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21 the ﬂe&reip_?_ ent, e5pecmlly on the cases. whom unconscsouss and to follow up in cli-

ulﬁl@" thposstile. On the other hand, acmrdmgly with the  1CP measurement - method,

it 8" M’w ﬁmslﬁie to 'chedk ti‘le ‘brain - voliime mdex and pressure volume response in the

ceaiRspinal; (ixis. Abother important point of ICP measurement is that it can be used

tqmeleam mtelrmiaal :ﬂum to lm-cr me lngh ICP accm-dnig!y with the measurEmmt

u;fg made b&' I—:EYDEN in 1366 ud its mchmqm was introduce
,, cpl practice in 1960 by LUNDBERG?. . Since thea, the indications

p;tonpg havp mcreascd to inciude. head ingury, ssbarachnoid and mtmcramal
' g8 bram tumnrs, hydrhalm, 1 hypum bmm Mage and mp-

., The widesg eaﬂ use gf intmmmal pressure (ICP) mdmmrmg in cimlc.al'__
utosurgery has facilitated the managenient of elevated ICP.! ‘Although there is |
\grecnt t whh mrd to the dlagnosﬁc aﬁd theﬂfapeutlc value of ICP :

* This paper has bwp pmentad in the NE,URD‘SURGERY AUTUMN SYMPOSI‘UM ON
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ICP monitoring methods vary, but only three methods have been widely
used, of which has its advantages and drawbagks’ff,? Gt T negpta raaog

. .#H

a) Extradural monitoring : In this method, either the sensor is placed in
direct apposition to the dura or the signal is transmitted to an extracranial sen-
sor using a fluid filled extradural screw. The method affords the advantages of
relatively easy placement and a low incidence of serious infectios, as the duta
remains intact. Major disadvantages are signal damping, problems of- - gdtisor
plate - dura interrelationships and a tendency to over-read when compared to
ventricular pressure. In addition, the method does not allow assessment of
intracranial compliance® * *- %, LIRS

b) Subarachnoid/Subdural monitoring : The ICP is transmitted via'a flmd_
column to a sensor using a subarachnmd catheter or extradural screw placed m
the subdural or subarachnoid spaces. The main advantages are ease of place-'
ment, avoidance of brain puncture and independence fmrn bram shift or small .
ventricular size. The drawbacks are that blockage of the screw may occur at
high ICP levels, surface bleeding may be caused whcn the dura and arach.nmd.x
are opened; cerebrospinal fluid (CSF) leak espcg,1ally with the catheter, may -
occur and there is potential risk of meningitis owing to the ‘dural’ breech. In-
addition Mendelow, ¢t al, reported that both the LEEDS and RICHMOND'
screws tend to under-read in the subdural space at ICP values above 20 mm Hg.
Also, recently it was rcported that the ICP recorded in the subarachnmd space

may vary with the sitc of measurement in patients with 'unilatéral i)at-'
hology.® % 2% 4. 45, e ST

c) Intraventricular monitoring : The ventricular ﬂmd prc.,sure metﬁod
(VFP) involves the insertion of a catheter or a reservoir into the frontal hm‘n of
the lateral ventricle with connection by fluid line to on external sensor The
method has the advantage of high quality and most accurate recordmgs ahd
allows CSF drainage and pressure/volume analysis. (Fig: 1-2-3). In acute’
pressure situations the combination of immediate diagnosis and immediate ttaet-
ment may bc lifesaving and in many patients continous drainage of ventricular
fluidd under pressure control has shown to be a valuable aid for prolonged tre-
atment of intracramal hypertension. (Fig: 4-5-6-7-8). In addition, the indwel-: -
ling catheter or reservoir facilitate ventriculography, sampling of CSF and -
intraventricular administration of drugs as necessary, Recordings of : the VFP
and volume/pressure response (VPR) may be more or less useful ms different
kinds of patients and in different situations (Fig 3).

