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REPORTE DE CASOS

Técnica de hipotermia profunda y paro
circulatorio total para clipaje de aneurismas
cerebrales gigantes

A case report regarding the deep
hypothermia and total circulatory arrest
technique for clipping giant cerebral

Hernan Castro*, Juan Jaramillo**, Carlos Pardo***, Julio Chdvez***, Pablo Isaza****,

Maria Robledo ****f
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RESUMEN

La hipotermia profunda con paro circulatorio to-
tal para facilitar el clipaje de aneurismas cere-
brales complejos de circulacion posterior no es
una técnica nueva, pero en el Hospital Santa
Sofia de Manizales (Caldas) este caso es el pri-
mero que se realiza en la Institucién y en el eje
cafetero.

Se presenta el caso de una paciente con aneu-
risma gigante de la circulacion cerebral posterior,
la cual fue intervenida neuroquirurgicamente con
bypass cardiopulmonar fémoro-femoral con térax
cerrado, paro circulatorio total, hipotermia pro-
funda y anticoagulacién con heparina. El tiempo
de paro circulatorio total fue de 15 minutos. La
paciente no requirié conversion a esternotomia.
Durante el paro circulatorio se logré exanguinar
y evacuar el aneurisma, lo que permitié un facil
clipaje. No se presentaron complicaciones intrao-
peratorias como fibrilacién ventricular, dilatacion

ABSTRACT

Deep hypothermia and total circulatory arrest
technique for facilitating clipping complex poste-
rior circulation cerebral aneurysms is not a new
technique; however, this case report deals with
the first case treated at the Hospital Santa Sofia
in Manizales (Caldas) and in the Colombian cof-
fee-growing area.

Our team reports a 53-year-old female patient
who underwent surgery to clip a giant basilar
artery aneurysm; closed-chest extrathoracic can-
nulation for femorofemoral cardiopulmonary by-
pass was used, involving total circulatory arrest,
deep hypothermia and heparin anticoagulation.
Cardiac arrest lasted 15 minutes. The patient did
not require conversion to sternotomy. Blood out-
flow via femoral vein was sufficient to maintain
cardiopulmonary bypass and induce deep hypo-
thermia (18°C, retention of spontaneous circula-
tion, and propofol infusion (3-5 mg - kg—1 - h—1)
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ventricular, ni hemorragias importantes, y la pa-
ciente se transladé intubada a la Unidad de Cui-
dados Intensivos.

Palabras clave: Encéfalo, agentes protectores,
puente cardiopulmonar, aneurisma intracraneal
(Fuente: DeCS, BIREME)

INTRODUCCION

Recientes avances en circulacion extracorporea,
técnicas anestésicas y neuroquirurgicas han
permitido mejorar el prondstico de pacientes
con aneurismas cerebrales complejos y de dificil
abordaje, en los cuales las técnicas convencio-
nales incrementan la morbi-mortalidad. La utili-
zacion del paro circulatorio total con hipotermia
profunda en pacientes bien seleccionados con
aneurismas cerebrales complejos, no candida-
tos a técnicas endovasculares, le ofrece al pa-
ciente un perfil mas favorable frente a la historia
natural de los aneurismas cerebrales complejos
sin tratamiento quirtrgico, o al tratamiento qui-
rurgico sin esta alternativa (1-3).

Los aneurismas intracraneanos de la circula-
cion cerebral posterior presentan caracteristicas
anatéomicas que limitan la técnica quirturgica
convencional. Estos aneurismas, a pesar de los
avances en la técnica neuroquirargica de los ul-
timos 50 anos, pueden romperse en el intraope-
ratorio por dificultades en su control circulatorio
y en la oclusion quirtrgica, ocasionando gran
morbimortalidad y deficientes resultados poso-
peratorios. La diseccion y clipaje de estas lesio-
nes complejas es riesgosa debido a su amplio
cuello. Ademas, se exige como prerrequisito al
clipaje una exsanguinacion previa. La hipoter-
mia profunda con paro circulatorio puede hacer
posible la cirugia de estos aneurismas comple-
jos. Este procedimiento quirargico requiere un
equipo multidisciplinario de neurocirujanos, ci-
rujano cardiovascular, anestesiologo cardiovas-
cular o neuroanestesiélogo con entrenamiento
en esta técnica, cardidlogos, intensivistas, per-
fusionista y enfermeras. Ademas, son necesa-
rios los correspondientes equipos de anestesia,
maquina de circulacion extracorporea, ecocar-
diografia intraoperatoria y microscopio neuro-
quirurgico (4-10).

under general anaesthesia, thereby facilitating
easy clipping. No intraoperatorive complications
were presented, such as ventricular fibrillation,
ventricular dilatation or haemorrhage. Haemody-
namics were controlled with neosinefrin. The pa-
tient was transferred (intubated) to the ICU.

Key words: Brain, protective agents, hypothermia,
cardiopulmonary bypass, basilar artery aneurysm
(Source: MeSH, NLM)

INTRODUCTION

Recent advances in extracorporeal circulation,
anaesthetics and neurosurgical techniques have
led to improving prognosis for patients suffering
complex cerebral aneurysms which are difficult
to deal with in which conventional techniques in-
crease morbimortality. Using total circulatory ar-
rest with deep hypothermia on well-selected pa-
tients suffering complex cerebral aneurysms (who
are not candidates for endovascular techniques)
offers a patient a more favourable profile regard-
ing the natural history of complex cerebral aneu-
rysms without surgical treatment or, even worse,
surgical treatment without this alternative(1-3)

Posterior cerebral circulation intracranial aneu-
rysms present anatomical characteristics lim-
iting conventional surgical techniques. Such
aneurysms (in spite of advances made in neu-
rosurgical technique during the last fifty years)
could burst during the intraoperative period due
to difficulties regarding its circulatory control
and suitable surgical occlusion, causing great
morbimortality and poor postoperative results.
Dissecting and clipping such complex lesions
is risky due to their wide necks; prior exsan-
guination is also required as a pre-requisite to
clipping. Deep hypothermia with circulatory ar-
rest may enable surgery for these complex an-
eurysms. This surgical procedure requires a
multidisciplinary team including a team of neu-
rosurgeons, cardiovascular surgeons, cardiovas-
cular anaesthesiologist or neuroanaesthesiolo-
gists who have been trained in this technique,
cardiologists, intensive care personnel, perfu-
sionist and nurses. Anaesthesia, extracorporeal
circulation machine, intraoperative echocardiog-
raphy and neurosurgical microscope equipment
will also be needed (4-10).
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REPORTE DE CASO

