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Cognitive impairment in patients after traumatic brain injury

Sanguansin Ratanalert, M.D.*, Sawitri Assanangkornchai, M.D.**, Sakchai Seahang, M.D.*,

Thakul Oewakul, M.D.*

*Division of Neurosurgery, Department of Surgery, **Division of Epidemiology, Faculty of Medicine,

Songklanagarind University

Cognitive deficit after traumatic brain injury (TBI) was prospectively studied in patients admitted in
Songklanagarind Hospital during January 2010 to December 201 3. At discharge, 187 out of 521 cases
had cognitive deficit, as defined by an MMSE score <23. Thirty cases of this group were not scheduled for
follow up due to routine post-treatment neurological examinations were unremarkable. This finding empha-
sizes the importance of cognitive measurements such as the MMSE in TBI patients, and can assist health

care teams to add appropriate information and suggest appropriate interventions to patients and their

families.

Keywords: TBI, MMSE, Cognitive
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Abstract

Background: An external ventricular drain (EVD) is a valuable procedure in the management of
temporary cerebrospinal fluid (CSF) diversion. It is associated with the well-known risk of CSF infection
(range, 0% to 27%). But there has been no study which determines EVD related infections between
different techniques of tunneling (inside-out vs. outside-in). In theory, we believe that the inside out
tunneling reduce the infection by the fact that it does not introduce cutaneous pathogens into the ventricles.

Objective:  To compare the infection rates between the different techniques of inside-out and out-
side-in tunneling of EVD.

Methods:  All patients requiring EVD system in Ramathibodi hospital from August 2009 to August
201 3 were enrolled. The outside-in group was retrospectively reviewed and prospective data collection was
performed in the inside-out group.The evidence of CSF infection prior to the procedure, including meningitis,
infected implant (shunt system), or ventriculitis were excluded. CSF samples for culture were collected at
the time of EVD insertion and removal. For each patient we record age, sex, diagnosis, GCS at presentation,
co morbidity, systemic infection, steroid use, operative time, tunnel length, position of bur hole, duration of
EVD in situ, EVD access and cultured organism.

Results: 234 EVDs in 170 patients were included in the study. There were 12 CSF infection noted,
6 of 113 (5.3%) in the inside-out group and 6 of 121 (4.9%) in the outside-in. The infection rate was
not significantly different (P=0.93). Previous EVD insertion was found to increase the infection rate(P=0.01)
but gender, GCS, systemic infection, co morbidity, position of EVD, operating time, steroid usage, duration
of EVD, SAH and IVH were not correlated.

Conclusions:  The infection rates of inside-out and outside in tunneling of EVD were similar. Among

various factors, only previous EVD insertion was found to increase infection rate.
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Background

External ventricular drains (EVDs) are commonly
used to monitor intracranial pressure or to drain the
cerebrospinal fluid (CSF) in patients with various eti-
ologies of hydrocephalus. Despite the usefulness of
EVDs, the placement is associated with complications,
notably CSF infection. In a review from 14 studies, the
CSF infection rates ranged from 0% to 27% with a
mean of 8.9 %.' ~° Another review that pooled 23 pub-
lished reports, the infection rates ranged from 2.1%
to 22% (mean, 8.8%)."">* In addition to being as-
sociated with a poor outcome, these infections lead to
increased length of stay in the ICU and overall hospital
cost.”™® Several risk factors for EVD related infection
have been identified, including craniotomy, systemic
infections, depressed cranial fracture, intraventricular
hemorrhage(IVH), subarachnoid hemorrhage(SAH),
EVD irrigation, neurosurgical intervention, and the du-

1,3,4,6,7,10-18

ration of EVD in place. There were several

methods to reduce EVD-related infection such as an-

1,3,5,20

tibiotic prophylaxis,1 o antibiotic coated EVD, long

1,2

21,22 . .
tunnel length more than 5 cms, elective revision

14, 22 .
However, concerning EVD

EVD every 5-10 days.
surgical technique, there was no study that determines
EVD-related infection between inside-out and outside-
in tunneling of the EVDs. In theory, we believe that the
inside out tunneling should minimize infection by the

fact that it does not introduce cutaneous pathogens

into the ventricles.

Objectives

The primary objective is to compare infection rate

between the different techniques of inside-out and

outside-in tunneling of EVD. The secondary objective
is to find the incidence of EVD related infection in
Ramathibodi hospital and risk factors of EVD related

infection.

Methods

Inclusion and Exclusion Criteria

The outside-in group was retrospectively reviewed
from August 2009-April 2011 whereas prospective
data collection was performed in the inside-out group
from May 2011 -August 201 3. All patients requiring
EVD insertion due to hydrocephalus secondary to SAH,
spontaneous or traumatic IVH, tumor-related hydro-
cephalus, intraparenchymal bleeding or cerebral edema
were included to the study. The EVD system must be in
situ for at least 48 hours. Our exclusion criteria were
the evidence of cerebrospinal fluid infection prior to
the procedure including meningitis, infected implant
(shunt system), or ventriculitis. In addition, any clini-
cal suspiciousness of CNS infection prior to the pro-
cedure such as subdural empyema or cerebral abscess

were excluded.

Data Collection

The collected data for each patient were age, sex,
diagnosis, Glasgow Coma Scale at presentation (GCS),
co-morbidity, systemic infection, steroid use, opera-
tive time, tunnel length, position of burr hole, duration
of EVD in situ, EVD access and culture for organism
growth. CSF samples for culture were collected at the
time of EVD insertion and removal. The outside-in group
was retrospectively reviewed whereas prospective data

collection was performed in the inside-out group.



Neurological Surgery
Vol. 6 No. 1 January - June 2015

11

Definition of CSF Infection in Patients with
EVD

Ventriculitis was classified as suspected ventri-
culitis (that is, the patient was treated with antibiotics
for ventriculitis on clinical assessment) or proven ven-
triculitis (that is, a positive EVD CSF culture and treated
for ventriculitis). A broader definition was used be-
cause clinical presentation and laboratory findings might

not, at times, correlate well.

Standard Practice of EVD Placement

All EVDs were inserted in the operating room by
attending neurosurgeons or neurosurgery residents. Hair
was routinely shaped prior to 2% chlorhexidine in 70%
alcohol skin preparation. The most common EVD in-
sertion location was Kocher’s point.

1) Outside—in Technique

Feeding tube (8 Fr, 50cm length) was uni-
formly utilized. By using medium size clamp, subgaleal
tunnel was created from a burr hole to a posterior stab
incision in order to pull the feeding tube in. This out-
side-in maneuver was followed by inserting the feed-
ing tube into the ventricle via a tract established by the
Cushing’s needle.

2) Inside—out Technique

Commercialized set from Yushin Medical com-
pany (Seoul, Korea) was universally used. First, the
Cushing’s needle was not utilized. The EVD was di-
rectly inserted into brain cortex until CSF return which
indicated entering into the ventricle was observed. Sub-
sequently, by connecting the end of EVD to the trocar
for tunneling (Figure 1 ) subgaleal tunnel was created
from the burr hole site to the scalp by inside-out fash-
ion. This EVD trocar-like tunneler (Figure 1) was 15

cms in length with malleability, hence, by this tun-

Figure 1. EVD Trocar-like Tunneler

neler, we could achieve a tunnel length greater than
that by the medium size clamp.

For all cases, prophylactic antibiotics were rou-
tinely prescribed and continued to the time of their

removal.

Risk Factors

The EVD-related infection was examined by mul-
tivariate analysis for association with sex, GCS, sys-
temic infection, co-morbidity, position of EVD, oper-
ating time, steroid use, duration of EVD in situ, previ-
ous EVD insertion, SAH and IVH. Because we were
interested in studying the possible causes of EVD in-
fection rather the sequelae of the infection, only the
events that occurred before EVD removal or the diag-

nosis of ventriculitis were considered.

Catheter Duration

We routinely do elective revision of EVD for 5-7
days of in situ except for few cases that their EVDs

were left longer than 7 days.

Statistic Analysis

Data were analyzed using SPSS version 18.0
(SPSS Inc, Chicago, USA). Univariate analysis was

performed using chi-square test for equal proportion,
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Fisher exact tests and Student t-tests. Results are
presented as Odd ratio (OR), 95% Confidence inter-
val and probability value of 0.05 indicating statistical

significance.

Results

234 EVDs in 170 patients at Ramathibodi hos-
pital were enrolled in the study. Eighteen patients were
excluded due to the pre-existing CNS infections. The
evaluated patients had mean age of 48.42 + 20 years
(range1-91years). Male patients were 54.70%. There
were 113 EVDs in the inside-out group and 121 EVDs
in the outside-in group. There was no different be-
tween the 2 groups with regards to age, diagnosis of
IVH, SAH , GCS at present, co-morbidity, systemic in-

fection, steroid use, EVD access, duration of EVD in

Table 1 Characteristics in 170 Patients Undergoing EVD

situ and previous EVD. (Table 1)

EVD-related infections rate was 6 from 113
(5.3%) in the inside-out group and 6 from 121
(4.9%) in the outside-in group. The infection rate was

not different significantly (P=0.93).

Incidence of Infection

Our overall infection rate in this study was 5.1%
somewhat below than the mean of 8.8% 28 from lit-

erature review.

Microorganism Isolated in CSF Samples and
Catheters

The positive CSF cultures for bacteria were docu-
mented in 12 infected patients in both groups. The

organisms were listed in Table 2.

