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Summary

Background: Decompressive craniectomy (DC) with
dural grafting may be performed in patients with mod-
erate (Glasgow-Coma-Scale [GCS] score 9-12 points)
or severe traumatic brain injury (TBI; GCS score < 8
points) and threatening herniation. However, its effec-
tiveness especially after primary craniectomy is still
discussed due to missing evidence of improved out-
come. The objectives of this study were to show the
incidence of recurrent intracranial hypertension after
primary DC, to identify predictive parameters for sec-
ondary DC, and to evaluate the long-term neurological
performance 12 months after TBI.

Methods: Between 01/1997 and 06/2001 all consecu-
tive patients admitted with moderate or severe isolated
TBI were enrolled in this study. They were treated ac-
cording to the guidelines of the European Brain Injury
Consortium, and the American Association of Neuro-
surgical Surgeons (AANS) for the management of se-
vere TBI. Process and clinical data as well as every in-
tervention were registered prospectively. The long-
term neurological status was reassessed using the
Glasgow Outcome Score (GOS) 12 months after TBI.
Statistical comparison was performed using Mann-
Whitney-U test, and multivariate testing by means of
logistic regression analysis.

Results: Fifty-one (43 males, 8 females; median age
51.4 years) of 119 isolated TBI patients were included.
Ten patients (8 males, 2 females; median age 38.4
years) underwent secondary extended or contralateral
DC in their clinical course. Three of them (30%) died
at a median of 1 day after revision respectively 6 days
after TBI. According to univariate analysis, secondary
DC significantly correlated with arterial hypotension
(p = 0.020) and otorrhagia at admission (p = 0.041),
skull base fracture (p = 0.011) and decreased maxi-
mum cerebral perfusion pressure (CPP; p = 0.000) af-
ter primary surgery. Multivariate analysis identified de-
creased maximum CPP as the only independent pre-
dictive parameter (p = 0.036) for secondary DC and
unfavourable GOS after 12-months follow-up.
Conclusion: Arterial hypotension, otorrhagia at admis-
sion and skull base fractures are negatively influencing
the mortality and morbidity of patients with isolated
moderate or severe TBI. However, only decreased
maximum CPP may independently indicate secondary

DC after primary craniectomy in case of recurrent in-
tracranial hypertension.
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INTRODUCTION

Severe traumatic brain injury (TBI; Glasgow Coma
Scale [GCS] score < 8 points) is one of the leading
causes for disability and mortality in previously healthy
adults. In the United States, about 200.000 of 1.5 mil-
lion TBI patients per year suffer from severe TBI,
which is survived by 80.000 to 90.000 patients with
different degrees of physical handicap [37]. Mortality
rates of severe TBI patients are reported between 37%
and 60% despite improved non-operative treatment
[25, 36].

Brain swelling may rapidly occur following moder-
ate (GCS score 9-12 points) or severe TBI, which
leads to a sudden increase of brain volume and an ele-
vated intracranial pressure (ICP). Regions that were
not directly traumatized are secondarily damaged by
the negative effects on the cerebral blood flow [10, 20,
33]. The resulting decrease of the cerebral perfusion
pressure (CPP) leads to further circulatory impairment
with hypoxia of the brain tissue and increase of brain
edema.

Sustained intracranial hypertension becomes clini-
cally remarkable by dilated pupils, elevated blood pres-
sure, bradycardia or respiratory insufficiency. In-
creased ICP values and constriction of the basal cis-
terns in the cerebral computed tomography (CCT)
may indicate escalating brain swelling [19]. Several
non-operative treatment options are recommended in
case of increasing intracranial hypertension [19, 35]:
intubation, mechanical ventilation, mild hyperventila-
tion (paCO, ~ 35mmHg); adequate analgesia sedation;
30°-head-up tilt; osmotic therapy with mannitol; vol-
ume therapy as well as use of vasopressors and/or
positive inotropic substances for raising mean arterial
pressure (MAP); maintenance of patient’s normother-
mia; blood glucose levels < 150 mg/dl; drainage of
cerebrospinal fluid (CSF) via ICP catheter; use of bat-
biturates (methohexital, pentobarbital) and trometh-
amine buffer.
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However, irreversible collapse of brain circulation
often appears very fast, so that no time remains for ex-
tended diagnostics and therapy [23]. If non-operative
treatment fails in case of threatening constriction, ear-
ly decompressive craniectomy (DC) with evacuation of
epidural (EDH) or subdural hematoma (SDH) may be
performed. But its effectiveness is controversially dis-
cussed, in particular after primary surgery. In contrast
to non-operative treatment, DC did not show an im-
proved long-term outcome in case of intracranial hy-
pertension so far [1, 8, 11]. Definitions for indication
and timing of secondary DC are still missing, since
they were often determined by the surgeon due to per-
sonal experiences. Thus, the objectives of this study
were to evaluate the incidence of increasing brain ede-
ma after primary trepanation, to identify independent
predictors for urgent secondary DC, and to reexamine
the neurological performance 12 months after trauma
by means of Glasgow Outcome Score (GOS) in pa-
tients with moderate or severe TBI.