Se reporta el caso de una paciente de sexo fe-
menino, de 53 anos, quién tres semanas antes
habia sido remitida de un hospital de primer ni-
vel por presentar cefalea intensa subita, acom-
panada de fotofobia y trastorno de la conciencia.
La paciente ingres6 al servicio de urgencias de
la instituciéon con un Glasgow de 12/15 y un
Hunt y Hess de III. Se le realizé6 una tomografia
cerebral que reporté hemorragia subaracnoidea
drenada a tercero y cuarto ventriculos cerebra-
les, con una escala de Fischer II. Ademas, se le
realizé una angiografia cerebral de cuatro vasos,
en la cual se evidencié un aneurisma de la bi-
furcacion de la arteria cerebral media derecha
de 5 mm, acompanado de vasoespasmo de la
arteria cerebral anterior. La arteria basilar te-
nia un aneurisma en la punta de 10 mm, con
cuello de 5 mm, vasoespasmo de las arterias
cerebrales posteriores y basilar. La arteria ver-
tebral izquierda era hipoplasica en su porcion
intracraneana y terminaba en pica. La carétida
izquierda mostraba patrén fetal de circulacion y
un infundibulo de 3 mm en el origen de la co-
municante posterior (ver figura 1). Los senos ve-
nosos no mostraban patologia. Se inici6 manejo
médico con nimodipino 60 mg cada cuatro ho-
ras, via oral, y fenitoina de 300 mg/dia.

Antecedentes médicoquirargicos: hiperten-
sion arterial créonica manejada irregularmente
con captopril; la paciente fuma un paquete de
cigarrillos al dia.

Fuente: Hospital Santa Sofia. Manizales - Caldas
Figura 1. Imagen angiografica donde se aprecia
la lesion gigante del sistema vertebro basilar
Figure 1. Angiographic image showing a giant
lesion of the vertebro-basilar system

CASE REPORT

The case of a 53-year-old female patient is re-
ported who had been remitted to a first-level
hospital three weeks earlier as she had pre-
sented sudden intense cephalea, accompanied
by photophobia and awareness disorder. She
was admitted to the institution’s emergency ser-
vice with 12/15 Glasgow coma scale score and
Hunt and Hess grade IIl. Cerebral tomography
was taken which reported subarachnoideal hae-
morrhage draining to third and fourth cerebral
ventricles (Fischer scale II). A four-vessel cere-
bral angiography was taken, revealing a 5 mm
aneurysm of the right middle cerebral artery
bifurcation, accompanied by anterior cerebral
artery vasospasm. A 10 mm basilar artery tip
aneurysm (5 mm neck) and vasospasm of the
posterior cerebral and basilar arteries were also
revealed. The left vertebral artery was hipoplasic
in its intracranial portion and ended in a peak.
The left carotid presented a foetal circulation
pattern and a 3 mm posterior communicant an-
eurysm (Figure 1). The venous sinus showed no
pathology. Medical management was begun with
60 mg nimodipin every 4 hours via oral route
and 300 mg/day fenitoin.

Medical-surgical background: chronic arterial
hypertension irregularly managed with captopryl;
she was smoking 1 packet of cigarettes per day.

Preoperative evaluation

The patient was in good general condition: 53 Kg
weight, 1,64 m height, 130/80 blood pressure,
76 per minute (regular) cardiac frequency (CF),
12 per minute respiratory frequency. NYHA I
functional class, conscious, orientated, collab-
orative, grade VI paralysis of the right-hand pair,
without meningeal signs, conserved motility and
sensitivity, 15/15 Glasgow. Pink conjunctives,
sclerae anicteric, edentate, neck without jugu-
lar ingurgitation, rhythmic heart, without mur-
murs, auscultated lungs were hipoventilated,
with no over-aggregated noises, bland abdomen,
without megaly, extremities without oedema,
peripheral pulse present.

Electrocardiogram: regular sinus rhythm, 76
per minute frequency.
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Evaluacion preoperatoria

Paciente en buenas condiciones generales: oeso:
53 Kg; talla: 1,64 m; presion arterial: 130/80;
frecuencia cardiaca: 76 por minuto, regular; fre-
cuencia respiratoria: 12 por minuto. Clase fun-
cional de NYHA I, consciente, orientada, colabo-
radora, paralisis de VI par derecho, sin signos
meningeos, motilidad y sensibilidad conserva-
das, Glasgow 15/15. Conjuntivas rosadas, escle-
ras anictéricas, edéntula, cuello sin ingurgitacion
yugular, corazon ritmico, sin soplos, pulmones se
auscultan hipoventilados, sin ruidos sobreagre-
gados, abdomen blando, sin megalias, extremi-
dades sin edemas, pulsos periféricos presentes.

Electrocardiograma: ritmo sinusal, regular,
frecuencia de 76 por minuto.

Ecocardiograma transtoracico: ventriculo iz-
quierdo de tamano normal; fracciéon de expulsion:
50 %, sin trastornos segmentarios de contractili-
dad. Transtorno de relajacion, sin aumento de las
presiones de fin de diastole. Ventriculo derecho de
tamano y funciéon normales. Septum interauricu-
lar e interventricular integros. Valvulas cardiacas
estructural y funcionalmente normales. No hay
signos indirectos de hipertensiéon pulmonar. Au-
riculas normales. Arco adrtico normal.

Radiografia de torax: silueta cardiaca en limi-
tes normales; pulmones con aumento de la ra-
diolucidez; congestion parahiliar bilateral.

