Ole r’MMHaAbHbl€e UCCAEAOBAHNA

UDC 616.714+616.831+616.216])-001.45-089.8:355.422

Surgical management of battle gunshot injuries to the dural venous
sinuses, combined with brain injury: an analysis of series of observations

H. S. Pylypenko2BCP{ A, H. Sirko*12ACEF() 'V, V, Botikov2BP

1State Institution “Dnipropetrovsk Medical Academy of the Ministry of Health of Ukraine”, Dnipro, Ukraine, 2Mechnikov Dnipropetrovsk
Regional Clinical Hospital, Dnipro, Ukraine.

A - research concept and design; B - collection and/or assembly of data; C - data analysis and interpretation; D - writing the article;
E - critical revision of the article; F - final approval of the article

Key words:

combat head
injury, venous sinus
injury, superior
sagittal sinus.

Zaporozhye
medical journal
2020; 22 (1), 54-59

DOI:
10.14739/2310-1210.
2020.1.194498

*E-mail:
neurosirko75@
gmail.com

Katouosi croBa:
60110Bi NOPaHEHHS
rOAOBM,
BOrHenanbHe
UepenHo-Mo3KOBe
nopaHeHHs,
NOLUKOAXEHHS
BEHO3HOTO
CUHyCa, BEPXHIN
cariTaAbHUI CUHYC.

3anopisbkuit
MeAWYHUI XXypHaA.
2020. T. 22, Ne 1(118).
C.54-59

54  ISSN 2306-4145 http://zmj.zsmu.edu.ua

The present study aimed to summarize the literature data about wounds to the dural venous sinus (DVS) and validating the im-
portance of surgery in a series of clinical observations in patients with craniocerebral gunshot wound (CGW) sustained in battles
with the DVS wound.

Materials and methods. We conducted a retrospective analysis of the clinical records and long-term outcomes in patients who
were admitted to our medical center from 05/2014 to 12/2017. The study included soldiers with gunshot DVS wounds sustained
in battles, who presented with the Glasgow Coma Scale (GCS) score 24. Upon admission, damage to the DVS was diagnosed
based on spiral computed tomography (SCT) imaging and/or was identified during surgery. All the patients underwent SCT imaging
on admission and 12 hours after surgery. When severe damage to the DVS was suspected, cerebral angiography (CAG) was
performed. The age, initial GCS score, the Injury Severity Score, location and nature of injuries to the DVS, the location and nature
of brain injury, the volume of surgical interventions and the presence of complications in a postoperative period were taken into
account. The outcome data included an assessment of the Glasgow Outcome Scale (GOS) in 6 and 12 months.

Results. Of 241 patients with CGW sustained in battles, 21 (8.7 %) presented with wounds to the DVS. The average initial GCS
score was 10.0  3.7. Superior sagittal sinus wound was identified in 20 (95.2%) patients and straight sinus wound — in one
(4.8 %) patient. Wound to one DVS wall was identified in 15 (68.2 %) cases, wound to two DVS walls - in five (22.7 %) cases,
and complete DVS damage (transection) —in two (9.1 %) cases. Twenty (95.2 %) patients presented with DVS wound combined
with brain injury: one in the lobe in 10 (47.6 %) patients and 22 lobes in 10 (47.6 %) patients. All the patients underwent surgery.
CAG was performed in five (23.8 %) patients. DVS ligation was performed in four (19 %) patients. Five (23.8 %) patients had
meningitis, three (14.3 %) patients died. After 6 months, five (23.8 %) patients recovered well (GOS score of 5), 12 (57.1 %) had
moderate disability (GOS of 4), and one (4.8 %) had severe disability. The significant factors of good outcome within 6 months
after the injury were age (P = 0.04) and GCS score on admission (P = 0.01).

Conclusions. The DVS repair via surgery in case of concomitant brain matter injury must be performed very cautiously because
of a high risk of developing hemorrhagic complications due to early use of anticoagulants. The feasibility of surgical DVS repair
in case of transection can be assessed in large neurosurgical centers for such pathology management to obtain more data.

XipypriuHe AikyBaHHA 60MOBUX BOrHenaAbHUX NOpaHEeHb AypaAbHUX BEHO3HUX CUHYCIB,
LLLO NOEAHAHI 3 NOLIKOAKEHHAM FOAOBHOI0 MO3KY: aHaAi3 cepii cnocTepeXXeHb

I. C. MuanneHko, A. T. Cipko, B. B. botikoB

MeTa po60Tu — y3aranbHeHHs HasiBHUX AaHUX NiTepaTypu Ta 00rpyHTYBaHHS NPaBUIbHOCTI 00paHOi TaKTUK NiKyBaHHS B HaBe-
[eHil cepii KNiHIYHUX CnocTepeXeHb Y NaLEHTIB i3 NOpaHEHHSIM LyparibHUX BeHO3HUX cuHyciB (JBC) npu 6orosmx BorHenanbHux
YepenHo-Mo3koBUX nopaHeHHsx (BBYMIT).

