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EDITORIAL

Primeras experiencias en anestesia para
transplante hepatico

Early experiences of anesthesia
for liver transplantation

J. Antonio Aldrete*, Jesus Ernesto Rojas**

Recibido: diciembre 15/2009. Aceptado: diciembre 22/2009

ngoing advances in anaesthesiology have

kept the speciality young through imple-

menting new technologies in managing pa-
tients, in the search for the safest anaesthetic techni-
que and that which has the least secondary effects.
Of course, this has been due to anaesthesia currently
managing very narrow therapeutic ranges having a
great probability of secondary effects occurring when
using different anaesthetic techniques (1-3).

Sometimes opportunity knocks at our door and ra-
rely, we just run into it. This was the case with my
experience with transplantation. The first two hu-
man liver transplants were done in 1963 when I was
surgical resident rotating through the VA Hospital in
Denver, Colorado, since much of my time was spent
applying the newly developed form of CPR, I decided
to go into anesthesia. I joined the transplant team
in 1965, after my return from Anesthesia training
in Cleveland, not because of any special aptitude
but mostly because at times other colleagues were
reluctant to participate in such prolonged and com-
plicated operation. My clinical assignment was at
National Jewish Hospital where only one thoracic
or cardiovascular procedure was performed daily,
so with time on my hands, I enrolled in the Master’s
degree program in Anesthesia-Pharmacology and
began to work in some of the transplant laboratory
studies and some projects of my own.

This came about by pure serendipity, since by some
obscure connections, I found out that Thomas E.

lgunas veces las oportunidades golpean
Anuestra puerta y raras veces pasamos

por ellas. Esta fue mi experiencia con los
transplantes. Los primeros dos transplantes de
higado en humanos se hicieron en 1963 cuan-
do Yo era un residente de cirugia rotando por
el Hospital de Veteranos de Denver, Colorado;
ya que mucho de mi tiempo lo pasaba aplican-
do la nueva forma desarrollada de Reanimacién
Cardiopulmonar, decidi entrar a anestesia. Me
uni al grupo de transplantes en 1965 al regresar
de mi entrenamiento en Anestesia en Cleveland,
no por alguna aptitud especial sino porque en
ocasiones otros colegas eran renuentes a par-
ticipar en cirugias tan prolongadas y complica-
das. Fui designado al hospital National Jewish
donde solamente se hacia un procedimiento to-
racico o cardiovascular diariamente, y asi con el
tiempo en mis manos, entré en un programa de
Maestria en Farmacologia Anestésica y comencé
a trabajar en algunos estudios de transplanto-
logia en el laboratorio y algunos otros proyectos
propios.

Por algunas extranas conexiones, pero mas por
casualidad, conoci que Thomas E. Starzl (figura
1), director del programa de transplantes, esta-
ba interesado en reclutar un anestesiélogo que
trabajara con el grupo. Me ofreci voluntariamen-
te para ese trabajo. Mi rango académico cambi6
de fellow a instructor.

* MD. Anestesidlogo. Profesor emérito del Departmento de Anestesiologia. Universidad de Alabama,
Birmingham. Arachnoiditis Foundation, Inc., Birmingham, AL. E-mail: aldrete@arachnoiditis.com

**  MD. Anestesiologo. Colombia
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Starzl (figure 1), director of transplant program was
interested in recruiting an anesthesiologist that
would work with the transplant team. I volunteered
for that job. My academic rank was changed from
fellow to instructor.

The first two hepatic orthotopic (OTT) transplants
had been performed in 1963(1), in toddlers affected
with terminal biliary atresia, both died in the OR
from uncontrolled hemorrhage, even when a femo-
ral vein-axillary vein bypass was used (figure 2). The
team returned to the lab and in 1965 began wor-
king again in patients.

The many hemodynamic, metabolic and immuno-
logical alterations that may occur during these in-
terventions were only partially known to us, from
experience in the laboratory. Up to then, in hu-
mans, the simultaneous interruption of the portal
vein and the inferior vena cava had been considered
lethal. The extent and severity of the coagulopathy
in these patients had been predicted, but was not
clearly understood, the mechanisms by which su-
dden changes of plasma electrolytes and causes of
the metabolic acidosis were not fully appreciated.
More so, the impact that the anesthetic agents,
muscle relaxants and massive blood transfusions
would have in the general condition of patients, with
a badly diseased liver, that for a short while will be
without a liver and finally the functional changes
occurring in the recently transplanted organ were
unknown. Little did I know that my prior experien-
ce with portal-cava shunts, open heart surgery and
multiple trauma patients, although helpful, would
not be comparable to liver transplantation, which
main indications, at the time, are shown in table 1.

Table 1. Indications for liver transplant

Congenital biliary atresia
Post hepatitis cirrhosis
Laennec’s liver cirrhosis
¢Neoplasm?

Other (galactosemia)

Los dos primeros transplantes ortotépicos
(TOT) se llevaron a cabo en 1963(1), eran dos
ninos afectados de atresia biliar terminal quie-
nes murieron en la sala de cirugia por hemo-
rragia incontrolable, a pesar del puente venoso
fémoro-axilar (figura 2). El grupo regreso6 al la-
boratorio y en 1965 se reinicié el trabajo con
los pacientes.