Characteristic Inside—out group Outside—in group P value

Number of EVDs 113(48.29%)

Number of operations
Number of patients

Male patients (%)

Mean age(yr)

Systemic infection

Co-morbidity

Diagnosis IVH
Diagnosis SAH
Steroid use

GCS<8

Operative time > 1 hr
Duration of EVD > 7 days

Burr hole position (frontal)

Previous EVD

CSF access

100(47.16%)
81(47.64%)

121(51.71%)
112(52.84%)
89(52.35%)

44(54.32%) 49(55.05%) 0.7
48.1+20.3 49.4+21.2 0.7
18(15.92%) 30(24.79%) 0.1
36(31.86%) 45(37.19%) 0.5
35(30.97%) 43(35.53%) 0.5
18(15.93) 30(24.79%) 0.1
33(29.20) 40(33.06%) 0.7
27(23.89%) 34(28.10%) 0.5
50(44.24%) 63(52.07%) 0.3
54(47.79%) 58(47.93%) 0.9
90(79.64%) 96(79.34%) 0.2
17(15.04%) 14(11.57%) 0.5
55(48.67%) 70(57.85%) 0.2

IVH= intraventricular hemorrhage, SAH=subarachnoid hemorrhage, GCS= Glasgow Coma Scale
EVD= External Ventricular Drain.
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Risk Factors Associated with Infection

Of 234 EVDs, 5 of 31 (16.12%) previous EVDs
had infection. Previous EVD insertion was found to in-
crease EVD-related rate significantly (OR=5.89,
P=0.01, 95%ClI=1.73-20.03). Sex, GCS, systemic
infection, co morbidity, position of EVD, operating time,
steroid use, duration of EVD in situ, SAH and IVH were

non-significant factors for CSF infection. (Table 3)

Table 2 Incidence of EVD-associated CSF Infectionin 12
EVDs

No. of

Organism Infected EVD %

Discussion

External ventricular drains (EVDs) are commonly
used to monitor intracranial pressure or to drain cere-
brospinal fluid (CSF) in patients with various etiolo-
gies of hydrocephalus. Despite the usefulness of EVDs,
their placement is associated with EVD-related infec-
tion. In a literature review, the mean infection rate was
8.9 %' depending on their definitions of infection,
inclusion/exclusion criteria and their prophylactic an-
tibiotic usage. Several risk factors for EVD-related in-
fection have been identified including craniotomy, sys-
temic infections, depressed cranial fracture, IVH, SAH,

EVD irrigation, neurosurgical intervention, and the du-

Acinetobactor 2 16.67% _ _ 1346710-18
Micrococcus 5 16.67% ration of EVD in place. ™™ """ There were several
Stenotrophomonas o 16.67% factors identified with reduced rate of EVD-related in-
Enterobacter 1 8.83% fection such as antibiotic prophylaxis,19 antibiotic coated
Proprionibacterium 1 8.83% EVD,"*>%° long tunnel length > 5 cms’'*® elective
Citobacter ! 8.83% revision of EVDs every 5-10 days.m’ze However, con-
Non lactose fermenting bacill 1 8.83% cerning surgical EVD technique, there has been no study
Not identified 2 16.67%

that determines related-infection between inside-out
Table 3 Risk Factors of EVD Infection

Factors No. infect No. all % OR p value 95%ClI

Male sex 6 93 6.45 0.70 0.70 0.22 2.28 ns
Steroid use 4 73 5.48 0.95 0.95 0.28 3.26 ns
Co morbidity 3 81 3.7 0.52 0.50 0.14 1.99 ns
Craniotomy 4 57 7.02 1.29 0.70 0.37 4.45 ns
Access of EVD 8 125 6.4 1.42 0.70 0.41 4.87 ns
Previous EVD 5 29 17.24 5.89 0.01 1.73 20.03 significant
IVH 5 78 6.41 1.24 0.80 0.38 4.06 ns
SAH 3 40 7.5 1.47 0.70 0.38 5.69 ns
Duration less than 7 d 4 112 3.57 0.53 0.30 0.15 1.80 ns
Duration less than 10 d 9 146 6.16 1.86 0.50 0.49 7.07 ns
GCS<8 5 116 4.35 4.57 0.95 0.52 1.75 ns
Operative time more than1 hr 7 113 6.19 1.24 0.80 0.38 4.04 ns

NS =not significant
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and outside-in tunneling of the EVDs.

We found our overall EVD-related infection rate
to be 5.13%. This is somewhat less than previously
reported average of 8.9%.">" However, infection rates
of inside-out and outside-in technique were not dif-
ferent (5.8% for inside-out and 4.9% for outside-in,
P=0.93). In our study, it might, perhaps, be due to a
result of strict sterile technique, frequent EVD replace-
ment, antibiotic prophylaxis and our short duration of
EVD (mean=7.5 days). These variables might have
prevented infection regardless of EVD technique. This
may, in fact, imply that we can use both techniques

safely provided the variables mentioned earlier exist.

Duration of the EVD in Situ

From Lo et al, multivariate analysis showed that
the total duration of drainage was not a significant in-
dependent risk factor for EVD-related infection. Simi-
larly, the amount of time each EVD remained in situ
was also not a significant risk factor for infection.23 In
recent reviews, there was equal distribution between
those who found an effect of drainage duration on EVD-

9,14,19,21,24-27

associated CSF infection and those who

3,28-32
found none.

Data from the largest series by
Sundbarg and colleaguessz’37 with 1,586 patients re-
vealed that prolonged EVD usage did not correlate with
infection. Nevertheless, the clear association between
the duration of drainage and the infection rate shown
by Mayhall et al.14 represented an astonishing con-
trast.

Data from our study demonstrated no evidence
of a relationship between the amount of time that an
EVD remained in situ (less than 7 days or less than

10 days)and the risk of EVD-related infection(P=O.3,
OR=0.53, CI=0.15-1.80 and P=0.5, OR=1.886,

Cl=0.49-7.07).

Microorganism Isolated in CSF Samples and
catheter

The most common infectious organism in micro-

. . . 3,9,14,19-21,25,26,29-36
biological literatures

is coagu-
lase- negative staphylococcus, accounting for 47 % of
cases. Staphylococcus aureus (14%) and Klebsiella
(6.6%) are the next most common, with Acinetobacter
(5.6%) representing the fourth. Our data illustrated
noteworthy differences. Our most common bacterial
organisms were Acinetobacter, Micrococcus luteus and
Stenothrophomonas maltophilia which accounted for
almost half of our infections. Our explanation for this
occurrence is that, at one time, Acinetobacter was
endemic in our ICU which coincided with our study pe-
riod. Uncommon organism in this study may be due to
partial treatment by antibiotic (mostly Cefazolin) which

resulted in the more frequency of gram negative over

gram positive infection.

Previous EVD

Sundbarg et al reported 60% of infections occur
after an EVD revision.”> Rebuck and colleagues 19found
multiple EVDs to be a significant risk factor for infec-
tion, similar to findings from Lo et al.?® From the only
randomized-controlled trial in this subject, Wong et al
came across higher infection rate in a group with mul-
tiple EVDs than that in another group with just one
EVD. However, the differences did not reach statistical
significance.20 In three other studies, however, the
authors did not discover multiple EVDs as significant
risk factor for infection.”*"'% Our data did reveal a clear
effect of previous EVDs on the infection rate (OR=5.89,
p=0.01, CI1.73-20.03).



Neurological Surgery
Vol. 6 No. 1 January - June 2015

15

Elective Revision of EVD

The practice of electively revising EVDs, at or
around 5 days after insertion, to prevent EVD-associ-
ated CSF infection was proposed by Mayhall and col-
Ieagues.14 Indeed, it is only when the retrograde colo-
nization risk predominates that this approach has merit.
On the other hand, elective EVD revision increases the
patient’s exposure to an inoculation risk. As a result,
there is doubt whether the retrograde colonization risk
can be effectively modified by elective revision. Can
placing a new EVD reset the clock for retrograde colo-
nization of the CSF space along the externalized CSF
column or around the outside of the EVD? Although
this theoretical argument has appeal, the evidence,
such as it is, does not support it. The randomized con-
trolled trial conducted by Wong and colleagues dem-
onstrated no benefit from elective EVD revision at Day
5.20 More importantly, although not statistically sig-
nificant, infections were more common in the group
with elective EVD revision. An analysis of the Trau-
matic Coma Data Bank"® revealed a higher infection
rate in centers implementing a policy of elective EVD
revision (16.8%) than in centers that did not (7.8%),
a difference that closely approached significance (p =

0.054).

Tunnel Length

The study by Omar and colleague reported that
the technique of subgaleal tunneling > 5 cms reduced
the risk of EVD-related infection.22 Another Study by
Khanna and colleague noted no infection during the
first 16 days of catheterization with extended length of
tunneling.21 In our study, there was no data collection
for the length of the tunnels in the outside-in group.

Only 41 tunnel lengths were recorded in the inside-

out group (range 5-10 cm). In our practice, we try to
maximize this length as far as possible in order to

minimize risk of infection regardless of technique.

Study Limitations

As in retrospective analysis, we must note that
the review of patient data has some limitations. For
example, the retrospective collection of data might have
introduced a selection bias, confounding factors or
unavailability of some data i.e. tunnel length. Due to
the low incidence of EVD related infection, our 234
EVDs might, in fact, still be too small sample size to

create any significant difference.

Conclusions

From 234 EVDs, our infection rates of inside-
out and outside-in tunneling of EVD were similar. Among
various factors, only previous EVD insertion was found
to increase infection rate. This may, in fact, imply that
we can use both techniques safely provided the vari-

ables mentioned earlier exist.

References

1. Abla AA, Zabramski JM, Jahnke HK, Fusco D, Nakaiji
P. Comparison of two antibiotic-impregnated ven-
tricular catheters: a prospective sequential series trial.
Neurosurgery 2011;68(2):437-42; discussion 42.