Clasificacion Hemoleucograma: O Rh-Hb: 13,3
g/dL; Hto: 43 %; leucocitos: 7 400 mm3; plaque-
tas 122 000 mm3; TP: 12,8 segundos; TPT: 30,7
segundos; creatinina: 0,73 mg/dL; Na+: 143
mEq/L; K+: 3,7 mEq/L; Ca++: 1,16 mmol/L;
densidad urinaria: 1 010; Glicemia en ayunas:
78 mg/dL.

Se reservaron 10 U de concentrado globular, 10
U de plasma, 10 U de plaquetas y 10 U de crio-
precipitado.

Se premedic6 con lorazepam 1 mg via oral la no-
che anterior a la cirugia y 1 mg via oral 45 mi-
nutos antes de la misma.

Manejo anestésico intraoperatorio

Ingreso al quiréfano: buenas condiciones genera-
les, Glasgow 15/15 sin déficit motor ni sensitivo,

Transthoracic echocardiogram: normal-sized
left ventricle, 50 % expulsion fraction, without
segmental contractility disorder. Relaxation dis-
order, without increased end-diastolic pressure.
Normal-sized and function right ventricle. In-
tact interauricular and interventricular septum.
Structurally and functionally normal cardiac
valves. No indirect signs of pulmonary hyperten-
sion. Normal auricles. Normal aortic arch.

Thoracic radiography: cardiac silhouette with-
in normal limits, lungs having increased radio-
lucidity, bilateral parahilary congestion.

Haemoleukogram classification: O Rh-, 13,3 g/
dL Hb, 43 % Hto, 7 400 mm3 leucocytes, 122 000
mma3 platelets: 12,8 seconds TP, 30,7 seconds
TPT. Creatinin: 0,73 mg/dL Na+, 143 mEq/L, 3,7
K+, 1,16 mmol/L mEq/L Ca++: 1010 urinary den-
sity: 78 mg/dL fasting glycaemia.

10 U globular concentrate, 10 U plasma, 10 U
platelets, 10 U cryoprecipitate were reserved.

She was pre-medicated with 1 mg lorazepam via
oral route on the night before surgery and 1 mg
via oral route 45 minutes before surgery.

Intraoperative anaesthetic management

She was admitted to the operating room in good
general condition: 15/15 Glasgow, without mo-
tor or sensitive deficit, with eccentric strabismus
of the right eye, 130/80 blood-pressure, 75 per
minute CF, 36,5 °C oral temperature, Mallam-
pati grade I, Cormack grade I.

Anaesthetic induction: The patient was in su-
pine position, 30° raised head, monitored via
non-invasive monitoring: cardioscope (derivation
II), V5, electronic ST segment analyser, pulse
oximetry, electronic blood-pressure with brace-
let on left arm, capnography and inspired and ex-
pired gas concentrations were measured. Induc-
tion was begun with 100 % 02 pre-oxygenation;
15 mg IV midazolam, 150 mcg IV phentanyl, 60
mg/IV lidocaine, 8mg IV pancuronium bromide
were applied via peripheral vein in the right fore-
arm. A suitable anaesthetic plane for intubation
was obtained five minutes afterwards and she
was entubed with a No. 9 corrugated tube, with-
out significant haemodynamic changes. 3 grams
IV tranexamic acid, 50 mg IV ranitidine, 2gr IV
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con estrabismo excéntrico de ojo derecho, presion
arterial 130/80, FC 75 por minuto, temperatura
oral de 36,5 °C, Mallampati I y Cormack I.

Induccion anestésica: paciente en decubito
supino; cabecera elevada 30°; monitorizada con
monitoreo no invasivo: cardioscopio con deriva-
cion II, V5, analizador electronico de segmento
ST, oximetria de pulso, presion arterial elec-
tronica con brazalete en brazo izquierdo, cap-
nografia y mediciéon de concentracion de gases
inspirados y espirados. Se inicia induccién con
preoxigenacion 02 100 %. Por vena periférica de
antebrazo derecho se aplica midazolam 15mg
IV, fentanyl 150 mcg IV, lidocaina 60 mg/IV,
bromuro de pancuronio 8mg IV. Se obtiene un
adecuado plano anestésico para la intubacion
cinco minutos después, y se entuba con tubo
corrugado No. 9, sin cambios significativos he-
modinanicos. Posteriormente, se administra:
acido tranexamico, 3 gramos IV; ranitidina, 50
mg IV; y cefalosporina, 2gr IV. Se fija el tubo oro-
traqueal y se realiza proteccion ocular. Se insta-
la ventilacion mecanica protectora con 02 al 50
%, aire al 50 % e isofluorane al 1 Vol %.

Monitoreo invasivo: se canaliza linea arterial ra-
dial izquierda. Se canaliza vena yugular interna
derecha con introductor de Swan Ganz, marca-
pasos temporal, catéter yugular ascendente. Se
instala cateter vesical de Foley, sonda nasogastri-
ca, termometro rectal, termometro nasofaringeo,
ecocardiograma transesofagico y electrodos cuta-
neos para desfibrilador externo. La hemodinamia
inicial muestra: gasto cardiaco: 2,86 L/min; indi-
ce cardiaco: 1,97 L/min/M2; resistencia vascu-
lar sistémica: 1 788 dynas/seg/cm3; resistencia
vascular pulmonar: 279 dynas/seg/cm5; PVC:
11 mmHg; PCP: 12 mmHg.

Posteriormente, la paciente es posicionada en
decubito supino, cabeza elevada 30° y rotada a
la izquierda, preparada para para permitir el ac-
ceso quirurgico del craneo, asi como de ambas
regiones inguinales y el torax para estereotomia
media, en caso de necesidad (ver figura 2).

Mantenimiento anestésico: 02 50 %; aire 50
%; isofluorane entre 0,8 — 1 Vol %; infusion de
propofol entre 50 y 200 mcg/kg/min y una nue-
va dosis de 4mg de bromuro de pancuronio.

cephalosporin were then administered. The oro-
tracheal tube was then fixed and the eyes pro-
tected. Mechanical protective ventilation was
installed with 50 % 02, 50 % air and 1 % vol
isoflorane.