Marepianu Ta meTogu. BukoHan peTpoCnekTUBHUI aHani3 AaHWX MeaUYHMX KapT i BiaaneHux pesynbsratis NikyBaHHs 3 TpaB-
Hs1 2014 p. go rpyaHs 2017 p. Y pocnimkeHHs 3anyunni siicbkoBocnyxbosuis i3 BBUMIT i3 nopaHeHHsm [ABC i3 noyatkosum
piBHEM CBIZOMOCTi 3a Lwkarnoto kom [maaro (LLKI) 4 6anu i BinbLue. YciM navieHTam 3aiicHUnM cnipanbHy KOMMIOTEPHY TOMOrpa-
ito ronosHoro Mo3ky (M) npu HapgxomkeHHi Ta npoTarom 12 roguH nicns onepadii. AKWO BUHMKANO NPUNYLLEHHS NPO TsHKKE
ylwkomkeHHs [1BC, BukoHyBanu uepebpanbHy aHriorpadito (LIAT). BpaxoBysBanu Bik, noyatkosi 3HauyeHHs 3a LLKI, sHaueHHs
Injury Severity Score, nokanisauito, xapaktep nopaHenHs [1BC, nokanisavito Ta xapaktep nowkogxeHb I'M, obcsr onepaTtnsHux
BTPYyYaHb, HAsABHICTb YCKIaAHeHb Y nicnsonepadinHoMy nepioai. Pesynsrati BKtoYanu OoLiHIOBaHHS 3a LUKano Hacniakis [Mmasro
(LLIHI) yepe3 6 i 12 micsuig.

Pesyneraru. 13 241 nopareHux i3 BBUMIT y 21 (8,7 %) piarHoctyBanu nopaHeHHs [1BC. CepeaHe 3HaueHHs 3a LUK npu Hag-
xomkeHHi — 10,0 + 3,7 Gana. MopaHeHHs BEPXHBOTO caritanbHoro cuHyca sussunmn y 20 (95,2 %) XBopux, NPSMOro cuHyca — B
ofHoro (4,8 %). MopaHerHs ofHiei cTiHku cuhyca BusiBunmn B 15 (68,2 %) Bunagkax, aeox cTiHok [IBC —y 5 (22,7 %), noHe
nowwkomkeHHs [ABC (tTpaHcekuis) — y Asox (9,1 %) sunagkax. ¥ 20 (95,2 %) sunagkax nopaHeHHs [ABC noegHysanocs 3 yLiko-
mxeHHsam M. LIAT BukoHann y 5 (23,8 %) sunagkax. Mepes’asky IBC Bukonanm B 4 (19,0 %) Bunaakax. MeHiHriT po3suHyBcs B 5
(23,8 %) Bunagkax. Momepru 3 (14,3 %) nauieHTu. FapHe BigHoBNeHHs (LUHI 5 Ganie) yepes 12 micauiB -y 8 (38,1 %) navieHTis,
nomipHa inaniguaauis (LUH 4 6anu) yepes 12 micauis —y 10 (47,6 %). PakTopamm, CTaTUCTUYHO 3HAYYLLMMM ANS MO3NTUBHOTO
pesyneTaty Yepes 6 micauiB Big Yacy nopaHeHHs, 6ynu Bik xoporo (p = 0,04) Ta oviHtoBaHHs 3a KT npu HagxomxeHHi (p =0,01).

BucHoBku. XipypriuHe BigHoBneHHst [ABC npu ogHo4acHoMY noLukomkeHHi M HeoBxigHO B KOHYBATM 3 06epEXHICTHO Yepes BUCOKMIA
PU3VK reMopariyHux ycKnagHeHb Npy paHHbOMY 3aCTOCYBaHHI aHTUKOArynsHTiB. [ouinbHicTb XipypridHoro BigHoBneHHs [BC y
pasi nepeTuHy Moxxe OyTu OLliHEHa Y BENWKUX HEMPOXiPYPriYHNX LIEHTpaX, siki 3aiMatoTbCs TaKOKO NaTonorieto, Npy GinbLuil BUGIpLi.
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Xupypruueckoe reueHHe 60eBbIX OTHECTPEAbHbIX paHEeHUI AypaAbHbIX BEHO3HbIX CUHYCOB,  KnioueBbie croBa:

COYeTaHHbIX C NoBpeXaeHUemM roroBHOro Mo3ra: aHaAu3 cepuu HabAloAeHUI Goessie
paHeHMs FoAOBbl,

I. C. NMuannetko, A. I. Cupko, B. B. Botnkos OTHECTpeAbHOE
4epenHo-MO3roBoe

Llenb pa6oTbl — 06006LLeH1e MMEIOLMXCH AaHHbIX UTEPaTYPbl M 060CHOBaHWE NPaBUILHOCTY BbIGPAHHON TaKTUKW TIEYEHUS B PaHeHue,

MPEACTaBMNEHHON CEepUM KITMHUYECKIX HABIMIOAEHWIA Y NALMEHTOB C PaHEHUEM [lypasibHblX BEHO3HbIX CiHycoB ([BC) npu 6oeBbix  NoBpexAeH1e

OTHECTPerbHbIX YepenHo-Mo3roBbIX paHeHusix (BOYMP). BEHO3HOr0

o CUHyCa, BEPXHUI

Marepuans! u MeToAbl. BbINONHEH PETPOCMEKTUBHBIA aHanW3 AaHHLIX MEAULMHCKWX KapT M OTAANEHHbIX UCXOL0B NEYeHust ¢ .

mas 2014 r. no aexabpb 2017 r. B uccnenosaHue BkntodeHbl BoeHHocnyxallmne ¢ BOYMP ¢ paHenmem [IBC ¢ ypoBHeM Co3HaHMs CarMTTaABHEIN

no wwkane kom Masro (LUKT) 4 6anna v 6onee npu noctynneHuu. Bcem naumertam BuinonHeHa CKT ronosHoro mosra (MM) CHHyC.

MpuW NOCTyNneHNM B TeveHne 12 yacos nocne onepauyn. Mpu nogo3peHnn Ha Tspkenoe nospexaerne ABC nposeaeHa Lepe-

BpanbHas aHrvorpacous (LIAT). YunTbisanu BospacT, yposeHb cosHaHns no LUK, sHauerme Injury Severity Score (ISS), nokanu-  3anopoxckuii

MEAULIMHCKHNI XYPHaA.
2020. T. 22, Ne 1(118).
C. 54-59

3aumio, xapaktep paHeHus [1BC, nokanusaumio 1 xapaktep nospexaeHuii MM, o6bem onepaTvBHbIX BMELIATENLCTB, Hannyue
OCMOXHEHMIA B MOCNeonepaLmoHHoM nepuoge. [aHHble ncxoma BKIKYamM OLeHKy no wkane ucxonos Mmasro (LWAT) yepes 6
1 12 mecsiLeB.

Pesynbrartbl. /13 241 myxunH ¢ BOYMP y 21 (8,7 %) anarHocTtposaHo paHeHue [1IBC. Cpenree 3HadveHue no LLKT npum nocty-
nneHun — 10,0 + 3,7 6anna. PaHeHne BepXHEro caruTTanbHOro cHyca yctaHoneHo y 20 6onbHbix (95,2 %), npsamoro cuxyca —y
ofHoro (4,8 %). PaHeHue oaHo CTeHKM CuHyca anarHocTupoBaHo B 15 (68,2 %) cnyyasx, asyx creHok [1BC —B 5 (22,7 %), nonHoe
nospexaeHue [1BC (tpaHcekums) —B 2 (9,1 %) cnyyasx. B 20 (95,2 %) cnyyasx paHeHue [IBC coyetanock ¢ nospexaeHem M.
LIAT BbinonHeHa B 5 (23,8 %) cnyyasix. MNepessaka [IBC binonHera B4 (19 %) cnyyasx. MeHuHruT passuncs B 5 (23,8 %) cnyyasx.
Ymepnn 3 (14,3 %) naumneHrTa. Xopoluee BocctaHoBneHue (LW 5 6annos) yepes 12 mecsues —y 8 (38,1 %) nauneHTos, ymepeH-
Has nHBanuauaaums (LUWI 4 6anna) yepes 12 mecsiues —y 10 (47,6 %). PakTopamu, CTaTUCTUHECKU 3HAUMMBIMI [71S1 XOPOLLETO
ucxopa vepes 6 Mec. ¢ MOMeHTa paHeHus,, 6binn BospacT GonbHoro (p = 0,04) u ouexka no LUK npu noctynnenHum (p = 0,01).