La experiencia en el laboratorio nos dio sola-
mente una visién parcial de las tantas altera-
ciones hemodinamicas, metabdlicas e inmuno-
légicas que ocurren en estas intervenciones.
Hasta entonces en los humanos la interrupciéon
simultanea del flujo sanguineo en la vena porta
y de la vena cava inferior se consideraba letal.
La extension y la severidad de la coagulopatia
se habia predicho, pero no estaba claramente
entendida; tampoco no se apreciaban comple-
tamente los mecanismos de los cambios subitos
en los electrolitos plasmaticos y las causas de la
acidosis metabdlica. Pero mas que eso, era des-
conocido el impacto de los agentes anestésicos,
los relajantes musculares y las transfusiones
masivas de sangre en la condicién general de
los pacientes con un higado muy enfermo, que
por un corto tiempo estaria sin él y finalmente
los cambios funcionales que ocurririan en el 6r-
gano recientemente transplantado. Poco cono-
cia que mi anterior experiencia con los puentes
porto-cava, la cirugia de corazén abierto y los
pacientes con trauma multiple, aunque utiles,
no podrian compararse con el transplante he-
patico, cuyas indicaciones para esa época se
muestran en la tabla 1.

Tabla 1. Indicaciones para el trans-
plante hepatico

Atresia biliar congénita
Cirrosis post hepatitis
Cirrosis de Laennec
¢Neoplasias?

Otros (Galactosemia)




CHANGES IN BLOOD GLUCOSE

OT # 3 survived nearly 24 hours after the ope-
ration and OTT #4, lived several days after the
transplant. In OTT #5, while transferring the
patient from the OR suite to the Pediatric ICU,
we noticed in the elevator that a responsive
patient, suddenly became unresponsive and
hypotensive; blood samples taken upon arrival
to the unit revealed a blood sugar level of 38
mg%; he awakened after receiving 4 ml of 10%
dextrose?. From there on, we monitored blood
sugar at least every two hours during and after
the operation

CLINICAL MONITORING

When we started, we monitored with an esopha-
geal scope, a blood pressure cuff and a three
lead EKG monitor(3). Initially we had a resident
and some reluctant attending; frequently I came
to help and relieve them; sometimes [ had to do
the cases by myself; as the other anesthesiolo-
gists were busy with emergencies. Gradually re-
sidents and fellows became more curious and
later other faculty and fellows were specifically
recruited for transplant anesthesia. Many of
them came from other countries to learn our
management to these cases.

ARTERIAL HYPOTENSION

In the early stages of the operation, drops of blood
pressure occurred from either excessive bleeding
as the surgeons were opening the abdomen, cut-
ting through abundant collateral vessels. Once in
the peritoneal cavity, dislocation of the liver (figure
3), in order to dissect around the vena cava, re-
duced venous return eventually producing seve-
re drops of blood pressure(2). Since we did not
use bypass, during the anhepatic period, while
the vena cava and the portal vein were clamped,
marked hypotension developed, at this time. The
main measure at hand was to replenish blood and
fluids, as fast as we could. Soon we realized that
in the absence of liver, citrate, the anticoagulant
contained in bank blood, decreased myocardial
contractility, which we learn to counteract it with
calcium chloride* (figures 3 and 4).

Primeras experiencias en anestesia para transplante hepaticol965-1980
Early experiences of anesthesia for liver transplantation 1965-1980

CAMBIOS EN LA GLICEMIA

E1TOT # 3 sobrevivié cerca de 24 horas después
de la operacion y el TOT # 4, vivioé varios dias
después del transplante. En el TOT # 5, mien-
tras se transferia el paciente de las salas de ciru-
gia a la Unidad de Cuidado Intensivo Pediatrico,
apreciamos en el ascensor que un paciente que
respondia, stbitamente se convirtié en un pa-
ciente que no respondia e hipotenso; las mues-
tras sanguineas tomadas al arribo de la unidad
revelaron un nivel de glicemia de 38 mg%; des-
perté cuando recibid 4 c. c. de dextrosa al 10%?2.
A partir de este momento, monitorizabamos la
glicemia por lo menos cada dos horas durante y
después de la cirugia.

MONITORIA CLINiCA

Cuando empezamos, monitorizabamos con un
fonendoscopio esofagico, un tensiémetro ane-
roide y un monitor electrocardiografico de tres
derivaciones!. Inicialmente teniamos un resi-
dente y algunos profesores renuentes. Cuando
los demas anestesidlogos estaban ocupados en
las urgencias frecuentemente venia y los reem-
plazaba, en algunas ocasiones tenia que hacer
los casos por mi mismo. Gradualmente residen-
tes y fellows se fueron interesando y luego otros
miembros del grupo docente y fellows fueron es-
pecificamente designados para la anestesia de
transplantes. Muchos de ellos vinieron de otros
paises y aprendieron el manejo de estos casos.

HIPOTENSION ARTERIAL

Al comienzo de la operacion, las caidas de la pre-
sién arterial ocurrian por el sangrado excesivo
cuando los cirujanos abrian el abdomen e iban a
través de los abundantes vasos colaterales. Ya en
la cavidad peritoneal ante la exposicion del higado
(figura 3), con el fin de disecar alrededor de la vena
cava, la reduccion del retorno venoso eventualmen-
te producia caidas severas de la presién arterial®.
Como no usabamos puente durante el periodo an-
hepatico, y mientras la vena cava y la vena porta
estaban clampeadas, una marcada hipotension se
desarrollaba. La principal manera de manejar la hi-
potension era infundir sangre y liquidos tan rapido
como fuera posible. Muy pronto aprendimos que
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Eventually in late 1967, after several attempts,
with survivals of days and then weeks, in OT #8
(figure 3), we were able to cannulate the radial
artery in an extremely ill, 2 year old patient with
biliary cirrhosis and hepatoma; she had a short
anhepatic period during which we were able to
monitor arterial blood gases and to correct the
metabolic acidosis. Also, by monitoring the ar-
terial pressure continuously using an aneroid
manometer, we were able to replenish blood loss
and fluid deficit with a more objective guideline?
(figure 4).