Invasive monitoring: left radial arterial line
was canalised. The right internal jugular vein
was canalised with a Swan-Ganz introductor,
temporary pacemaker and ascendant jugular
catheter. A Foley’s vesicle catheter was installed,
a nasogastric probe, rectal thermometer, na-
sopharyngeal thermometer, transoesophagic
echocardiogram and cutaneous electrodes for
an external defibrillator. Initial haemodynam-
ics showed: 2,86 L/min cardiac output, 1,97
L/min/M2 cardiac index, 1 788 dyn/sec/cm5
systemic vascular resistance, 279 dyn/sec/
cmS pulmonary vascular resistance, 11 mmHg
PCP:12 mmHg PVC.

The patient was then placed in supine position,
head raised to 30° and rotated to the left and
prepared to allow surgical access to the crani-
um, as well as both inguinal regions and the
thorax for medium stereotomy, if needed (Fig-
ure 2).

Catéteres:

1. Arteria
pulmonar

2. Yugular
ascedente

3. Marcapaso
transitorio

Fuente: Hospital Santa Sofia. Manizales - Caldas

Figura 2. Monitoria invasiva, posiciéon de la ca-
beza y ecocardiografia transesofagica

Figure 2. Invasive monitoring, position of the
head and transoesophagic echocardiography

Anaesthetic maintenance: 50 % 02, 50 % air,
0,8 — 1 % vol isoflorane, 50-200 mcg/kg/min
propofol infusion and a new dose of 4mg pan-
curonium bromide.

150 cc IV 20 % manitol, 500 mg IV hydrocorti-
sone and 1 000 cc IV Hartman were applied.



Rev. Col. Anest. Febrero - abril 2010. Vol. 38 - No. 1: 111-123

Se aplican 150 cc IV de manitol 20 %, 500 mg de
hidrocortisona IV y Hartman 1 000 cc IV.

La cabeza es rapada, y previo lavado, asepsia y
antisepsia, se fija y se infiltra con bupivacaina al
0,5 %. Después de 80 minutos de la induccion
anestésica se practica craneotomia frontotem-
poral con resecciéon del arco zigomatico, apertu-
ra de la duramadre y diseccion hasta la cisterna
quiasmatica. Bajo magnificacion con microsco-
pica del Valle Silviano se identifica la carétida
interna. En bifurcacion de la arteria cerebral
media M1 M2 se encuentra aneurisma dirigido
hacia abajo, y se ocluye con clip de 7 mm recto.
Se canula el ventriculo cerebral, y el cerebro se
relaja. Se contintia con abordaje pterional sub-
temporal hasta llegar a la lesion en el techo de la
arteria basilar. Se encuentra un aneurisma fu-
siforme, sin cuello aparente. Hasta este instante
se completan cinco horas y media de cirugia con
circulacion espontanea.

Mientras los neurocirujanos llegan a la cisterna
quiasmatica, el cirujano cardiovascular inicia el
procedimiento de canulacién fémoro-femoral con
torax cerrado. Antes de la canulacion se aplican
300U /kg de heparina via linea venosa central. A
los cinco minutos se toma ACT, que reporta 542
segundos. Se realiza control de gases y electroli-
tos: Na+: 137 mEq/L; K+: 3,9 mEq/L; Ca++: 1,22;
Hb: 13 gr/dL; Hto: 37 %; T: 35,2 °C; PH: 7,47;
PC02: 29,6 mmHg; P0O2: 125 mmHg; HCO03: 22
mEq/L; BE: -2 S02 arterial 99 % (ver figura 3).

Fuente: Hospital Santa Sofia. Manizales - Caldas

Figura 3. Dos equipos quirurgicos: neurociru-
gia, cirugia cardiovascular

Figure 3. Two surgical teams: neurosurgery,
cardiovascular surgery.

The head was shaved after having been washed
(asepsis and antisepsis), was fixed and infil-
trated with 0,5 % bupivacaine. Eighty minutes
after the anaesthetic induction, frontotempo-
ral craniotomy was practised with zygomatic
arc resection. The external meninge (dura
mater) was opened and dissected as far as the
chiasmatic cistern. The internal carotid was
identified under low magnification with Valle
Silviano microscope. A downward-pointing an-
eurysm was found in the cerebral artery bifur-
cation media (M1 M2) and occluded with 7 mm
straight clip. The cerebral ventricle was can-
nulated and the brain relaxed. A subtemporal-
pterional approach was continued until reach-
ing the lesion in the roof of the basilar artery.
A fusiform aneurysm was found, without ap-
parent neck. Five and a half hours of surgery
had elapsed up to this point with spontaneous
circulation.

Whilst the neurosurgeons reached the chi-
asmatic cistern, the cardiovascular surgeon
began the closed-thorax femoro-femoral can-
nulation procedure; 300 U/kg heparin had
been applied by central venous line before the
cannulation. ACT was taken five minutes later
(542 seconds being reported). Gas and elec-
trolyte control showed: 137 mEq/L Na+, 3,9
mEq/L K+, 1,22 Ca++. Hb: 13 g/dL Hto: 37
% 35,2 °C T, PH 7,47, 29,6 mmHg PC02, 125
mmHg P02, 22 mEq/L HCO03, 99 %, BE -2 ar-
terial SO2 (Figure 3).

