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TpGAMLIMOHHClﬂ pPofib PAQUONIONMU B MEXAUCUUMIIMHAPHOM noaxopae K cospemeHHoﬁ TpOBMOTO.ﬂOI’M‘-IeCKOl‘:i noMouwm 6bina B

OCHOBHOM AMArHOCTUYECKOM M HeuHsasmeHoM. C noseneHnem Bonee cosepLueHHOro 060pyAOBAHMS ANs BU3YANM3ALMM KOMNbIOTEP-
Has Tomorpadus ewe Gonee yTeepaunace B ponu «paboueit nowaaku», UCNONb3yeMoi B AUATHOCTMKE TPOBM. TeM He MeHee 3Ta
CNeuMansHOCTs PA3BUBANACE HO APOTSAXEHWUM MHOTUX NeT Bnarogaps pasnnyHbIM ne4ebHbBIM MAHUMYNALMIM, KOTOPLIE B HOCTOALEE
BPEMsi BXOAST B COCTAB MHTEPBEHLMOHHOTO paguonormyeckoro nocobus. Hekotopsie U3 HMX cTanu HeOBXOAUMBIMM ANs BegEHUs na-
LIMEHTOB C TAXenbiMM TPaBMaMu. B craTbe npepctaeneH 0630p faHHBIX BU3yanusaumun HaMbonee 4aCTO BCTPEHAIOWMXCS TPOABMATH-
4ECKMX NOBPEXAEHUIA COCYAOB M BUCLLEPANbHBIX OPFOHOB «C FONOBbI 4O HOM» C MOCNEAYIOWMM SHAOBACKYSPHBIM BMELLATENBCTBOM,
NPOBOANMOM Y YPFreHTHbIX BOMbHBIX C THXENbIMA TPABMAMM.
KnioueBble cnoBa: MHTEpBEHUMOHHAS paguonorus, aHruorpadus, smbonnsaums, creHT-rpadt, Tpaema.

Abstract

The traditional role of radiology in the multidisciplinary approach to modern trauma care has been primarily diagnostic and
noninvasive. With the advent of more sophisticated and faster imaging equipment, computed tomography has further entrenched
its role as the workhorse of trauma imaging. However, the specialty has evolved over the years with various therapeutic techniques
now part of the interventional radiology armamentarium. Several of these techniques have become essential for the management of
critically ill trauma patients. This article provides an overview of the common imaging findings of vascular and solid organ trauma from

head to toe and subsequent endovascular interventions in these critically ill frauma patients.
Key words: Interventional radiology; Angiography; Embolization; Stent graft; Trauma.

Ccvraxa oasn yumuposanus: Illmum A. Bozmoscnocmu penmeenoxupypeuu npu ae4eHuu ocnpbix ROCRIMPAGMAMUMECKUX COCIOAHUI.
Kpemaesckasn meduuuna. Kaunuueckuii eecmuux. 2019; 3: 57-72.

Trauma is the third leading cause of death in all
age groups [1]. Paramount to vital patient care af-
ter acute traumatic injury is an early diagnosis of the
extent and degree of pathology. The role of radiol-
ogy in trauma care is ever expanding and evolving.
Historically, diagnostic imaging evaluation of the
injuries was the crux but now has evolved to include
temporizing or definitive therapeutic intervention in
the treatment of the injured patient. By using a vari-
ety of minimally invasive endovascular therapies, in-
terventional radiology has become an integral aspect
of modern trauma care. In this pictorial review, we
illustrate some common traumatic injuries in which
diagnostic imaging and interventional radiology play
an essential role in patient care and management.

TpaBma sBiIsIeTCS TPETbEH MO 3HAYMMOCTU TIPU-
YUHOM CMEpPTHM BO BCEX BO3pacTHBIX rpynmax [1].
IlepBocTeneHHoe 3HAuUeHWE IS OKa3aHWSI HEOT-
JIOXKHOW MOMOUIM MAallMeHTaM C OCTPbIMU TPaBMaMu
MMCECT paHHAA JUMAarHoCTHUKa XapakTeépa U CTCIICHU
noBpexaeHusd. Pojb paguosorud B Je4eHUU TPaBM
MOCTOSHHO pacTeT. McTopuyecKkr CI0XUIOCh TakK,
YTO PaguoJIOrusl OblIa KJIIOYEBBIM METOIOM B UA-
THOCTHUKE TpaBM, TEIIEPb X€& OHa DBOJIOLMOHUPO-
BaJla U BKJIIOYAET B c€0s1 BDEMEHHBIE€ U MTOCTOSIHHBIE
QJITOPUTMBI JIeueHUs IocTpanasiiero. biaaromaps
HNCITOJIB30BAHU IO pa3H006pa3HHx MWHHUMAJIBHO UH-
Ba3UBHBIX DHJOBACKYJISPHBIX METO/IOB JIEYEHUS UH-
TCPBCHIIMOHHASI PAAMOJIOTUSI CTajla HEOThEMJIEMOM
YacThlO COBPEMEHHON TPaBMAaTOJIOTMYECKON MOMO-