2. Camacho EF, Boszczowski |, Basso M, Jeng BC, Freire
MP, Guimaraes T, et al. Infection rate and risk fac-
tors associated with infections related to external
ventricular drain. Infection 2011;39(1):47-51.

3. Zabramski JM, Whiting D, Darouiche RO, Horner TG,
Olson J, Robertson C, et al. Efficacy of antimicrobial -
impregnated external ventricular drain catheters: a
prospective, randomized, controlled trial. J Neurosurg
2003;98(4):725-30.



16

915 1sUs: NAAsA1 S
Ui 6 avvil 1 unsan - Juigu 2558

10.

11.

12.

13.

. Lozier AP, Sciacca RR, Romagnoli MF, Connolly ES

Jr. Ventriculostomy-related infections: a critical re-
view of the literature. Neurosurgery 2002;51(1):
170-81; discussion 81-2.

. Alleyne CH Jr, Hassan M, Zabramski JM. The efficacy

and cost of prophylactic and perioprocedural antibi-
otics in patients with external ventricular drains. Neu-

rosurgery 2000;47(5):1124-7; discussion 7-9.

. Bota DP, Lefranc F, Vilallobos HR, Brimioulle S, Vincent

JL. Ventriculostomy-related infections in critically ill
patients: a 6-year experience. J Neurosurg 2005;
103(3):468-72.

. Flibotte JJ, Lee KE, Koroshetz WJ, Rosand J, McDonald

CT. Continuous antibiotic prophylaxis and cerebral
spinal fluid infection in patients with intracranial pres-
sure monitors. Neurocritical Care 2004;1(1):61-

8.

. Hoefnagel D, Dammers R, Ter Laak-Poort MP, Avezaat

CJ. Risk factors for infections related to external ven-
tricular drainage. Acta Neurochirurgica 2008,

150(3):209-14; discussion 14.

. Lyke KE, Obasanjo 00, Williams MA, O’Brien M,

Chotani R, Perl TM. Ventriculitis complicating use of
intraventricular catheters in adult neurosurgical pa-
tients. Clin Infect Dis: an official publication of the
Infectious Diseases Society of America 2001;33
(12):2028-33.

Arabi Y, Memish ZA, Balkhy HH, Francis C, Ferayan A,
Al Shimemeri A, et al. Ventriculostomy-associated
infections: incidence and risk factors. Am J Infect
Control 2005;33(3):137-43.

Aucoin PJ, Kotilainen HR, Gantz NM, Davidson R,
Kellogg P, Stone B. Intracranial pressure monitors.
Epidemiologic study of risk factors and infections. Am
J Med 1986,80(3):369-76.

Holloway KL, Barnes T, Choi S, Bullock R, Marshall
LF, Eisenberg HM, et al. Ventriculostomy infections:
the effect of monitoring duration and catheter ex-
change in 584 patients. J Neurosurg 1996;85
(3):419-24.

Leung GK, Ng KB, Taw BB, Fan YW. Extended subcu-

14.

15.

16.

17.

18.

19.

20.

21.

22.

taneous tunnelling technique for external ventricular
drainage. Br J Neurosurg 2007;21(4):359-64.
Mayhall CG, Archer NH, Lamb VA, Spadora AC, Baggett
JW, Ward JD, et al. Ventriculostomy-related infec-
tions. A prospective epidemiologic study. N Engl J Med
1984;310(9):553-9.

Park P, Garton HJ, Kocan MJ, Thompson BG. Risk of
infection with prolonged ventricular catheterization.
Neurosurgery 2004;55(3):594-9; discussion 9-
601.

Sonabend AM, Korenfeld Y, Crisman C, Badjatia N,
Mayer SA, Connolly ES Jr. Prevention of ventriculos-
tomy-related infections with prophylactic antibiotics
and antibiotic-coated external ventricular drains: a
systematic review. Neurosurgery 2011;68(4):996-
1005.

Voldby B, Enevoldsen EM. Intracranial pressure
changes following aneurysm rupture. Part 3. Recur-
rent hemorrhage. J Neurosurg 1982;56(6):784-9.
Williams TA, Leslie GD, Dobb GJ, Roberts B, van
Heerden PV. Decrease in proven ventriculitis by re-
ducing the frequency of cerebrospinal fluid sampling
from extraventricular drains. J Neurosurg 2011;115
(5):1040-6.

Rebuck JA, Murry KR, Rhoney DH, Michael DB, Coplin
WM. Infection related to intracranial pressure moni-
tors in adults: analysis of risk factors and antibiotic
prophylaxis. J Neurol, Neurosurg, Psychiat 2000;69
(3):381-4.

Wong GK, Poon WS, Wai S, Yu LM, Lyon D, Lam JM.
Failure of regular external ventricular drain exchange
to reduce cerebrospinal fluid infection: result of a
randomised controlled trial. J Neurol, Neurosurg,
Psychiat 2002;73(6):759-61.

Khanna RK, Rosenblum ML, Rock JP, Malik GM. Pro-
longed external ventricular drainage with percutane-
ous long-tunnel ventriculostomies. J Neurosurg
1995;83(5):791-4.

Omar MA, Mohd Haspani MS. The risk factors of ex-
ternal ventricular drainage-related infection at hos-

pital kuala lumpur: an observational study. Malaysian



Neurological Surgery
Vol. 6 No. 1 January - June 2015

17

23.

24.

25.

26.

27.

28.

29.

30.

31.

J Med Sci: MJMS 2010;17(3):48-54.

Lo CH, Spelman D, Bailey M, Cooper DJ, Rosenfeld
JV, Brecknell JE. External ventricular drain infections
are independent of drain duration: an argument against
elective revision. J Neurosurg 2007;106(3):378-
83.

Narayan RK, Kishore PR, Becker DP, Ward JD, Enas
GG, Greenberg RP, et al. Intracranial pressure: to
monitor or not to monitor? A review of our experience
with severe head injury. J Neurosurg 1982;56(5):
650-9.

Paramore CG, Turner DA. Relative risks of ventricu-
lostomy infection and morbidity. Acta Neurochirurgica
1994;127(1-2):79-84.

Poon WS, Ng S, Wai S. CSF antibiotic prophylaxis for
neurosurgical patients with ventriculostomy: a
randomised study. Acta Neurochirurgica Suppl
1998;71:146-8.

Schultz M, Moore K, Foote AW. Bacterial ventriculitis
and duration of ventriculostomy catheter insertion. J
Neurosci Nurs: journal of the American Association
of Neuroscience Nurses 1993;25(3):158-64.
Ohrstrom JK, Skou JK, Ejlertsen T, Kosteljanetz M.
Infected ventriculostomy: bacteriology and treatment.
Acta Neurochirurgica 1989;100(1-2):67-9.
Pfisterer W, Muhlbauer M, Czech T, Reinprecht A. Early
diagnosis of external ventricular drainage infection:
results of a prospective study. J Neurol, Neurosurg,
Psychiat 2003;74(7):929-32.

Smith RW, Alksne JF. Infections complicating the use
of external ventriculostomy. J Neurosurg 1976;44
(5):567-70.

Stenager E, Gerner-Smidt P, Kock-Jensen C. Ven-

32.

33.

34.

35.

36.

37.

38.

triculostomy-related infections-an epidemiological
study. Acta Neurochirurgica 1986;83(1-2):20-3.
Sundbarg G, Nordstrom CH, Soderstrom S. Compli-
cations due to prolonged ventricular fluid pressure
recording. Br J Neurosurg 1988; 2(4):485-95.
Arai H, Sato K, Katsuta T, Rhoton AL Jr. Lateral ap-
proach to intraorbital lesions: anatomic and surgical
considerations. Neurosurgery 1996;39(6):1157-
62; discussion 62-3.

Khan SH, Kureshi IU, Mulgrew T, Ho SY, Onyiuke HC.
Comparison of percutaneous ventriculostomies and
intraparenchymal monitor: a retrospective evaluation
of 156 patients. Acta Neurochirurgica Suppl 1998;
71:50-2.

Kim DK, Uttley D, Bell BA, Marsh HT, Moore AJ. Com-
parison of rates of infection of two methods of emer-
gency ventricular drainage. J Neurol, Neurosurg,
Psychiat 1995;58(4):444-6.

Winfield JA, Rosenthal P, Kanter RK, Casella G. Du-
ration of intracranial pressure monitoring does not
predict daily risk of infectious complications. Neuro-
surgery 1993;33(3):424-30; discussion 30-1.
Sundbarg G, Kjallquist A, Lundberg N, Ponen U. Com-
plications due to prolonged ventricular fluid pressure
recording in clinical practice. In: Brock M, Dietz H,
editors. Intracranial Pressure. Experimental and Clinical
Aspects. Berlin: Springer-Verlag; 1972. p. 348-52.
Luerssen TG, Chesnut RM, Van Berkum-Clark M,
Marshall LF, Klauber MR, Blunt BA, et al. Post-trau-
matic cerebrospinal fluid infections in the Traumatic
Coma Data Bank: the influence of the type and man-
agement of ICP monitors. Berlin: Springer-Verlag

1993. p. 42-45.



915 1sUs: NAAEA1 S
18 Ui 6 avui 1 unsen - Uguieu 2558

wa unnds:g:g19 na:doduniswensnilsAndonisuingin
wdoslsnausniiinonAdWTAUNFAveVAaUlWn

Uav ‘duudNINUWSa
Long-term Seizure Outcome and Prognostic Factors
After Extratemporal Epilepsy Surgery

uRIUIRY BIRLARUNS*, Wu.
“939U  NAMENIIATY, WU.

o s g

ToSu Furand™*, wu.
YIATUNS B UNIT19***, WU.

