino isquémico (superior). En los animales que
sobreviven este descenso es menos pronunciado y se puede
observar una rdpida recuperacion (medio e inferior; los niime-
ros representan los animales todavia vivos del grupo en que
fallecen).

lizar la isquemia se inicié la infusién de 2 ml de suero
fisioldgico a través de la vena femoral (133 pl/min). Cum-
plidos 60 minutos de isquemia se reabrid la laparotomia, se
retiraron los clips vasculares (comprobando el restableci-
miento del flujo mesentérico) y se volvié a suturar la herida
quirirgica.

La monitorizacion de la tension arterial y EKG se prolon-
g6 durante las tres primeras horas de reperfusion. Finalizado
ese periodo, se retir6 el catéter arterial y se ligd el vaso.

Series experimentales

Se han considerado tres series. En el grupo control se
llevaron a cabo todos los procedimientos quiriirgicos descri-
tos, pero los clamps no se dejaron colocados. Los animales
del grupo isquemia fueron sometidos a 60 minutos de
clampaje de la arteria mesentérica superior. En el grupo
salino, cada animal recibié 2 ml de suero salino a través de
la vena femoral antes de la reperfusion intestinal.

Parametros analizados

Se han estudiado tres tipos de parametros: hemodinimi-
cos, analiticos sanguineos y supervivencia. La tension arte-
rial media (TAM), la frecuencia cardiaca (FC), la frecuencia
respiratoria (FR) y la diuresis se han registrado al inicio del
procedimiento, a los 30 y 60 minutos de establecida la is-
quemia y a los 5, 15, 30, 60, 90, 120 y 180 minutos tras la
reperfusion. La TAM se ha calculado segiin la férmula: TA |
+ 1/3 (TA;-TA)).

Los parametros analiticos se han estudiado en grupos de
diez animales, al inicio y fin de la isquemia y durante la
reperfusion en el minuto 5, 60 y 180. Antes de sacrificar al
animal se han extraido 2,5 ml de sangre arterial para hema-
timetria (hemoglobina, hematocrito, leucocitos y plaquetas),
electrolitos (Na y K) y gasometria (pH, pO,, pCO,, HCO,).
Estos analisis se realizaron exclusivamente en el grupo con-
trol y en el salino.

La tasa de mortalidad y la supervivencia se han valorado
en doce animales de cada serie durante las primeras 48 h, ya
que todos los animales que fallecen en este modelo experi-
mental lo hacen dentro de dicho periodo.

Tratamiento estadistico

Para el procesamiento y analisis estadistico de los datos
se ha utilizado el programa R-Sigma®. Las tasas de morta-
lidad se han comparado mediante el test exacto de Fisher,
mientras que las curvas de supervivencia se han estudiado
con la prueba de Kaplan-Meier. El test de Kolmogorov-
Smirnov ha permitido determinar que ninguna de las demas
variables sigue una distribucién normal, por lo que su estu-
dio se ha llevado a cabo mediante el test de la U de Mann-
Whitney. Todas las pruebas estadisticas se han realizado
con contraste bilateral y aceptando como significativo un
valor de p < 0,05.

El valor pronéstico de mortalidad de los parametros he-
modindmicos se ha evaluado mediante la determinacion del
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se lleve a cabo una monitorizacién similar a la nuestra,
probablemente debido a la disparidad de modelos y obje-
tivos de los diferentes trabajos (25-30). Si nos fijamos en
los trabajos de Lefer, aquellos que muestran una mayor
similitud en el disefio experimental, dicho grupo objetivéd
una marcada hipotensioén durante la reperfusion. Sin em-
bargo, ningin animal recupera la TAM en los primeros
minutos de la reperfusion y, por tanto, fallecen (31). A
nivel bioquimico también constatan la elevacién del
hematocrito durante la reperfusion, pero no analizan otros
parametros, probablemente mas fiables para definir el
estado de shock, como son el pH y el bicarbonato. En

- nuestro modelo, durante la fase de reperfusion, hemos
podido demostrar que los animales, ademas de hipoten-
sién, experimentan acidosis metabélica, oliguria, taqui-
cardia y taquipnea.