PATIENTS AND METHODS
STUDY DESIGN AND SUBJECTS

Between January 1997 and June 2001 all consecutive
patients who were admitted with moderate (GCS score
9-12 points) or severe isolated TBI (GCS score = 8
points) to our level 1 trauma center were enrolled in
this study. Primary stabilization, operative treatment
and postoperative care were provided according to the
guidelines of the American Association of Neurosurgi-
cal Surgeons (AANS), the European Brain Injury Con-
sortium and the German Society of Trauma Surgery
for the management of severe TBI [2, 22, 30]. All sub-
jects were initially examined by CCT, which was ap-
plied at admission or before surgery as well as 24
hours after admission or following every single opera-
tion. Reexaminations were performed due to increas-
ing ICP wvalues, neurological degradation or before
ICU discharge. The following data were registered in a
standardized protocol:

* process data, i.e. time of accident; time of admis-
sion; time of intubation; time of initial and repeated
CCT; time of primary surgery and every additional
operation; time of discharge; time of death.

* clinical data, i.e. GCS score; rate of respiration
(RR); heart rate (HR); medium arterial pressue
(MAP); systolic blood pressure (BP); central venous
pressure (CVP); intracranial pressure (ICP); cerebral
perfusion pressure (CPP) = difference between
MAP and ICP; blood glucose level; CO2 saturation;
otorrhagia; reaction of the pupils; CCT evidence of
skull base fracture.

* interventions, i.e. intubation; initial and repeated
CCT; CCT-guided ventriculostomy; operations;
pentobarbital application; tromethamine applica-
tion.

INDICATIONS AND OPERATION TECHNIQUES

All patients were assigned to three different groups ac-
cording to the initial CCT findings (Table 1):
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* patients withont operation, who were provided with
a CCT-guided ventriculostomy for ICP monitoring
and CSF drainage.

* patients with operation, but without ICP monitor-
ing.

* patients with operation, who were provided with
CCT-guided ventriculostomy for ICP monitoring
and CSF drainage.

Relative indications for primary DC were defined
for: SDH or EDH greater than the full thickness of
the adjacent calvarium; midline shift greater than the
clot thickness or volume; intraventricular hemorrhage;
isolated intracerebral hemorrhage (ICH); small pe-
techial bleedings with diffuse axonal injury; impression
fractures (open or with substantial mass shift, without
sinus participation). Absolute indications for primary
and secondary DC were: clinical degradation and/or
dilation of one or both pupils still responsive to light;
diffuse, uni- or bilateral increasing brain edema in
CCT; midline shift > 5 mm; volume of the hematoma
> 10 ml in case of extracerebral hemorrhage, > 25-30
ml in case of intracerebral hemorrhage; obliteration of
the basal cisterns or the third ventricle; elevated or
therapy-resistant ICP increase > 25 mmHg and/ot
CPP reduction < 45 mmHg.

In case of abnormal unilateral findings, DC was
performed in terms of a wide frontotemporoparietal
craniectomy using a curvilinear skin incision. With the
exception of EDH without intraoperative signs of
brain edema an intraventricular catheter was usually
inserted at the contralateral side for permanent ICP
monitoring and/or CSF drainage. In case of bilateral
pathologies, DC was performed on both sides after an
arcuated skin incision dorsally of both parietal tubers
leaving a bony rim on top of superior sagittal sinus.

FOLLOW-UP 12 MONTHS AFTER TRAUMA AND
STATISTICAL ANALYSIS

Twelve months after trauma the postoperative course,
complaints and neurological status were recorded for
each patient according to the GOS score: 1 = "dead",
2 = "vegetative state", 3 = "severe disabilitiy", 4 =
"moderate disability", and 5 = "good recovery" [6, 18].

All demographic data are represented as median
and interquartile ranges (25% and 75% percentiles).
Statistical comparison was performed by means of
Mann-Whitney-U test (SPSS version 11.5, SPSS
GmbH, Munich, Germany). Non-parametric correla-
tions were established using the Spearman rank analy-
sis. Independent parameters were determined by
means of logistic regression analysis. Statistical signifi-
cance was set at P values less than 0.05.