N IARENTINUTE N ﬂadﬁlﬁflﬂ’i‘iﬂ, **ﬂ8\78’7§l’5ﬂ5‘5w,
***ﬂaﬂfq]&l’75.’,??fﬂi’iﬂ [‘5\7WE/7U76W’533J\7@£LH§7, n3oEnne

Abstract

Background:  Surgery is an important therapeutic option in patients with intractable epilepsy. Seizure
outcome after resective surgery for patients in extratemporal epilepsy vary tremendously in the literature with
short duration time of follow-up.

Objective: To assess seizure outcome and prognostic factors in patients who had undergone
extratemporal epilepsy surgery for management of intractable seizures.

Methods: Independent, experienced surgeon retrospectively reviewed a single surgeon database
between 2003 and 2013 and identified 50 patients who underwent extratemporal epilepsy surgery for
intractable seizure. We evaluated the correlation between the seizure outcome and the following clinical
parameters (demographic data, preoperative factors including MRI brain and seizure information, location of
resection, neuropathology reports and extent of resection). Multivariable analysis was performed to assess
prognostic factors for seizure outcome.

Results:  FForty-five patients were performed resective epilepsy surgery (frontal resection 42%,
parietal resection 20%, occipital resection 6% and multilobar resection 22%). One patient underwent
hemispherectomy (2%) and four patients did not undergo resection (8%) due to epileptogenic foci on
cortical eloquent area. Forty-seven patients (94%) underwent two-staged operation for subdural grid im-
plantation. Median follow-up was 4.67 years (range 0.67—9.33). Seizure remission was 36% and seizure
cure was 20%. The postoperative Engel Class | outcome was 64% at 1 year, 48% at 2 years, 38% at 3
years and 32% at 5 years. On multivariable analysis, presence of generalized tonic-clonic seizure, (p=0.039)
and incomplete resection of epileptogenic foci (p=0.01 ) were independent poor prognostic factors.

Conclusion:  Extratemporal epilepsy surgery is effective in selected patients according to findings on
long-term follow-up.

Keywords: Extratemporal lobe epilepsy, Engel classification
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WUINS08az 38 209RUI8TII1SUNTITHIGAINILE K
Siaalnsaiangainitngn (long-term intracranial

o ° a

wazlAsuUNISHIARLN NI AYAAILA N

q

EEG)
(resective surgery) §ika “NgNANEINITHIGATZEZE13
AELEA WAZNSANYIBY LABIAY extratemporal epi-
lepsy surgery' 27 Tnefisz o118 BARINAILE 24 LHDw
89 6.4 U uasfisnsnismeinasuRsasas 40.7 f
76

Tsewegnuranszaengnadgudsnunlsmandn
WUUATUNMRT azladnisdanlsrantnunatgase
ot wsulunnsiandiaelsaandndiinen
AnAaUnfzosnaulain wes unannanesa
WU Imna NI wod1Ratias Inefnisdnge
eruduianlnsaldifodn neamigaduiadn

(subdural grid implantation) WAZAINAIENTT

1 s o o =) s o

Nﬂﬁlﬂﬂqﬁ]ﬂﬂqﬂﬁ%%ﬂﬂﬂ LAINNATTIIUTINGIUINE

wigagaslainudndnisdnunlunguuszainsineuas
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o 1

o | 3 o a o ° v a o
Falansrudetadel " genazvinldAan1sdnAaoN1s6
1w F9bAaAYIN1sAnwIewIdeluases i

Uszlaatlun1sWawIN1SHI8AlsAaNTN LA R S92ws 8

Tulwawras

35n1sAduvudde (Methods)

1. MS182NNENAIBEN9 (Subjects)
WunsAnwwuutivdayadounas (retro-

U VU S U a

spective study) laeldfifiudayanmiies Tungs
shagagienimanildsunisitadelngengsunng
szuudse I AE1swwndszuudse mvseds:
Fasunndiidenagsmlsaandn Iududielsnan
Fniinananafiaunfzasaanliin sas uuen
inswasafiflasanisinuseenatnios 2 afiatwly
wazHa1N15gNUULAIANITS NEBENIkBELAaNAS 1
39 (intractable extratemporal epilepsy) WaZLA19U
N133nwIAIEN1sHIaRAdagaiialsAasdnluewe
Ismandnasuaeas lssneruianszaenginan (PMK
Comprehensive Epilepsy Center) WadH1%n13
pyIvUsziinnenidaian i unisseslsn wazqm
AUATNALED OB OWNNTIAN WA, 2546 f
LHlawNYIE% WA, 2556 SIWINIIN 58 318 LAgsn
fihefindanisnsusudianlnsaudamuinfigaiidie
FNNIIN NDY IMLNHWDTA (temporal lobe epilepsy)
LAZLENSUNISHIAR temporal resection 91%3% 4 518
fin1zLdeneanaInn1sHIARISLHWELAALASAYINTA
wganiadnlals Suan 2 518 wazzian1sinew
HANTISHIAR 9149% 2 318 88NINAISANWT 98
ngusagnagiiefiinisAnunsasneu 50 518
2. n15Usz i unaun1sennm (Preoperative
evaluation)
fiefiidsunisfnuidaldsunianaie
Ussiindonindaiioniduneseslsa  uazqm
Audadn laud n1sdndsziRlsmandnaaegiae

Usznausenisinie lfinnizdnuuuinienssnnam

(generalize tonic-clonic seizure, GTC) 818LINEN
szezLIaNALRRlsAaNgnAawdIsSUNISHIeR Uz IR

[=1

nsesalsAandnlwafn Uszifnistlddnuaznis

a

UNALIUNTG NBOIWaRA WASSEAU AUQINawsy
MSHIEE  N1sTuNINAIsTnLasATIaRawlNi was
ci'mﬁﬁfqﬁwmﬁamﬁ;mﬁ'nﬁmﬁ'nasi’msimﬁm (Video-
EEG monitoring) laeldBiamlninfinuinniiofsus
(scalp electrodes) NNFATINM NOIAIEARWNILHEN
T (MRI brain, epilepsy protocol) Tnasinislamng
\ASBITWIA 1.5 waz 3 41 a1 (tesla) wazld MR im-
aging protocol TAe57807N coronal T1 -weighted gra-
dient-echo fiFmEWIRAUATW Ha ( brainstem), fluid-
attenuated inversion recovery (FLAIR) Wag T2-weighted
spin-echo Ay T1-weighted inversion recovery ‘ﬁ
Famea1nty woe mduluuani (hippocampus)
uanwiieannaw sesmenivusindnliiiesuns
wazuUsaneazAIn vadllwnsialanusaslsn
(negative lesion) nSawusaslsALuuRzaUIIATALAN
(well-circumscribed lesions) w3e lafzaulandmian
(ill-defined lesions) uazsaelsALien (single lesion)
wiananesaslsa ( multiple lesions)
wnluinuAnainUnfzasn wadusdmEn i
No9 nIonmAduuEranTWRN sesfinumafia
Unilal eapdasiuanwmznisdnuazgaiianisdn
dureazlasunisnsian1eindunse aae Positron
Emission Tomography (PET scan) %38 Single-Photon
Emission Computed Tomography (SPECT) GBI
LLﬁ'Jﬁ;’WTBﬂaﬁgﬂ‘i346]34’1Lﬁ?ﬁﬂiz%}&lﬂﬂi%ﬂwﬂiﬂﬂuﬁlﬂ
WORITUNRDNNITHIFR  wazaNwMNISHIG AT

o a

wanz wiagthe Tnegiiedidalddayagaiiianis
Fnldfeane Sweansunisuinnuazldfidariuse
nsenan azlasunisransuindanlnsaldie
¥ #8490 (subdural grid implantation) L‘ﬁa‘ﬂﬂﬁ;ﬂ
Auitadnsialy

3. JUMBUNISUIAA (Surgical procedure) LA
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msasvsuaiulnih sasenlunzluandsee (In-
tracranial EEG monitoring)
Tunsirdmnsusiudianlasaldidodn seg
(subdural grid implantation) Lﬁamqmﬁ’nﬁmﬁ’ﬂ
fihenguiiezldsunisindnadiaias 2 ASe (two-
stage surgery) HamAsIusnazifinnisneudusian
[mmaou%ﬁw Cortec : PMT corporation 138 Ad-Tech
medical instrument corporation GLETLEdimj”N HDIUWK
Naaﬁ’ﬂaﬁmmfflﬁqmﬁ’nﬁmﬁ’n‘[mmﬁaﬁagmﬁaaﬁu
finanaan Tnevse mAasunnddidersnsiwnig
demlspandn dogiaennsneazldsunisdisnan
Usz mAasunmdambients  wazmasannuglie
wzla5unisnsadundulnin wee uastuiindnwous
annstnaderaiiasluwaein msudiae (video-

EEG monitoring unit) Uuszeziaan 1 “Ua# lae

c v d

p1gIunng wianu1suwnddiieagqsulsaandn

° a s

wazlunsdinaadudadnlnasiunie A9 N9

q

ATYINTTATITNIAIUNKIZY HBINAIUANNIT

=]

iARawlmILaS /Y30 A1INR pIg (Motor and/or language

[ = °

mapping) w&FesninnsiAm sl udwiian
Tnsnean wazirdngaiininlaendnideodunis
N9l AENASY

4. nmsUszifiutasefinmainieddasiuna
“NQNBRAINISEIGR

4.1 n13ANBINI9aNE15INeT (Histo-
pathological studies)

NAZWHDININNITHIAR H19INN1TEIWRAZD
Ne1EUNNE Q’Lﬁmmmﬂaa andwnesinen Iaeuus
namamaﬁuma TsuA

