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SUMMARY - During the war in Croatia (1991-1995), 26 patients with craniobasal (facio-orbital) injuries
were treated in southern Croatia. Numerous complications that accompany these lesions give them specific
neurosurgical importance. Patient records were retrospectively analyzed in order to assess outcome in this
group of patients. Cerebrospinal fluid fistula was observed in one third of the patients. Cerebrospinal fluid
fistula based infection occurred in over 50% of cases. Endocranially located retained foreign bodies were
seen in 10 patients. A higher rate of reoperation (mostly for cerebrospinal fluid fistula) was recorded in this
group of patients as compared with other sites of head injuries. Favorable outcome was recorded in 18 and
unfavorable outcome in 8 patients, whereas 3 patients died. This survey of patient records showed it to be
of utmost importance to follow the well defined neurosurgical policy according to which the primary wound
repair (especially of the torn basal dura mater) should be a definitive one. Cerebrospinal fluid fistula,
retained foreign bodies, low Glasgow Coma Scale on admission, and reoperation exert an unfavorable effect
on patient outcome.
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Introduction

Craniocerebral injury, either primary or secondary, is of-
ten fatal. These injuries account for 10%-15% of all war in-
juries and are the most common cause of death at the bat-
tlefield'%. Head injuries in war are in their appearance mas-
sive, and often very destructive for all neurocranial layers,
involving a broad population®*. According to the angle of
impact upon cranial structures they can be of penetrating,
perforating, and tangential type**. A special group of open
war injuries to the head are those called craniobasal injuries
(facio-orbito-craniobasal injuries). In this type of injuries, the
projectile intruding the skull or leaving it after causing the
lesion traverses paranasal cavities and/or eyehole, providing
a broad communication between the contaminated outer
world and the sterile endocranial content®®. Even when di-
rect brain lesions caused by the projectile intracranial pro-
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gression are excluded, the complications such as cerebrospi-
nal fluid fistula (CSFF) and ascending meningitis that ac-
company craniobasal lesions make them highly significant.
Although known as a phenomenon since ancient times, post-
traumatic CSFF was first described in 1770 by Bidloo. W.
Dandy acomplished the first neurosurgical CSFF repair of a
frontobasal injury using a fascia lata graft and muscle. At-
tention should be paid to the so-called discontinuous frac-
ture where the fracture of the calvaria at the site of procjetile
entry is not connected with the one at the skull base®.

In the series presented by Campbell and Kuhlenbeck,
the incidence of these lesions exceeded 35%’. After resusci-
tation measures, all patients underwent neurologic and ra-
diologic diagnostic workup.

Computed tomography (CT) coronal and axial thin slic-
es performed through eye holes and neurocranium, also us-
ing ‘bony’ window, enabled optimal selection of neurosurgj-
cal strategy, including head and neck surgeon and ophthal-
mologist consultation. The neurosurgical treatment consist-
ed of large craniotomy, gentle but thorough debridement,
removal of all reachable indriven foreign bodies, watertight
dural closure usinga graft, and skin closure without tension®*.
Simple wound closure was performed in those patients show-
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Fig. 1. Discontinuous fracture (according to Johnson and Dutt, 1947).

ing no space occupying lesions (excluded by CT scan), those
who were admitted to the hospital in a time period shorter
than 6 hours from the wounding, those who had a wound
diameter of less than 2 cm, and those with Glasgow Coma
Scale (GCS) greater than 10 points®. Tetanus prophylaxis

- .

Fig. 2. Numerous superficially and endocranially located shell frag-
ments.

126

and penicillin crystal (6x4 M [U/d), gentamicin (3x80 mg/
d) and metronidazole (3x500 mg/d) were routinely admin-
istered toall patients. All patients received sodium phenobar-
bital (2x100 mg) for prevention of seizures™°.

Patients and Methods

From August 1991 till October 1995, a total of 176 pa-
tients with craniocerebral injuries sustained in war were
treated at Department of Neurosurgery, Split University
Hospital’. There were 26 (14.8%) patients with craniobas-
al war injury (Table 1).