RESULTS

DEMOGRAPHIC CHARACTERISTICS OF THE STUDY
GROUP

Sixty-five of 119 consecutive patients (54,6%) suffer-
ing from isolated moderate or severe TBI underwent
uni- or bilateral DC with insertion of an intraventricu-
lar catheter (Table 1). Statistical analysis was not possi-
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Table 1. Interventions and operations of 119 patients with moderate and severe traumatic brain injury in relation to initial CCT

diagnosis.

Total Sub- Epidural Subdural Intracranial  Depressed Cerebral
arachnoid hematoma  hematoma  hemorrhage  skull edema
hemorrhage fracture

(n=119) (n=10) (n=11) (n = 44) (n=22) (n=3) (n =29)

ICP monitoring without operation 52 10 0 19 1 22
Operation without ICP monitoring 2 0 0 0 0 0
Operation with ICP monitoring 65 0 1 42 3 2 7
Study group with 51 0 9 33 2 2 7
Primary DC 41 0 9 28 2 2 2
Primary and secondary DC 10 0 0 0 0 5
Not assessed 14 0 2 9 1 0 2

ICP = intracranial pressure; DC = decompression craniectomy; CCT = cerebral computed tomography.

Table 2. Demographic data and time course in patients with primary (n = 41) and primary + secondary decompression craniec-

tomy (DC; n = 10).

Parameter Study group Primary DC Primary + secondary DC P value
(n = 51) (n=41) (n =10)

Age [years| 51.4 (34.0 - 60.4) 54.1 (30.2 - 64.4) 38.4 (29.2 - 56.3) 0.125

Gender [male : female] 43:8 36:5 8:2 0.820

ASA classification 2(1-3) 2(1-3) 1(1-2) <0.01

Time course:
Trauma - Admission [min] 45.0 (27.0 - 66.4) 34.0 (24.3 - 56.6) 80.0 (60.0 - 100.0) 0.007
Admission - CCT [min] 18.0 (15.0 - 28.0) 17.0 (13.0 - 31.5) 19.5 (9.5 - 25.5) 0.388
Trauma - CCT [min] 71.0 (48.4 - 90.3) 67.5 (47.0 - 86.4) 94.2 (66.8 - 120.5) 0.060
CCT - Start of operation [min] 61.0 (38.0 - 96.0) 59.5(39.0 - 101.3) 64.0 (49.0 - 95.0) 0.745
Trauma - Death [days] 6.0 (1.5-9.0) 6.0 (0.0 - 10.0) 6.0 (5.0 - 8.5) 0.820
Trauma - Discharge [days] 18.0 (7.0 - 28.0) 12.0 (7.0 - 22.5) 30.0 (20.0 - 38.0) 0.032

DC = decompression craniectomy; CCT = cerebral computed tomography; P value = significance according to Mann-Whitney-
U test between patients with primary DC and primary + secondary DC.

ble in 14 patients (10 males, 4 females; median age
45.0 years [32.0-58.0]) due to incorrect data acquisition
or non-accessibility for reexamination.

Thus, 51 patients (43 males, 8 females; median age
51.4 years [34.0-60.4]) were included into the present
study (Table 2). There were no significant differences
between the non-assessed patients and the study
group concerning age, gender, initial GCS score as
well as type and severity of intracranial lesion. Twenty-
two patients were involved in a traffic accident, 11 pa-
tients in a fall, and 2 patients in a street fight. The
mechanism of accident could not be determined in 16
cases.

PRE- AND IN-HOSPITAL COURSE OF THE STUDY GROUP

On arrival of the EMS team, the median GCS score
was 8 points (3-12), systolic BP 115 mmHg (100-140),

MAP 100 mmHg (90-110), HR 90 beats/ min (72-99),
RR 12 respirations/min (10-16) and the O, saturation
95% (85-99; Table 3). Twenty-one patients had to be
intubated on scene. Their pupils wete circular, central
and equal in size. Only 7 patients showed an adequate
constriction and equal accommodation of the pupils
to light. Three these 25 patients exhibited anisocoric
or dilated pupils with poor response to light stimula-
ton.

The study patients were admitted to our hospital
45.0 min (27.0-66.4) after trauma. Ten patients were
intubated immediately after admission, the remaining
20 patients before surgery. The median GCS score at
admission was 4 points (3-10), MAP 100 mmHg (90-
115).