Asi pues, hemos procurado desarrollar un modelo de
monitorizacién del shock basado en nuestro modelo pre-
vio de isquemia-reperfusion. Consideramos que este ob-
jetivo se ha cumplido, ya que se han conseguido datos
claros y fiables sobre la situacién hemodindmica del ani-
mal, sin alterar la evolucién ni la mortalidad de la
isquemia-reperfusion intestinal. Y lo que nos parece mas
importante, estos resultados se han obtenido manteniendo
la simplicidad original del modelo, lo que nos permitird
valorar si el efecto beneficioso de ciertos antioxidantes
sobre la mortalidad (demostrado en trabajos previos de
este Laboratorio) es debido a la disminucién de la lesién
mucosa intestinal, a una mejoria de la situacidén
hemodinamica, o a ambas.
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Hemodynamic monitoring in a model of shock induced

by intestinal reperfusion in the rat
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ABSTRACT

OBJECTIVE: an experimental model to monitor hemody-
namics during intestinal reperfusion syndrome is presented.

EXPERIMENTAL DESIGN: A) Three groups of rats were
monitored during four hours: 1) Control: sham operated, 2)
Ischemic: clamping the superior mesenteric artery for 60,
and 3) Saline: adding 2 ml of saline during the last 15
minutes of ischemia. Blood mean pressure, heart rate,
breath rate and diuresis are monitored, while mortality is
assessed 48 hours later. B) Blood gases, haematimetry and
electrolytes were assessed both in control animals and in
rats subjected to intestinal ischemia and reperfusion (at the
beginning and concluding the ischemic period, and 5’, 60’
and 180’ following reperfusion).

RESULTS: mortality rate was 0% for control animals,
while 83% for both ischemic-reperfused groups (p < 0.01).
Hemodynamic parameters remained stable during intesti-
nal ischemia. Starting reperfusion, blood pressure and diu-
resis dropped sharply, while heart and breath rates showed
a steady increase. The other parameters assessed also
remained constant during ischemia. However, during re-
perfusion acidosis progressed (pH = 7.15, p < 0.01; HCO,
= 8, p < 0.01), hyperkalaemia appeared {6 mEq/], p <
0.01), and haematocrit rose (56%, p < 0.01).

CONCLUSION: this experimental model is easy to estab-
lish, allows an appropriate hemodynamic monitoring of
shock during intestinal reperfusion syndrome, and seems
appropriate for considering the impact of drug interven-
tion.

Key words: ischemia-reperfusion, gut, rat, shock, moni-
toring.
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INTRODUCTION

It is well known that intestinal injury induced by ischemia
increases sharply following reperfusion. But besides mu-
cosal damage, reperfusion impairs hemodynamics. (shock)
and the functionality of various organs (liver, lung, kidney,
etc), which may lead to multiorganic failure and death.

In 1981 Granger y McCord proposed that oxygen free
radicals (OFR) were the main pathogenic agents in intesti-
nal reperfusion syndrome (1). These highly reactive mol-
ecules induce tissue damage not only by a direct effect on
mucosa and endothelium, but by immune cell’s activation as
well (2, 3). OFR have been shown to increase during in-
testinal reperfusion both by direct [quimioluminiscence,
magnetic nuclear resonance (4-6)] and indirect techniques
[malonyldialdehyde (7)]. It has also been assessed that an-
tioxidant administration decreases reperfusion injury (8, 9).
Our group has established that some of these drugs, if ad-
ministered just prior to releasing the clamps, decrease the
mucosal damage index and the mortality rate.

However, there are very few experiments concerning OFR
and reperfusion-induced shock. The aim of this experience
was to develop a model in which basic hemodynamics and
blood gases could be monitored in rats subjected to reper-
fusion of the ischemic gut.