" The disadvantages of this method are that the bram must be. punctured aml
when the ventricles are small and shifted they may be diffucult to locate.
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Generally, no attempt to be made more than three to puncture the ventricle and

4t enmcoessful, # would' ‘be wise to tmen s&barnchnmﬂ/ mbﬂurai mnmwrm

Wﬂ “%“ﬁi&%!ﬂ LN Y W ey

I A t’:ﬂheter mwl;ed into tl!c lateral ventﬁcie rewrds 2 pulsat!le prmure
of £-10 mm: Hg (0-436 mm ‘H20) relative to the foramen of Monro when the
patient lying flat. In normal circumstances, however, ICP may - transiently
increase to 100 mm Hg during coughing or straining. Although it has been
traditmnal to measure lumbar CSF pgessure in milimetres of water. It is. more
valuable to measure ICP in milimetres of mercury as it may need to be cnitically
comipated with acterial pressure. (Fig: 1). When the ICP is’ ‘displayed on an
ostilléscope “or' chart recorder two frequencies of pulsation are seen: a rapid
wsoillation  whith corresponds to arterial pulsation and a slower waveform
synchronous with respiration. They are produced by changes in intrathoracic
presspm. ‘(Flﬂ =,

WMT IS ELEVATED ICP?

A sustanwd mcrease m mean ICP above 15 mm Hg abnamwl but ICP
may in some cnrcumstanccs rise to the level of the arterial pressure. ICP levels
]Retween 20 40 mm Hg are cans:dered to be moderately elevated (Fig: 5, 6, 7, 8)
and those 0ve1: 40 mm Hg severly elevated (Fig: 4). Elevatmns in ICP may
takc the form of a steady increase or more often appear as periodic waves. The
conmderable varlatlon in ICP that occurs with time is the reason why it is im-
portant to monitor it contmously (Fig: 5, 6, 8). Three forms of pressurc wave
were distinguished by LUNDBERG: PLATEAU waves rising abruptly to 50 mm
Hg. or more, for 5-20 minutes and then falling spontancusly (Fig: 6); SHARPLY
PEAKED waves of variable height occuring at a frequency of 0,5-2/minutes and
often - corresponding to changes in respiration (Fig: 5,7,8) and WAVES re-
lated to TRAUBE-HERING plots of blood pressure arising 5-8 times/minute®.

WHAT ARE THE CLINMCAL CORRELATES OF RAISED ICP?

With increasing experiencé of ICP moﬁitoﬁng it has become evident that
the pnly way reliable, to gauge its level and its variations mrer time is to meassure
cqnunou,sly an,d mclude at least one overnight record® ®

" The Cushing triad of headathe, vomiting, and papﬂloedema is the traditi-
phat ¢Hnical h'}dii:atﬂr ‘of mtracranla1 hyperrensmn Papllloedema IS a rehable

| AP “‘ !nl
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_sngn that ICP ls QI has recemly bee.n mcraﬂud, but. u mkm time m dﬂwlﬁp
and headache and vomiting may be absent during severely iacreased ICR, (Othe
signs such as drowsiness, bradycardia, arterial hypertension, pupillary dilatation,
decerebrate rigidity and respiratory changes which qre feegi_!n Pﬂtﬁmﬂ
with high ICP are related casually more to brain sht}t distortion and herniation
than to specific pressure . levels” '™ ' ', - However,  increasing ICP in such
patients is often a forerunner of and an. unpnrtant ‘glue: to mpéndmg neumle—
gical deteriocation® %, » : : TR

WHAT HARM ])OES RAISED ICP DO" s ; o “

N

Papllloedema which may lead onto optlc at.rephy and blmdne&s, ls a {hect
consequence of raised ICP. The other harmful effects of intracranjal hyper-
tension are mediated either thm@h reductions in cercbral blood, flow (CB¥). or
through brain shift'>#*. D LA A R T aTI

A dramatic correlate of brain death following overwhelmmg he-&a injiry or
subarachnoid hemorhage is the appearence of “false block” of the carotid
system in which angiographic contrast medimm injected iato the : internal
carotid artery fails to enter its intracranil portion. In thls situation the ICP is
or has recently been, at the level of the artena] pressure so that there is no
perfussion pressure avaliable to drive the contrast med'mm accross the eerebro-
vascular bed. In the normal eerebrovaseular bed, CBF can be mamtamed wn,thm
the usual limits in the face of rising ICP until the dlfference between artenal
pressure and ICP l'allq to 40 mm Hg, below this CBF falis prec1p1tously In
the damaged brain, where thlq “autoregulatory mecha'riism lS 1mpau'ed CBF
falls at lesser levels of mtracramal hypertensmn“

' "-.I l
.

One wonders from the both cllmc and ' experimental ewdehces whether
there is an arbitrary level of raised ICP at whichtreatment should bé 'started.
It is known that neurological function:is deterioted by any ' inctease in ICP
which, produces cerebral ischemia or aggravates brain shift® ™ #8223 ., @ o

ir' I:J v
Q - '

WHAT ARE THE INDICATIONS FOR ICP MONITORING
AND HOW MAY IT HELP THE PATIENT?