Eighteen minutes later, patients were transferred to
the CCT (Table 2). Skull base fractures occurred in 22
of 23 cases with otorrhagia. An isolated EDH was di-
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Table 3. Pre- and in-hospital data of patients with primary (n =
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41) and primary + secondary decompression craniectomy (DC;

n = 10).
Parameter Study group Primary DC Primary + secondary DC P value
(n = 51) (n=41) (n =10)

On scene:
GCS score [points] 8(3-12) 6(3-12) 8(5-12) 0.425
ystolic BP [mmHg] 115 (100 - 140) 120 (100 - 140) 125 (105 - 130) 0.560
Maximum MAP [mmHg] 100 (90 - 110) 105 (90 - 110) 100 (95 - 125) 0.650
Heatt rate [1/min] 90 (72 - 99) 85 (70 - 100) 95 (80 - 105) 0.384
Rate of respiration [1/min)] 12 (10 - 10) 12 (10 - 15) 12 (8 - 20) 0.675
O2 saturation [%o] 95 (85-99) 94 (85 - 98) 95 (96-99) 0.910
Intubation [yes : no| 21:30 17:24 4:6 0.588

At admission:
Otorrhagia [yes : no] 23:28 15: 26 8:2 0.041
Anisocoria [yes : no| 3:48 1:40 2:8 0.058
Irregular pupils [yes : no] 2:49 1:40 1:9 0.510
Fixed pupils [yes : no] 7:44 5:36 2:8 0.704
GCS score [Punkte] 4(3-10) 4 (3-10) 5(3-10) 0.784
Skull base fracture in CCT 22:29 13:28 9:1 0.014
[yes : no]
Systolic BP [mmHg] 120 (105 - 140) 130 (100 - 160) 90 (95 - 120) 0.011
Maximum MAP [mmHg] 100 (90 - 115) 100 (90 - 120) 85 (78 - 105) 0.098

After surgery:
Maximum MAP [mmHg] 106 (90 - 115) 108 (98 - 117) 100 (80 - 120) 0.255
Maximum CVP [mmHg] 8 (6-10) 8 (6-11) 7(5-14) 0.940
Postoperative ICP [mmHg] 10 (7 - 16) 8(5-14) 18 (12 - 30) 0.016
Maximum ICP [mmHg] 22 (16 - 30) 22 (16 - 26) 24 (20 - 30) 0.682
Maximum CPP [mmHg] 76 (70 - 88) 90 (86 - 110) 67 (60 - 78) 0.006
Pentobarbital [yes : no] 12: 39 3:38 9:1 <0.001
Tromethamine buffer 5:46 1:40 5:5 0.014

[yes : no]

DC = decomptession craniectomy; CCT = cetrebral computed tomography; P value = significance according to Mann-Whitney-
U test between patients with primary DC and primary + secondary DC.

agnosed in 5 cases, SDH in 11 cases and ICH in 4 cas-
es, partially with a depressed skull fracture. In each
case, a significant midline shift > 5mm was deter-
mined. Combined injuries were present in the remain-
ing 31 patients (Table 1). Primary DC followed by in-
sertion of a ventricular catheter for ICP monitoring
started 61.0 min (38.0-96.0) after CCT. Forty-three pa-
tients were provided with dural grafting and bone flap
removal, 8 patients with bone flap replacement. Bone
fragments were elevated and dura lesions were closed
in 3 cases with depressed skull fracture. At the end of
the operation, the median ICP of the study group
amounted to 10 mmHg (7-16).

POSTOPERATIVE COURSE OF THE STUDY GROUP

During postoperative treatment of intracranial hyper-
tension, the study patients presented a maximum ICP

of 22 mmHg (16-30), CPP of 76 mmHg (70-88), and
MAP of 106 mmHg (90-115). Twelve subjects re-
quired additional pentobarbital application for lower-
ing ICP (Table 3).

At a median of 6.0 days (1.5 - 9.0) after trauma, 16
of 51 study patients (31.4%) died due to irreversible
intracranial hypertension, which was regularly con-
firmed by autopsy (Table 2). Initial CCT diagnosis of
these patients was EDH and extensive brain edema in
2 cases, respectively, SDH in 14 cases. Thirty-five pa-
tients were discharged from the hospital 18.0 days
(7.0-28.0) after the primary surgery. At this time, 2 pa-
tients offered a GOS of 2 points, 8 patients of 3
points, 13 patients of 4 points and 12 patients of 5
points. Twelve months later, neurological reexamina-
tion revealed an improved GOS in most cases. One
patient exhibited still 2 points, 4 patients 3 points, 6
patients 4 points and 24 patients even 5 points.
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PRE- AND INTRAOPERATIVE COURSE OF PATIENTS
UNDERGOING SECONDARY DC

Ten (8 males, 2 females; median age 38.4 years [29.2 -
56.3]) of 51 patients (19.6%) underwent secondary ei-
ther ispilateral or contralateral DC (Table 2). Primary
cause was a traffic accident in 9 cases; the mechanism
of TBI could not be clarified in one case. On scene,
there were no significant differences concerning GCS
score, MAP, systolic BP, HR, RR, the CO2 saturation
and the rate of intubation in comparison those sub-
jects with primary DC (Table 3).

