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1350 gr/ 2% peso
corporal

15% gasto cardiaco
20% oxigeno

25% gasto energético
(glucosa)
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FLUJO SANGUINEO
CEREBRAL (FSC)

1000 litros al dia a una PAM: 100mmHg

Volumen sanguineo intracerebral: 75 ml 6,4 ml de sangre aumentan la
PIC de 10 a 20 mmHg

750 ml.min-t 45-65 ml.100gt.min-1

Presion de Perfusion Cerebral = PPC
(PAM - PIC)

Resistenclas vasculares cerebrales > RVC

FSC = PPC/RVC




Monitorizacion FSC
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Autorradiografia
cuantitativa
. SPECT

PET

Positron emission tomography Single-photon emission

computed tomography
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Monitorizacion FSC

Angio TC
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Monitorizacion FSC

Angio TC

0]

[DDIGOIETUS

1 de cada 6 espanoles
sufrira un ictus en su vida

reCconocer sus sintomas pueae

ayvudar a salvar una vida

Cualquiera de estos sintomas indican que es
probable que estés sufriendo un ICTUS
Lo que debes hacer es llamar a:

= IMERGENCTAS 112
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Monitorizacion FSC Doppler transcraneal
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www.transcranial.com

&~ C & [ www.transcranial.com/edu/index.htrr

g uB [3vDl Google

i3
|

Educational Software for

Transcranial Doppler (TCD)

| Home | TCD Simulator Download | Ambulatory TCD | Contact | Links |
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Hybrid diffuse optics

few cm

0]

Detectors

O
zZ
AN Skull & Scalp
K, Low Spatial, High Temporal Resolution,
O Deep tissue monitors
O ﬁ'égion of
oo | Near Infrared Spectroscopy (NIRS)
“.. dcortex hterest . i
O o Err measures:Blood oxygenation, Blood volume
o Hemoglobin concentrations, Scattering
n
=
SAlat, IRSISOIMIHIGTES SIS Diffuse Correlation Spectroscopy (DCS)
Depth Resolution: ~10mm measures:Blood flow with no need to
Temporal Resolution: ~500 ms any tracer...

Peyman Zyrac. ICFO 2011



Bowman perfusion
monitor

0]

The mew Thermal Diffusion Probe
shown with the umbilical cord compatible
with the Bowman Perfusion Monitor.
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The probe is shown in comparison
to a dime. The new probe also includes
a printed depth indicator.




REGULACION DEL FSC

o Autorregulacion
e Gasto cardiaco

* Metabolicos

— pCO,

- pO,

— Hipotermia

— Ca++, adenosina, histamina, ON
* Neurogeénicos (SN vegetativo)

* Reologicos
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REGULACION DEL FSC
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Fig. 1. Cerebral autoregulation is visualized as a correlation plot between cerebral blood flow (CBF) and cerebral perfusion pressure
(CPP). CBF remains stable between the lower limit (LL) and the upper limit (UL) (portion B, plateau). CBF is pressure passive at the CPP
range below the lower limit (portion A) and above the upper limit (portion C). This illustration uses a CPP of 60 mmHg as the lower limit,
a CPP of 150 mmHg as the upper limit, and a CBF of 50ml/min per 1009 as the plateau. However, these regularly quoted numbers
are not fixed; rather, they vary interindividually and intraindividually depending on a variety of factors. Therefore, we take a note of SD
to emphasize that these parameters have a wide range of distribution. The cerebrovascular reactivity is also illustrated.



oY estos limites son
slempre asi?
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Pacientes con HTA

-
LZ) —
o
fi? = 75
& ;
@) T
[ ok |
Qo —
i) =
S E
[ |
i.l__ LL

75 125 173
Prasion artenal media (mim Ha)




Pacientes con HTA

CEREBRAL BLOOD FLOW percent of rest

—
,.#9* Normotensive patients
100 1 —
Hypertensive patients
O //
=z .
AN Autoregulation of Cerebral Blood Flow
T 50 in Hypertensive Patients
e The Modifying Influence of Prolonged Antihypertensive Treatment on
the Tolerance to Acute, Drug-induced Hypotension
©
Q0 - ~ . .
O 50 100 150 200
_9 Treated hypertensive
s patients
L 00y 0 o memsemmaeseea B
501
50 100 50 200

Mean arterial blood pressure mmHg

Strandgaard, Circulation 1976;53(4)



Tono simpatico
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car (r/m) Tono simpatico

Y. control
120 —
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¥ % / F
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/ Journal of Neurology, Neurosurgery, and Psychiatry, 1976, 39, 1014-1022
60 — {/f
i/ Autoregulation of cerebral blood flow during
40 — ' controlled hypotension in baboons
W, FITCH!, G. G. FERGUSON2, D, SENGUPTA, J. GARIBI?, AND
20 — A. MURRAY HARPER
D —

| ] T ] T l | | I |
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BLOOD PRESSURE (MEAN )
% control

FIG. 2 Effect of decreasing mean arterial pressure on
mean cerebral blood flow in baboons subjected to
haemorrhagic hypotension (@——@) and those
subjected to drug-induced hypotension with halothane
plus trimetaphan (I} - - ). Valites shown are means
+ SE. *p<0.005. **p<0.0].