METABOLIC AND PLASMA
ELECTROLYTE CHANGES

In the lab and in the OR, we were able to es-
tablish the severity and the time of most likely
occurrence of metabolic acidosis before, during
and after the anhepatic period and attempted to
correct it with Na HCO, (4, 5). Occasionally hy-
pernatremia occurred; in those cases, Tham was
employed in its place? 3. With the help of Jerry
Aikawa, director of the laboratory, another me-
tabolic alteration was found, when in some pa-
tients, immediately after opening of the clamps
at the end of the anhepatic phase, ventricular
arrhythmias were noted, along with hypokale-
mia (figure 5). Again we went back to the lab

Figure 1. Thomas E. Starzl, M.D., Ph.D.

la ausencia del higado, el citrato y el anticoagulan-
te contenido en la sangre del banco, disminuian la
contractilidad miocardica, la contrarrestamos con
cloruro de calcio* (figuras 3 y 4).

Eventualmente a finales de 1967 y después de
varios intentos, con los sobrevivientes de dias y
luego semanas, en el TOT # 8 (figura 3), pudi-
mos canular la arteria radial en un paciente de 2
anos extremadamente enfermo con cirrosis biliar
y hepatoma; ella tuvo un periodo anhepatico muy
corto en que fuimos capaces de monitorear los
gases arteriales y corregir la acidosis metabolica.
También monitorizando la presion arterial conti-
nuamente usando un manoéometro aneroide, fui-
mos capaces de compensar la pérdida de liquidos
y sangre con una guia mas objetiva? (figura 4).

CAMBIOS METABOLICOS Y DE
ELECTROLITOS PLASMATICOS

En el laboratorio y la sala de cirugia, pudimos es-
tablecer la severidad y el momento en que ocurria
la acidosis metabdlica antes, durante y después del
periodo anhepatico y la intenciéon de corregirlo con
Na HCO,(4, 5). Ocasionalmente ocurria hipernatre-
mia y en estos casos se utilizé6 Tham para su correc-
cion* 3. Con el director del laboratorio Jerry Aikawa
se encontro otra alteracion metabdlica; en algunos
pacientes, inmediatamente después de soltar los
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and with the help of George Abouna, in pigs we
found out that it was due to the low concentra-
tion of potassium in the perfusate used during
the removal of the graft(5).

Having the opportunity to use an extraordinary
and unique preparation (the anhepatic state), we
measured in the recipient’s diseased liver’s the
ability to metabolize lidocaine and then again
when the newly transplanted organ had been re-
vascularized having found that a well preserved
organ, began to have at least some of its capa-
bilities to metabolize some drugs, soon after its
blood supply had been restored(6).

CHOICE OF ANESTHETIC

We frequently debated the choice of the anesthe-
tic, at the time explosiveness and toxicity were
matters of concern. Of the available halogenated
agents, we selected fluroxene, as the consensus
was that inhalation agents were not metabolized
in the body. Late in the decade we found out
that methoxyflurane, fluroxene and enflurane
underwent metabolism in the body. These sur-
prising findings coincided with the initial popu-
larity of large doses of morphine as anesthetic
for cardiac surgery; by this time fentanyl, dro-
peridol and butorphanol became gradually more
popular and so we began to use them?. At times,
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Figura 3. Transplante hepatico ortoptico # 8. Se dibujan
las dosis de NaHCO3, CaCl2, EACA, Prednisolona y
Protamina. También se muestran los signos vitales.
Figure 3. Orthotopic liver transplant #8. dosages of
NaHCO3, CaCl2 EACA, Prednisolone and Protamine are
depicted. Vital signs are also shown.
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clamps al final de la fase anhepatica, presentaron
arritmias junto a hipokalemia (figura 5). De nuevo
regresamos al laboratorio y con la ayuda de Geor-
ge Abouna, encontramos que en los cerdos esto era
debido a la baja concentracion de potasio en los li-
quidos que se usaban para perfundir al remover el
6rgano(S).

Teniendo la oportunidad de usar una prepara-
cién extraordinaria y Unica (en el periodo anhe-
patico), medimos en el higado enfermo del reci-
piente la habilidad de metabolizar lidocaina y de
nuevo cuando el érgano nuevo transplantado se
vascularizé habiendo encontrado que un érgano
bien preservado, comienza a tener por lo menos
algunas de sus capacidades para metabolizar al-
gunas drogas, muy rapidamente inmediatamente
después que la irrigacion se ha restaurado(6).

ESCOGENCIA DEL ANESTESICO

Frecuentemente debatimos la busqueda del anesté-
sico, la explosividad y la toxicidad fue algo que nos
preocupaba. De los agentes halogenados con que
contabamos, seleccionamos el flurexeno, ya que el
consenso fue que este agente anestésico no se me-
tabolizaba en organismo. Al final de esta década
encontramos que el metoxiflurano, el flurexeno, y
el enflurano se metabolizaban. Estos hallazgos sor-
prendentes coincidieron con la popularidad inicial
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Figura 4 . Transplante hepatico ortoptico # 19. Se mues-
tra la administraciéon de Dextrosa 5%, CaCl2, NaHCO3 y

Prednisona.

Figure 4. Orthotopic liver transplant #19. Administra-
tion of 5% Dextrose, CaCl2, NaHCO3 and Prednisone are
depicted.
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during the anhepatic phase, when the arterial
pressure was barely palpable, the inhalation
anesthetic was turned off. Since our monitoring
devices were limited, few minutes later we as-
ked the patient to open the eyes; most of time
they were able to do so; that reassured us that
the patient was neurologically responsive. For-
tunately, none of them had recall, but some one
began to insinuate that I “could keep a stone
alive”. That reputation, right or wrong, has fo-
llowed me through my carrier(7).