METHODS

Female Sprague-Dawley rats weighing 200 g have been
used. They were allowed free access to food and water.
Surgery has always been carried out at the same hour, to
avoid interference from circadian rhythms. The laws about
protection of laboratory animals have been carefully ob-
served.

Surgical procedures

Animals were anesthetized with Sodium Pentobarbital (30
mg/kg) and diazepam (2,5 mg/kg) i.p., and teflon catheters
were introduced into the trachea (16G) and the urethra
(21G). Then, the left femoral vessels are dissected, the ar-
tery being cannulated with a 22G teflon catheter while a
27G needle is introduced into the vein.

o
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" EKG and blood pressure (BP) are registered (Hewlett
Packard 7754 B System), keeping the arterial catheter per-
meable by bolus infusion of 0.05 ml of heparinized saline (4
Ul/ml) when needed.

Intestinal ischemia was induced by clamping the supe-
rior mesenteric artery as it arises from the aorta (10).
Twenty minutes before reperfusion, 2 ml of saline were
inoculated through the femoral vein (133 ul/min) when in-
dicated. After 60 minutes of ischemia, the clamps are re-
moved, mesenteric pulse is assessed, and the laparotomy is
closed.

EKG and BP are monitored for the first three hours post-
reperfusion. Then, the arterial catheter is removed and the
vessel is ligated.
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FIG. 1..— Mean Blood Pressure Curves. A dramatic decrease

produced by the restoration of blood flow to the ischemic

intestine is observed (above). In surviving animals, the drop is

less pronounced and a quick recovery may be observed (medium

and bottom; the numbers represent the number of animals still
alive in the dying group).

Experimental series

Three series have been considered. In the control group,
all the surgical procedures were carried out, but the clamp
was not left in place. Animals in the ischemic group were
subjected to clamping of the superior mesenteric-artéry for
60 minutes. In the saline group, each animal received 2 ml
of saline through the femoral vein prior to reperfusion.

Parameters assessed

Three different sets of parameters have been assessed:
hemodynamics, blood analysis and survival. Mean blood
pressure (MBP), cardiac rate (CR), respiratory rate (RR)
and diuresis have been recorded at the beginning of the
experiment, 30 and 60 minutes after clamping, and 5, 15,
30, 60, 90, 120 y 180 minutes following reperfusion in
twelve animals from each series. MBP has been calculated
as BP, + 1/3 (BP; - BP,).

Blood samples were obtained from groups of ten animals
at the beginning and the end of ischemia, and 5, 60 y 180
minutes following reperfusion. Before sacrificing the ani-
mal, 2.5 ml of arterial blood were withdrawn for haemato-
metry (hemoglobin, haematocrit-reading, leukocytes, plate-
lets), electrolytes analysis (sodium and potassium) and
blood gases (pH, O, CO, HCO,). These tests were per-
Jormed in control and saline groups.

Twelve animals from each series were followed up for 48
hours to assess the mortality rate, as it was well established
that deaths occur only in that early period.

Statistical analysis

Statistical analysis were performed with R-Sigma®. Mor-
tality rates were compared with Fisher Exact Test, while
survival curves were analyzed with Kaplan-Meier Test. As
all the other parameters proved to be non-parametric vari-
ables (Kolmogorov-Smirnov), the Mann-Whitney Test was
used. Values of “p” below 0.05 were regarded as signifi-
cant.

The mortality prognosis value of the hemodynamic pa-
rameters has been assessed through the determination of
positive and negative predictive value, global value, sensi-
tivity and specificity.

RESULTS

Mortality and survival

Surgical maneuvers needed to monitor and induce
ischemia are well tolerated, inducing no mortality. How-
ever, reperfusion following 60 minutes of mesenteric ische-
mia has induced a mortality rate of 83.3%,; which has not
been modified by infusion of 2 ml of saline.