BbiBogbl. Xupypruyeckoe BoccTaHoBneHvne OBC npu couetaHHoM nospexaeHun MM Heobxoaumo BIMOMHSATL C OCTO-
POXHOCTBIO U3-32 BBICOKOrO pUCKa PasBUTUSI reMOPPArMyYeCckuX OCIIOXHEHUN NPY PaHHEM NMPUMEHEHWUN aHTVKOArynsHTOB.
LienecooGpasHocTb xupyprideckoro BoccTaHonenms [BC B cnyvae nepeceyeHnst MOXeT ObITb OLEHEHA B KPYMHbIX HENPO-
XVMPYPTUYECKUX LIEHTPAX, 3aHUMAIOLLMXCS Takoi naTtonorueit, npu 6onbLueit Bbibopke.

Gunshot wound to the dural venous sinus (DVS) is a rare
and severe complication of battle gunshot craniocere-
bral wound. Battle gunshot DVS wounds accounted for
4.0-12.4 % of penetrating craniocerebral wounds [1-3].
Approximately 69.6-80.0 % of cases involved superior
sagittal sinus (SSS) wounds [3-5].

The unique features of the clinical course and surgi-
cal treatment of DVS wounds during World War | were
described by Sargent and Holmes, Nutal, and Cushing
[1,6,7]. After World War Il, Matson described a surgical
technique for the different types of DVS injuries in detail
[8]. After the Korean War, Meirowsky [4] presented the de-
tailed classification of DVS wounds based on anatomical
characteristics, presence of damage in the dura mater, type
of injury, combination with intracranial hematomas, and
presence of skeletal damages. During subsequent decades,
this classification did not change significantly.

Although there have been several military conflicts over
the past decades, treatment of battle gunshot DVS wounds
are not elucidated fully in modern literature. Earlier studies
have only focused on damage to the DVS. When evaluating
the outcomes, the authors did not consider combined injury
to the brain matter and how combined brain injuries affect

Materials and methods

The institutional review board of Mechnikov Dnipropetrovsk
Regional Clinical Hospital approved this study. All patients
with war-related gunshot head injury were assessed be-
tween May 9, 2014 and December 31, 2017. An informed
consent to participate in the study was signed at hospital
admission. If the patient had an impaired consciousness
on admission to hospital, the consent to participate in
the study was signed by his legal representative. In these
cases, patients recovering consciousness were asked for
an additional consent as soon as feasible.

Wounds were sustained during local armed conflict in
the East of Ukraine.

The study included soldiers with an initial Glasgow
Coma Scale (GCS) score 24 upon admission to our center
and with DVS wound that was confirmed via brain spiral
computed tomography (SCT) scan (Astelion, Toshiba, Ja-
pan; Hi Speed CT/e DUAL, General Electric, USA), cerebral
angiography (CAG) (Integris V3000, Philips, Netherlands;
Innova IGS 540, General Electric, USA) and/or surgery.
Upon admission, every patient underwent assessment
of GCS score and Injury Severity Score (ISS), neurolo-
gical examination, and multi-slice brain SCT imaging with

the management of DVS wound [3-5].

Aim

The present study aimed to summarize the literature
data about wounds to the dural venous sinus (DVS) and
validating the importance of surgery in a series of clinical
observations based on the combined approach used for
the surgical management of patients with craniocerebral
wounds sustained in battles.
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further analysis using multi-planar and three-dimensional
reconstruction (3D reconstruction). Based on the initial brain
SCT scan, we determined the characteristics of brain matter
injury: one lobe and two or more lobes, transventricular
nature of a wound, location and characteristics of intracra-
nial hematomas, nature and degree of sinus damage, and
nature of wound (bullet/shell fragment).

Criteria to suspect the injury of the DVS:

— an open wound with a profuse venous bleeding in
the projection of DVS (SSS, transverse, sigmoid sinus);
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Table 1. DVS wounds nature and location; their association with intracranial injuries and volume of surgery

Location of sinus
injury

SS8S, anterior third
SSS, middle third
SS8S, posterior third
Straight sinus
Total, cases

1 wall

+ lacunae
1

2

2
4
4
1

Nature of sinus injury

3
1 8 2 3
10 - 1
1 - -
12* 5 3 2 22¢ 32 2 7

1 - 1

- o ~N

Nature of intracranial injuries (SCT)

Total | Focal
contusion/
ICH
1 13 - 3

Volume of surgical intervention
Trans- | Skull SDH EDH ICH DC Skullbase
ventri- | base removal | removal | removal recon-
struction
3 - 10 3 3

cular | injury

= = 3 2 6 = =
3 - 1 - 8 - -
- - - - 1 — -
4 3 7 2 25 3 3

*: a sigmoid sinus injury; **: 7 patients had bihemispheric brain injury, 3 patients had bilobar injury within one hemisphere; EDH: epidural hematoma, SDH: subdural hematoma,
ICH: intracerebral hematoma.
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— the presence of bone fragments in the area of DVS
(SCT imaging);

— the presence of a skull fracture crossing the place of
the external DVS wall attachment to the skull;

— close location or direct contact of the DVS wall with
a foreign body (wounding projectile, bone fragment) with /
without an intracerebral hematoma formation.