Limite inferior de la autorregulacion

Predicting the Limits of Cerebral Autoregulation

During Cardiopulmonary Bypass

Brijen Joshi, MD,* Masahiro Ono, MD, Charles Brown, MD,* Kenneth Brady, MD,
R. Blaine Easley, MD,§ Gayane Yenokyan, PhD,|| Rebecca F. Gottesman, MD, PhD,{
and Charles W. Hogue, MD*

Predicting Blood Pressure Targets for CPB

S

@)

Anesth Analg 2012;114(3):503-10

DTC

En una cohorte de
pacientes ancianos y
pluripatoldgicos, el valor
de la PAM encontrado
como limite inferior de la
autorregulacion (LIA)
durante BCP fue de 66
mm Hg.

Hubo mucha variabilidad
en el LIA, con intervalo
de prediccion 95%

entre 43 y 90 mm Hg

# of Subjects

40

30

20

10

NIRS

ICM+
software

60 70 80 100

Mean Arterial Pressure (mmHg)

40 50 90

Figure 1. Mumber of subjects versus the mean arteral blood pressure at the lower limit of cerebral blood flow autoregulation during
cardiopulmonary bypass based on the transcranial Dopplerdetermined mean velocity index.



Como medimos la
autorregulacion

Fisiologia del SNC )




La autorregulacion dinamica (dRoR) es mas rapida que la estatica
y es sensible alos cambios en la presion del pulso.

La autorregulacion estatica (SRoR) es mas lentay se produce en
respuesta a los cambios de la presion arterial media.

Pruebas: Monitorizacion:

Estimulacion:

- Farmacos para incrementar la presion arterial
-"leg cuff release”

- “head down tilt”

- Disminuir la presion arterial

- Respirar lentamente

- Compresion transitoria carotidea

Sin estimulacion:
Ondas espontaneas de la
presion arterial o la PPC
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Autorregulacion estéatica - PET

0]

Scan 1 Scan 2
(CPP =74 mmHg) (CPP =98 mmHgQ)

1t
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Steiner LA. Assessment of Cerebrovascular Autoregulation in Head-Injured Patients. A
Validation Study. Stroke. 2003 34:2404-2409



Autorregulacion dinamica - DTC

Test de Respuesta Hiperémica Transitoria

Autorregulacion conservada Autorregulacion alterada
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Smielewski P. Evaluation of transient hyperaemic response test in head injured patients. J.
Neurosurg 1997; 86:77/3-778



REGULACION DEL FSC

CO 2 - Vasodilatador cerebral mas potente

0]

Lz) El VSC cambia 0,05 mL.100g! por cada cambio de la
n pCO, en 1 mmHg
Q
©
L
oT0 100| Cerebral
O Blood Flow
O (m1/100g/min)
%)
L 50
0 3 6 9 12

m Arterial Pcoz (kPa)
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HIPOCAPNIA |

HIPERCAPNIA




Regulation of Cerebral Autoregulation by Carbon
Dioxide Anesthesiology 2015; 122:196-205

Lingzhong Meng, M.D., Adrian W. Gelb, M.B.Ch.B.
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REGULACION DEL FESC
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REGULACION DEL FESC

Gasto cardiaco
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Cardiac Output and Cerebral Blood Flow Anesthesiology 2015; 123:1198-208

The Integrated Regulation of Brain Perfusion in Adult Humans

Lingzhong Meng, M.D., Wugang Hou, M.D., Ph.D., Jason Chui, M.B.Ch.B., Ruguan Han, M.D.,
Adrian W. Gelb, M.B.Ch.B.
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REGULACION DEL FSC
hipotermia
RO2

Hipote

FSC
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Bypass cardiopulmonar
Isquemia cerebral global (PCR)
HTIC refractaria
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FLUJO SANGUINEO DE
LA MEDULA ESPINAL

- Valoracion dificil

- Variaciones regionales:
cervical y lumbar >40% que
toracico (menor cantidad de

sustancia gris)
-Autorregulacion

- Respuesta a pCO, y T¢
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EN PREANESTESIA:

- ¢ ES hipertenso?
- ¢A qué tension suele estar?