As we went along laboratory experience helped to
solve the problems encountered in the operating
room. This first long-term success rekindled the
program and soon we were in OT #17, by then
measuring and correcting changes of plasma elec-
trolytes(8) (figure 6). Also we had a visiting coa-
gulation expert Kurt Van Kaulla, from Germany
who found out that if well preserved, the implan-
ted graft soon began to produce clotting factors
(figure 7). Moreover, he diagnosed fibrinolysis post
multiple transfusions and advised how to treat it
with aminocaproic acid and fresh plasma. Platelet
infusions were also administered when the plate-
let count was found to be below 100,000.

PRESERVATION OF THE DONATED LIVER

A number of experiments were being done in
the lab trying a variety of perfusing solutions at-
tempting to find out the optimal perfusate. Mild
and deep hypothermia were also tried. With the
help from a brilliant navy surgeon, Larry Bretts-
chneider who had experience in hyperbaric me-
dicine, it was attempted to preserve and trans-
port the donated liver in a hyperbaric chamber;
needless to say the whole preservation set up
was bulky and complicated. There were some
inconsistent successes with the chamber; even-
tually in an ironic twist, the hard working lab
assistant Paul Taylor, figured out that he could
transport a donor’s liver, from Denver General
Hospital where most donors were located, to the
University Hospital, in a picnic cooler. This sim-
ple approach is still used today.

Shortly after one year of the operation, we were
saddened to find out that Julie Rodriguez’ hepa-
toma had recurred and metastasized. We mour-
ned that brave child from Pueblo, Colorado.

Potasium mEq/L

de las grandes dosis de morfina como anestésico en
la cirugia de corazoén; por esta época el fentanilo, el
droperidol y el butorfanol se hicieron gradualmente
mas populares y asi de esta forma se inicié su uso®.
En ocasiones, durante la fase anhepatica, cuando
la presion arterial se hacia casi imperceptible, el
agente anestésico se cerraba. Ya que nuestros equi-
pos de monitoria eran muy limitados, pocos minu-
tos posteriormente les pediamos a los pacientes que
abrieran los ojos; la mayoria del tiempo estaban
con capacidad de hacerlo; eso nos confirmaba que
el paciente estaba neurolégicamente integro. Afor-
tunadamente ninguno de ellos tuvieron recuerdos,
pero alguien lleg6 a insinuar que Yo “podria mante-
ner viva una piedra”. Esa reputaciéon errada o no, la
he continuado a través de mi carrera(7).

En la medida que trabajabamos en el laboratorio
este ayudd a resolver los problemas encontrados
en las salas de cirugia. Este primer suceso de lar-
go plazo inicial, reavivé el programa y muy pronto
estabamos en el TOT #17, para ese entonces me-
diamos y corregiamos los cambios en los electroli-
tos plasmaticos(8) (figura 6). También tuvimos un
visitante experto en coagulacién, Kurt Van Kulla
de Alemania, quien encontré que un injerto im-
plantado bien preservado, rapidamente comenza-
ba a producir factores de coagulacion (figura 7).

5 Anhepatic

Post-Transplantation

Transplantation

Potassium
Intravenously

Recipient Hepatectomy

! \ !
1-2 2-4 4-6 6-

0-1
Hours

Figura 5. Cambiosenelpotasioen 10 cerdos con transplante
hepatico mostrando hipokalemia inmediatamente después
del transplante corregido con infusiéon de KCI. La linea
gruesa muestra los valores medios de cada toma.
Figure 5. Changes of serum K in ten pigs undergoing liver
transplant showing hypokalemia soon after transplantation
corrected by the intravenous infusion of KCl. The thick
line shows the mean values at each sample period.
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OTHER ORGAN TRANSPLANTS Ademas diagnostic6 la fibrinolisis después de mu-
chas transfusiones y aconsej6é como tratarlas con
acido aminocaproéico y plasma fresco. Las trans-
fusiones de plaquetas también se administraron
cuando el conteo era inferior a 100.000.

Today, there are different subspecialties for car-
diac, liver, kidney, pancreas, lung and bone ma-
rrow transplants. At the time, the same group also
performed all other organ transplants; by 1970,

the team of the University of Colorado had perfor- PRESERVACION DEL HIGADO DONADO
med 1000 kidney transplants(9); of which about

half were from related donors in whom no se- Con el fin de encontrar la 6ptima, un gran nu-
rious anesthesia complication occurred’®. Studies mero de experimentos se hicieron en el laborato-
conducted on them determined what anesthetic rio buscando la solucion de perfusion. También
agents were acceptable and determine that those se trat6 la hipotermia media y la profunda. Con
muscle relaxants dependent of renal clearance for la ayuda de un brillante cirujano naval, Larry
their elimination were to be avoided. We found out Brettschneider, quien tenia experiencia con la
that hyperkalemia and hypermagnesemia, typical medicina hiperbarica, se intent6é preservar y
in patients of renal insufficiency, could be avoided transportar el higado donado en una camara hi-
if kidney dialysis could be performed the day befo- perbarica, no es necesario decir que toda la pre-

servacion era de tamano exagerado y complica-
da. Hubo éxitos inconsistentes con esta camara;
en un cambio irénico el asistente de laboratorio
Paul Taylor, se imaginé que podria transpor-
tar el higado del donador, del hospital General
de Denver donde la mayoria de los donadores

re the operation(11).