The left femoral artery and vein were dissected
and cannulated with a Medtronic kit (Minne-
apolis, USA) and the venous cannula position
at right auricular level was confirmed by tran-
soesophagic echocardiogram taken by the car-
diovascular anaesthesiologist. Cardiopulmonary
bypass was initiated with centrifuge with # 17
arterial and # 21 venous cannula, priming vol-
ume consisting of 0,9 % SSN, 20 cc albumin,
50 cc manitol, with Affinity Medtronics® (Minne-
apolis, USA) oxygenator and Alfa Stat metabol-
ic management strategy, 34,6 °C temperature,
3,7 L/m nasopharyngeal flow, 52mm Hg mean
blood-pressure.
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La arteria y la vena femorales izquierdas se dise-
can y canulan con kit Medtronic® Minneapolis,
USA, y la posicion de la canula venosa a nivel de
la auricula derecha es confirmada con ecocardio-
grama transesofagico realizado por el anestesiolo-
go cardiovacular. Se inicia bypass cardiopulmonar
con centrifuga, con canula arterial # 17 y venosa
# 21, volumen de primado compuesto por SSN al
0,9 %, albumina 20 cc, manitol 50 cc, con oxi-
genador marca Affinity Medtronics® Minneapolis,
USA y estrategia de manejo metabolico Alfa Stat,
temperatura de 34,6 °C nasofaringea, flujo de 3,7
L/m, y presion arterial media de 5S2mm de Hg.
Los reportes de laboratorio muestran, iniciada la
circulacién extracorpérea: Na+: 140 mEq/L; K+: 4
mEq/L; Ca++: 0,97 mmol/L; Hb: 9gr/dL; Hto: 25
%; PH: 7,48; PC02: 31,6 mm de Hg; PO2: 83 mm
Hg; HCO3: 24 mEq/L; BE: 0; S02: 98 % arterial.
Se induce hipotermia sistémica por enfriamiento
de la sangre arterial a través del intercambiador
de calor de la maquina de circulacion extracorpo-
rea. La temperatura baja gradualmente, y a los 23
minutos de iniciada la hipotermia se alcanzan los
18,2 °C de temperatura nasofaringea. El corazén
entra en asistolia espontaneamente. No resulta
necesario aplicar bolo de potasio IV. Se adminis-
tra thiopental so6dico 30 mg/kg/IV. Hay paro cir-
culatorio total, y se drena la sangre a través de la
canula venosa hasta que la vasculatura cerebral
queda exanglie. Los neurocirujanos realizan di-
seccion y oclusion del aneurisma de la basilar con
dos clips de 7 mm, uno recto y otro curvo, respe-
tando el tronco de la basilar y las perforantes bi-
lateralmente. Luego realizan hemostasia y lavado
de cisternas. El procedimiento tarda 15 minutos.
Cuando los neurocirujanos logran el clipaje 6p-
timo, se inicia el recalentamiento y se reinicia el
bypass cardiopulmonar. En este momento los re-
portes de laboratorio muestran: Na+: 138 Meq/L;
K+: 4,4 Meq/L; Ca++: 1,15 mmol/L; PH: 7,44,
PC02: 30,5 mmHg; PO2: 340 mmhg; Hb 7 gm/dL;
Hto: 22 %; glicemia: 107 mg/dL. Se transfunden
2 U de concentrado globular.

Los neurocirujanos contintian con el cierre de
la duramadre, reposicion del colgajo 6seo y re-
construccion del arco zigomatico. El ritmo car-
diaco espontaneo aparece a los 24 °C, apoya-
do por bolo de Milrinone 2 mg y fenilefrina 400

Laboratory reports showed that extracorporeal
circulation had been initiated: 140 mEq/L Na+,
4 mEq/L K+, 0,97 mmol/L Ca++. 9gr/dL Hb, 25
% Hto, 7,48 PH, 31,6 mm Hg PC02, 83 mm Hg
P02, 24 mEq/L HCO03, 0 BE, 98 % arterial SO2.
Systemic hypothermia was induced by cooling
the arterial blood by extracorporeal circulation
heat interchanger. Temperature was gradually
lowered and hypothermia was reached at 18,2
°C nasopharyngeal temperature 23 minutes af-
ter beginning; the heart spontaneously entered
asystolia. It was not necessary to apply a bolus
of potassium IV. 30mg/kg/IV sodium thiopen-
tal was administered. There was total circula-
tory arrest and blood which had reached the
cerebral vasculature was drained by venous
cannula.

The neurosurgeons dissected and occluded
the basilar aneurysm with two 7mm clips (one
straight and the other curved) respecting the
basilar trunk and perforated them bilaterally.
Haemostasis was then performed and the cis-
terns washed. The procedure lasted 15 min-
utes. When the neurosurgeons has achieved
optimum clipping, warming up was initiated
and cardiopulmonary bypass was reinitiated.
Laboratory reports at this time showed: 138
Meq/L Na+, 4,4 Meq/L K+, 1,15 mmol/L Ca++,
7,44 PH, 30,5 mmhg PCO02, Hb 340 mmhg P02,
Hto 7 gm/dL, 107 mg/dL 22 % glycaemia. 2 U
globular concentrate was transfused.

The neurosurgeons continued closing the ex-
ternal meninge, reposition of the osseous lining
and reconstructing the zygomatic arch. Sponta-
neous cardiac rhythm appeared at 24 °C helped
by a bolus of 2 mg milrinone and 400 mcg phe-
nylephrine. Warming up was continued until
reaching 37 °C; the cardiopulmonary bypass
was then separated from the patient, without
complications. Heparin was reverted with 325
mg intravenous protamine sulphate. A rein-
forcement consisting of cephalosporin, 2 grams
IV calcium gluconate and 2 grams IV dipyrone
was applied. Bypass time took 95 minutes and
total circulatory arrest 15 minutes. Laboratory
exams showed: 137 Meq/L Na+, 4,3 Meq/L K+,
1,12 Hb Cat++: Hto 24 8gr/dL, 7,52 PH, 26,1
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mcg. Se continua el calentamiento hasta llegar a
los 37 °C, y alli se separa el bypass cardiopulmo-
nar del paciente, sin complicaciones; se revierte
la heparina con 325 mg de sulfato de protamina
intravenosa; y se aplica un refuerzo de cefalospo-
rina, gluconato de calcio 2 gramos IV, dipirona 2
gramos IV. El tiempo de bypass es de 95 minutos
y el de paro circulatorio total de 15 minutos.

Los examenes de laboratorio muestran: Na+: 137
Meq/L; K+: 4,3 Meq/L; Ca++: 1,12; Hb: 8gr/dL;
Hto: 24; PH: 7,52; PC02: 26,1 mmHg; P02: 284
mmHg; HC03: 23 mEq/L; BE: -1; SO2 arterial
100 %; ACT: 115 segundos. Se transfunden 2 U
adicionales de concentrado globular, 4 U de plas-
ma, 12 U de plaquetas y 5 U de crioprecipitado.

Diuresis: prebomba 375 cc, bomba: 100cc,
postbomba: 200 cc.