When severe injury to the DVS was suspected, ce-
rebral angiography was performed. All data were added
to a patient’s clinical record. Based on the severity of a
patient’s condition and brain SCT data, a decision about
urgent surgery or intensive therapy until stabilization
of condition followed by a surgical intervention was
made. All the patients underwent surgery (craniotomy
| craniectomy / decompressive craniectomy) based on
indications, surgical debridement of brain wound, removal
of intracranial mass (epidural, subdural, and intracerebral
hematoma / brain contusion focus), removal of bone
fragments, accessible foreign metallic bodies, control of
bleeding in the DVS, primary duraplasty, and watertight
wound closure. Based on the location and nature of
venous sinus damage, defect in the DVS was closed or
sinus was ligatured. Postoperative patients remained
in the intensive care unit. Laboratory indicators were
assessed several times a day. Follow-up brain CT scan
was performed within 12 h after the surgery. The Glasgow
Outcome Scale (GOS) score was evaluated after 6 and
12 months via structured phone interview with patients
or their relatives as per guideline [9].

The GCS score in patients upon admission is usually
obtained to assess the level of consciousness. However,
some of the patients (n = 3) were sedated and underwent
tracheal intubation prior to a level 2 transportation. Hence,
the level of consciousness upon admission could not be
assessed using GCS score. In such cases, GCS score
before sedation / intubation was obtained from supporting
documents, which might be inaccurate.

To ensure clinically significant GOS score, all the scores
were classified as good outcome (4-5) or poor outcome
(1-3). The relationship between GOS and categorical
variables was determined using the Mann-Whitney U
test (Wilcoxon’s signed-rank test) and Kruskal-Wallis test
(for several independent groups), and a P value <0.05
was considered as significant. Spearman’s rank correla-
tion coefficient was used to determine the correlation
between GOS and various quantitative variables. STA-
TISTICA 10 for Windows (StatSoft ® Inc., USA, license
No AXXR505C705306FAN12) was used for all analyzes.

Results

A total of 241 patients were identified, of whom 21 with
DVS wounds were included in our study. The average
age of the patients was 29 + 8.5 (range: 18-48) years. Al
the patients were men. The average follow-up period for
the patients who survived was 18 (range: 12-22) months.
Regarding the DVS wounds, there were 10 (48 %) cases
of multilobar brain damages, 10 (48 %) cases of one lobe
damage and one (4 %) patient without brain injury; 17 (81 %)
cases of shell fragment wounds, 4 (19 %) cases of bullet
wounds; penetrating wound —in 7 (33.3 %) cases, perfo-
rating (through-and-through wound) — in 5 (23.8 %) cases,
gutter-like wound —in 9 (42.9 %) cases. A non-penetrating
injury was identified in one (5 %) case (there was no dura
mater injury, and only the outer SSS wall was damaged)
and penetrating injury was identified in 20 (95 %) cases.
The average GCS upon admission was 10.0 £ 3.7 (range:
4-15). Average ISS score was 26 (range: 17-44). Average
time from injury to admission was 14 (range: 2—44) hours.

Most patients (n = 19, 90.5 %) had isolated SSS inju-
ry. One patient had straight sinus wound; another patient
(n=1) presented with both SSS and sigmoid sinus wound.
Wounds to SSS posteriorly to Rolando’s veins entering
(middle and posterior third of the SSS) were observed
(n = 13). There were four (19 %) patients with combined
injuries to the head.

In five cases, cerebral angiography was performed to
identify the patency of the sinus and to evaluate the function
of collateral vessels.

Table 1 depicts the detailed characteristics of the loca-
tion and nature of DVS injuries and the association between
intracranial wounds and volume of surgical intervention.

If one or two walls of the sinus or lateral lacunae were
damaged, Tachocomb®was used or wall defect suturing was
conducted to control bleeding. In two cases of transection,
sinus ligation was performed more proximally and distally
from the area of injury (anterior third of the SSS in the first
case and the first part of the posterior third of the SSS in
the second case, respectively). In three cases, thrombosis
in the posterior third of the SSS and the region of sinus
confluence was identified via CAG or surgery (case of injury
of the lateral wall of the posterior third of the SSS).