4.1.1 Malformations of cortical develop-
ment v[,ry‘TLLﬂ' cortical dysplasia, neuronal heterotropia
LLAE microdysgenesis

4.1.2 Tumors @kA DNET (dysembryo-

plastic neuroepithelial tumor), ganglioglioma, central

neurocytoma, oligodendroglioma LLas low grade astro-

cytoma Eh) oligoastrocytoma
4.1.3 Gliosis
4.1.4 Acquired insults VLGTLLri inflamma-
tory process Rl’lﬂI’iFl Rasmussen’s encephalitis Lag
ischemic results
4.2 #aulnYaINIsNNaRIAnLingn (Ex-
tent of resection)
20ULIAZBINIANARAALTHALN Femldann
%Tagan'ﬁm'ﬁné’fmslﬁ'uvlw% wovantwnzlnandswe

o o

(Intracranial EEG monitoring) WUaUWH1ARAIIAIA

q

(%

AnAtnaannam (complete resection), WIGRAAIGA
gariiagnaanlanum (incomplete resection) uae

o

Ladleirisinidmgmaindiagnesn (no resection)

4.3 {asefimainieatasiuaaniseisn
519

JadainiasfersoetunanisHIGnew
loua mstnnatenasnsiifnszesusn (szes Uad
WINVAINTISHGR ) LAHUNKINITARMARYANLTARYN
[mJLL‘U'\iL@% frontal resection, parietal resection, oc-
cipital resection 1158 multilobar resection n19

Rl Umi%ﬂa% v[,ﬁll,l,ﬂ hemispherectomy
5. A1SIANA "qu%né’amsshﬁm (Postopera-
tive seizure outcome)

KA “NgNENEIN1SHE AU ARIINERIINTS
HIETNUUIRTN Engedls classifications IEI'INIEI’ITIG“?II 1
finsussfindnanismednndinisindnzasiied
szezaan 1 9, 2 9, 3 9, 5 ¥ uazszeziaanfian
Nﬂaﬂw

AARTNATTINEIAT B Uas Nﬂ'liLLUGL‘lJ%

'
dda

fina “nOnanaInISHaAR e HU8NNERIN3
¥188n32AU Engel class | LLa:ﬂaNNU'Ja‘ﬂﬁma “Ngqnd
ﬁmn'ﬁmmmw"[,um"l,ml,mma Hams1n1srnednseau
Engel class Il, Il Lag IV

n13Uaamna1nn158n (seizure remission) A@
n1siUsIAeIneInIsEnasuAnasr AR uszezIan

Aasanuwiwainndn 2 Jawld Taeazinislden
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dnagwnialanle
N13%1891N1390 (seizure cure) A N199
U31ARINDINISTNAILANAINIA AL WIZEZIAR AR
Awwinn1nndn 5 Janld Tneazdinnsldennndned
A 163 U
n3alunle
wonaINHEHNTIANE “NgNSrAINSHIARLAE
A1ABIIWIBNIS AN TN NA28 WU tdennwan
anaLfed wazldenwinnaneanalaeldenauinaamin
o a &
ARNAY NIDLNNIY
6. M3ATIERdayaLda b (Statistical analy-
sis)
17 a5donsswt lawn 31w Soeas A1
W@dY AINATY N15N32918UAs IWTBLUBNIAT 1%
Twnsadureanwazdayazaduiansun1swIae
a ¢ o o ) . .
wazdtAs1evimInUsiael (univariate analysis)

WIAITH  NWE321 1190398619 ) UNE " HONEAAY

Y oo

msangUae Iaeld Gfsounnn laun i Pearson

chi-squared test 1158 Fisher’s exact test NSRNIDNA

a

=]

L%mmmw"l,ai'&iamm wazld R independent samples

]
[y o

t test Twnsdififudanaideusanmsiaifion Tneld

TUsunss wsuAwIn R0 Statistics SPSS ver-

sion 22 for window
indladedoodudlaainnisinssdmusiien

(univariate analysis) laefifl p<0.10 H1ILATIZHAD

A15799 1 Engel’s classifications of seizure outcome

a o

Ingldnisiimsnzvinisannaennlad fin " (multiple
logistic regression) WIAIMH NAKGAUDAIINITANY
Fnndornsin wazld odds ratio wazszAUAINIEDN
95 % UBNTEAUAIN WAWS LRedvinalAseAU

AINATE AYNIG §R Ao p<0.05

wan1sfinyn (Results)

dUqelsmandniiinainaiaidnunfzasnin
TW#n w9 "mwannunesa (extratemporal lobe epi-

@ o a °

lepsy) 7ILI19UNITINWIAINITHIAANITAIANILTAR

q

lsmandn 41 50 518 Jengmde 22.57 U uus
\wwrane 29 518 (59882 58) ULAZIWARDI 21 518
(3p8az 42) ANNDYFINYITLHLLIAIAAAINNANTT
INWIARIHNEAWIN 4.67 U (N19N192318 0.67-9.33)
o1gladefiina1n1sdn 8.72 U wazAsisagiuge

szezLaNA L ERlsAaNTNNawEIISUNISHNAR 7.5 U

'
o

HUasdsunisinundiniizdniniensznnnasy
1w 18 518 (Sewaz 36) tAlAsUNSHIAR NBd
Snwnlsmandnluafin $1wan 13 518 (Speas 36)
waz g ldfdusziRladnuasldlasunisuimady

o o da ! a
N9 Nadlwafn wazdl 16 918 ARAIZWIBMNN &
Uy uazannIsRIININGaTE NBIFIEARMUHNLAGN
IWArnewdAn wuseslsa Swin 16 18 (Soea:

32), lawuseslsm dmaw 34 518 (Speaz 68) A

free from disabling seizures (nondisabling simple partial seizures only since operation, some disabling seizures

Class I:
after operation but free from disabling seizure for more than 2 years)

Class la: completely seizure free since operation

Class ll:  rare disabling seizures (initially free from disabling seizure but still have rare seizure, rare disabling seizures
since operation, occasional disabling seizures since operation but rare seizures for the last 2 years, nocturnal
seizures only)

Class Ill:  worthwhile improvement (worthwhile seizures reduction, prolonged seizure-free intervals amounting to >50%
of follow-up period but not less than 2 years)

Class IV:

no worthwhile improvement (significant seizure reduction, no appreciable change, seizures worse)
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o
n131971 2

dte wmlrgidnsunisiianukwdLanlngm
TilBavin wod Ao 91wI% 47 918 (Seeas 94) naw

s s ° a

AMAIRYAAIARTN wsudinaaenis

(% o

U6/ H31%3% 1 578 N1 Rasmussens encephalitis

s [

ua2lA3UNTSEIAALUY hemispherectomy WA wlwig)

s

FUMSHARMARAATEAYN TA8ULUIRTN AL A

u NosTiEmTw N8 uWsawa (frontal) S1waw
21 518, ww1lsna (parietal) $1%% 10578, %
pandUNa (occipital) II1WI% 3 518 WATHATE I
(multilobar) 1131 11 578 lAg 181506RgAALHRS
dnlanum 1w 24 518 (Seeaz 48) uazdgiae
S 4 518 il 'lmiﬂr'iﬁ'mﬁ;mﬁ'nﬁmﬁ'nvlﬁLﬁ;aamﬂ
Husurdoiieaiu see mdivimind Aaluew
nssAdanlnaTenewaznisldn1w TMIUNALA
we1dinezecdmite sesiisnoanst wuiduaia
ApUnsiusnitnaadia wo9 (Malformations of corti-
cal development) 1% 30 518 uuaLln focal corti-
cal dysplasia 1%9% 21 918, neuronal heterotropia
I1UI% 5 918 WAT microdysgenesis W% 4 318
wWulitesan sag (Tumors) §1%% 6 518 LUatTss DNET
I 2 918, central neurocytoma 1IN 1 318,
pilocytic astrocytoma W 2 978 LA oligodendro-
glioma 911I% 1 318 WU gliosis 91U 5 918 WU
A158NL UANWEZZBY Rasmussens encephalitis 31%473%
1 978 LAZANWE NOIPIALAEA 91%I% 1 918 (MCA
infarction 9419297910 cortical venous thrombosis)
FamN51971 3

dUae mlngdiwin 47 518 (Seeaz 94) &
AHAnsTnanamaInissn flaenomandong
AOIlTENARINHAINIAA LAZ IWlnrE TN1S0AR
awinenfiudnls wazfl 1 s1efildendusninioun
FiaLfelwn1sian N lnszezina 1w 6.25 U uas
fwhbinnezngaenldluewian fgiaediwm 18 5e

(Speaz 36) NUaamaINISTN wazNdIWIK 10 378

(S08@z 20) NM189INN15EN wazHEUIBTIWIN 13 918
(5p8az 26) NAnsFnnasARszezwIn (Aneln
ﬁ! o o o 1 s ﬁ! o s s o o e
Mibe “UANARAINIIHIAR) ZIHAN  NARSAUDRS

Y o

ANSHIEANRAIEIAR FIRN1S1N 4

wanasAnyIAusAsINISIgEnndvlAsunis
wAn

ua “NOnEndonsinangUaslsnandn Ussiiin
lneagaindnsIn1sniedn (seizure outcome) WU
JEAUATIN Engels classification Wuﬂﬂﬁﬁﬂ’mmﬁﬂ
97111580 NIBRIRIIN1TA18ANIZAU Engel | (free from
any disabling seizure) IUI% 28 918 ﬁ‘ﬁfzﬁlzwm 19

]
s ° =]