- Escribirlo en el informe

EN QUIROFANO:

- Con las 2 mediciones de la sala +
a la llegada al quiréfano:
CALCULAR LA MEDIA

- PAM = (2-PAD + PAS) / 3

- TRATAR PRECOZMENTE
VARIACIONES DEL 10-15%
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ACTIVIDAD METABOLICA
CEREBRAL

Transmision sinaptica

Metabolismo basal

ACOPLAMIENTO
NEUROVASCULAR

Oxigeno
Glucosa

En condiciones normales, el
aporte de oxigeno es paralelo
al gasto de energia.

- GLOBAL
- REGIONAL

- Condiciones patoldgicas:
epilepsia, coma




Visual Stimulation (Initial time course)

C

Silent Word Generation

Brocca's Area
Signal Intensity Change
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ACTIVIDAD METABOLICA
CEREBRAL

1 Acoplamiento Consumo ATP / O, — Aporte de O,
’Cf @Consumo metabdlico regional de O,
% 3-3,8 mL/100g/min
< CMRO, = (FSC - Ca0,)- (FSC - CjvO,)
§) CMRO, = FSC - (Ca0,-CjvO.,)
[
L AJVDO, = 7 mL 0, /100 mL sangre

Medida de Acoplamiento Metabolismo / Flujo

AjVDO, = CMRO, / FSC




ACTIVIDAD METABOLICA CEREBRAL

ﬁ@; Diferencia arteriovenosa de O,
- (N\p[oM- (CaO,-CjvO,)
@)
=z
b Contenido O, = (Hb - 1,39 - Sat O, ) + (0,003 - pO,)
Q
©
\C—U
oo AjVDO, = (Hb -{1,39 | Sat O, ) +{(0,003 - pO,) ART -
_8 (Hb -[1,39-Sjv O, ) +[(0,003 - pO,) YUG
‘N
1
AjVDOZ inversamente relacionado SjVOZ

Aporte

excesivo Normal Hipoperfusio Isquemia
compensada global




Actividad metabolica cerebral

iIndice metabadlico
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PtiO,

current meter
I
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MONITORIZACION FSC Y
METABOLISMO

e DTC doppler transcraneal

0]

e SV|O, catéter golfo yugular
e PO,
e SrO, NIRS
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MONITORIZACION FSC Y
METABOLISMO

« DTC

¢ Sv|O,

* PO,

o SrO, (NIRS)
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* Microdialisis
* Potenciales evocados SS y motores




Microdialisis

Medicidon de sustancias del liquido extracelular:
* metabolismo glucosa
» Glutamato/Aspartato

* jones

* Aminoacidos

* Hipoxantina, Adenosina

0]

Método invasivo (trépano)
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Extracellular fluid
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Reinstrup P. Neurosurgery 2000;47:701-710



Potencilales
evocados

 Integridad global (UCI, muerte encefalica)

* Monitorizacion en quiréfano de integridad
local (reseccion tumores, clipaje aneurismas,
Instrumentacion vertebral)

* Motores, pares craneales, sensitivos (SS,
visuales, auditivos...)
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ISQUEMIA
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ATP
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Cellular edema

Acceleration Loss of membrane potential
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Can.L

- profein degradation
- Protein structure modifications

-Plasmic phospholipids degradalion
-Mitochondrial dysfunction

Anaerobic metabolism T
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Muerte
neuronal

-Primaria

-Lesion secundaria
-Cambios ambientales
-Falta aporte metabolico-trofico
-Alt. Transcripcion geneética

NECROSIS CELULAR )

Cell membrane FAS Ligand

Cytosol

-Duracion / Inten
-Fallo energético

estruction

APOPTOSIS
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FSC (ml 100 g-Imin-1)

1 2 3 Permanente

Duracion isquemia (horas)



Penumbra isquémica
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5[ NEWSLETTER

‘ wwwapsforg  1he Official Journal of the Anesthesia Patient Safety Foundation

Volume 22, No. 2, 25-40 Circulation 81489 D J Cullen, R R. Kirby Summer 2007

Beach Chair Position May Decrease Cerebral Perfusion
Catastrophic Outcomes Have Occurred

al Anesthesia (2005) 17, 463469

N Clinical
_ Anesthesia
ELSEVIER
Case report

Cerebral ischemia during shoulder surgery in the
upright position: a case series

Andrea Pohl MD (Clinical Associate)®®,
David J. Cullen MD, MS (Professor, Chalrman)ab *

Journal of

Visual Loss and Ophthalmoplegia After Shoulder Surgery

M. Tariq Bhatti, MD~, and F. Kayser Enneking, MD+ ZAQIBI;E-‘{];QQAEQAQLG

Figure 4. Six months after surgery, compared with the left optic
nerve, there is mild temporal pallor of the right optic nerve (arrow).