Con la paciente estable hemodinamicamente, y
luego del cierre de la craneotomia, se retira la
canulacion fémoro-femoral. Luego de seis horas y
media de cirugia, la paciente esta lista para pasar
intubada a la Unidad de Cuidados Intensivos. Los
examenes de laboratorio de salida son: Na+: 140
Meq/L; K+: 4,0 Meq/L; Ca++: 1,15 mmol/L; Hb 9
gr/dL; Hto: 25 %; PH: 7,48; PC02: 31,6; mmHg;
P02: 83 mmHg; T: 34,6 °C; HC03: 24 mEq/L; BE:
0 SO2 arterial 98 %; gasto cardiaco: 4,28 L/min;
IC: 3,95 L/min/M2 RVS 1232 dynas/seg/cmS
RVP 205 dynas/seg/cm5; PVC: 14 mmHg; PCP:
30 mmHg. En la evaluacion neurologica final de
la paciente se encuentra la pupila derecha mi-
driatica, con reaccion muy lenta a la luz, y pupila
izquierda de 4 mm normo-reactiva. La paciente
es trasladada a la Unidad de Cuidados Intensivos
con monitoreo de transporte de presion arterial
invasiva y pulsoximetria con ventilacion de pre-
sién positiva con sistema Jackson y bajo seda-
cién con propofol a 10 mcg/k/min.

DISCUSION

La hipotermia profunda con paro circulatorio
total para facilitar el clipaje de aneurismas ce-
rebrales complejos de circulacion posterior no
es una técnica nueva, pero en el Hospital Santa
Sofia de Manizales (Caldas), como antes se dijo,
este caso es el primero que se realiza en la Insti-
tucion y en el eje cafetero.

mmHg PC02, 284 mmHg P02, 23 mEq/L HCO3,
BE: -1 SO2 arterial 100 %. ACT: 115 seconds. An
additional 2 U globular concentrate, 4 U plas-
ma, 12 U platelets and 5 U cryoprecipitate were
transfused.

Diuresis: 375 cc pre-pump, 100 cc pump, 200
cc post-pump

The femoro-femoral cannulation was with-
drawn once the patient has been made hae-
modynamically stable and after closing the
craniotomy. Following six and a half hours of
surgery the patient was ready for being tak-
en to the ICU intubated. Laboratory exams
on leaving were: 140 Meq/L Na+, 4,0 Meq/L
K+, 1,15 mmol/L Ca++, Hb 9 g/dL, 25 % Hto,
7,48 PH, 31,6 mmHg PC02, 83 mmHg P02, 24
mEq/L BE 34,6 °C HCO03, 0: 98 % arterial SO02.
Cardiac output: 4,28 L/min, IC: 3,95 L/min/
M2 RVS 1232 dyn/sec/cmS RVP 205 dyn/
sec/cm5. 14 mmHg PVC, 30 mmHg PCP. Right
mydriatic pupil having very slow reaction to
light and 4 mm normal-reactive left pupil were
found in the patient’s final neurological evalu-
ation. She was taken to the ICU with invasive
arterial pressure transport monitoring and
pulse oximetry with positive pressure ventila-
tion with Jackson system, under 10 mcg/k/
min propofol sedation.

DISCUSSION

Deep hypothermia with total circulatory arrest
facilitating clipping posterior circulation com-
plex cerebral aneurysms is not a new technique;
however, this was the first case treated at the
Hospital Santa Sofia, Manizales (Caldas) and in
the Colombian coffee-growing area.

The concept of hypothermia in cardiac surgery
was introduced by Bigelow in 1950 using sur-
face cooling.

Boterell pioneered using hypothermia for intrac-
ranial aneurysm surgery in 1958.

Drew used open-thorax deep hypothermia (15
°C) in cardiac surgery in 1959, using an extra-
corporeal circulation and heat-exchange ma-
chine. Circulatory arrest lasted 46 minutes with
no neurological complications.
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Histoéricamente, el concepto de hipotermia en ci-
rugia cardiaca se introdujo en 1950 por Bigelow
mediante enfriamiento superficial. Boterell, en
1958, fue el pionero en hipotermia para cirugia
de aneurisma intracraneano. En 1959, Drew uti-
liza la hipotermia profunda a 15 °C a térax abier-
to en cirugia cardiaca, a través de maquina de
circulacion extracorpérea e intercambiador de
calor. El paro circulatorio fue de 46 minutos sin
complicaciones neurolégicas. En 1960, Woodhall
y colaboradores, utilizando la técnica de canu-
lacion femoro-femoral con térax cerrado, repor-
taron el primer caso de hipotermia profunda en
neurocirugia para tumor cerebral. El entusiasmo
inicial disminuyé por los deficientes resultados
quirargicos relacionados con complicaciones de
la circulacion extracorpoérea y coagulopatias.

Los avances en la tecnologia de perfusion y de la
hipotermia profunda han hecho que se obtengan
mejores resultados, permitiendo la reparacion de
cardiopatias congénitas complejas, aneurismas
del arco aortico y transplante de corazon. El in-
terés por su utilizacion en aneurismas cerebrales
complejos se renovo a partir de 1980 (11-14).

La hipotermia profunda se refiere a temperatu-
ras menores de 20 °C, para lo cual se requiere
un flujo aceptable por la circulacion extracorpo-
rea de 1 L/min/M2. El rango de 20 a 30 °C se
considera hipotermia moderada con flujo acep-
table de 1,6 L/min/M2, y la hipotermia leve esta
entre los 30 y 34 °C, con un flujo aceptable de 2
L/min/M2. El Q10 hace referencia al concepto
fisiologico en el cual, por cada 10 °C de descenso
en la temperatura corporal, se disminuye la tasa
metabolica cerebral en un 50 %. El tiempo don-
de la técnica de paro circulatorio con hipotermia
profunda a 18 °C es segura, oscila entre 30 y 45
minutos. Se ha encontrado que a los 60 minu-
tos de paro total e hipotermia profunda, hasta
un 10 % de los pacientes pueden tener lesiones
neurologicas, algunas de ellas reversibles. En
orden de frecuencia, los 6rganos mas suscepti-
bles a la isquemia son: cerebro, corazon, rinones
e higado. Una adecuada proteccién neurologica
puede requerir, aparte de la hipotermia, el uso
de agentes como propofol o tiopental sodico en
infusion para disminuir el consumo metabodlico
de oxigeno, esteroides para disminuir el edema,

Woodhall et al., reported the first case of deep
hypothermia in neurosurgery for cerebral tu-
mour using the closed-thorax femoro-femoral
cannulation technique in 1960.