These patients were admitted significantly later (80.0
min [60.0 - 100.0]) after trauma than those with prima-
ry DC (Table 2). With exception of systolic BP (p =
0.011), otorrhagia (p = 0.041) and skull base fracture (p
= 0.014) at admission, there were no significant differ-
ences between both groups concerning GCS score and
MAP (Table 3). In all cases, initial DC was followed by
dural grafting, bone flap removal and contralateral in-
sertion of intraventricular catheter for ICP monitoring
and CSF drainage. The immediate postoperative ICP at
18 mmHg (12 - 30) was significantly higher (p = 0.010)
than in those patients with primary DC.

POSTOPERATIVE COURSE OF PATIENTS UNDERGOING
SECONDARY DC

Secondary DC had to be performed at a median peri-
od of 2 days (1 - 8) after primary surgery. Three pa-
tients underwent ipsilateral, 7 patients contralateral
DC. Maximum ICP level prior to secondary DC was
not substantially higher than in those patients with pri-
mary DC (Table 3). However, the CPP level at a medi-
an of 67 mmHg (60 - 78) was significantly decreased
(p = 0.006) despite catecholamine application. More-
over, pentobarbital (p = <0.001) and tromethamine (p
= 0.014) were used more frequently than in those cas-
es with primary DC.

At a median of 1 day (1 - 4.6) after secondary DC
and 6 days (5 - 8.5) after trauma, 4 of 10 patients
(40.0%) died due to irreversible intracranial hyperten-
sion and constriction, which was confirmed by autop-
sy in each case (Table 2). Two of these deceased sub-
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jects suffered from SDH and extensive brain edema,
respectively. The remaining 6 patients could be dis-
charged from hospital to the neurological rehabilita-
tion program 30 days (20 - 38) after trauma. Their
length of hospital stay was significantly longer (p =
0.032) compared to those patients with primary DC.
At discharge, one patient each offered a GOS of 2 or 3
points, respectively, and 4 patients a GOS of 4 points.
Twelve months after trauma, neurological reexamina-
tion revealed an improved GOS of 4 points in 2 pa-
tients and 5 points in 3 patients. Only one patient with
a GOS of 2 points at discharge did not tend to neuro-
logically improve.

CORRELATION ANALYSIS OF CLINICAL PARAMETERS
FOR SECONDARY DC

On scene, there were no significant correlations be-
tween clinical findings and the urgency for secondary
DC. The time between trauma and admission signifi-
cantly correlated with the clinical course (Table 4).
However, it could not prove as an independent para-
meter according to the multivariate analysis.

Systolic BP and otorrhagia at admission as well as
maximum CPP and ICP levels after primary DC were
found to be relevant for the prediction of recurrent in-
tracranial hypertension (Table 4). But only maximum
CPP could prove as an independent parameter accord-
ing to both Spearman correlation and logistic regres-
sion analysis (score 9.366; df = 1; p = 0.036). Finally,
applications of pentobarbital as well as tromethamine
buffer significantly correlated with the urgency of sec-
ondary DC, but could not be confirmed as indepen-
dent parameters according to the multivariate analysis

(Table 4).
DiscussioN

Decompressive craniectomy (DC) is discussed contro-
versially in patients with increasing intracranial hyper-
tension. So far, surgery could not prove to be superior
to non-operative management [1, 8]. Beyond that, for-
mer clinical studies are not conclusive concerning the
indications to surgical treatment.

Table 4. Spearman rank analysis for significant parameters predicting secondary DC.

Primary DC Primary + secondary DC R P value
(n =41) (n =10)

Trauma — Admission time [min] 34.0 (24.3 - 56.6) 80.0 (60.0 — 100.0) 0.520 0.007
Trauma — Discharge time [days] 12.0 (7.0 — 22.5) 30.0 (20.0 — 38.0) 0.380 0.032
Systolic BP [mmHg] at admission 130 (100 — 160) 90 (95 — 120) -0.344 0.020
Otorrhagia at admission [yes : no] 15:26 8:2 0.306 0.041
Skull base fracture [yes : no] 13:28 9:1 0.468 0.011
Maximum postoperative CPP [mmHg] 90 (86 — 110) 67 (60 —78) -0.602 0.006
Pentobarbital administration [yes : no] 3:38 9:1 0.688 <0.001
Tromethamine administration [yes : no] 1:40 5:5 0.445 0.014

R = correlation coefficient; P value = significance between patients with primary DC and primaty + secondary DC.
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High mortality rates with a large variance between
13.5% and 90% seem to argue against the effective-
ness of DC [8, 11]. Most studies are based on retro-
spectively collected data, only a few but not random-
ized trials are prospectively designed. Moreover, the
evaluation of results is difficult because many different
operation techniques, e.g. unilateral, bilateral, bifrontal
and expanded frontottemporoparietal DC, are de-
scribed. The patient numbers vary between 2 [9] and
533 patients [15], and the heterogeneity of the patient
population within a study group [17] as well as be-
tween the individual groups raises difficulties concern-
ing data extrapolation. In the last 10 years, only 4 stud-
ies were published about more than 10 patients under-
going primary frontotemporoparietal DC [11, 12, 14,
24]. All other studies are based on individual case re-
ports about TBI management and ICU treatment.