There were 24 men and two women, mean age 30 years.
In the great majority of patients, the time elapsed from
wound infliction (transport time) to hospital admission was
less than 48 hours, and in only two patients more than 48
hours. The wounding agents were shell fragments in two
thirds and bullets in one third of patients. The initial neu-
rologic status (GCS score)!! was unfavorable (<7) in 14 and
favorable (>7) in 11 patients. One patient was sedated and
under the influence of a relaxant. There were different di-
rect effects of the projectile intrusion into the endocranium
(CT and skull x-rays): 5 acrocoele, 12 intracerebral hemato-
mas (ICH), 1 epidural hematoma, 1 intraventricular hem-
orrhage, and 1 encephalocele into the sphenoid sinus. In all
patientsacomminuted fracture of the skull base was present.

More than a half of patients were treated through large
craniotomy and one third by simple wound closure, whereas
three patients were operated on elsewhere.

On outcome assessment, the Glasgow Outcome Scale
(GOS)?was intentionally modified to enable easier evalu-
ation. Death, vegetative state, and severe disability were

Fig. 3. Frontobasal multifragmented fracture involoing orbital hole.
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Table 1. Craniobasal injuries in major armed conflicts

Armed conflict/Author % of craniobasal
injuries
World War IT (1939-1945), H.-W. Cushing 3.0

Korean war (1950-1953), A M. Meirowsky 3.9
Vietnam war (1965-1973), Hammon/Rish 1.5
Israel war (1982-1985), B. Brandvold 13.2
Croatia war (1991-1995), M. Tudor 14.8

classified as unfavorable outcome, whereas favorable out-
come included moderate disability and good recovery®'.

The Kruskal-Wallis y*-test, Mann-Whitney U test, Fisher
exact test and % distribution test were used on statistical
analysis.

Results

Three deaths were recorded in the group of patients with
craniobasal injuries. The mortality rate slightly exceeded
total mortality rate (10.23%, N=176). All patients with
lethal outcome had unfavorable GCS (<7 points) on admis-
sion. These patients died 3-4 days from the wounding, i.c.
from primary neurosurgical management, so death was
caused by the primary, irreversible, extensive cerebral lesion
rather than by the complications commonly observed in this
anatomic region.

Early complications developed in one third of patients:
CSFF in seven (Fig. 4) and infection (meningoencephali-
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Fig. 4. Relationship between cerebrospinal fluid fistula (CSFF) and
wound site.
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tis) in five patients (including four of the five patients with
CSFF). Bacteriologic analysis of CSF from the infected pa-
tients showed an equal distribution of gram-positive and
gram-negative infectious agents, with a predominance of
Staphylococcus aureus and Acinetobacter sp. It should be noted
that the initial infection with gram-positive bacteria was
later substituted by gram-negative bacteria. All patients
initially received the same antibiotic prophylaxis, which was
subsequently specifically changed according to the antibi-
otic sensitivity report. Two patients developed early seizures.

On postoperative control CT scans, 12 patients were free
from retained foreign bodies endocranially, whereas in ten
patients foreign bodies had not been (or could not be) prop-
erly removed. Only two infections were recorded in the group
of patients free from retained foreign bodies on control C'T;
whereas in ten patients with the evidence of retained for-
eign bodies there were 4 cases of meningoencephalitis, 5 cases
of CSFE and one patient with early seizures.

The size of the projectile endocranial trajectory had no
statistical significance on the outcome, as favorable outcome
was recorded in seven of nine patients with the bullet tra-
jectory through both cerebral hemispheres. Only two of sev-
en patients with two or more cerebral lobi involved had
unfavorable outcome.

The transport time had no effect on the incidence of
infectious complications because all patients were admit-
ted to the hospital and underwent neurosurgical manage-
ment within the time period shorter than the critical 48
hours.

In the group of patients operated on by large craniotomy
there was only one reoperation, whereas in the group with
the simple wound closure and/or operation there were three
reoperations. All patients reoperated on (n=4) had a CSFF
(with or without infection).

According to the simplified GOS, there were eight
(30%) patients with unfavorable outcome and 18 (70%)
patients with favorable outcome.