WRISUNISHIAR, 31%I% 24 518 N5282L987 2

e

WRISUNISHIAR, 31%I% 19 518 7528219871 3 U
WRISUNISHIAA LAZIIWIW 16 518 N5zezial 5 U

WAISUNISHIFR AT AIRIT1N 5

wanasAnvneanudodeniswensnilsAndo
NISWIAR

9INNITIATIZARAILUSLAEA (univariate analysis)
WA NWWEI2HI19UTBAG AUKA  NONTAAS

1 AL s 1 d a 03|
nseeagUaslsaandn wuin a1y, ergisadulen
andn, szeznanlulsrandnnowdinn, ANdle
nsdn, UseiRnisisnlspandniuwein, UseiRlasu

= wval] v o a s
vIAliuNTe we9, UseiRlddnluesn, anwazaw
AABLNIMAN WA o9, uaznadwitonisganensinen
Tafiaa “nWuws Al MAgn1e GRAUNA “NgND
waon1siRagUIslsAandn uazwuIndadendmina
NARSNUNE  HONGNAINISHIARDE19NThE ALY
v 88 leud nisfisnistnuuuinSenszaninass
(p=0.018), N1ANVASHIARIzEzILIN (p=0.024)
WATABULEANISARYANILIAYN (p=0.005) RIA1TY
o
16

(=3 o as s . .
9INN1TLATIZARILUTra18EuUS ( multivari-

[

ate analysis) #1A218 “HWHSszHINeUadefild
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dl U J GIJ |
A15°9% 2 L aedayanuwgIunaluaagiae

U soua
LWE
Faald 29 58
RIN 21 42
a1q51]) .
»aenI1 18 21 42
a1 18 29 58
ANRAEE T8I UBNINTIIH 22.57112.416
ANBEg 1% (AN A- 9 ) 21 (6-60)
218N
WL EBWNFRNY 20 40
11997% 23 46
931 1A 2 4
andne 5 10
STAUNISANYN
TlaEnwn 8 16
UszanAnen 20 40
NOINANWINDWE 4 8
NognAnwInanlane 9 18
U U7 . 2 4
Yagan 7 14
m‘mﬁ‘lun;ﬁﬁ'n
UEREL R ZR P 17 34
UN9IATIADI 12 24
u9ATIRe “Unvi 12 24
UIASIFDLADY . 9 18
nmsiianzdninienseannana (GTC)
N 18 36
Taifl 32 64
Usgifimsehanlsaandnluain
Y 13 26
Y 37 74
UsziRlasuuimdune uae
X 4 8
1adl 46 92
UsziRlddnluanm
Y 1 2
Taifl 49 98
szavU Adsyaun
Uni 34 68
#inzwsaane Adyan 16 32
anwazawAfuUNIBANINHY Nae
wusoelsa 16 32
lainusaslsn 34 68
angniina1n1sdn (Y)
ANafet e untInTgIn 8.7218.88
ANNBEg 1% (AN A- 9 A) 6.0 (0.33-48)
szazaadiulsaangnausumsedien (U)
ANafet e untInTgIn 9.4248.00
A58 % (B A- 0 /) 7.5 (0-30)
szezLIAERAMINRANTTINWY (V)
ARfet W TeURHIATgI% 4.28+2.42

A58 % (B A- 0 7)

4.67 (0.67-9.33)
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dl U lﬂl s 1 s |
A1319N 3 UL E]\‘i‘?lE]BdE‘]LﬂEI'JﬂUﬂ’]?N’WIWZ\!‘lJ’]EJ

IUIU  S08a

FHANISHIAR Na9

Frontal resection 21 42

Parietal resection 10 20

Occipital resection 3 6

Multilobar resection 11 22

Hemispherectomy 1 2

llaknsnidngainitagn 4 8
A159HUBLARLATSAUUEY HaY

l 47 94

P 3 6
uaﬁutﬁamaqawm%ﬁwm

Malformation of cortical developmenta 30 60

Tumorsb 6 12

Gliosis 8 16

Acquired insults’ 2 4

Tnfinaguiite 4 8
PAULIANIARYAAIEATN

FRDDNHNG 24 48

Ananlinum 22 44

llasngariuiadn 4 8

el focal cortical dysplasia 4I13% 21 918, neuronal het-
erotropia 4I197% 5 318 LAY microdysgenesis %I 4 978

® uUailw DNET $1%3% 2 518, central neurocytoma 31%3% 1 518,
pilocytic astrocytoma 9143% 2 918 WAz oligodendroglioma 31143%
1918

° wuail wun1sanL UANWMEYD9 Rasmussen’s encephalitis 31173%
1 518 LAZANBME HBIIAEER 1w 1 518

wenseilsanuna “NgnanasnsangUislsnangn

2N

WUINTENNAEIARSEezusnHARIN “NARSAT
we AN GANUNa “NgndnasnisHangUaelsa

angn  wazwuindasenldweinsnilsAnNiAIx

s

NN

s

UHA “NONERAINISHIARDEEHEY AN

)

o

'
o

g
86 lawn nisfeanisdnuuuindensznnnas,

s

(p=0.039) lagdUaeniniizdninsensznnnamnad

[ s

lonn fiasiua “NgndnasdAafilaA 4.791 ville

dl U lﬂl s | s w1l
M1319N 4 Il E]\‘i?laﬂdaLﬂEI'JﬂUNﬂﬂ'ﬁN']I?]ﬂQﬂ’JEI

IMUIN Sasas

N15YNRAINIARIZLIN (early postoperative seizure)

=1

H 13 26
1aisl 37 74
AIHNANISTNARIEAR
AILGIN 2 4
&
NN 1
ARAY 47 94

szazaandaannisgn (U)

ALaRe+ "J%Lﬁ&lmuummgm 1.59+2.27

AnslaegIn (50 A-0.0) 0.42 (0-9.33)
Uaamain13n (Seizure remission)

Uaama1n15dn 18 36

Iduasma1nsdn 32 64
®12931N81IN132N (Seizure free)

#1891n81N158Nn 10 20

ldreanne1nisdn 40 80
FIUIUYINUTNRAEAR

ARALAYY 1 2

HaEIRA USNILTI AN 15 30

waneRauazRnNUS N0 2 4

AaEAdALAZAAUTNIN 32 64

WisunuguaenldfiasdninSonszanniss  uas

FaulaANIsARgArLAATN (p=0.012) Tnefienls

o a s o

Sun1ssRaAfGATnaanvrNANlant Nazdua N

9
gndnacaan s 0.171 widaisunugUaenla

Tﬁ%’umwﬁmqmﬁ%ﬁmif’ﬂaaﬂwm AIANF1N 7

unJ91sind (Discussion)

o o
o o

nsAnunIseAseiilnniaming Ngndszezen?

waztladenlawensallsanasnisuinagUlalsnan

o o

FnNLinanANERnUNA2a9AARINAN Na9 wwan
wmawasa fldnou wosran1s3nwiaieen negles
WI29ARSINITANETNAAILASUNITHIAR FINUIINTS

a'imazﬁ'mﬂ%oni:@ﬂﬁaﬁa WaZASARYAAUHALTN
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A151991 5 U AedRsINITIednnaTlASUNIHIE R
sgAu sgRu SEAU SEAU SEAU Tailey
STYSLIRRARTNNA Engel 1a Engel 1 Engel 2 Engel 3 Engel 4 ARRAINEA
U 21U 21U 21U 21U 21U
(Sonaz) (Sonaz) (Sonaz) (Sanaz) (Sanaz) (Sanaz)
fiszeziaan 1 9 12 (24) 28 (64) 9 (18) 6 (12) 4 (8) 3* (6)
fiszeziian 2 9 9 (18) 24 (48) 7 (14) 3 (6) 3 (6) 13 (26)
fiszeziian 3 9 8 (16) 19 (38) 5 (10) 2 (4) 7(14) 17 (34)
fisze13a1 5 9 7 (14) 16 (32) 3 (6) 1(2) 5 (10) 25 (50)
o a & v #
NNIIBARINATY ANIE 11 (22) 25 (50) 10 (20) 7 (14) 8 (16) -

ANND 83 1%IDI98LIARARINNANTIINY) 4.67 (0.67-9.33) U

*HUaed 1w 3 318 GRIINIABTNTTAU Engel 3 195821987 8 168, 5AU Engel 4 192821987 O LHAY ULASIAU Engel 2 MI5z831287 11 Lhaw

'
d o

1 I~ o o [ d' o [ o
ganlanng [ Uuladed 52 Anfviildniswensel
lsAndednlaf 29 apmanInuUraIenNIsANEIN
1 =1 a
WA (ﬂqiﬂﬂ‘lﬂ"lsl‘%ﬂ A.A. 2008 lpe Elsharkawy

14 = o .

wazAmz' " wazn1sAnwlud A.A. 2013 Tae Siew JS
wazAme'®)

o a a @ a1 a 14,15,
LNBLUSEULNYUNANITANEWINHIBHNID R 6

16,17,18 % o d d ) @ &£
Tuawzaedadednfiierdonuns wond
wasn1se16e wudn Jadenewnisdien leun a1,
o s 63 s ! [
Aadlwnsdn, szezandulsrandnnowdisg,
argmSadulsmandn, Ysziinisiisalsaandnlu
a o Yo [ wvall vaos
gbin, YszTAnislesuuimiunie wee, UseTRlddn
o a 1 da a
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Malignant Middle Cerebral Artery (MCA) Infarction :
How to Manage Now ?
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Abstract

Background: Malignant middle cerebral artery (MCA) infarction is a devastating clinical entity af-
fecting about 10% of stroke patients. Decompressive craniectomy has been found to reduce mortality rates
and improve outcome in patients. Key factors associated with favorable outcome include younger age and
early surgical treatment. There is ongoing debate as to whether surgery should be routinely performed,
considering the very high rates of disability and functional dependence in elderly survivors. Further data on
what is the best management in older age, how to provide the best comprehensive neurological and medical
care, and how to inform families facing complex decisions on surgical intervention in deteriorating patients
have been still required.