ICP monitoring is most frequenily used in severe head injured cases to _;s'e"-e
if any complication of trauma (acute hematoma, delayed hematoma, post fthu-
matic hydrocephaly) devcloping, although there is .against, opinions to use the

ICP momtormg‘ 5, 8, 13, 15 21 23 29 30, 36, 41._ It ls 3150 Wldﬁly wd m gﬂb‘{um
patlents with subarachnoud hemorrhage, intracranial hemorrhage and brain tu-
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— PREOPERATIVE ICP MONITORING —

mors who are awaltmg surgew, in hydmcephalus m benign intracranial
hypertension, and 1\ hypoxic brain dam 8. &, "’" '

It is believed that the mfmma ﬂf ICP is bengficial to the patient in
several ways. First, it. is important to dehneate those patlem who do not have
elevated ICP, so that g.hey can be spared needless and expensive therapy. It
is also importans to detect those patients who have raised ICP so that this may

be treated ideally by Tf«'m_o-vmg the cause {(removing hematoma, insertion of
shunt etc)® ¢ 5 8. 13. 15, 21 28, 20. 40, 43

By monitoring the ICP, the effectivemess of treatment can be directly
measured and an . ineffective mode of therapy quickly changed to one that
works®®. On the other hand, the ICP monitor provides the sole guide the
progress of mtracramal events in the patients who are not accessible by neurolo-
glcal exammatlml am;l chmcal followm like the ones artifictally ventilated
under muscle relaxants. (Figures: 9, 10, 11).

100

{0

200

Figure 1 ¢ Simultaneuslf,f recorded JCP and systemic arteriyel pressure graphics.
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Figure 2 : This figure shows Tthe relations between the intracranial pfessilte in
- mmHg and intracrania] volume in ml. (V/P graphic)

Figure 3 : [ICP recording with V/P analysis (compliance).
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Figure § : ICP recording with a moderate high course and peaks du‘ring steep.
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Figure 6§ 1 With a moderate high course ICP recording and during slecp at
times PLATEAU waves present.
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Figure 7 : With a modcrate ICP recording but very often peaks appear.
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Figure 8 : ICP recording with a moderate high course and PSAKS during slecp.
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— PREOPERATIVE ICP MONITORING —

Figure 9 : A Case, involved in a road traffic accident, being deeply  unconscious
and his skull XR shows multipl hncar fractures which render hun to develop an oxtra-
dural hematom, but his imtial CAT scanning showed no hematoma (see hgure — 10).

"B_@633AGE3SAAB94- 06
APR 4 1992

N

Figure 10 : CAT scanning of the case with multupi lincar shull fracture and Loss
of consciousness, this imtial CAT did not revealed any intracranial hematoma,
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Figure 11 : Being ventilated under muscle relaxants ICP monitored, in othcr_: words,
not being able to be accessible with neurological examination, this case’s ICP level 2
days later of his ventilation ICP raised and immeciate invtstigation with recpeat CAT
scanning showed under he linear fractur a huge EXTRADURAL HEMA’IBMA pre-
sent. Othcrmse this case, if ICP had not been monitored, would have died as h:s huge
extradural hematoma would have been mlssed L

REFERENCES :

1. Becker, D. P; Miller, J.D; Ward, J.D. and et al: The Qut—cbme 'fmm seimre head in-
jury with early diagnosis and intensive management. J. Neurosurg. 47: 491 — 502
1977. |

2. Cheek, R.C; Evans, A.F and et al: Device for extradural momtormg of intracrani-
al pressure. Neurosurgery. 5: 692 — 694, 1977

3. Cobanofilu, 8.: Intrakranyal basincin (ICP) olgﬁmﬂ yﬁksek ICP msidem: ve f¢-
davisi. Medica. 25 — 28 (Temmuz). 1985 | | |

4. Cobanoglu, S.: Pediatrirk N&mg:rumde lmrakranyal Bamﬂg (fCP} ﬂlg:immnun onemi.
Medica. 27 — 30. (Agustos) 1985, T

5. Cobanoglu, S.: Gecikmis “Delayed” travmatik intrakranyal humawmlmn (DTIH)
erken teshisinde intrakranyal basing (ICP) &liciimiinlin Snemi. Medica. 14 — 15 (E-
kim). 1985,

196



———— ——

— . - - o ———— e ——

— PREOPERATIVE ICP MONITORING —

- Deoardden, N. M; Mcdowall, D.G; Gibsen, R.M.: Assessment of Leeds device for

momtoring intracranial pressure. J. Neurosurg. 60: 123 -— 129 — 1984

-Dersch, N. W.C; Symon, L.: The Validity of extradural measurement of the intrac-

ranial pressure, (Lundberg, N: Ponten, U; Brack, M. Leds). Intracranial Pressure.