We also performed about 8 auxilliary liver trans-
plants, implying that a new liver had to be implan-
ted, leaving in place the diseased liver. These ope-
rations were not only technically difficult, but also
attempts to close the peritoneal cavity containing
two livers were, at times, insurmountable in spite
of substantial dosages of muscle relaxants.

se localizaban al Hospital Universitario en una
nevera de picnic. Esta manera simple es usada
actualmente. In mediatamente después de un
“Those were the days” when one transplant team afnio de la cirugia, encontramos tristemente que
selected the recipient and donor patients, did the el hepatoma de Julie Rodriguez recurri6é e hizo
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Reipient Also Gets Kimm;‘)" in Colorado General

Heart Is Transplanted
In Operation in Denver

Figura 8. La historia en las noticias del dia siguiente del
primer transplante corazén-rinon.

Figure 8. News story the next day after the first heart-
kidney transplant.

tissue typing, measured all chemistries and blood
work, determine the signs of rejection and accor-
dingly prescribed the immunosupressant agents
available then (mostly corticosteroids and aziothro-
pine). We also watched, minute by minute, the pa-
tients recovery in whatever ICU they were placed.

OTHER ORGANS SIMULTANEOUS
TRANSPLANTATION

We found peculiar that after spending six mon-
ths with Norm Shumway in Stanford, Christian
Barnard spent two months in Denver learning
immunosuppression and from there on, went
back to South Africa. Within months, in 1968,
Chris performed the first heart transplant in the
world. Needless to say that was “shocking” how
a relatively unknown young surgeon had accom-
plished what others have prepared for years but
not dare to do it in men. Like hundreds of other
teams, we began preparing for our own cardiac
transplant(12); when the potential recipient was
identified, it was also noticed that he had some
degree of renal failure. We performed first the
heart transplant followed, in the same session,
by the kidney transplant (figure 8); the patient
survived several weeks. Few months later we
performed a kidney and a liver transplant (fi-
gure 9) and later on, it was followed with the
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Figura 9. Primer transplante rifidén-higado.
Figure 9. First kidney-liver transplant.

metastasis. Sentimos grandemente la muerte de
esta valiente nina de Pueblo, Colorado.

OTROS TRANSPLANTES DE ORGANOS

Hoy hay diferentes especialidades para los trans-
plantes de corazoén, higado, rinén, pancreas, pul-
moén y médula 6sea. En su tiempo, el mismo grupo
también llevaba a cabo todos los otros transplantes
de 6rganos; alrededor de 1970, el grupo de la Uni-
versidad de Colorado llevé a cabo 1.000 transplan-
tes de rindn(9); de los cuales cerca de la mitad eran
de parientes en quienes no ocurrian complicaciones
anestésicas serias(10). Los estudios llevados a cabo
determinaron que los agentes anestésicos eran
aceptables y que los relajantes musculares que de-
pendian de la eliminacién renal se debian evitar.
Encontramos que la hiperkalemia y la hipermag-
nesemia tipicas de los pacientes con insuficiencia
renal, se podian evitar si la dialisis se llevaba a cabo
el dia antes de la operacion(11).

También llevamos a cabo 11 transplantes hepa-
ticos auxiliares, implicando que un nuevo higado
deberia ser implantado dejando un lugar en el hi-
gado enfermo. Estas operaciones no fueron sola-
mente dificiles técnicamente, si no también los in-
tentos de cerrar la cavidad peritoneal que contenia
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Figura 10. Primer transplante rinén-pancreas.
Figure 10. First kidney-pancreas transplant.

transplantation of a kidney and a pancreas in
a patient with advanced diabetes mellitus and
renal insufficiency (figure 10). The patients lived
several weeks; although it was obvious that the
operations could be done simultaneously; howe-
ver, rejection remained a problem.

ORGAN PROCUREMENT AND
PROTECTION OF THE DONOR

At one point in 1967, it became evident that we
had to define when and how brain death should
and could be declared in cadaver donors; toge-
ther with surgeons and neurologists a simplified
criteria was delineated(13) and from there on, it
was used as a guideline until the Harvard crite-
ria came out in print one year later. Interestingly
enough, both were similar, though with empha-
sis on different end points. It was logical that
to improve end results, the homeostatic preser-
vation of the cadaveric donors was essential for
kidneys, but even more so for livers. It became
obvious that within the guidelines, the organs,
while still in the donor, had to be protected and
properly preserved during extraction, just before
and during the avascular period. In most do-
nors the brain injury produced some spasticity
and nearly all had certain degree of hypother-
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dos higados, era en ocasiones insuperable a pesar
de las grandes cantidades de relajante muscular.

“Aquellos eran los dias” cuando el grupo de trans-
plantes seleccionaba el paciente receptor y dona-
dos, hacia la tipificacion de los tejidos, desarrollaba
todo el trabajo quimico y sanguineo, determinaba
los signos de rechazo y prescribia de acuerdo a lo
que habia, los agentes inmunosupresores (espe-
cialmente corticosteroides y aziotropina). También
mirabamos minuto a minuto los pacientes que se
recuperaban en cualquier UCI que se colocaran.

TRANSPLANTE SIMULTANEO
DE OTROS ORGANOS

Encontramos muy peculiar que después de pa-
sar 6 meses con Norm Shumway en Stanford,
Christian Barnard pas6 dos meses en Denver
aprendiendo inmunosupresion y de ahi regre-
sO a Surafrica. En meses, en 1988, Chris llevo
a cabo el primer transplante de corazéon en el
mundo. No es necesario decirlo lo “impactante”
que fue que un cirujano joven y desconocido
haya llevado a cabo lo que otros habian prepa-
rado durante afios y que no se habian atrevi-
do a hacer en humanos. Como cientos de otros
grupos, comenzamos a preparar nuestro propio
transplante cardiaco(12); cuando el potencial
recipiente se identificd, también se avis6 que te-
nia algtin grado de falla renal. Llevamos a cabo
el transplante cardiaco seguido en la misma
sesion del transplante de rifén (figura8); el pa-
ciente sobrevivié algunas semanas. Algunas se-
manas después llevamos a cabo un transplante
de higado y rifion (figura 9) y después, se siguio
con un transplante de rinén y uno de pancreas
en un paciente con una diabetes mellitas avan-
zada y en insuficiencia renal (figural0). Los pa-
cientes vivieron algunas semanas; aunque era
obvio que las operaciones se podian hacer si-
multaneamente; sin embargo los rechazos per-
manecian como un problema.