Cerebral oxygen desaturation during beach chair position ;55011
Annelies T. Moerman, Stefan G. De Hert, Tom F. Jacobs, Lieven F. De Wilde and Patrick F. Wouters

ISNC LN |
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Table 3 Postural changes in cerebral oxygen saturation and in blood pressure

Left rS:.05 (%) Right rS.05 (%) SAP/DAP (mmHg)

mean = SD (min- max) mean + SD (min-max) {mean £ SD)
Awake 69+ 6 (56-78) 6846 (54-79) 156 & 29/76 + 20
Before position change 7949 (63-92) 77+10 (61-91) 130 +32*%/67 + 20
5min after position change 65- 10 (46-82)% 6611 (40-82)° 110 + 24%5/64 + 24
Minimum value 57+ 9 (42-73)"5 59+10 (40-76)"% B4+ 29%5/46+ 118

rS.0,, regional cerebral oxygen saturation; SAP, systolic arterial pressure; DAP, diastolic arterial pressure. * P < 0.05 vs. awake value. 5 P = 0.05 vs. value before position
change.

Fig. 2
S Descenso relativo SrO, > 20% en
— Left r5.0, — Right r5, .
- : E el 80% pacientes al sentarlos
% - En 30% pacientes SrO, < 50%.
— 80
E_E
S -
b".'lu . ., .
=604 Cambios hemodinamicos
01 111 I ] independientes de la gravedad de
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Representative case. Changes in regional cerebral oxygen saturation
(rScOxz) at the start (1) and the end (4) of the beach chair position and
after administration of atropine (2) and ephedrine (3).
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Fisiologia del SNC

Vasos rigidos

Vasos compliantes

Decubito supino P = 4-10 mmHg

Pérdida de mecanismos de respuesta del SNV simpatico a los cambios de
posicion (VD agentes anestésicos y ventilacidn a presidn positiva sobre
retorno venoso yugular)



cdebemos en cuenta la diferencia de altura entre el lugar en el que se
determina la presion arterial y el nivel de la cabeza?

Teoria “modelo cerrado” (sifon) vs teoria “modelo abierto” (waterfall)
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2 [Hydrostatic Gradient is Important—

Blood Pressure Should be Corrected

Gradiente hidrostatico: PA disminuye 1 mmHg por cada 1,25 cm.

50 cm =40 mmHg



La oclusion de los vasos secundaria a la posicion de la cabeza y el cuello
puede comprometer un correcto FSC
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cirugia de malformacion arterio-venosa
(MAV) cerebral

0]

isquemia relativa de tejidos
circundantes: shunt de baja
resistencia

FSC mantenido por VD:
paralisis vasomotora.

Fisiologia del SNC

Extirpacion MAV ........cccccoeevennnnn. "normalizarse” la presion
Paralisis vasomotora impide T RVC para mantener el flujo

Hiperhemia cerebral, edema y hemorragia difusa.
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Caso clinico.

Mujer, 53 anos. ATP cardétida interna izquierda.

Estenosis arterial >95%.
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General

		Nº Paciente		Nombre		SR contral		SR  basal		SR pre		SR durante		SR despues		SR tarde		TA basal		TA pre		TA durante		TA despues		TA tarde		FC basal		FC pre		FC durante		FC después		FC tarde		EDAD		SEXO		Complic.		Destacar NRL