ISSN 1818-460X. Kpemnesckas meguumnHa. Knuuuueckmin Bectux. N23, 2019



O63opHas cTaThs

Diagnostic imaging is warranted to further assess
and evaluate the extent of traumatic injury after the ini-
tial clinical survey has been performed. In patients who
have sustained injury to the head, neck, and/or soft tis-
sues of the chest, abdomen, and pelvis, the mainstay of
initial imaging is computed tomography (CT), which
provides a quick, noninvasive method to accurately
evaluate pathology. In depending on the type of injury,
the CT protocol can be tailored to optimally assess the
specific site of concern. For example, if there is po-
tential vascular injury to the carotid artery, an arterial-
phase enhanced CT angiogram (CTA) of the head and
neck vessels can be performed. Alternatively, in blunt
abdominal trauma, a portal venous-phase examination
of the abdomen and pelvis can be performed, which
provides excellent contrast resolution of abdominal
organs and allows for accurate diagnosis of traumatic
injury. Magnetic resonance imaging is a potential im-
aging modality to assess for traumatic injury; however,
given the longer time duration required for image ac-
quisition, it is not typically used in the initial evalua-
tion of traumatic injury. Ultrasound has limited utility
in the patient who is acutely injured but can be useful
as a bedside screening examination for intra-abdomi-
nal free fluid and pleural effusion.

In the setting of arterial vascular injury, CTA is an
excellent initial imaging modality to detect and define
the extent of pathology. Munera et al [2] compared
CTA and intra-arterial catheter angiography in 60 pa-
tients with penetrating neck trauma and demonstrated
that CTA had a sensitivity of 90% and a specificity of
100% in assessing traumatic injury. Vascular injury can
be categorized into 5 types based on the imaging ap-
pearance: (1) intimal and/or medial damage with or
without associated narrowing of the vessel lumen and
creation of a dissection plane, (2) aneurysmal dilata-
tion and/or pseudoaneurysm formation, (3) complete
vascular occlusion, (4) arteriovenous (AV) fistula, and
(5) complete vascular transection [3].

The mainstay of endovascular intervention in the
setting of acute trauma is exclusion of the arterial injury
from the circulation. There are a variety of endovascu-
lar treatment options available to achieve this outcome,
which can be tailored to optimally manage the type
of injury. In patients with partial or complete arterial
transection and hemorrhage, arresting the active arte-
rial bleed is imperative. For end- organ arterial vessels,
selective embolization of the vessel can effectively stop
ongoing hemorrhage while minimizing distal tissue
loss. Embolic agents can be temporary or permanent.
Gelfoam (UplJohn, Kalamazoo, MI) is the most com-
monly used temporary agent in an acute traumatic set-
ting. Examples of permanent embolic agents include
endovascular coils, glue, and an Amplatzer plug (AGA
Medical Corporation, Plymouth, MN). In none end-

mwu. B 1aHHOM WJLTIOCTPUPOBAHHOM 0030p€e OCBSI-
LIEH psJl paCpOCTPAHEHHbIX TPABMATUYECKUX I10-
BpeXIAEeHUI, MPU KOTOPBIX AUATHOCTUYECKASI U UH-
TEPBEHIIMOHHAsI PaAMOJIOTUS UTPAIOT BAXKHYIO POJIb
B JICUCHUM TTallMEeHTA.