RESCATE DEL ORGANO Y PROTECCION
DEL DONADOR

En algin momento en 1967, lleg6 a ser evidente
que teniamos que definir cuando y como debia
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mia which made them shiver, frequently resul-
ting in muscle rigidity; at times, this problem
made it impossible for the surgical team to enter
the abdominal cavity. We agonized about it, but
decided to give muscle relaxants to facilitate re-
moval of the organ. Similarly administration of
vasoconstrictors to maintain the blood pressure
could have been hazardous because of possible
ischemia (dopamine was not available then);
the decision was made to administer abundant
volumes of crystalloids, overcome bradycardia
with repeated doses of atropine and to improve
myocardial contractility with judicious doses of
calcium chloride intravenously.

The criteria for the declaration of brain death
was employed in September of 1968, in an anes-
thesiology resident Dr. Andres Zahler, who had
participated in several kidney and liver trans-
plants and was fatally injured in an automobi-
le accident. After several days, when it became
evident that he was not salvageable, his parents
proposed him as a possible donor. Few events
could be as dramatic as the generous and mo-
ving gesture of the family of this young doctor
who only few days before had cared for some
of the patients himself(14). In the midst of this
tragedy, the transplant operations that followed
were dramatic.

THE CHOICE OF ANESTHETIC

We were always debating what anesthetic agents
were best for these operations; at the beginning
we favored inhalation anesthesia, specifically
with fluroxene??, because it was supposedly not
metabolized; but as we learned about the libera-
tion of fluoride from the hepatic metabolism of
methoxyflurane, fluoroxene and enflurane; this
indication changed. At the end of the 1960’s de-
cade, these findings coincided with the enthu-
siasm for morphine anesthesia in cardiovascular
surgery, as well as, the appearance of fentan-
yl, droperidol, butorphanol and other hypnotic
agents such as diazepam and gamma-aminobu-
tyric acid gave us some choices. Gradually we
began to use them, first combined with inhala-
tion agents, then mostly all intravenous. Howe-
ver, the consensus was that the inhalation anes-

ser declarada la muerte cerebral en los donantes
cadavéricos; junto con los cirujanos y los neu-
rélogos se delined un criterio simplificado!® y de
alli en adelante, se usé como una guia hasta que
apareci6 impreso, un afno después, el criterio
de Harvard. Es muy interesante ver que ambos
eran similares, aunque con énfasis en diferentes
puntos. Es légico que para mejorar los resulta-
dos finales, la preservacién homeostatica de los
donantes cadavéricos fue esencial para los rifio-
nes, pero aun mas para los higados. Era obvio
que dentro de las guias, los 6rganos, mientras
estaban en el donador, tenian que ser protegi-
dos y preservados apropiadamente durante la
extraccion, exactamente antes y durante el pe-
riodo avascular. En la mayoria de los donantes
la lesién cerebral producia alguna espasticidad
y casi todos tenian cierto grado de hipotermia
con la cual presentaban escalofrio, frecuente-
mente resultando en rigidez muscular; a veces,
este problema hacia que a los cirujanos les fuera
imposible entrar a la cavidad abdominal. Aun-
que nos preocupaba decidimos dar relajantes
musculares para facilitar la remocién del 6rga-
no. De la misma forma la administracién de va-
soconstrictores para mantener la presion arte-
rial podria ser peligrosa por la posible isquemia
(no habia dopamina en ese entonces); se tomo
la decision de administrar abundantes volime-
nes de cristaloides, se controlaba la bradicardia
con dosis repetidas de atropina y para mejorar
la contractilidad se administraban dosis cuida-
dosas de cloruro de calcio intravenoso.

El criterio para declaracion de muerte cerebral se
empled en el Dr. Andrés Zahler en septiembre de
1968, un residente de anestesiologia quien partici-
po en varios transplantes de rifnén e higado y fue
fatalmente herido en un accidente automoviliario.
Después de varios dias, cuando llegé a ser evidente
que no era recuperable, sus padres lo propusieron
como un posible donante. Pocos eventos pueden ser
tan dramaticos y generosos como el gesto de la fami-
lia de este joven Doctor, quien solamente pocos dias
antes cuidaba por alguno de estos pacientes(14). En
medio de la tragedia, las operaciones de transplante
que siguieron fueron dramaticas.



thetics did not have any more deleterious effect
on the diseased liver to be removed. Usually due
to hemodynamic unstability, the concentration
of the inhaled agents was considerably reduced
in the post-revascularization period.

IMMUNOSUPRESSION

Since immunosuppressive agents were limited
to corticosteroids and aziothropine other ave-
nues were also explored; antilymphocytic glo-
bulin (ALG) was extensively used in kidney and
liver recipients; as a matter of fact since it was
injected just before surgery, and in some cases
it was repeated three hours later, we found that
in more than one occasion the esophageal tem-
perature rose(15) during surgery (figure 11);
this was at the time when malignant hyperther-
mia was being studied(16); so we feared that it
was in process in several cases, only to find out
that was easily treated when we stopped war-
ming the intravenous fluids. Cyclosporine was
not available then.