Methods: A retrospective case review study was conducted to compare patients treated with medi-
cal therapy and decompressive surgery for malignant MCA infarction in Chumphon Ket Udomsakdi Province
Hospital over a period of 3 years (from January 2012 and September 201 4). Outcome was assessed in
terms of mortality rate at 30 days, Glasgow Outcome Score (GOS) on discharge, and modified Rankin scale
(mRS) at 6 months.

Results: No significant difference was seen between patients treated with medical therapy and
decompressive surgery in mortality rate reduction, GOS at discharge, and mRS at 6 months. Mortality rate of
medical therapy was 35.7% compared to 30.7% in patients treated with surgery. Good functional outcome
based on MRS was seen in 60.8% of patients receiving medical treatment, comparing to 46.2% of patients
treated with surgery. Even the results were not met significantly association by statistic calculation, it seem
that patients with age > 50 years derived good outcome from medical treatment and the patients with age
< 50 years derived better outcome from surgical treatment. Factors associated with good outcome in
medical therapy included pre-treated CT midline shift less than 10 mm (P < 0.05) and GCS of 10-13 (P
< 0.05). Dominant hemisphere involvement and hemorrhagic transformation were not significantly associ-
ated with functional outcome.

Conclusion:  Malignant MCA infarction is a critical condition that warrant immediate, specialized
neurointensive care and often neurosurgical intervention. Early medical therapy should be considered in
patients who continue to deteriorate neurologically. Elderly patients may benefit greatly from such an ap-
proach, and although disabled, they may be functionally independent. Age is an important factor to consider
in patient selection for surgery. Appropriate patients are relatively young, in the first five decades of life.
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Background

Middle cerebral artery (MCA) infarction is a clini-
cal entity affecting up to 10% of all patients diag-
nosed with ischemic stroke. It is defined as an infarc-
tion involving an area encompassing at least two thirds
of that supplied by the MCA." The development of a
space-occupying hemispheric infarction occurs in a
subset of patients with ischemic stroke. Massive brain
edema and herniation, a condition known as malignant
MCA infarction. Severe swelling increases intracranial
pressure (ICP) and leads to progressive brainstem
dysfunction. It is a life-threatening condition with a
high mortality rate. Intensive medical therapy have
so far been ineffective, with reported mortality rates
being as high as 80% despite optimum medical
management.z’5 A space-occupying mass effect de-
velops rapidly and predictably over the initial 5 days
after presentation. The initial presenting features in-
clude symptoms and signs of MCA occlusion, such as
hemiparesis, hemiplegia, gaze preferences, and al-
tered consciousness.3 Decompressive craniectomy
with duroplasty has been proposed as a treatment
option for large hemispheric infarctions with cerebral
edema.” Based on the rationale of treatment that the
temporary removal of a part of the skull would create
space to allow swollen brain (edematous tissue) to
expand outside the cranium, thereby allowing for nor-
malization of intracranial pressure, preventing brain tis-
sue herniation, and preserving cerebral blood flow to
prevent secondary brain damage.5 The procedure can
be performed in every neurosurgical center. However,
in the past decompressive craniectomy for malignant
middle MCA infarction has long been controversial,
various nonrandomized trials and reports have been
published. Previous retrospective and uncontrolled case

series have suggested that decompressive hemi-

craniectomy can significantly reduce mortality to 20-
30% compared to conservative treatment. But various
unresolved issues remained in these early trials, which
included timing of surgery, age limit, the limits of ac-
ceptable outcome and patient selection. This evidence
has now been confirmed by the data of prospective
randomised studies. Results from three European ran-
domized controlled trials for decompressive craniec-
tomy in malignant MCA territory infarction, the DECI-
MAL®, HAMLET' and DESTINY? trials, published in
2007, demonstrated a significant reduction in mor-
tality rates and improvement in functional outcome in
younger patients early treated with decompressive
craniectomy as compared to medical therapy. Key fac-
tors associated with favorable outcome include younger
age and early surgical treatment. After the publication
of these three trials, the utilization of hemicraniectomy
for acute ischemic stroke in the United States has in-
creased significantly especially in urban teaching hos-
pitals from 0.05% of stroke discharges in 2001 to
0.30% of stroke discharges in 2009.9 However, there
is ongoing debate to whether surgery should be rou-
tinely performed, considering the very high rates of dis-
ability and functional dependence in survivors. The
meta-analysis of the three trials suggested that the
treatment significantly reduces the death rate but also
increases the rate of severe disability and no evidence
that hemicraniectomy was more beneficial than best
medical treatment on the basis of the primary
outoome.10 Presently, these randomised-controlled
trials were difficult to conduct, because of ethical con-
siderations due to high mortality in control groups.
However, there are still uncertainties surrounding the
optimal management of patients with malignant MCA
infarction. Guidelines are needed on how to manage,

how to provide the best comprehensive neurological
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and medical care, and how to best inform families facing
complex decisions on surgical intervention in deterio-
rating patients. This was only a non-randomised-con-
trolled study which was conducted to compare the dif-
ference in outcome in terms of mortality rate at 30
days and functional outcome at discharge and 6 months
following decompressive craniectomy for treatment of
malignant MCA infarction and medical treatment, as
well as to study the association of factors influencing

outcome in both groups.

Methods

A retrospective case review of patients diagnosed
with malignant MCA territory infarction admitted to the
neurosurgery department of Chumphon Khet Udomsakdi
Province Hospital between January 2012 and Sep-
tember 2014 was performed. Data were collected from
patientg medical records, surgical records, and radio-
logical images. A total of 41 patients between the ages
of 33 and 87 years were included in this study. Malig-
nant MCA territory infarction was defined as an infarc-
tion of at least two-thirds of MCA territory with evi-
dence of space-occupying edema and mass effect on
non-contrasted computed tomographic (CT) imaging
of the brain. Pretreatment clinical evaluation was based
on the Glasgow Coma Scale (GCS). All patients had at
least one scan done within 24 h of stroke onset. A
repeat scan was done within the following 24-72 h,
or the patients had early clinical changing.

Surgical treatment consisted of standardized de-
compressive craniectomy with fascio-duroplasty. To be
successful, decompression must be extensive, targeting
a bone flap measuring 14 cm from front to back, and
extending 1 to 2 cm lateral to the midline sagittal su-
ture to the floor of the middle cranial fossa at the level

of the coronal suture. An augmentation duraplasty is

mandatory.10

Conservative treatment: So far, no mode of con-
servative treatment in malignant MCA infarction has
been proven to be effective or superior to another. As
a result, treatment options may vary between institu-
tions.

1. Osmotherapy: osmotherapy may be started at
any time point after randomisation. The use of manni-
tol (20%, 100 mlor 0-5-1.0 g/kg every 4-6 h, maxi-
mum 2.5 g/kg/day), glycerol (10%, 250 ml, three to
four times per day), Dosage depends on serum 0s-
molality, which should not much more than 320 mOsm
or urine sp.> 1.040.

2. Intubation and mechanical ventilation: patients
should be intubated at a GCS score <8, when there
are any signs of respiratory insufficiency (arterial
p0,<60 mmHg and/or pC0,>48 mmHg), reduced
swallowing or coughing reflexes, or when the airway is
compromised.

3. Hyperventilation: the use of hyperventilation
is discouraged in the early phase of treatment. In the
case of further neurological deterioration and/or un-
controlled increase in ICP, hyperventilation may be
started as an ultima ratio. It is advised to monitor
venous oxygenation with jugular bulb oxymetry and to
maintain saturation above 50%. Arterial pCO, may be
reduced to 28-32 mmHg.

4. Blood pressure control: blood pressure is con-
trolled according to the latest recommendations of the
treatment of acute ischaemic stroke. An exception is
made in patients after decompressive surgery. Blood
pressure during the first 8 h after surgery is kept at
140-160 mmHg to avoid severe bleedings.

5. Positioning: flat head positioning is recom-
mended. In patients at risk for aspiration or pneumo-

nia, or after intubation, elevation of the head of 15-
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30° is recommended.

6. Body core temperature. normothermia is rec-
ommended. Elevated body temperature is treated as
soon as it exceeds 37-5C. (Use antipyretics, exter-
nal cooling)

7. Blood glucose level: blood glucose level should
not exceed 140 mg/dl (8 mmol/I), with a target level
of 80-110 mg/dl using insulin if necessary.
Hypoglycaemia is treated with infusion of 10% or 20%
glucose solution.

Those receiving medical therapy included in the
previous conservative treatment guideline without any
surgery. After patients diagnosed with malignant MCA
territory infarction was consulted from medical staff,
all patients would be transferred from medical ward to
the neurosurgery intensive care unit. Serial computed
tomography with measurement of midline and septum
pellucidum shift. Time course and outcome were ana-
lyzed with regard to the clinical findings on admission
and at follow-up. Outcome measured was assessed
based on mortality rate at 30 days, Glasgow Outcome
Score (GOS) on discharge, and the functional status
of surviving patients was assessed using modified
Rankin scale (mRS) at 6 months.

Chi-square test were used to determine signifi-
cant differences in outcome based on mortality rate at
30 days, GOS at discharge, and mRS at 6 months
between patients treated with surgery and medical
treatment, as well as to determine significant differ-
ence in factors influencing outcome in patients treated
with surgery and medical treatment group. The GOS
was dichotomized as unfavorable outcome (GOS 4 and
5) and favorable outcome (GOS <3), and the mRS as
good outcome (MRS <3) and poor outcome (MRS 4-
6). Patients with a GCS score of 6 and below or those

with evidence of absent brain stem reflexes were ex-

cluded from this study.