Hemodynamic parameters

Hemodynamic parameters were not modified during the
ischemic period. However, BMP dropped sharply just after
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TABLE I
Predictive accuracy of hemodynamic parameters

Border value Predictive accuracy (+) Predictive accuracy (-) Total P.A.  Sensitivity Specificity

MBP (R-5) < 80 mmHg 91%
MBP (R-15 to 30) <90 mmHg 95%
CR 2500 Ipm 83%
RR > 100 rpm 79%
Diuresis < 0.5 ml/kg/h 83%

71% 83% 83% . 83%
- 61% 78% 72% ©91%
76% 81% 91% - 62%
67% 72% 81% 54%
61% 75% 79% 67%

In brackets the time of measuring is indicated (minutes after establishing the intestinal reperfusion); where there is nothing indicated, it is referred to any

~ moment of the study.
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FIG. 2.— Cardiac and Respiratory Rate Curves. In those ani-

mals subjected to intestinal ischemia, reperfusion induces an

abrupt increase in cardiac rate (above) and a progressive tachyp-

nea (below). Differences with the control group are statistically
significant.

starting reperfusion, partially recovering along the next 25
minutes. From there on, BMP remains more or less stable
or undergoes a progressive deterioration until the animal
dies (Fig. 1). BMP in surviving animals is clearly higher
than in those which die. Measurements performed at 3, 15
and 30 minutes following reperfusion show the highest pre-
dictive value (table I).

CR has steadily increased during reperfusion (Fig. 2),
with clearly higher values in those animals which die. And
so, values over 500 beats/min reach a high predictive value
(table I). Though RR remained fairly constant in the control
group and during ischemia (< 96 breaths/min), a progres-
sive tachypnea developed during reperfusion (Fig. 2). Rates
over 120 breaths/min have demonstrated a predictive value
of mortality of 80% (table ).

Diuresis remained constant through all the experiment in
the control group (0,75 mi/kg/h; range 0.5-1.0) and during
ischemia (1 ml/kg/h; range 0.25-1.5), but it was nearly abo-
lished during reperfusion (0,1 ml/kg/h; range 0-0.5; p <
0.001). No difference was observed between surviving ani-
mals and those which died.

In all the hemodynamics parameters, no significant dif-
ferences were found between the ischemic and saline

groups.

Blood analysis

During ischemia pH remained stable, though plasmatic
bicarbonate decreased significantly (25.5 vs 17 mEq/l; p <
0.01).. During the first hour of reperfusion, pH dropped
sharply (7.43 vs 7.15; p < 0.01) and bicarbonate was cut by
half (17 vs 8 mEq/l). From there on, there was a mild recov-
ery, with pH rising to 7.21 and bicarbonate to 14.5 mEq/l
(Fig. 3). Blood gases were not significantly disturbed
through all the experiment.

Regarding plasmatic electrolytes, the most striking obser-
vation was a progressive hyperkalaemia, starting during
ischemia (4.8 mEq/l), with a marked peak five minutes after
restoring blood flow (6 mEq/l), followed by a steady de-
crease (5.15 mEq/l). The sodium levels, in spite of a slight
tendency to hyponatraemia, showed no significant changes.

During reperfusion, there was an increase in leukocytes
(6,000/mm? vs 8,000 /mm’), platelets (400,000/mm’ vs
800,000/mm’) and haematocrit reading (42% vs 55%), but
only the later was statistically significant.

DISCUSSION

The aim of this experience was to develop a protocol of
hemodynamic monitoring on a previous model of intestinal
ischemia-reperfusion (11-15), which should be easy to per-
Sform, reproducible and reliable, so it would allow studying
the shock induced by intestinal reperfusion, quantifying he-
modynamic alterations.

A good experimental model should accomplish the follow-
ing three characteristics: allow a sufficient monitoring,
reach an appropriate rate of mortality, and provide a useful
via to apply treatments.