Another method was lymphatic duct drainage
that had to be done at the time of the transplant,
frequently prolonging the operation for one or
two hours more. Eventually the plasma pro-
teins had to be replaced using large volumes of
albumin, indeed an expensive modality.

END POINT AND PROTAGONISTS

In 1969, the first in the world treatise on “Experien-
ce on Hepatic Transplantation” (17) was published.
The chapter related to anesthesia and intraoperati-
ve care, in such treatise(3) and other publications
(2,5, 6, 8) became guidelines for other colleagues
starting similar endeavors. I was promoted to

Associate Professor at the University of Colorado.

Almost simultaneously, an experienced transplant
surgeon, R.Y. Calne, began a liver transplantation
program at Cambridge University, in the UK. They
had similar results; J.V. Farman was the anaes-
thetist involved with this team; he reported his ex-
perience later(18).

Among the many surgical transplant surgeons
with whom I had the pleasure to work in the lab
and in the OR included Carl Groth (Sweden), John
Homatas (Greece), George Abouna (Egypt), George
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LA ESCOGENCIA DEL ANESTESICO

Siempre estuvimos debatiendo cuales eran los
mejores anestésicos para estas operaciones; al
comienzo nos inclinabamos por la anestesia in-
halatoria especificamente con flurexeno(2,3),
porque se suponia no tenia metabolismo; pero
en la medida que supimos de la liberacién de
fluoruros a partir del metabolismo hepatico del
metoxiflurano, del flurexeno y del enflurano,
esta indicacién cambi6. Al final de la década de
los anos sesenta, estos hallazgos coincidieron
con el entusiasmo de la anestesia con morfina
para la cirugia cardiovascular, asi como la apa-
ricién del fentanilo, el droperidol, el butorfanol y
otros agentes hipnoéticos tales como el diazepam
y el acido gamma-aminobutirico, lo cual nos dio
mas alternativas. Gradualmente comenzamos
a usarlos, primero combinado con los agentes
inhalatorios, y posteriormente la mayoria con
anestesia intravenosa total. Sin embargo, el
consenso fue que los anestésicos inhalatorios no
tenian mas efecto deletéreo en el higado enfermo
que se iba a remover. Usualmente debido a la
inestabilidad hemodinamica, la concentracion
del agente inhalado se redujo considerablemen-
te en el periodo post-revascularizacion.

INMUNOSUPRESION

Aunque los métodos inmunosupresores se limi-
taban a los corticosteroides y la aziotropina otros
fueron explorados; la globulina antilinfocitica (GAL)
se us6 extensivamente en los receptores de rifiéon e
higado; como en efecto sucedia se inyectaba antes
de la cirugia, y en algunos casos se repetia tres ho-
ras después. Vimos que en mas de una ocasion la
temperatura esofagica se elevaba!® durante la ciru-
gia (figura 11); por esta época se iniciaba el estudio
de la hipertermia maligna, asi que se temi6 fuera
el caso en varios pacientes, sin embargo con solo
parar los liquidos calientes que se administraban
se control6 la subida de la temperatura. No se tenia
la ciclosporina en ese tiempo.

Otro método fue el drenaje del conducto linfati-
co que debia ser hecho al tiempo del transplan-
te, frecuentemente prolongando la operacion en
una o dos horas mas. Eventualmente las pro-
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Pappas (USA), Tom Marchioro (USA), Bernard Se-
rrou (France), Al Couburg (Germany), Charlie Put-
nam (USA), Charlie Halgrimson, and others, Most
of them, if not all, went into other universities to
develop their own transplant program. A senior
anesthesia registrar, Jack O’Higgins from Bris-
tol, U.K. spent two years working actively and
productively with us, all of a sudden, from not
having any one to even give me a break during
some cases, anesthesiologists came from va-
rious universities and from different countries
to work with our group.

In critical moments, Paul Taylor was there to
help us, we could not have done it without him.
He stayed with the team, became a faculty mem-
ber in the 70’s and a Transplant Coordinator la-
ter on; he is the typical example that in the USA,
hard work, a good disposition and street wisdom
can take special individuals to high places. He
deserved it.

COROLLARY

The tenacity of Tom Starzl, his extraordinary
surgical technique, brilliant mind and untiring
efforts made this achievement possible; his con-
tributions to transplantation, hepatic surgery,
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Figura 11. Cambios promedio de la temperatura esofagica
enungrupodepacientesquerecibiéglobulinaantilinfocitica
exactamente antes y durante el transplante (linea cortada)
versus otro grupo que no recibié GAL (linea continua.
Figure 11. Mean changes in esophageal temperature in a
groupofpatientsthatreceived antilymphocyticglobulinjust
before and during transplantation (interrupted line) versus
another group that did not receive alg (continuous line).

teinas plasmaticas tenian que ser reemplazadas
usando grandes volumenes de albumina, indu-
dablemente una modalidad muy costosa.

CONCLUSIONES Y PROTAGONISTAS

En 1969 se publico6 el primer tratado en “La Ex-
periencia en Transplante Hepatico”!”. El capi-
tulo relacionado con la anestesia y el cuidado
intraoperatorio en dicho tratado® y otras pubnli-
caciones(2, 5, 6, 8) llegaron a ser las guias para
otros colegas comenzando empresas similares.
Fui promovido a Profesor Asociado en la Uni-
versidad de Colorado. Casi simultaneamente un
cirujano experimentado, R. Y. Calne, comenzoé
un programa de transplante hepatico en la Uni-
versidad de Cambridge, en el Reino Unido. Tu-
vieron resultados similares; el anestesiélogo de
este grupo era J. V. Farman; reporté su expe-
riencia posteriormente(18).