JlmarHoctuueckast Bu3yaau3alusi OOOCHOBaH-
HO HeoOXoauma s AaJdbHEHINero omnpeaeaeHus: u
OLIEHK! CTEIeHW TPaBMAaTUYECKOTO ITOBPEXKIECHUS
TTOCJIC BBITIOJTHEHUWA TTEPBOHAYAIbHOTO KIIMHUYECKO-
ro obciaenoBaHus. Y MaldeHTOB, MepeHeCcInX TpaB-
MY TOJIOBBI, 1I€M, MSITKUMX TKaAHEU I'PYAHON KJETKU,
KMBOTA M Ta3a, OCHOBOW TEPBUYHOW JTUATHOCTUKU
saBasieTcsls KomnblotepHass ToMmorpadus (KT) - Obi-
CTpbIi HEMHBA3UBHBIA METOMH /IS TOYHOM OLIEHKU
maTojioruv. B 3aBUCHMMOCTH OT BMIIa TpaBMBI IIPOTO-
koJ KT MoxeT ObITh aganTUpOBaH AJIs1 ONITUMAJIbHOMN
OLICHKU KOHKPETHOI npo0bjeMHoM obnaactu. Hampu-
Mep, eCJI UMeeTCsI BO3MOKHOE TpaBMaTUIECKOE T10-
BpeXJIeHUE COCYIOB B OacceilHe COHHOI apTepuH,
MoxeT ObiTh BbITTonHeHa KT-anrmorpadus (KTA)
COCYJIOB T'OJIOBBI U 1IEU C YCUJEHUEM apTepualbHOMi
dazoit. Hanporus, npu Tyrnoi TpaBMe XUBOTa I1PO-
BOJIUTCS MCCJIEIOBAaHUE BEHO3HOM (ha3bl MOPTATbHBIX
COCYIOB OPIOIIHOI MOJOCTH, KOTOPOE 00ecrieunBaeT
MpeKpacHOe KOHTPACTUPOBAHUE OPraHOB OPIOIIHOI
TTOJIOCTY 1 TI03BOJISIET TIPAaBUJILHO OMPENeIUTh TPaB-
MaTU4ecKoe MoBpexkaeHrne. MarHUTHO-pe30HaHCHasI
ToMoTpacdus SIBISIETCSI BOBMOXHBIM METOAOM BU3Y-
anM3alliu TpaBMaTUYECKOro mMoBpexaeHus. OmaHa-
KO, YYUTHIBasl OOJIBIIYIO UTUTEIHHOCTh BOCIIPOU3-
BeJAEHUSsI, OObIYHO HE MCIOJIb3YeTCs ISl MepBUUYHOMN
OLIEHKU. YJIbTPa3ByKOBOE UCCJIEIOBAaHUE UMEET Orpa-
HUYEHHbIE BO3MOXHOCTU IIPpU OCTPOI TpaBMeE, HO
MOXET OBITh MOJIE3HO B KaUeCTBE MePBUYHOTO CKPU-
HWHTA JJ151 BBISIBJIEHUSI BHYTPUOPIOLIHOM KUIKOCTU U
MJIEBPaJIbHOTO BBIMOTA.

ITpu mnoBpexaeHuun aprepuaibHbIX cocynoB KT
ABJIACTCA TIPEBOCXOAHBIM METOJIOM BU3yaJIM3allnn
natoioruvd. Munera u coaBT. [2] cpaBHuIuM KTA u
BHYTpUapTEepUaAIbHYIO KaTeTCPHYIO aHTHhorpaduio y
60 TTarMeHTOB C MPOHWKAIOIIEH TpaBMOt IIIeN U TIPO-
neMmoHctpupoBanu, yto KTA obnagaet 4yBCTBUTE/Ib-
HocThIO 90% wu crieunduuHocThio 100% mpw oleH-
K€ TpaBMaTuyeckKoro nospexiaeHus. [loBpexiueHust
COCYZI0OB MOXHO DPa3IeuTh Ha 5 TUIIOB B 3aBUCUMO-
CTU OT BUIA U300paxkeHus: (1) MoBpexkacHUE BHY-
TPEHHEW U / WX cpelHeil 000I0UYKM cocyla C /UK
0e3 Cy>keHMs TIPOCBETa U PACCIOCHUS CTEHKHU COCya,
(2) pacmmmpeHmne — oopa3oBaHNe aHEBPU3MEBI U / TN
nceBaoaHeBpU3MbI, (3) MoHast OKKI03us cocyaa (4)
AB-¢ductyna v (5) moaHwlii pa3psiB cocyna [3].