		1		Ferrer				71		73		69		72		70		155		155		135		150		155		98		97		110		110		95		76		1		0		0

		2		Savalls		72		64		70		61		55		58		155		153		115		130		128		70		70		48		95		90		68		1		0		0

		3		Suárez		58		68		71		69		78		76		160		158		170		150		140		75		76		90		89		80		56		1		1		1

		4		López		60		62		69		60		68		71		150		146		160		158		150		61		62		75		65		63		72		1		0		0

		5		Nogues		68		61		70		60		62		63		165		170		160		165		168		78		76		95		92		90		78		1		Hem. Retro		0

		6		Marquez		61		61		71		62		68		61		155		160		150		150		150		100		101		90		93		92		77		1		0		0

		7		Fernández Andújar		66		66		70		63		68		70		165		165		165		170		150		59		60		65		80		70		58		0		0		0

		8		Muñoz		68		69		73		67		75		66		160		165		150		155		130		65		63		62		60		55		61		0		0		1

		9		Valero		51		52		60		45		51		55		158		150		150		165		150		92		95		95		90		89		76		1		0		1

		10		Alisede		61		60		67		61		61		61		173		170		165		160		155		68		70		60		59		58		67		0		0		0

		11		Vergara		78		70		73		65		69		69		140		145		105		128		120		53		51		40		50		70		75		1		Bradicardia		0

		12		Barberan		60		67		74		67		68		68		160		160		135		145		155		62		60		95		93		85		74		0		0		0

		13		Font		53		53		58		52		59		59		160		165		150		160		160		60		60		50		75		73		74		0		0		0

		14		Sicart		73		76		81		73		79		78		140		140		140		140		145		89		90		88		89		93		59		1		0		0

		15		Camos		60		62		62		61		61		61		125		180		170		160		140		100		101		98		105		100		73		1		1		1

		16		Chabas				68		73		73		81		72		175		195		130		170		125		85		78		50		80		75		52		0		1		1

		17		Valcarcel		58		51		54		52		56		56		130		120		115		125		130		55		50		50		60		55				1		0		0

		18		Sebastia		76		70		70		70		72		75		170		145		150		130		145		75		85		60		85		80		76		0		0		0

		19		Gómez		65		69		67		63		65		69		190		165		150		165		150		110		105		80		85		80		49		1		0		0

		20		Labal		72		67		67		66		70		68		165		150		145		155		150		90		90		95		100		98		66		0		0		0

		21		Tarragó		66		66		72		70		76		71		150		165		150		145		150		60		59		59		80		70		79		1		0		0

		22		Aliseda		64		62		61		61		61		61		185		190		180		185		180		50		55		55		70		70		67		1		0		0

		23		Banares		67		67		68		61		69		68		175		150		145		145		140		65		68		65		65		60		70		1		0		0

		24		Concejuela		60		60		60		58		61		61		150		155		150		170		150		90		85		85		91		90		69		1		1		1

		25		Cruz		60		71		67		62		70		72		180		150		150		160		155		65		70		55		65		60		74		1		0		0

						64.2173913043		64.52		68.04		62.84		67		66.36		159.64		158.68		147.4		153.44		146.84		75		75.08		72.6		81.04		77.64		68.5833333333

						6.9344759371		6.1921993939		6.0171975758		6.5997474699		7.7567175188		6.3697200357		15.8374029858		15.7525659286		17.8605710995		15.0029997001		13.437137592		17.0806908525		16.7901756989		20.060325687		15.7836413205		14.1800329102		8.5613726382				16%, complicaciones NRL

										T1		T2		T3		T4		T5

								SrO2 (%)		64,5+/-6		68,04+/-6,02		62,8+/-6		67+/-7,7		66,4+/-6,3

								TAS (mmHg)		159+/-15,8		158,6+/-15,7		147,4+/-18		153,4+/-15		146,8+/-13

								FC (lx')		75+/-17		75,1+/-16,7		72,6+/-20		81+/-15,7		77,6+/-14

								SatO2 (%)		97+/-0,5		98,3+/-0,3		98+/-0		97,9+/-0,1		98+/-0,5

		SrO2				BASAL				T2				T3				T4

						T2		0.000031705		T3		0.0038643703		T4		0.0384886358		T5		0.7413963492

						T3		0.3386480201		T4		0.1994407606		T5		0.3393762946

						T4		0.1994407606		T5		0.3231888766

						T5		0.2862447408

		TAS

						BASAL				T2				T3				T4

						T2		0.7722748269		T3		0.017180307		T4		0.1838702398		T5		0.0943298074

						T3		0.0032340609		T4		0.2158323895		T5		0.8967804938

						T4		0.1454036297		T5		0.186189603

						T5		0.0023388866

		FC

						BASAL				T2				T3				T4

						T2		0.9101122552		T3		0.3900226877		T4		0.0023955512		T5		0.4082877007

						T3		0.4097338481		T4		0.0184220229		T5		0.074874589

						T4		0.0188714517		T5		0.2685063595

						T5		0.2622614764





%cambios

		Nº Paciente		SR  basal		%cambio		SR pre		%cambio		% respectoT2		SR durante		%cambio		% respectoT2		SR despues		%cambio		% respectoT2		SR tarde		Complic.