Diuresis and MBP allow a reliable, direct and quick as-
sessment of tissue perfusion, CR and MBP inform about
circulatory repercussions of intestinal reperfusion syn-
drome, while RR offers indirect information about respira-
tory work and pulmonary involvement. On the other hand,
blood analysis assess metabolic acidosis and electrolyte’s
disorders. As all these techniques can be carried out by one
single investigator in each animal, we may conclude that
the first requisite has been satisfactorily reached.

[
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FIG. 3.— Analytical parameters in saline group. Acidosis is
shown as a drop in both pH and bicarbonate (above). Changes in
0, and CO, are not significant (medium). Haematocrit and
potassium increase during reperfusion (below).

The second characteristic was a mortality rate such that
variations induced by manipulation of the animals may
easily reach statistical significance. As treatments improv-
ing the animal’s condition are to be tested, the mortality
rate should be high, but under 90% (16). In our model, the
stress induced by monitoring maneuvers increased the mor-
tality rate, so we had to reduce by half the ischemic period
to keep a rate round 80%. Attempts to avoid the effect of
this stress with mild sedation (diazepam) did not succeed
(unpublished results). However, the ischemic periods used
in our experiences are quite longer than those reported by
other authors, which may be due to differences in the occlu-
sion technique (17-20), and the great impact of animal
weigh, strain and sex on tolerance to intestinal ischemia
(11).

Finally, the vascular access selected has proved to be
easy to prepare, allows great volumes of infusion and does
not affect the mortality rate. It has also been established
that infusion of 2 ml of saline (probable vehicle for drugs)
has no effects on the rat’s hemodynamics.

Our second objective was to verify the appearance of a
shock in this model of intestinal ischemia-reperfusion, and
to establish its chronology. Though many authors talk about
the existence of shock during intestinal reperfusion (21, 22),
most of them base their statement just on the fact of finding
hypotension. However, hypotension may not be considered
synonymous of shock, as well established during the ACCP/

SCCM consensus conference on sepsis and organ failure
(23). Besides hypotension, signs of tissue hypoperfusion
such as metabolic acidosis and oliguria- are required to
diagnose a shock.

Sixty minutes of intestinal ischemia is not aggression
enough to seriously affect animal’s hemodynamics, nor in-
duce mortality at all. However, as the ischemic period
progresses, both potassium and the haematocrit reading
increase. Haglund (24) has published similar findings,
which he imputes to increased capillary permeability (sec-
ondary to hypoperfusion and endothelium injury), to venous
stasis, and to ileus.

On the other hand, during reperfusion all of the param-
eters analyzed show early and significant changes and
mortality rate increases. Similar results have been de-
scribed by other authors, but involving only part of our
parameters. We have found no references about experi-
ments with a monitoring protocol similar to ours, probably
due to the disparity of objectives and experimental models
(25-30).

The experiments more alike are the ones from Lefer et al.
They have also observed hypotension during reperfusion.
However, they do not find the partial recovery we have
described, and all of their animals died (31). Regarding
blood analysis, they have also found an increased haemat-
ocrit reading during reperfusion, but they do not analyze
other parameters, more appropriate in order to define a
shock, such as pH and bicarbonate. In our model, during
reperfusion, we have found not only hypotension, but acido-
sis, oliguria, tachypnea and tachycardia as well which
means that a shock is clearly established.

In conclusion, we have tried to develop a model for shock
monitoring based on our previous model of intestinal
ischemia-reperfusion. We think the goal has been reached
as clear and reliable data about the hemodynamic condition
of the animal have been obtained, without modifying neither
the clinical evolution nor the mortality rate of the intestinal
reperfusion syndrome. And what is more important, these
results have been achieved preserving the original simplic-
ity of the experimental model, which will allow us to analyze
whether those antioxidant drugs we have previously found
to decrease the mortality rate also improve the hemodyna-
mics.
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