B ocHoBe 3HIOBacKyISIPHOTO BMEIIaTEJIbCTBA
NpU OCTPOW TPaBME SIBJSICTCS BBIKJIIOYCHUE TIO-
BPEXIEHHOI apTepuu U3 KpoBOTOKa. JIJ1s1 mOoCTUXE-
HUsI 9TOIO pe3yJjibraTa IPUMEHSIIOTCs pa3iduHble Ba-
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Fig. 1. (A) Gelfoam. (B) Intra-arterial coils. (C) Intra-arterial Amplatzer plug. (D) Intra-arterial stent.

Puc. 1. (A) «Fenb-neHa». (B) BHyTpucocyaucroie cnupanu. (C) BHytpucocyaucroii okkmopep Amplatzer. (D) BHytpucocyau-

CTbIV CTEHT.

organ arteries, endovascular treatment options also in-
clude arterial embolization or alternatively placement
of a stent graft to patch the site of arterial injury while
preserving luminal patency (Fig. 1).

Posttraumatic arterial pseudoaneurysms can result
after disruption to 1 or 2 layers of the vessel wall (in-
tima, media, adventitia). There is an associated high
risk of spontaneous rupture due to the weakened arte-
rial wall. Early repair and/or exclusion of the pseudoa-
neurysm is recommended because arterial rupture is
associated with high morbidity and mortality. One po-
tential treatment option includes placing a stent graft
across the origin of the pseudoaneurysm. The benefit
of this technique is exclusion of the pseudoaneurysm
from the circulation while maintaining normal blood
flow through the originating artery. Alternatively, the
pseudoaneurysm can be excluded from the circulation
by using a permanent embolic agent placed both prox-
imal and distal to the pseudoaneurysm (‘‘front- and
back-door embolization’’). More superficial iatrogen-
ic post catheterization pseudoaneurysms can be oc-

PpUaHTBI YHAOBACKYJSIPHOTO JIeUeHUsI, KOTOPbIE MO-
I'YT OBITh aIaNITUPOBAHBI K Pa3HBIM TUMAM TPaBM. Y
MalMUEeHTOB C YACTUYHBIM WX TOJHBIM pPa3pbiBOM
apTepuu ¥ KPOBOUBJIUSIHUEM OCTAaHOBKA aKTUBHOTO
apTepuaJbHOIO KPOBOTEUEHMUS SIBJISIETCS 00s13aTe 1b-
Hoit. CeleKTUBHAs SMO0IM3alis TUCTaTbHBIX OT/Ie-
JIOB apTepuii, KpOBOCHAOXAIOIIMX OpTraHbl, MOXKET
3 HEKTUBHO OCTAHOBUTH KPOBOUBIUSIHUE C MUHU-
MaJIbHBIM TIOBPEXIEHWEM TKaHW opraHa. OMOou-
3UPYIONIHNE aTeHTHI NeSATCSI Ha BpeMeHHbIe (abcop-
OupyeMbie) 1 MOCTOsIHHbIE. M3 BpeMEHHbBIX CPEACTB
Hanbosee YacTo MPU OCTPOMl TpaBME HMCIOJIb3YCT-
cs abcopbupyemas «reab-nieHa» (Gelfoam, UpJohn,
Kalamazoo, M1). M3 nocTosHHBIX 3MOOJIU3UPYIO-
LIMX aT€HTOB MCHOJb3YIOT CIUpau, KjieeBble KOM-
no3uuuMu u  okkmwoaepbl (Amplatzer plug, AGA
Medical Corporation, Ilimumyt, MunHecoTa). [Ipnu
MOpaKeHUU TIPOKCUMAIbHBIX CErMEHTOB apTepuil
BapMaHTOM BHIOBACKYJISPHOTO JICYEHUSI TaKXKe SIB-
JISIETCSl AMOOIM3AlINsS WM MCITOJIB3YeTCST ajbTepHa-
TUBHBIN BapWaHT - yCTAHOBKA CTEHT-TpadTa 115 JT0-
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cluded with percutaneous thrombin injection, which
allows thrombin to be injected directly into a pseudoa-
neurysm under ultrasound guidance and which results
in activation of the coagulation cascade and leads to
thrombosis. One contraindication to this procedure is
if there is an AV fistula in addition to the pseudoan-
eurysm, which can potentially result in distant venous
thrombosis or nontarget embolization.