H'. Berlin/Heidelberg/New York. Springer - Verlag. 1975. 403 — 407.

. Emenberg, H. M; Cayard, C. and ¢t al: The Effects of three potentially preventablc

complications on outcome after severe closed head injury. Intracranial Prerssure V. (Edt.

by 8. ISHII, H. NAGAI and M. BROCK). Springer - Verlag, Berlin/Heidelberg $49 —

10.

12,

14,

1.

16,

17,

T3

19,

197

553. (198)3).

Fitch, W. and Mcdowall, D. G.: Systemic vascular responses to increased intracra-

ntal pressure (I). Journ. of Neur, Neuroswrg, and Psych. 40: 833 —842. 1977.

Fitch, W; Mcdowall, D. G. and et al.: Systemic vascular responses to increased int-
racranial pressure (I1). Journ. of Neur, Ncurosurg. and Psych: 40: 843 — 852, 1977.

F'riden, H. G and Ekstedt, J.: Volume / prcsSure relationship of the cerebrospinal
space tn humans. Ncurosurgery. 13:351 — 366, 1983

Gulicich, J. H. and Gudo, L.J.: Ommaya device in carcinomatous and leukemic me-
ningitis. Surg Clin. of N. Amer. 54. (4):915—922. 1974.

Greenberg. R, P; Zachanas, M and et al: Pathology and chinical significance of
ICP course in comatose paticnts with scvere head myury, Intracranial Prermssure. V.
(Edt by. §. ISHII; H. NAGAT and M. BROCK). Springer - Verlag. Berlin/Hetdelberg.
532 — 536 (1983).

HEKMETPANAH, J.: The Sequence of alterations in the vital signs during acute
expennental incrcased intracranial pressure, J. Neurosurg, 32: 16— 20. 1970

Kobayashi, §; Nakazawa, S. and et al: The Value of intracranial pressure (1CP)

mecasurcment 1in acute scvere head myury showing diffuse cercbral swelhng. Intrac-
ranial pressure. V. (Edi. by S. ISHII, H. NAGAT and M. BROCK). Springer - Ver-
}ag. Berlin/Heidelberg., (1983). 527 — 531

Langfitt, T. W :; Kassell, N. F. and Weinstein, J. ).: Cerebral biood flow with 1nt-
racamial hypertension. Neurology. 15: 761 — 773 — 1965,

Leavens, M.E and Aldama — Lucbert, A.: Ommaya reservoir placement. Tech-
nical note. Neurosurgery. 5:264 — 266. 1979,

Lecch, P.and Miller, J. D.: Intracranial volume - pressure relationship during  ex-
perimental brain compression in primates. (2). Journ. of Neur, Neurosurg. and Psyc-
hatry. 37 : 1099 — 1104, 1979

Leech, P. and Miller, J.D.: Intracramial volumc - pressure relationship during ex-
perimental brain compresston in primates. Journ. of. Neur, Ncurosurg. and Pscyh-
atry, 37 : 1105 — 111. 1979.



S OOBANOGLU

20 Lundberg, N.: Clinical indications for measurement of ICP lntracramal Pressuré
- (Bdt;tby BROCI( M. DIETZ mg _ Springer < Verlagl 1970 --
21. Manhall, L. F; Smith, B.W snd Shapiro, H ,
atmaﬂt m severe hmd mjm m 1 z +‘I‘h& ante -of -tragrahtill praisure:
| Lo - o Ay }Fi B
22. Mendelow, A. D. Rnwm:l, .l 0. aml et al : A Clmlcal mmpamtm ﬁf uubduml screw

28,

26.

Pressure »mammemeﬂta with vmt:ricmr pmsslms ai: Ne iﬂ 45 -**5’9 1933

l-Mlllﬂl'; J. D.: llmracmmai pmure mamﬁmiﬁg Br J Hesﬁf Mﬁd *1‘9513?-—:— 503,

1978. o _ , IR T

Miller, J.D.: Studies of 1ntracmmai pressure anmwmm in. mems m head

injury.: J. ‘Neurosurg. Somncas 217 —223. 1973 Lo

. Miller, 3D and Garibi, }. 4 Intracranial \!alumﬂrﬁpressm mhﬂoﬁsﬁip! dm‘hg‘ cons
tinous: monitoring of ventricular fluid presture. Istracranial -pressure. (Edt. by

Brock, M. and Bletz H) Bellm/Heldelberg/New Ym'k Sprmger Verla,g. 1972

- 270 -~ 274. ; I I I ; *..".,.l.