Discussion

Mortality rate in recent large armed conflicts is still high
(10%) despite advances in neurosurgical techniques, well
organized health service, and properly trained personnel. In
the group of patients with craniobasal lesions it is slightly
higher (11.5%) because of the specific anatomic region (bor-
der between the neurocranium and viscerocranium) and
common use of high velocity missiles. In the management
of craniocerebral war injuries, the primary neurosurgical goal
is to reduce intracranial pressure (decompressive craniecto-
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my, evacuation of all spaciocompressive endocranial hemato-
mas), to provide optimal perfusion of the brain tissue, to
remove all reachable foreign endocranial materials (especial-
ly bone fragments), to perform thorough debridement, to
close dura mater in a watertight fashion, and to ensure that
skin exerts no tension over cranial defects. The same holds
for craniobasal defects and torn basal dura mater. The de-
fects should be repaired optimally in order to prevent CSFF
either through the skin at the wounding site or CSF rhinorhea
or CSF otorhea (discontinuous fracture)>*!*!°, The inci-
dence of CSFF in the war was as high as 18%, and in our
patients (N=176) it was 12%"". In this special group of
patients (craniobasal injuries) it is 27%. CSFF provides a
basis for different infectious complications, their incidence
being as high as 50%'>1". In the presence of CSFE the rate
of infection is 15-fold that without CSFE

In wartime, it may often be difficult to perform a distin-
guished radiologic workup (e.g., CT cisternography with
coronal slices) and to locate the site of cranial base defects,
or to define the site of dura perforation, although generally,
the defects are commonly larger than those from peacetime
accidents. In cases with very extensive wounds (defects) it
may occasionally be difficult to act according to the afore-
mentioned principles of management for these lesions. With-
out a multispecialty approach (that may even include a
plastic surgeon) by a neurosurgeon, an ophthalmologist, and
ahead and neck surgeon, it is not easy to close the defects in
these rare cases. The reoperation rate is higher than for war
wounds located elsewhere (cranial vault). It is well known
that reoperations contribute significantly to poorer outcomes.

In our series, the reason for reintervention was CSFF and/
orinfection in the majority of cases. Therefore, therapeutic
goal is that the primary wound repair (especially of the cran-
iobasally torn dura mater) be a defintive one, followed by
aggressive intensive therapy and early rehabilitation. The
type of projectile, the type of war wound, the transport time,
the size of the procjetile endocranial trajectory, and the pa-
tient’s age and sex had no significant impact on the outcome,
whereas primary brain lesion (initial GCS), CSFE retained
endocranial foreign bodies, infections and reoperations had
amajor impact on the outcome.
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Sazetak
RATNE KRANTOBAZALNE OZLJEDE U JUZNOJ HRVATSKO]
M. Tudor, L. Tudor i K 1. Tudor

Tijekom rata u Hrvatskoj (1991.-1995.) u juznoj Hrvatskoj lije¢eno je 26 bolesnika s kraniobazalnim (facio-orbitalnim) ozljedama.
Brojne komplikacije koje prate ove ozljede ¢ine ih osobito znacajnim za neurokirurgiju. Provedena je retrospektivna analiza
bolesnickih kartona kako bi se procijenio ishod u ovoj skupini bolesnika. Likvorska fistula zabiljeZena je u jedne trecine bolesnika.
Infekcija proizisla iz takve fistule nastupila je u preko 50% slucajeva. Zaostala strana tijela u endokranijumu nadena su u 10
bolesnika. U ovoj skupini bolesnika zabiljezena je visa stopa ponovnih operacijskih zahvata (uglavnom zbog likvorske fistule) u
usporedbi s drugim mjestima ozljeda glave. Povoljan ishod zabiljeZen je u 18, a nepovoljan ishod u 8 bolesnika, dok su trojica
umrla. Zakljucuje se kako je od vrhunske vaznosti slijediti dobro utvrden neurokirurski protokol prema kojemu primarno
zbrinjavanje rane (poglavito pokidane bazalne dure mater) mora biti kona¢no. Likvorska fistula, zaostala strana tijela, niska vrijednost
na Glasgowskoj ljestvici kome kod prijma te ponovna operacija nepovoljno utje¢u na ishod.

Kljuéne rijeci: Oxfjede glave — epidemiologija; Kraniobazalna trauma — komplikacije; Rat; Rane, penetrirajuce — komplikacije; Hroatska
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