Initial enthusiasm became reduced because of
poor surgical results related to complications
concerning extracorporeal circulation and co-
agulopathy.

Technological advances regarding perfusion
and deep hypothermia were achieving the best
results, leading to complex congenital cardiop-
athy repair, aortic arch aneurysms and heart
transplants, interest becoming renewed in using
them in complex cerebral aneurysms from 1980
onwards (11-14).

Deep hypothermia refers to temperatures less
than 20 degrees centigrade requiring a 1 L/
min/M2 acceptable extracorporeal circula-
tion flow; 20 °C-30°C range is considered to be
moderate hypothermia (acceptable 1,6 L/min/
M2 flow) and slight hypothermia ranges from
30 °C-34 °C (2 L/min/M2 acceptable flow). Q10
refers to the physiological concept in which ce-
rebral metabolic rate becomes reduced by 50
% for every 10 degrees centigrade drop in body
temperature. The time during which circulatory
arrest with deep hypothermia technique at 18
degrees centigrade is safe ranges from 30 to 45
minutes.

It has been found that total arrest and deep
hypothermia lasting 60 minutes may lead to
10 % of patients having neurological lesions,
some of them being reversible. The organs
most susceptible to ischemia (in order of fre-
quency) are: the brain, heart, kidneys and liv-
er. Suitable neurological protection from hypo-
thermia could require the use of agents such
as propofol or sodium thiopental in infusion
for reducing oxygen consumption and meta-
bolic rate, steroids for reducing oedema and
(in some centres) the use of selective perfusion
of cerebral arteries or retrograde perfusion of
cerebral veins(15).

Posterior circulation aneurysms account for
only 8% of intracranial aneurysms. They origi-
nate from Willis polygon artery bifurcations and
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y en algunos centros la utilizacion de perfusion
selectiva de arterias cerebrales o perfusion re-
trograda de venas cerebrales (15).

Los aneurismas de circulacion posterior son solo
el 8 % de los aneurismas intracraneales. Se origi-
nan de las bifurcaciones y curvaturas de las ar-
terias del poligono de Willis y son mas comunes
en los vasos hipoplasicos o con origen anémalo
(patrén de circulacién fetal). E1 examen histologi-
co reporta adelgazamiento de la capa media mus-
cular arterial y disminucién del colageno tipo III
en la capa elastica. Desde el punto de vista de la
patologia, los aneurismas son saculares (mal lla-
mados congénitos, que son los mas frecuentes) y
fusiformes o ateroscleréticos. Estos ultimos afec-
tan generalmente la arteria basilar y se asocian a
deficientes resultados quirargicos (especialmente
si estan rotos). Su historia natural nos indica que
tienen mayor probabilidad de ruptura y alta ten-
dencia a resangrado después de la primera he-
morragia, y con alta mortalidad (16).

La ruptura de los aneurismas intracraneanos se
produce en el vértice del saco aneurismatico, con
extravasacion de sangre al espacio subaracnoi-
deo o parénquima cerebral, o ambos. La posibi-
lidad de ruptura aumenta con el tamano de la
lesion y generalmente coincide con aumento de la
PIC (tos, esfuerzo, defecacion). Entre el 25 y el 50
% de los pacientes mueren como consecuencia de
la primera ruptura; la mayoria sobreviven y reco-
bran la consciencia en unos minutos. La prime-
ra consecuencia de la hemorragia subaracnoidea
es el vasoespasmo cerebral con lesién isquémica
adicional. En las necropsias se observan entre 20
y 30 % de casos de aneurismas multiples (6).

Sin tratamiento, el pronoéstico de los aneurismas
intracerebrales es sombrio: Peeless y colabora-
dores reportan 68 % de mortalidad en los pri-
meros dos afnos y 85 % a los cinco afos. Los
sobrevivientes quedan con graves secuelas neu-
rologicas. Otras complicaciones frecuentes son
el tromboembolismo distal y la oclusiéon de los
vasos de la pared (17-19).

El manejo quirurgico de los aneurismas debe in-
dividualizarse, e idealmente debe realizarse en
instituciones que puedan ofrecer microcirugia
con clipaje y terapia endovascular. El clipaje es

curvatures and are more common in hipoplasic
vessels or have an anomalous origin (foetal cir-
culation pattern). Histological examination has
revealed thinning of the media of the muscular
artery layer and reduced collagen type III in the
elastic layer. From the point of view of pathology,
aneurysms are saccular (poorly termed congeni-
tal, being the most frequent) and fusiform or ar-
teriosclerotic. The latter usually affect the basi-
lar artery. They are associated with poor surgical
results (especially if they are ruptured). Their
natural history tells us that they have a greater
probability of rupture and have a greater ten-
dency to bleed again after a first haemorrhage,
leading to high mortality (16).

Intracranial aneurysms rupture in the vertex
of the aneurysmatic sac, leading to blood ex-
travasation into the subarachnoideal space or
cerebral parenchyma or both. The possibility of
rupture increases with the size of the lesion and
generally coincides with increased PIC (cough,
effort, defecation); 25 % - 50 % of patients die as
a consequence of the first rupture, most survive
and recover conscientiousness within a few min-
utes. The first consequence of subarachnoideal
haemorrhage is cerebral vasospasm with addi-
tional ischemic lesion. It has been observed in
necropsies that 20-30 % of the cases are mul-
tiple aneurysms(6).

Without treatment, the prognosis for intracere-
bral aneurysms is gloomy; Peeless et al., have
reported 68 % mortality during the first 2 years
and 85 % after 5. Survivors are left with severe
neurological after-effects. Other frequently-oc-
curring complications consist of distal throm-
boembolism and occlusion of the vascular wall
(17-19).