Among 32 focal brain injuries (contusion foci, intra-
cerebral hematomas), in seven cases, the wound was
bihemispheric, and three patients had multilobar injury in
one hemisphere. A total of 25 mass lesions in 19 patients
were evacuated, and the remaining seven brain contu-
sions had no clinically significant mass effect and were not
removed.

3anopoxckuii MeauumMHcKkuin xypHan. Tom 22, Ne 1(118), sHapb — dbeBpanb 2020 r.



The most severe intracranial damages were diagnosed
in cases of injury in the anterior third of the SSS. Bilateral
intracerebral hematomas were removed in three patients,
and the presence of massive cerebral edema with axial or
lateral dislocation required decompressive craniectomy
(DC) (bifrontal in two cases, left-sided in one case) if this
was the case. Injury in the anterior cranial fossa base re-
quired plastic repair of the skull base in two of these cases.

None of the patients who underwent anterior cranial
fossa plastic repair was diagnosed with nasal cerebrospinal
fluid (CSF) leaks. In one case, bifrontal DC caused en-
cephalomeningitis, which was treated later with antibiotics.

Intracranial purulent-septic complications were ob-
served in 5 (23.8 %) patients. Meningitis associated with
ventriculitis in three cases) was diagnosed along with
transbasal injury when paranasal sinuses were damaged
(n=1), in cases of transventricular injury (n = 3) and in case
of systemic infection (n = 1). In all these cases (n =5), CSF
lumbar drainage was performed. After CSF draining, one
patient developed multiple organ dysfunction syndrome
with fatal outcome.

Of the seven patients with penetrating injuries, foreign
metallic bodies were removed in three patients. However,
to avoid an additional brain matter injury, the bodies were
left inside in four patients.

The average duration of intensive care unit (ICU) stay
was 12.1 + 10.9 (range: 2-42) days. The average GCS at
discharge was 14.4 + 0.7 (range: 13-15).

After 6 and 12 months, five (23.8 %) and eight (38.1 %)
patients, respectively, had a good recovery (GOS of 5). Mo-
derate disability (GOS of 4) was observed in 12 (57.1 %) and
10 (47.6 %) of patients after 6 and 12 months, respectively.
Only one (4.8 %) patient with severe disability (GOS of 3) un-
derwent follow-up after 6 months, and none of the patients
were in vegetative state (GOS of 2) during the follow-up
period. Therefore, from 6 to 12 months postoperatively, four
patients had a good outcome based on the GOS. Mortality
was observed in 14.3 % (n = 3) of patients.

DC (n = 3) was associated with good outcome (GOS
of 4 after 6 months).

The most significant factor (P = 0.01) of good outcome
after 6 months with positive correlation was the initial GCS
score. The negative correlation between age and good
outcome after 6 months was also identified (P = 0.04).

The data provided in Tables 2 and 3 show the GOS
score after 6 and 12 months and its correlation with various
clinical indicators.

Discussion

Gunshot wound in the DVS sustained during a battle may
be a life-threatening. Meticulously described clinical picture
of the SSS injuries [1,6,7] is typical. Cushing used staples
or sutures to stop bleeding in the DVS wounds [1]. After
World War II, Matson provided detailed recommendations
relating to the DVS defect closure depending on a wound
location and nature [8] as well as bleeding management.
If suturing was inefficient, he closed small sinus wall de-
fects with thrombin-soaked gelatin sponge or fragment of
muscle tissues. The fragments of the autoperiosteum and
dura mater were also used for the same purpose [2,4]. The
use of a special hemostatic sponge (Tachocomb / Tachosil)

Zaporozhye medical journal. Volume 22. No. 1, January — February 2020
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Table 2. Relationship between clinical indicators and GOS score after 6 months and

12 months
indicato
IE-.
Number of patients (19 0) 17 (81) 3(14.3) 18 (85.7)
Time between injury and admission, hours
0-12 4(19.0) 9 (42.9) 3(14.3) 10 (47.6)
>12 0 8(38.1) 0 8(38.1)
0.17 0.25
ISS
0-25 3(14.3) 15 (71.4) 3(14.3) 15 (71.4)
>25 1(4.8) 2(9.5) 0 3(14.3)
0.29 0.36
Type of wound
Bullet 1(4.8) 3(14.3) d 3(14.3)
Shell fragment 3(14.3) 14 (66.6) 2(9.5) 15 (71.4)
0.74 0.5
Presence of CSF leakage 4 (19.0) 13(61.9) 052  3(14.3) 14(66.7) 06
(initially)
CNS infection 3(14.3) 2(9.5) 012  2(95) 3(14.3) 0.31
Systemic infection 1(4.8) 0 0 1(4.8)
Injury of 1 brain lobe 0 10 (47.6) 10 (47.6)
Injury of 2 or more brain 4(19) 6 (28.6) 3(14.3) 7(33.3)
lobes
0.27 0.07
Injury of 1/3 of SSS 0 7120 (35) 0 7/20 (35)
Injury of 2/3-3/3 of SSS 3/20 (15)  10/20 (50) 3/20 (15)  10/20 (50)
0.18 0.18