An AV fistula is a direct abnormal communication
between an artery and a vein, and can be formed after
acute vascular injury. It is prone to rupture because high
flow and/or pressurized arterial blood is abnormally
shunted directly to the vein. An AV fistula can be treated
by embolizing the artery proximal to the fistulous com-
munication with the vein, excluding it from the circula-
tion. Alternatively, placing a stent graft at the abnormal
site of communication can also achieve a similar result.
Another potential complication from acute vascular in-
jury is the creation of an intimal flap or dissection plane,
which can produce a flow-limiting stenosis that results
in downstream ischemia. There may also be weakening
of the arterial wall, which potentiates aneurysmal dila-
tation and vessel rupture. In cases of significant injury,
endovascular treatment predominantly includes place-
ment of a stent graft across the lesion, improving blood
flow through the vessel lumen while reinforcing the ar-
terial wall.

Although endovascular interventions have made
modern trauma care safer and cost effective and have
obviated the need for open surgery in many cases, these
interventions are still not without their risks. Most com-
mon angiography related complications include punc-
ture-site hematoma, thrombosis, and pseudoaneurysm
and/or AV fistula formation with a combined incidence
of 0.47% for femoral punctures [4]. Additional com-
plications include distal embolization and subsequent
neurologic sequelae (especially in cases that involve
arch manipulation). The overall (transient and perma-
nent) neurologic complication rate has been reported
to be 0.17% for femoral angiography [4]. There is an
increased risk of neurologic complications in cerebral
angiography, with a mean overall rate reported at 1.6%
[5]. In addition, iatrogenic dissection rates have been re-
ported at less than 1% in carotid angioplasties | 5]. Lastly,
given that the most widely used agent for intravascular
administration in interventional radiology is iodinated
contrast, every endovascular procedure carries with it
the risk of contrast- induced nephropathy, which has a
reported incidence of 0.01% [4].

Site-specific injuries: imaging findings and

interventional techniques

Head and neck

The incidence of cervical vessel injury in blunt
trauma is approximately 10% [6]. Potential compli-

KaJIbHOTO 3aKPBITHS MTOBPEXAEHMUS apTepPUU P CO-
XpaHeHUU nmpocseTa (puc. 1).

IToctTpaBmMaTHUecKUe apTepuaJbHbIE TICEBAO-
AHEBPM3MBl MOTYT BO3HUKATh TpPU ITOBPEXKICHUN
OJTHOTO WJIM IBYX CJIOEB CTEHKHU cocyaa (BHYTpPEH-
HEro, CpelHero, HapyxHoro). M3-3a ucTOHYEeHUS
CTEHKHU CYIIECTBYeT BBICOKMI PMCK CHOHTAaHHOTIO
pa3pbiBa apTepuu. PekoMeHmayeTcs cKopeiiiee Boc-
CTAHOBJICHUEC HIECJIOCTHOCTU CTCHKU U / NJIN BBIKITIO-
YEeHME U3 KPOBOTOKA MCEeBA0AHEBPU3MBI, TOCKOJIbKY
pa3pbiB apTePUM ACCOLMUPYETCSI C BLICOKOM 3a001¢-
Ba€MOCTBIO U CMEPTHOCThIO. OIMH M3 BO3MOXKHBIX
BAapMAHTOB JICUHCHUA — YCTAHOBKaA CTGHT-Fpa(I)Ta Ha
YpPOBHE Hauaja rnceBaoaHeBpu3Mbl. [IpermyiiecTBo
3TOr0 METOJa 3aKJII0YaeTCs B BRIKIIIOUYEHUM TICEBIO0-
aHEBPM3MBI M3 KPOBOTOKaA IIPM COXpPaHEHUU HOP-
MaJbHOTO KpPOBOTOKAa 4Ye€pe3 MCXOAHYI0 apTepuio.
Takxe mceBgoaHeBpHU3Ma MOXET OBITh BHIKJTIOUEHA
U3 KPOBOTOKa C ITOMOIIBIO TTOCTOSTHHOTO 3MOO0JIM-
3UPYIOIIETO areHTa, YCTAHOBJIEHHOTO KaK TIPOKCH-
MaJbHO, TaK U IUCTAJIbHO OTHOCHUTEJbHO TCEBI0A-
HEBPU3MbI («3IMOOJIM3aLUS TIepeaHel U 3aaHel 1Be-
pu»). bojiee MOBEPXHOCTHbIE SATPOTEHHbIE MOCTKA-
TeTepU3allMOHHbIE TMCEeBA0AHEBPU3Mbl MOTYT OBITh
OKKJIIO3UPOBAaHbI C MOMOIIbIO YPECKOXHONU UHBEK-
IIUM TPOMOWHA HEIOCPENCTBEHHO B TICEBIOAHEB-
pU3My TIOJ KOHTPOJEM YJIbTpa3ByKa, MPUBOISIIEH
K aKTUBalUU «KOATYyJIsSLIMOHHOIO Kackaaa» 1 TPOM-
OMPOBAHUIO MCEBIOAHEBPU3MHBI.