Respecto a muchos cirujanos de transplantes
con quienes tuve el placer de trabajar en el la-
boratorio y en las salas de cirugia se incluyen
a Carl Groth (Suiza), John Homatas (Grecia),
George Abuna (Egipto), George Pappas (USA),
Tom Marchioro (USA), Bernard Serrou (Francia),
Al Couburg (Alemania), Charlie Putman (USA),
Charlie Halgrimson y otros. La mayoria de ellos,
si no todos, fueron a otras universidades a de-
sarrollar su propio programa de transplante.
Un docente senior de Bristol, Reino Unido, Jack
O’Higgins permanecié dos afios trabajando ac-
tiva y productivamente con nosotros, repenti-
namente de no tener alguien quien me relevara

Figura 12. Vista del transplante # 27.
Figure 12. Overseeing liver transplant #27.



and immunosupression have been numerous
and of great importance. More than four decades
after the first liver transplantation in man, the
operation is routine in many hospitals all over
the world. Every single step has been impro-
ved and the survival rate of these patients gets
higher every year. As a matter of fact it has re-
placed some palliative operations like hepatec-
tomy, hepatic artery ligation, segmentectomies
and porta-caval shunts, among others.

My participation within the transplant team (fi-
gure 12), allowed us to solve jointly, some of the
intricacies of this complex operations, usually
performed in dying patients. There are many
more anecdotes about this epic that also need to
be told. The question is why now? Like in many
other surgical advances, anesthesia played an
important role in the success of liver transplan-
tation; without doubt, the main protagonist was
Tom Starzl, a major personality in the medical
world of the second half of the 20" Century. Like
many other innovations, in Medicine, the deve-
lopment of liver transplantation was not easy;
in addition to the technical, tissue typing, me-
tabolic and rejection problems, there were many
other colleagues who opposed it vehemently, for
various reasons. Some claimed it was unethical,
others felt that it was too expensive, that the ca-
ses were too long and that the resources alloca-
ted to this project were taken away from other

News Highlights scc

Program Limited by Shortage of Donors
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Figura 13. Recorte de periédico mostrando el primer
sobreviviente de transplante hepatico.

Figure 13. Newspaper clipping showing the first survivors
of liver transplantation.
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para un descanso durante los casos, vinieron
anestesidlogos de varias universidades y de dife-
rentes paises a trabajar con nuestro grupo.

En momentos criticos Paul Taylor estuvo para
ayudarnos, no lo hubiéramos podido hacer sin
él. Permaneci6 con el grupo, llegd a ser un miem-
bro en los setentas y un Coordinador de Trans-
plantes posteriormente; el es el tipico ejemplo de
que en los Estados Unidos de Norteamérica, el
trabajo duro, una buena disposicién y la sabi-
duria comun hace llegar a los individuos a luga-
res altos. El lo merecia.

COROLARIO

La tenacidad de Tom Starzl, su técnica quirtirgica
extraordinaria, su mente brillante y su incansable
capacidad de trabajo hicieron que este logro fuera
posible, sus contribuciones a los transplantes, la
cirugia hepatica, y la inmunosupresiéon han sido
numerosas y de gran importancia. Después de
mas de 4 décadas del primer transplante hepatico
en el hombre, la operacién es rutina en muchos
hospitales en todo el mundo. Cada paso individual
ha sido mejorado y la sobrevivencia de estos pa-
cientes es mas grande cada dia. Ha reemplazado
otras cirugias paliativas como la hepatectomia, la
ligadura de la arteria hepatica, las segmentecto-
mias y los puentes porto-cava, entre otros.

Mi participacién dentro del grupo de transplante
(figural?2), nos permitié resolver en conjunto, al-
gunas de las complejidades de estas operaciones,
usualmente llevadas a cabo en pacientes mori-
bundos. Hay muchas mas anécdotas acerca de lo
épico que se deben decir. El asunto es ¢por qué
ahora? Como muchos otros avances quirurgicos,
la anestesia jug6 un papel importante en el éxi-
to del transplante hepatico; sin duda, el mayor
protagonista fue Tom Starzl, una personalidad
importante en el mundo médico de la segunda
mitad del siglo 20. Como muchas otras innova-
ciones en medicina, el desarrollo del transplante
hepatico no fue facil; agregado a lo técnico, la tipi-
ficacién de los tejidos, los problemas metabélicos
y el rechazo, hubo muchos colegas que se opo-
nian con vehemencia por varias razones. Algunos
alegaban que era antiético, otros sentian que era
demasiado costoso, o que los casos eran dema-
siado largos y que los recursos que se empleaban
eran tomados de otros proyectos. Otros lo que te-
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projects. In others, it was plain envy, as they
watched us fail and succeed. And by succeeding
more, Starzl not only showed that it could be
done, but that perseverance and high quality
standards almost always lead to good deeds and
triumphs. My participation in this wonderful
scientific saga was a fortunate journey(19, 20)
that gave me a once in a life time opportunity.
Just recently, I found copies of the anesthetic
records of most of these procedures; indeed an
invaluable resource and treasure that had been
kept in my archives for over three decades. An
early newspaper clipping implied that the ope-
ration would eventually succeed (figure 13). In-
cluded is how we entered a path never walked
before and together learned what happens when
a new life-saving operation is introduced. This is
how, in the 1960’s we dealt with this challenge.
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nian era completa envidia al ver nuestras fallas y
sucesos. Y teniendo mayor éxito, Tom Starzl no
solamente mostré que se podia hacer, sino que
la perseverancia y los estandares de alta calidad
casi siempre llevan a buenos hechos y triunfos.
Mi participacién en este maravillosa saga fue un
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