Surgical management of aneurysms must be in-
dividualised and ideally be carried out in insti-
tutions able to offer microsurgery involving clip-
ping and endovascular therapy.

Clipping is the gold standard for managing in-
tracranial aneurysms. Walter Dandy carried out
the first craniotomy with clipping in 1937 (5).

Tense-sac, wide-neck aneurysms are difficult to
occlude whilst permeable circulation is main-
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el gold standard para el manejo de los aneuris-
mas intracraneales. La primera craneotomia con
clipaje la realiz6 Walter Dandy en 1937 (5).

Los aneurismas de cuello amplio, de saco tenso,
son dificiles de ocluir mientras se mantiene la
circulacion permeable. Ademas, sus ramas ad-
yacentes carecen de una adecuada demarcacion
en la pared del aneurisma. Las paredes, a veces
calcificadas, complican la movilizacién del saco
durante la diseccién, con probabilidad de ruptu-
ra y resultados desastrosos. Cuando se encuen-
tran estas caracteristicas el paro circulatorio
ofrece una enorme ventaja al cambiar un aneu-
risma duro, pulsatil y lleno, en un saco suave
y colapsable, facil de manipular y con menores
riesgos de ruptura (20-22).

Drake, de 174 casos de aneurismas complejos, re-
porta buenos resultados quirargicos en el 71,5 %
de los pacientes, pobres resultados en el 13 % y
resultados fatales en el 15,5 %. El pronoéstico es
peor para aneurismas de la circulacion posterior.

Otros factores que afectan el prondstico son el
estado neurolégico del paciente al ingreso (buen
estado: 88 % de buen pronédstico; mal estado:
solo el 43 % tienen un buen pronostico), su edad
(<45 anos, 90 % de buen pronéstico) y la expe-
riencia del cirujano (12).

Spetzler y colaboradores, en clipaje de ocho
aneurismas complejos, con cirujanos experi-
mentados, hipotermia profunda y paro circula-
torio, reportaron un tiempo promedio de paro
circulatorio para el clipaje de 11 minutos, y el
rango fue de siete a 53 minutos (15).

La utilizacion de hipotermia profunda con paro
circulatorio en pacientes seleccionados ofrece
un razonable riesgo-beneficio para el manejo de
aneurismas cerebrales, comparada con la histo-
ria natural de los aneurismas no tratados.

Para tratar de limitar el dafio hecho al paciente
con microcirugia y clipaje (craneotomia, retrac-
cion del cerebro expuesto al aneurisma, retrac-
cion de nervios craneanos, oclusion de arterias
perforantes con el clipaje, tiempo de hospitaliza-
cion, eventos isquémicos), se ided la técnica de
oclusién endovascular con coils o espirales, de
buenos resultados en aneurismas pequenos con

tained. Their adjacent branches also lack suit-
able demarcation in the wall of the aneurysm.
Such walls, which are sometimes calcified, com-
plicate mobilising the sac during dissection with
the probability of rupture thereby leading to
disastrous results. When these characteristics
are found, circulatory arrest offers an enormous
advantage in changing a hard, pulsatile and full
aneurysm into a soft, collapsible sac which is
easy to manipulate and has less risk of rupture
(20-22).

Drake reported good surgical results in 71,5 %
of patients from 174 cases of complex aneu-
rysms, poor results in 13 % and fatal results
in 15,5 %. Prognosis is poor for posterior cir-
culation aneurysms. Other factors worsening
prognosis are patient’s neurological state on
being admitted (good state: 88 % good prog-
nosis, poor neurological state: only 43 % have
a good prognosis), a patient’s age (<45, 90 %
having good prognosis) and a surgeon’s expe-
rience (12).

Spetzler et al., reported an average circulatory
arrest time for clipping of 11 minutes (range was
7-53 minutes) (15) in clipping 8 complex an-
eurysms with surgeons having experience with
deep hypothermia and circulatory arrest.

Using deep hypothermia with circulatory ar-
rest in selected patients offers reasonable risk:
benefit ratio for managing cerebral aneurysms
compared to the natural history of untreated an-
eurysms.

The endovascular occlusion technique with
coils or spirals was devised when trying to
limit the damage done to a patient by micro-
surgery and clipping, craniotomy, retraction of
the brain exposed to aneurysm, retraction of
cranial nerves, occlusion of perforated arteries
with clipping, hospitalisation time, ischemic
events, giving good results in small, short-
neck aneurysms. This did not offer a definitive
solution for all patients suffering complex an-
eurysms (40 %), 39 % being left with residual
neck, 87-90 % with recanalising giant aneu-
rysms and which could lead to cerebral-vascu-
lar disease whether caused by coil embolisa-
tion into a distal vessel, prolapsed of the coil
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cuello corto, pero que no ofrece una solucion de-
finitiva en todos los pacientes con aneurismas
complejos (40 %), quedando con cuello residual
el 39 %, con recanalizacién los aneurismas gi-
gantes en el 87-90 % de los casos, los cuales
pueden dar lugar a enfermedad cerebrovascu-
lar (por embolizacion del espiral a vaso distal,
prolapso del espiral fuera del aneurisma, recu-
rrencia del aneurisma, ruptura del aneurisma a
largo plazo) o morbilidad neurolégica (ceguera,
afasia, paralisis, coma, muerte) (21).

La hipotermia profunda con paro circulatorio
se utilizo exitosamente en el caso de la paciente
aqui reportado, en donde las técnicas quirurgi-
cas convencionales y las técnicas endovascu-
lares no eran la mejor alternativa, y en donde
el concurso de un grupo multidisciplinario fue
esencial para poder brindar atencion y solucion
a la patologia de la paciente.

outside the 1 aneurysm, aneurysm recurrence,
rupture of long-term aneurysm and neurological
morbidity: blindness, aphasia, paralysis, coma,
death (21).

Deep hypothermia with circulatory arrest has
been successfully used on patients where con-
ventional surgical techniques and endovascular
techniques have not been the best alternative
and where the concurrence of a multidisci-
plinary group was essential for providing atten-
tion for this patient and resolving her patho-

logy.
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