GOS: Glasgow Outcome Scale; §SS: Superior sagittal sinus; ISS: Injury Severity Score.

Table 3. 6- and 12-month GOS score and several average values (range) of clinical

indicators
Indicator 6 month GOS score - 12-month GOS score
Average (range) Average (range)
Poor Good Poor
outcome | outcome outcome
(1-3) (4 or 5) (1-3)
Age (years) 37.8 -044 0.04
(26-48) (26-48)
Evacuation 8.7 14.8 -0.03 087 87
time, hours (7-12) (2—44) (7-12)
Admission 53 10.9 053 001 53
GCS score (4-12) (6-15) (4-7)
Discharge 13 145 -0.06 011 -
GCS score (13-15)
ISS 29.7 25.2 016 048 25
(25-44)  (17-30)
ICU stay time, 17.5 10.7 03 018 103
days (7-17) (2-42) (7-17)

Good

outcome
(4 or 5)

(18-48)

145
(2-44)
11
(6-15)
14.4

-0.002

0.51

0.8

(13-15)

26.2

0.18

(17-44)

12.3
(1-42)

-0.1

GOS: Glasgow Outcome Scale; ISS: Injury Severity Score; ICU: Intensive Care Unit.

was effective [10]. In our study, Tachocomb was used to
stop bleeding in 16 (72.7 %) cases of the DVS wound in
1-2 walls of the sinus. Most complications occur if three
DVS walls (transection) were damaged or if there was an
elongated damage to two DVS walls and the DVS repair or
its ligation (tamponade) was considered. Despite the idea
[11] that SSS ligation in the anterior third is dangerous
and may cause venous infarction, it is generally accepted
that the procedure is associated with a low occurrence
of neurological complications. However, the presence of
dominant venous reflux from the frontal lobes to the an-
terior third of the SSS in 25 % cases, based on [12], may
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cause severe complications with a high probability. In
cases of SSS injury posteriorly to the veins of Rolando
(i.e., middle and posterior third of the SSS), the SSS
repair is preferable, its ligation typically considered as a
high risk of developing venous infarction and worsening
of neurological condition. The risk of brain disorder was
proven experimentally [13]. However, the absolute number
of fatalities caused by the SSS occlusion posteriorly to
the veins of Rolando and confluence area has not been
yet described in the literature. Apparently, good outcomes
of thrombosis / occlusion at this level are associated with
the individual anatomy of anastomotic veins — both key
veins (Labbé and Trolard) and anatomical variants (e.g.,
falcine sinus [14]). Moreover, described cases of SSS
injury from the times of Sargent and Holmes with a typi-
cal clinical picture included patients who did not undergo
intensive therapy for severe traumatic brain injury, that is
currently included in a standard protocol [15].

In case of the SSS transection or extended two-wall
injury, the sinus repair can be performed by a graft insertion
[2,3,5]. In terms the anatomic sinus repair, this is a perfect
technical solution. However, several significant challenges
are evident: 1) Such intervention requires sufficient technical
preparation. A surgeon must be experienced and skillful at
vessel suturing. 2) Appropriate microsurgical instruments
and surgical optics (which are rather difficult to obtain in
case of urgent intervention) must be available. 3) For an
effective anastomosis, itis necessary to ensure the patency
of the distal and proximal DVS ends; in case of thrombosis,
the patency can be recovered with clot extraction procedure.
For clot extraction, Fogarty catheter can be used. It is also
recommended for the temporary obturation of the DVS
lumen. However, such procedure may be traumatic due
to the presence of trabeculas in the SSS lumen, and it
subsequently causes thrombosis in the SSS. 4) Applying
anastomosis to prevent thrombosis requires the injection
of heparin derivatives [16,17], inevitably increasing the risk
of hemorrhagic progression of brain tissue damages and
worsening neurological outcome. 5) The vessel suturing
technique itself requires releasing the DVS edges, ap-
propriately shaping them for applying the vessel suture
(skeletization, refreshing the edges), inevitably leading
to additional damage to the surrounding brain tissue and
bridging veins adjacent to the DVSS transection area in cases
of combined brain tissue injury.