		1		71		2.8169014085		73		-2.8169014085		-5.4794520548		69		1.4084507042		-1.3698630137		72		-1.4084507042		-4.1095890411		70		0

		2		64		9.375		70		-4.6875		-12.8571428571		61		-14.0625		-21.4285714286		55		-9.375		-17.1428571429		58		0

		3		68		4.4117647059		71		1.4705882353		-2.8169014085		69		14.7058823529		9.8591549296		78		11.7647058824		7.0422535211		76		1

		4		62		11.2903225806		69		-3.2258064516		-13.0434782609		60		9.6774193548		-1.4492753623		68		14.5161290323		2.8985507246		71		0

		5		61		14.7540983607		70		-1.6393442623		-14.2857142857		60		1.6393442623		-11.4285714286		62		3.2786885246		-10		63		0

		6		61		16.393442623		71		1.6393442623		-12.676056338		62		11.4754098361		-4.2253521127		68		0		-14.0845070423		61		0

		7		66		6.0606060606		70		-4.5454545455		-10		63		3.0303030303		-2.8571428571		68		6.0606060606		0		70		0

		8		69		5.7971014493		73		-2.8985507246		-8.2191780822		67		8.6956521739		2.7397260274		75		-4.347826087		-9.5890410959		66		0

		9		52		15.3846153846		60		-13.4615384615		-25		45		-1.9230769231		-15		51		5.7692307692		-8.3333333333		55		0

		10		60		11.6666666667		67		1.6666666667		-8.9552238806		61		1.6666666667		-8.9552238806		61		1.6666666667		-8.9552238806		61		0

		11		70		4.2857142857		73		-7.1428571429		-10.9589041096		65		-1.4285714286		-5.4794520548		69		-1.4285714286		-5.4794520548		69		0

		12		67		10.447761194		74		0		-9.4594594595		67		1.4925373134		-8.1081081081		68		1.4925373134		-8.1081081081		68		0

		13		53		9.4339622642		58		-1.8867924528		-10.3448275862		52		11.320754717		1.724137931		59		11.320754717		1.724137931		59		0

		14		76		6.5789473684		81		-3.9473684211		-9.8765432099		73		3.9473684211		-2.4691358025		79		2.6315789474		-3.7037037037		78		0

		15		62		0		62		-1.6129032258		-1.6129032258		61		-1.6129032258		-1.6129032258		61		-1.6129032258		-1.6129032258		61		1

		16		68		7.3529411765		73		7.3529411765		0		73		19.1176470588		10.9589041096		81		5.8823529412		-1.3698630137		72		1

		17		51		5.8823529412		54		1.9607843137		-3.7037037037		52		9.8039215686		3.7037037037		56		9.8039215686		3.7037037037		56		0

		18		70		0		70		0		0		70		2.8571428571		2.8571428571		72		7.1428571429		7.1428571429		75		0

		19		69		-2.8985507246		67		-8.6956521739		-5.9701492537		63		-5.7971014493		-2.9850746269		65		0		2.9850746269		69		0

		20		67		0		67		-1.4925373134		-1.4925373134		66		4.4776119403		4.4776119403		70		1.4925373134		1.4925373134		68		0

		21		66		9.0909090909		72		6.0606060606		-2.7777777778		70		15.1515151515		5.5555555556		76		7.5757575758		-1.3888888889		71		0

		22		62		-1.6129032258		61		-1.6129032258		0		61		-1.6129032258		0		61		-1.6129032258		0		61		0

		23		67		1.4925373134		68		-8.9552238806		-10.2941176471		61		2.9850746269		1.4705882353		69		1.4925373134		0		68		0

		24		60		0		60		-3.3333333333		-3.3333333333		58		1.6666666667		1.6666666667		61		1.6666666667		1.6666666667		61		1

		25		71		-5.6338028169		67		-12.676056338		-7.4626865672		62		-1.4084507042		4.4776119403		70		1.4084507042		7.4626865672		72		0

				0		5.6948155243				-2.5791917059		-7.6248036142				3.8909544698		-1.5151148002				3.0072129787		-2.3103600933

						6.0171975758				5.7961533053		6.5997474699				7.3782720608		7.7567175188				6.5462748679		6.3697200357

				T1		0

				T2		5.695

				T3		-2.567

				T4		3.89

				T5		3





%cambios

		



&A

Page &P



Ejemplo1

		65.1		175

		66		173

		63.7		174

		65.1		175

		66.5		168

		68		179

		68.6		180

		71.8		179

		62.6		168		Ejemplo de paciente con hipèremia y clínica

		52.5		160

		59		168

		60		165

		61		170

		62		174

		63		180

		65		176

		67		182

		67		180

		68		169

		69		175

		70		178

		72		176

		73		173

		75		175

		76		175

		78		172

		75		174

		73		160

		71		143

		69		145

		67		146

		67		140

		68		143

		64		150

		62		146

		61		145

		63		143

		62		146





Ejemplo1

		Time



SrO2

SBP

%

mmHg



Gráficos

		Nº Paciente		SR  basal		SR pre		SR durante		SR despues		SR tarde		TA basal		TA pre		TA durante		TA despues		TA tarde		FC basal		FC pre		FC durante		FC después		FC tarde		EDAD		SEXO		Complic.		Destacar NRL