Munch et al. presented the effect of DC on the out-
come of TBI patients in correlation to the ICP values
and the increase of intracranial space calculated from
CCT scans. The distance between the bottom edge of
the temporal craniectomy and the surface of the medi-
um cranial fossa seems to have a greater influence on
the clinical outcome than the size of the craniectomy
[22].

In experimental studies most authors agree that DC
leads to a rapid ICP decrease. In particular after open-
ing of the dura, the oxygen partial pressure of the tis-
sue increased without impairment of the blood-brain
barrier, and the cerebral blood flow returned to not-
mal [3, 27]. Lower mortality rates were demonstrated
after DC compared to the control group [21]. Never-
theless, some experimental investigations have ob-
served growing brain edema with hemorrhagic insults
and cortical necroses after herniation due to DC as
well, especially in case of simultaneous arterial hyper-
tension [7, 13].

It remains still unclear whether the risk of addition-
al brain damage is increased because of intracranial
mass shift after DC. Obviously, postoperative brain
edema will accelerate in case of irreversible brain dam-
age prior to surgery. However, this should not be an
argument against DC, but against late indication [12].
Thus, the objective of this analysis was to determine
early significant criteria, which might indicate expand-
ed ipsilateral or contralateral DC following primary
operation.

The systolic blood pressure at admission proved as
a significant, but not independent clinical parameter
due to correlation analysis. On scene, the arterial hy-
potension considerably affects the morbidity of severe
TBI patients [5]. Rapid elevation of the systolic blood
pressure appears to be essential already during the pre-
hospital phase [34]. Therefore, the additional adminis-
tration of catecholamines should be considered for
longer transportation times. However, this hypothesis
must be scrutinized in a treatment study with appro-
priate control groups.

Initial otorrhagia turned out to be clinically rele-
vant, but did not independently indicate recurrent in-
tracranial hypertension after primary DC. Neverthe-
less, it may suggest not only a traumatic osseous injury
of the skull base, but also an acute and life-threatening
intracranial lesion [32].
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Maximum CPP below a median threshold of 70
mmHg proved to be the only independent, prognostic
parameter, which predicts the necessity of secondary
DC, especially in case of pentobarbital or trometh-
amine administration. Application of pentobarbital
may cause decreased medium blood pressure and CPP
levels leading to rapidly increasing dosages of cate-
cholamines.

Hereby, the absolute ICP value is not as important
as its effect on the CPP value and its relationship to
brain swelling, although the effects of postoperatively
increased ICP on the cellular metabolism are to be re-
lated not only to CPP [4]. The CPP decrease and dif-
fuse brain swelling are fundamental mechanisms of
secondary brain damage following severe TBI [16, 20,
29]. The perfusion of injured brain areas can be ab-
solutely reduced due an increase of local tissue pres-
sure and loss of autoregulation. In these cases, the
CPP as well as the ICP would overestimate the local
perfusion status, since the ICP reflects the pressure of
the entire cranial cavity [31]. Beyond that, elevated
ICP values at adequate CPP levels may also occur with
benign intracranial hypertension, but without neuro-
logical deficits.

Most protocols are tending to treat both increased
ICP as well as decreased CPP values because of their
effects on the clinical outcome. Decreasing CPP can
initiate a cascade of vasodilative mechanisms in order
to maintain the cerebral blood flow [28]. The resulting
increase of the cerebral blood volume leads to a fut-
ther rising of the ICP and to a reduction of the CPP.
This cascade can be interrupted by raising the CPP,
which subsequently leads to reduced ICP [26]. In the
present analysis, only the CPP value and the adminis-
tration of pentobarbital / tromethamine, but not the
absolute ICP value were significantly correlated with
the GOS score 12 months after trauma.

The selective composition of the study group has to
be mentioned as one of the limitations of the study
and the data interpretation. Fifteen of 73 patients with
primary operation and ICP monitoring could not be
included into this analysis for statistical reasons. How-
ever, there were no significant differences between the
non-included patients and the study group concerning
age, gender, initial GCS score as well as type and
severity of intracranial lesion. The absence of an ap-
propriate comparison group is another limiting factor.
Finally, this analysis represents a statistical retrospec-
tive calculation of prognostic parameters predicting
secondary DC during the course of a prospective
study. However, the basis is established with the pre-
sent data to examine the prognostic value of arterial
hypotension on scene and the CPP below a threshold
value of 70 mmHg in a larger number of patients with
moderate or severe TBI.