Variables with P values less than 0.05 and clini-
cally relevant variables (P > 0.05) were subjected to
multivariable logistic regression analysis to determine
independent associative factors for long term outcome

based on mRS at 6 months.

Result

A total of 41 patients with malignant MCA terri-
tory infarction during the study period were included in
this study. The age range was between 33 and 87
years. Non-dominant hemisphere was involved in 17
patients (41.4% ), while dominant hemisphere involve-
ment was seen in 24 patients (58.6%). A total of 13
patients (32%) which mean (£SD) age was 54.5
(+14.4) years were treated with surgery. While 28
patients (68%) which mean (£SD) age was 64.8
(£13.1) years were managed with medical therapy.
Majority of the patients (62%) had a GCS score of
between 6 and 9 before surgery. Most time between
stroke onset and surgery was more than 24 h. No
significant difference was seen between patients treated
with decompressive surgery and those treated with
medical therapy in terms of mortality rate at 30 days,
GOS at discharge, and mRS at 6 months. [Table 2]
Patients treated with surgery had a mortality rate of
30.7%, as compared to 35,7% in patients treated
with medical therapy (P> 0.05). Favorable outcome
based on GOS at discharge was noted in 57.2% of the
patients treated with medical treatment, as compared
to 38.5% of the patients treated with surgery but they
were not significantly associated (P >0.05). Good out-
come based on dichotomized mRS (MRS <4) was seen
in 60.8% of patients receiving medical treatment at 6
months, respectively comparing to 46.2% of patients

treated with surgery at 6 months were not significantly
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Table 1 Comparison of outcome in patients with malignant MCA territory infarction treated with surgery and medical

therapy
Surgery (n=13) Medical (n=28)

Outcome measure N (%) N (%) P value
Mortality rate at 30 days

Alive 9 (69.3%) 18 (64.3%) > 0.05

Death 4 (30.7%) 10 (35.7%) X2 = 0.09
GOS at discharge

Unfavorable 8 (61.5%) 12 (42.8%) > 0.05

Favorable 5 (38.5%) 16 (57.2%) X2 =1.21
mRS at 6 months

Poor outcome 7 (53.8%) 11 (39.2%) > 0.05

Good outcome 6 (46.2%) 17 (60.8%) X% =0.26

X°=Chi-square value. GOS: Glasgow outcome score (dichotomized), mRS: Modified rankin scale (dichotomized)s

Table 2 Factors influencing outcome at 6 months in patients treated with surgery

Poor outcome (%)
13 Good outcome (%) P value

(mRS 4-5 or death)

Factors N

Age (mean) (yrs)

<50 6 4 (66%) 2 (34%) > 0.05

> 50 7 2 (28%) 5(72%) X% =1.87
Site of infarction

Left 4 3 (75%) 1 (25%) > 0.05

Right 9 4 (45%) 5 (55%) X? = 3.03
Midline shift(mm)

<10 7 5(71%) 2 (29%) > 0.05

>10 6 2 (33%) 4 (67%) X2 =1.32
Pre—-op GCS

GCS 10-13 5 4 (80%) 1 (20%) > 0.05

GCS 6-9 8 3 (37%) 5 (63%) X2 =2.21
Surgery interval

<24h 2 0 2 (100%) > 0.05

> 24 h 11 7 (64%) 4 (36%) X2 =274
Hemorrhagic transformation 1 0 1 (100%)
associated (P > 0.05). In patients treated with sur- hemisphere involvement, midline shift, preoperative
gery, no factors were associated significantly with good GCS, time interval to surgery and postoperative com-

outcome at 6 months [Table 2] such as age, dominant plication of hemorrhagic transformation (P > 0.05). In
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Table 3 Factors influencing outcome at 6 months in patients treated with medical treatment

Poor outcome (%)

Factors n =28 Good outcome (%) (mRS 4-5 or death) P value
Age (mean) (yrs)

<50 5 2 (40%) 3 (60%) > 0.05

> 50 23 15 (65%) 8 (35%) X2 =1.08
Site of infarction

Left 20 11 (55%) 9 (45%) 0.95

Right 8 6 (75%) 2 (25%) X2 = 0.003
Midline shift (mm)

<10 17 16 1 < 0.001

>10 11 10(D) X2 =19.63
Pre—treated GCS

GCS 10-13 17 16 1 < 0.001

GCS 6-9 11 10(D) X2 =19.63
Hemorrhagic transformation 4 2

n = the number of patients X2 = Chi-square value

patients treated with medical treatment, the factors
significantly associated with good outcome at 6 months
[Table 3] were midline shift less than 10 mm (P <
0.001) and preoperative GCS of 10-13 (P < 0.001).
Age, dominant hemisphere involvement and postop-
erative complication of hemorrhagic transformation were
not significantly associated with outcome at 6 months

(P > 0.05).

Discussion

Decompressive craniectomy was not routinely per-
formed in our hospital and many cases underwent
medical treatment more often than surgical treatment.
Decompressive craniectomy achieves good functional
outcome in young patients with good preoperative GCS
score and favorable radiological findings. Even the re-
sults did not reach significantly association by statistic
calculation, it seem that patients with age > 50 years

derived good outcome from medical treatment and the

patients with age < 50 years derived better outcome
from surgical treatment. Three of five poor outcome
cases with age > 50 years died from acute myocardial
infarction after surgery. Our study could not explain the
beneficial role of decompressive craniectomy over the
medical treatment in reducing mortality rate and im-
proving functional outcome in patients with malignant
MCA territory infarction like the most previous study.
As seen on study, good result could be met when we
selected appropriate patients to start early medical
treatment. We found that medical treatment had been
yet the treatment of choice for malignant MCA infarc-
tion. Decompressive hemicraniectomy in older patients
was less often used and performed later. Because most
of cases had multiple underlying diseases and caregiver
refused surgical treatment. Reasons for later inter-
vention may be the belief that older patients may less
likely proceed to herniation due to more compensating

intracranial space, i.e. lower average brain volumes and
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greater CSF space. Conversely, younger patients who
do not have suffered the effects of cerebral atrophy
may deteriorate faster, and present with a lower GCS
score, are not proper to use medical treatment. Natu-
rally, the prognosis of complete middle cerebral artery
territory stroke is very poor and the course of deterio-
ration varies between 2 and 5 days. The cause of death
is trans-tentorial herniation with subsequent brain
death. Herniation occurs as an end point in 80% of
untreated patients.11 Clinical signs that signify dete-
rioration in swollen supratentorial hemispheric ischemic
stroke include new or further impairment of conscious-
ness, cerebral ptosis, and changes in pupillary
size.'? Despite well-defined clinical and neuroimaging
(CT scan) diagnostic criteria, malignant MCA infarc-
tion might be missed in the first day of stroke onset.
Diagnosis and treatment had often been delayed until
CT scan was repeated after clinical deterioration of the
patients. Identification of patients at high risk for brain
swelling should include clinical and neuroimaging data.
CT scan should be daily repeated in the first few days
in all clinically suspected large infarction patients. Af-
ter diagnosis was confirmed, all cases should be early
consulted to neurosurgeon for attention. Admission to
a unit with neurological monitoring capabilities is
needed. These patients are best admitted to intensive
care or stroke units attended by skilled and experi-
enced physicians. Medical treatments should be started
instantly even clinical and CT finding had changed or
not. The goal of hyperosmolar therapy is to increase
the serum osmolarity to approximately 315-320
mOsm/L. Glycerol or mannitol is used routinely to re-
duce ICP. In more severe cases and when mannitol
fails, diuretic may be administered. Hyperventilation also
helps reduce ICP effectively for a short time only. Cor-

responding to this study, good outcome was met if we

started the medical treatment before midline shift more
than 10 mm. on CT and GCS > 9. Pre-treated GCS
score and midline shift on CT were found to be signifi-
cantly associated with patient outcome at 6 months.
And this factor may explain the comparable outcomes
observed in the previous study. Patient’s health sta-
tus, co-morbidities, neurological condition on presen-
tation and extent of infarction, social and employment
situation, as well as patient’s and family expectations
should be taken into account in treatment decisions.
Dominant hemisphere infarction was significantly as-
sociated with unfavorable outcome at 6 months fol-
low-up in medical group. The patients and their
caregivers need to be comprehensively informed about
the long-term consequences of the acceptable degree
of disability, the importance of aphasia and the possi-

bility of worse prior to surgery.

Conclusion

Malignant MCA infarction is a critical condition
that warrants immediate, specialized neurointensive
care and often neurosurgical intervention. Despite high
mortality and morbidity, decompressive craniectomy is
a necessary option in many patients to prevent cere-
bral herniation for maximizing the potential of survival.
Decompressive craniectomy should be considered in
patients who continue to deteriorate neurologically. Se-
lected patients may benefit greatly from such an ap-
proach, and although disabled, they may be function-
ally independent.1 2 Thus, the indication for surgery is
a great extent still dependent on the individual situa-
tion of the patient and the experience of the treating
physicians. There is uncertainty about the efficacy of
decompressive craniectomy in older patients. Age is
an important factor to consider in patient selection for

surgery. Peri-operative complication from cardiovas-
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cular disease in older group must be concerned. Ap-
propriate patients are relatively young, in the first five
decades of life. Lethargy combined with midline shift
on neuroimaging is an appropriate trigger to consider
and discuss surgical intervention. Malignant MCA inf-
arction, most of cases are old age patients and re-
fused surgical treatment cases by caregiver. Medical
treatment had been still proved as the treatment of
choice. Good result could be met if proper medical treat-
ment was started in early time. Factors that predicted
outcome are total scores of baseline GCS at the time
of treatment and significant edematous effect after

infarction.
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