FREIA =

Mlller, J. D. and Leech P.: Effects af manmtol and stermd therapy on mtracramal

- yolume - pressure relatlonshlps 1n patlents J Neurosutg 42 274—-—281 19"75

27.
28.
29..

30'

I &

Miller, J. D.; Stanck, A E. and Langhtt, T W : Cerebral blood flow regulatlon du-
rmg experlmental brain compre.sston J. Neumsurg 39 1'36 R 196 1973 |

*-:_; i}

.-Mjller, J. D. Beeker, D. P and et al: S:gmfrcande of mtracramal hypettcmwn in

severe head injury. J. Neurosurg 47 : 503 — 516. 1977.

Miller, J. D; Butterworth, J. F. and et al.: Further experiencé in -the mntg@ncnt
of - severe -head  injury. J. Neurosurg. 54 :289 —299. 1981." SRS

Narayan, K.K; Kishore, P.R.S. and et al.: .Intracranial pressure: To mositor,

- Of not to monitor, J Neurosurg. 56 650—-——659 1932

3.

32.
33.
34.

35.

198

Ommaya, A.K. : Subcutamus FeSEIVOIir and pump for sterﬂe ACCEss to vantrwular
cerebrospinal fluid. Lancet. 9:983 — 984. 1963.

Pbrtnoy, H D. and et al.: Cerebrospinal fluid pulse waveform as an indicator of ce-
n,bral autorcgu]allon J. Neumsurg 56 : 666——678 1982

Portnoy, H. D and Chopp, M. : Carebrmplnal fhnd pulsa wawe farm analym du-
Ing hypmcapma and hypoxla Ncurosurgery 9 14-——-27 1981

e

.R.ea.m, A, K. and et al. Eplduml measummant uf mtracramal pmwum Neumsur-

cery. 5:36 — 43, 1979,

Rosner, M. J.and et al.: Conslsant mh'lmlar dramm Neumsurﬂﬁy. 15 ll? —
G119 1984, o e e L



—-PREOPERATIVE ICP MONITORING —

o lh‘lﬁ; i % i -t:_-_-';i'I-_,f' '-'1!!'-"1 ' ~*‘- -!

36. Sal, T.G.and Bucker, Td“Bal Effect of intracranial pressure monitoring and agg-
| reseive treatment on mortality in severe head injury. J. Neurosurg. 56 : 498 — 503.
1982.

. loned, Miguidaren, At Clisical. sghlications .of the. pyessuge - volame in-
dex mn treatmam of pediatric head mjunes J Neurosurg 56 : 819 — 825, 1982.

38. Shilds, C,B. aml et al.: Accuratc mtracramal pressure mﬂmtormg Neurmurgery
- 14 : 592 — 593, 1984, A ~ | | X |

&hr F. A akd ot 9 Phjrsio!oglcal features of the pressure volume funptlrm nf
bram clasuc:ty in man J Neumsurg 53 166——1?2 1980

L

40_. Bftin, S C mld Langﬁtt T W.: Normal pressure hydmcephalm Pledtctmg the re-
~,..splts of cereprospinal fluid shusting. 1. Neurosurg. 41 : 463 — 470. 1974,

41. Stuart, G.G. and et al.: Severc head injury managed without Intracranial pressure
monitoring. J. MNeurosurg. 59 : 601 — 605. 1983.

42. Sullivan, H. G. and et al.: An interpretation of pressurc/volume interactions in the
crani{)spinal axis. Neurosurb 6 453—-462 1980

43. bymon, L &ml Domcll, N,W C,s Use of Iong term intracnial pressure measure-
ment to dSSESS hydrowphahc paueuls puor to shunt surgery. J. Neurosurg. 42 . 258 —

'h73:'1978

44. Swamn, K. W. and Cosman. E.R.: Modification of the Richmond subarachnoid
screw for montioring intracrantal pressure. J. Neurosurg. 60 :1102 — 1103. 1984,

45. Vries, J.K. and et al.: A Subarachnoid screw for monitoring intracranial pressure.
J.Neurosurg, 39:416-—419, 1973.

P A

T

1Y