CONCLUSIONS

Apart from the time between trauma and admission,
arterial hypotension as well as otorrhagia at admission
significantly correlated with the morbidity and mortal-
ity of patients suffering from moderate or severe TBI.
The early equilibrium of arterial hypotension appears
to be essential in the prehospital management of TBI
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patients, but must be examined in further treatment
studies.

Decreased CPP value below a median threshold of

70 mmHg proved as the only independent predictive
parameter for secondary DC and unfavorable 12-
months follow-up in case of recurrent intracranial hy-
pertension after primary DC. In contrast, the type and
severity of the intracranial lesion, the absolute ICP val-
ue as well as the pentobarbital and/or tromethamine
buffer administration are not meaningful.

10.

11.

12.

13.

14.

REFERENCES

Britt RH. Hamilton RD (1978) Large decompressive
craniotomy in the treatment of acute subdural hematoma.
Neurosurgery 2: 195-200

Bullock R, Chesnut RM, Clifton G, Ghajar J, Marion
DW, Narayan RK, Newell DW, Pitts LH, Rosner MJ,
Wilberger JW (1996) Guidelines for the management of
severe head injury. Brain Trauma Foundation. Eur ]
Emerg Med 3: 109-127

Burkert W. Plaumann H (1989) The value of large pres-
sure-relieving trepanation in treatment of refractory brain
edema. Animal experiment studies, initial clinical results.
Zentralbl Neurochir 50: 106-108

Chesnut RM, Marshall LF (1993) Management of severe
head injury. In: Ropper AH, editor. Neurological and
Neurosurgical Intensive Care. New York: Raven Press. p.
203-246.

Chesnut RM, Marshall LF, Klauber MR, Blunt BA, Bald-
win N, Eisenberg HM, Jane JA, Marmarou A, Foulkes
MA (1993) The role of secondary brain injury in deter-
mining outcome from severe head injury. J Trauma 34:
216-222

Clifton GL, Kreutzer |S, Choi SC, Devany CW, Eisen-
berg HM, Foulkes MA, Jane JA, Marmarou A, Marshall
LF (1993) Relationship between Glasgow Outcome Scale
and neuropsychological measures after brain injury. Neu-
rosurgery 33: 34-38

Cooper PR, Hagler H, Clark WK, Barnett P (1979) En-
hancement of experimental cerebral edema after decom-
pressive craniectomy: implications for the management of
severe head injuries. Neurosurgery 4: 296-300

Cooper PR, Rovit RL, Ransohoff J (1976) Hemicraniec-
tomy in the treatment of acute subdural hematoma: a re-
appraisal. Surg Neurol 5: 25-28

Dam HP, Sizun ], Person H, Besson G (1996) The place
of decompressive surgery in the treatment of uncontrol-
lable post-traumatic intracranial hypertension in children.
Childs Nerv Syst 12: 270-275

Dearden NM (1998) Mechanisms and prevention of sec-
ondary brain damage during intensive care. Clin Neu-
ropathol 17: 221-228

Gaab MR, Rittierodt M, Lotrenz M, Heissler HE (1990)
Traumatic brain swelling and operative decompression: a
prospective investigation. Acta Neurochir Suppl (Wien )
51: 326-328

Guerra WK, Gaab MR, Dietz H, Mueller JU, Piek ],
Fritsch MJ (1999) Surgical decompression for traumatic
brain swelling: indications and results. ] Neurosurg 90:
187-196

Hatashita S. Hoff JT (1987) The effect of craniectomy on
the biomechanics of normal brain. ] Neurosurg 67: 573-
578

Hatashita S, Koga N, Hosaka Y, Takagi S (1993) Acute
subdural hematoma: severity of injury, surgical interven-
tion, and mortality. Neurol Med Chir (Tokyo) 33: 13-18

15. Jamieson KG. Yelland JD (1972) Surgically treated trau-

matic subdural hematomas. ] Neurosurg 37: 137-149

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

October 18, 2005

Johnston IH, Johnston JA, Jennett B (1970) Intracranial-
pressure changes following head injury. Lancet 2: 433-436
Jourdan C, Convert J, Mottolese C, Bachour E, Gharbi S,
Artru F (1993) Evaluation of the clinical benefit of de-
compression hemicraniectomy in intracranial hyperten-
sion not controlled by medical treatment. Neurochirurgie
39:304-310