		1		71		73		69		72		70		155		155		135		150		155		98		97		110		110		95		76		1		0		0

		2		64		70		61		55		58		155		153		115		130		128		70		70		48		95		90		68		1		0		0

		3		68		71		69		78		76		160		158		170		150		140		75		76		90		89		80		56		1		1		1

		4		62		69		60		68		71		150		146		160		158		150		61		62		75		65		63		72		1		0		0

		5		61		70		60		62		63		165		170		160		165		168		78		76		95		92		90		78		1		Hem. Retro		0

		6		61		71		62		68		61		155		160		150		150		150		100		101		90		93		92		77		1		0		0

		7		66		70		63		68		70		165		165		165		170		150		59		60		65		80		70		58		0		0		0

		8		69		73		67		75		66		160		165		150		155		130		65		63		62		60		55		61		0		0		1

		9		52		60		45		51		55		158		150		150		165		150		92		95		95		90		89		76		1		0		1

		10		60		67		61		61		61		173		170		165		160		155		68		70		60		59		58		67		0		0		0

		11		70		73		65		69		69		140		145		105		128		120		53		51		40		50		70		75		1		Bradicardia		0

		12		67		74		67		68		68		160		160		135		145		155		62		60		95		93		85		74		0		0		0

		13		53		58		52		59		59		160		165		150		160		160		60		60		50		75		73		74		0		0		0

		14		76		81		73		79		78		140		140		140		140		145		89		90		88		89		93		59		1		0		0

		15		62		62		61		61		61		125		180		170		160		140		100		101		98		105		100		73		1		1		1

		16		68		73		73		81		72		175		195		130		170		125		85		78		50		80		75		52		0		1		1

		17		51		54		52		56		56		130		120		115		125		130		55		50		50		60		55				1		0		0

		18		70		70		70		72		75		170		145		150		130		145		75		85		60		85		80		76		0		0		0

		19		69		67		63		65		69		190		165		150		165		150		110		105		80		85		80		49		1		0		0

		20		67		67		66		70		68		165		150		145		155		150		90		90		95		100		98		66		0		0		0

		21		66		72		70		76		71		150		165		150		145		150		60		59		59		80		70		79		1		0		0

		22		62		61		61		61		61		185		190		180		185		180		50		55		55		70		70		67		1		0		0

		23		67		68		61		69		68		175		150		145		145		140		65		68		65		65		60		70		1		0		0

		24		60		60		58		61		61		150		155		150		170		150		90		85		85		91		90		69		1		1		1
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PROFUNDIDAD ANESTESICA
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- Control clinico

- CAM

- Presion esfinter esofagico inferior
- EMG frontal

- Arritmia respiratoria sinusal

Fisiologia del SNC

- Potenciales evocados auditivos

- Electroencefalograma (isquemia)
- EEG procesado - Prediccion del despertar



Sevoflurane Propofol

0-1 MAG/EC,,

100 ] Awake —MACT B MACtS I MACZ

| Sevoflurane

1-1.5 MAC/EC,,

1.5-2 MAC/EC.,

0-2 MAC/EC,,

Kaisti et al. Anesthesiology 2002;96:1358-70



Del EEG al Indice Bispectral
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EEG procesado
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A. temporal
A. espectral
*A. bispectral

eIndice Beta
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e Otros
subparametros
espectrales y
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Bispectral
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NIVELES DE HIPNOSIS
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Despierto y consciente

Sedacion ligera

Sedacion profunda

Anestesia general

Hipnosis profunda

ONDA EEG PREDOMINANTE

Ondas beta (BIS 100)
>|2

Hz b s

Ondas alpha (BIS <80)
8-12

c WAoo A
Ondas alpha/theta (BIS <70)
4-7

Hy VMWW IR s
Ondas theta (BIS <60)
<4

Ondas delta BIS (<40)

1Y

C Rosow. Anesth Clin North Am 1998:2:89-107



BIS il

0]

- BIS number (40-60)

- EMG
- SQI (signal quality indicator), ICS
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- SR (supresion rate), B/m (burst /minute), SS
(salvas de supresion %)
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www.BISEDUCATION.com
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Brain Monitoring System

Modules on clinical brain monitoring and monitoring for
Intraoperative awareness are the foundation for education

about specific brain monitoring systems.