When applying veno-venous anastomosis, the autove-
nous graft should be used [3,5,16,17]. It is not advisable to
use synthetic graft due to a high occurrence of thrombosis
[16]. The use of autovenous graft requires immediate in-
jection of anticoagulants (at the start of a surgery). Recent
studies [18,19] on about the risk of hemorrhagic progression
of mass brain lesions in case of the early administration of
low-molecular-weight heparins reported its safety in cases of
stable CT image, but patients with a high risk of hemorrhagic
progression were often excluded from the studies. In our
series, patients with combined brain injury mostly had a high
risk of hemorrhagic progression. The intracerebral mass
lesions were removed in 25 cases (18 patients), and that
is why the early use of anticoagulants was extremely risky.

In our opinion, the disadvantages and risks in the pro-
cess of anastomosis application during the DVS transection
outweigh its advantages.

All (23.8 %) patients with infectious complications had
penetrating injury caused by foreign bodies in the cranial
cavity and severe brain tissue destruction. The occurrence
of infectious complications and mortality were consistent
with the results of more extensive studies [20].

Based on different data, the DVS wound mortality rate
is 7-79 % [1,3-5]. It is challenging to identify the causes
of mortality in our series with venous drainage disorder.
However, all three fatal cases (14.3 %) were associated
with injury in the posterior third of the DVS. One patient
was admitted to our hospital with a GCS score of 4, and he
presented with symptoms, such as intracranial hypertension
and intracerebral hematoma. The causes of mortality were
secondary ischemic brain changes. Damage to the SSS
wall was identified intraoperatively. The second patient had
multiple organ dysfunction syndrome as observed during
CSF drainage. In the third case, the cause of death was
undetermined. The patient was alert but suddenly his heart
arrested. Out of four (19.0 %) patients with obstruction in
the posterior third of the SSS (1 ligature, 3 thromboses), two
(50 %) survived. One patient had temporary vision impair-
ment (the GOS of 5 after 6 months, transection and ligature
in the posterior third of the SSS), and the other patient had
persistent visual impairment and temporary hemiparesis
(the GOS score of 4 after 6 months).

Surgery was performed less aggressively to treat brain
matter (debridement) according to mass effect based on
brain SCT data, extension of brain matter damage, location
of injuries, and patient’s condition. We removed devita-
lized brain matter, intracerebral hematomas, and perifocal
brain tissue partially based on the injured area function.
If the function of the brain area was significantly affected,
debridement was cautiously performed. In case of combined
injuries of the brain matter and the DVS, we stopped a sinus
bleeding and then performed a debridement (excluding
the case of straight sinus wound when bleeding could only
be stopped after the removal of intracerebral hematoma).

Notably, DC was performed rarely (n = 3, 30 %) in
severely injured patients (the initial GCS of 4-8, n = 10)
despite information in the literature (18) showing that DC
was performed in 78% of cases. We obtained good func-
tional outcomes. All the patients had the GOS score of 4
after 6 months. As our hospital is a multidisciplinary center
and place of final and complete treatment for patients with
severe injuries, we used less aggressive injury management
techniques that were different from commonly accepted
ones for wartime severe penetrating injury [16,21].

We obtained generally good outcomes due to quick
transportation of patients with an average injury-to-hospi-
talization time of 13.7 £ 10.3 hours (range: 2—44 hours) and
the provision of appropriate treatment.

The present study had several limitations. First, it had
a small sample size. Second, it was a retrospective study.
Third, there were insufficient medical data before admission
to our hospital.

Conclusions

1. If severe DVS injury is suspected, cerebral vessel
CAG or SCT-AG should be performed before surgery
to evaluate the patency of the DVS and peculiarities in
the anatomy of veins draining into the DVS as well as
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the presence of anastomotic veins. If anastomotic veins
are observed, performing urgent DVS ligation is less risky.
Otherwise, surgical repair is preferred.

2. In case of the DVS injury combined with venous
drainage disorder (thrombosis and DVS occlusion), ma-
nagement for hypertension should be more aggressive
being that intracranial hypertension worsens the venous
drainage disorder.

3. DVS repair (grafting) via surgery in case of conco-
mitant brain matter injury must be performed very cautiously
because of a high risk of developing hemorrhagic compli-
cations due to necessity of early using of anticoagulants,
which may worsen neurological outcome.

4. Finally, the feasibility of surgical DVS repair in case of
transection can be assessed in large neurosurgical centers
for such pathology management to obtain more data.
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