Levin HS, Gary HE, Jr., Eisenberg HM, Ruff RM, Barth
JT, Kreutzer J, High WM, Jr., Portman S, Foulkes MA,
Jane JA (1990) Neurobehavioral outcome 1 year after se-
vere head injury. Experience of the Traumatic Coma Data
Bank. ] Neurosurg 73: 699-709

Maas Al, Dearden M, Teasdale GM, Braakman R, Co-
hadon F, Iannotti F, Karimi A, Lapierre F, Murray G,
Ohman J, Persson L, Servadei F, Stocchetti N, Unterberg
A (1997) EBIC-guidelines for management of severe head
injury in adults. European Brain Injury Consortium. Acta
Neurochir (Wien ) 139: 286-294

Marion DW (1998) Head and spinal cord injury. Neurol
Clin 16: 485-502

Moody RA, Ruamsuke S, Mullan SF (1968) An evaluation
of decompression in experimental head injury. J Neuro-
surg 29: 586-590

Munch E, Horn P, Schurer L, Piepgras A, Paul T,
Schmiedek P (2000) Management of severe traumatic
brain injury by decompressive craniectomy. Neurosurgery
47: 315-322

Parzhuber A, Ruchholtz S, Schweiberer L (1996) Severe
craniocerebral trauma. Unfallchirurg 99: 541-547

Polin RS, Shaffrey ME, Bogaev CA, Tisdale N, German-
son T, Bocchicchio B, Jane JA (1997) Decompressive
bifrontal craniectomy in the treatment of severe refracto-
ry posttraumatic cerebral edema. Neurosurgery 41: 84-92
Prat R. Calatayud-Maldonado V (1998) Prognostic factors
in postraumatic severe diffuse brain injury. Acta Neu-
rochir (Wien ) 140: 1257-1260

Reilly P (1997) Management of intracranial pressure and
cerebral perfusion. In: Reilly P, Bullock R, editors. Head
Injury. London: Chapman & Hall. p. 385-407.

Rinaldi A, Mangiola A, Anile C, Maira G, Amante P, Fer-
raresi A (1990) Hemodynamic effects of decompressive
craniectomy in cold induced brain oedema. Acta Neu-
rochir Suppl (Wien ) 51: 394-396

Rosner MJ. Coley IB (1986) Cerebral perfusion pressure,
intracranial pressure, and head elevation. ] Neurosurg 65:
636-641

Rosner MJ. Daughton S (1990) Cerebral perfusion pres-
sure management in head injury. ] Trauma 30: 933-940
Ruchholtz S (2000) The Trauma Registry of the German
Society of Trauma Sutgety as a basis for interclinical qual-
ity management. A multicenter study of the German Soci-
ety of Trauma Surgery. Unfallchirurg 103: 30-37
Ruchholtz S, Waydhas C, Muller A, Lewan UM, Nast-
Kolb D, Euler E, Pfeiffer KJ, Schweiberer L (1998) Per-
cutaneous computed tomographic-controlled ventricu-
lostomy in severe traumatic brain injury. ] Trauma 45:
505-511

Samii M. Tatagiba M (2002) Skull base trauma: diagnosis
and management. Neurol Res 24: 147-156

Siesjo BK. Siesjo P (1996) Mechanisms of secondary
brain injury. Eur ] Anaesthesiol 13: 247-268

Silvestri S. Aronson S (1997) Severe head injury: prehos-
pital and emergency department management. Mt Sinai |
Med 64: 329-338

Stocchetti N, Penny KI, Dearden M, Braakman R, Co-
hadon F, Tannotti F, Lapierre F, Karimi A, Maas A, Jr.,
Murray GD, Ohman J, Persson L, Servadei F, Teasdale
GM, Trojanowski T, Unterberg A (2001) Intensive care
management of head-injured patients in Europe: a survey
from the European brain injury consortium. Intensive

Care Med 27: 400-406



October 18, 2005 EUROPEAN JOURNAL OF MEDICAL RESEARCH

36. Thurman D. Guerrero J (1999) Trends in hospitalization
associated with traumatic brain injury. JAMA 282: 954-
957

37. Thurman DJ, Alverson C, Dunn KA, Guerrero J, Sniezek
JE (1999) Traumatic brain injury in the United States: A
public health perspective. ] Head Trauma Rehabil 14:
602-615

Received: July 6, 2005 | Accepted: September 5, 2005

Address for correspondence:

Thomas Mussack, MD

Department of Surgery Innenstadt

Klinikum der Universitit Miinchen
Nussbaumstrasse 20

D-80336 Munich, Germany

Tel.: +49-89-5160-2638

Fax: +49-89-5160-4489

Email:  Thomas.Mussack@med.uni-muenchen.de

433




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