Featured
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BIS™ Titration SimulatOR ﬁég E! L‘ E il E Monitoring Consciousness: Usin
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(mL)
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Monitorizacion PIC

Sensor pneumatico
epidural

Tornillo |
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Camino Laboratories

rebote
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Pz

o Onda de alta presion

Craneo no compliante

10 mmHg/div.-- 25 mm/sec




Herniacion cerebral

Subfalcial

Uncal o transtentorial
Transcraneal
Transtentorial inversa

Transforaminal o
amigdalar
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Fis

1 Hour

Normal CSF Flow

5 Hours

24 Hours

ion del liquido cefalorrag

Formacion: 0,4 mL/min
=500-600 mL/dia

Volumen: 150 ml




En los capilares
cerebrales el coeficiente
de reflexion osmatica (o)
de la mayoria de los
solutoses =1

Cell
membrane

&

Tight
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proteins
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Barrera
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blood
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En el cerebro el movimiento del agua viene determinado por el gradiente
osmolar entre plasma e intersticio

BHE

LUZ VASCULAR ESPACIO
Capilar cerebral INTERSTICIAL

H,O H,O
Na*, pequefios |, 7~-4------ .| Na*, pequefios
7 ,
lones N lones

Proteinas : c Proteinas




En las zonas con BHE lesionada NO se establecen gradientes de
presion osmaotica u oncotica

La presion hidrostatica intravascular sera la presion
determinante en estos casos

C. Physiological Basis of the Lund Management Strategy I

Jv = K{[(P-P) - 0(T- ;)]

Interstitial
space

Capillary

Robertson CS. Anesthesiology 2001;95:1513-7
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Aguaporinas

2B Review TRENDS in Neurozcisncez “aol.31 No.l
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that alizw watar but not small solules 1o pass across the pare, and intracellular N and Ctarmini. (b] Tetrameric arrangemant of AQFT in membrana. Eash manamer hasg a
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Peter Agre 1988. Premio Nobel 2003



Aguaporinas
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« Canales de agua: Incrementan la permeabilidad
del agua transepitelial

e« 13 AQP en mamiferos
» TetrAmeros proteicos

-~ EN EL CEREBRO
« AQI: formacion LCR _

 AQ4: Flujo agua en cerebro
e AQ9 (aquagliceroporina): metabolismo cerebral
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Review TRENDS in Neurosciences Vol.31 No.l

Water movements in the brain:
role of aquaporins

Matthew J. Tait, Samira Saadoun, B. Anthony Bell and Marios C. Papadopoulos
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Water movements in the brain:
role of aquaporins

Matthew J. Tait, Samira Saadoun, B. Anthony Bell and Marios C. Papadopoulos
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Water movements in the brain:
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EDEMA CEREBRAL
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- Vasogeénico: Trauma, tumor, enf.
inflamatorias e infecciosa

- Citotoxico: Isquemia
- Intersticial: Hidrocefalia
- Hiperhémico: Sd V. Cava superior

Fisiologia del SNC

- Osmotico: Intoxicacidon acuosa

- Compresivo: Meningioma
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EDEMA CEREBRAL

- Vasogenico: Alteracién BHE

Edema intersticial

- Citotoxico: Alteracion Bombas Na/K

Edema celular

(a) Cytotoxic edema (b) Vasogenic edema
AQP4 Lumen H,O
Lumen
Endothelial
0 cell
Astrocyte
foot Tight  Endothelial
process junction cell
TRENDS in Neurosciences

Simard JM. Lancet Neurol. 2007;6(3):258-268
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Edema CitOtéXiCO Alteracion Bombas Na/K

Edema celular

Paso de fluido y moléculas del espacio
extracelular al interior de la célula

CaPIHaW Endothelial cell

Tight junction

(il

Simard JM. Lancet Neurol. 2007;6(3):258-268

Neuron

L ]

Na* flux into neuron and
| depletion of extracellular =Na*

5

RS




La isquemia también induce cambios en la permeabilidad capilar que se
pueden dividir en tres fases: edema ionico, vasogeénico y hemorragico,

- Sodio y agua desde el capilar al intersticio.

— Edema - BHE es todavia impermeable a macromoléculas
<2| ibnico
” okl sedeim ic cedema of endothelial
\ " - 7
e A o Alteracién BHE
Q : ..
O b Edema intersticial
('U Vasog \\ //
\ — cedema
a0 z
X o
e v S
9 =4 \\
Rl J'F > R . N
L f L M
\ —_—
Ei\ \\

- Albumina, dextranos o inmunoglobulinas pueden

Edema vasogenICO pasar al intersticio

y tranSfOrmaCi(')n - Los capilares se comportan como capilares
fenestrados

hemOrraQICa - Los capilares permiten el paso de hematies
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