TpaBmbl MO JIOKAJIM3AIMH:

JHATHOCTHYECKAS] U MHTEPBEHIMOHHAS TeXHUKA

TosioBa u mes

YacrToTa TpaBM COCYAOB lleWM NpU TYIOH Tpas-
Me coctaisieT npumepHo 10% [6]. I[NoTeHuMa b-
HBIMHU OCJIOXXHEHUSIMU TOBPEXKICHUsI cocyaa sIBJsI-
IOTCS aKTUBHOE KPOBOU3IUSIHUE, CHUXEHUE TIepdy-
3WW TOJIOBHOTO MO3Ta BCIEACTBUE CYKEHUST TN OK-
KJII0O3UHU cOCylla U TPOMO03MOO0IMYeCcKasd UILIEMUSI U3
TpaBMaTUYECKON TCEBAOAHEBPU3MbI MW paccioc-
HuA cocyna |7, 8]. ITockoabKy cyliecTByeT 3HAUM-
TEJIbHbIIA aCCOLUUMUPOBAHHbIN PUCK HEBPOJOTHMYE-
CKMX paccTpoiicTB u cMeptu (1o 80%), paHHSSI TOY-
Hasl IUAarHOCTUKA 3TUX MOBPEXKICHUN UMEET pellia-
follee 3HaUeHWE B BEICHUM TTallMeHTOB [9].

ITpu nmpoHukalwleil TpaBMe CyIlIECTBYeT Bepo-
SITHOCTb YaCTUYHOTO M IMOJHOTO MepeceuyeHUs ap-
TEPUMU, 4YTO MNPUBOAUT K AKTUBHOMY KpPOBOTEYE-
HWI0, 00pa30BaHUWIO TICeBAOAHEBPU3MBI M pacciioe-
HUI0 cocyaa. Ecau BoBiieueHa BeTBb Hapy>XKHOI COH-
HOI apTepuM, DHAOBACKYISIPHOE JcYECHUE OObIYHO
BBIITOJIHSETCS C TOMOIIBIO CEJIEKTUBHOM apTepHraib-
Holt aM0boau3anu. OaQHAKO MPU MOBPEXIEHUU BHY-
TPEHHEN COHHOU apTepUU WU MMO3BOHOUHOU apTe-
pUU K3-32 HEOOXOAMMOCTU TMOIJEPXAHUS KPOBO-
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Fig. 2. Traumatic carotid pseudoaneurysm. (A) Single-axial computed tomographic angiogram image of the neck,

demonstrating a large pseudoaneurysm (arrow) arising off the medial wall of the right internal carotid artery (ICA). (B)
Digital subtraction angiography (DSA) image, demonstrating the same large pseudoaneurysm (arrow). (C) DSA image,
demonstrating a stent graft (arrows) in the high cervical ICA with complete exclusion of the pseudoaneurysm; note the
poststent vasospasm. (D) Facial radiograph with the stent graft (arrows) in situ. CCA - common carotid artery.

Puc. 2. Mocrrpaemaruueckas nceegoaHeBpusma coHHon aptepum. (A) Uso6paxenne akcunnapHon KT-aHrmorpammbi
wewn: Gonbluas NnceBAOaHEeBPU3MA (CTPEnKa) MeananbHOW CTEHKU NPABO BHyTpeHHew coHHoi aptepuum (ICA) (B) Uso6pa-
»xeHue uudpoeoi cy6TpakumonHoi anrnorpadum (DCA): ata xxe 6onbluasi ncesgoanespusma (crpenka). (C) DCA uzo6pa-
JKeHMe: CTEeHT (cTpenku) B BepxHe# yactu weiiHoro cermeHta ICA ¢ NonHbIM UCKITIOYEHUEM NCEBAOUHEBPU3MbI U3 KPOBO=
ToKa; o6paujaer Ha ce6s BHUMaHUe Basocnasm 3a cTeHToM. (D) PenTreHorpamma nuueBoro uependa co cTeHTOm (cTpernku)

B 06l el COHHOW apTepum.

cations of vascular injury include active hemorrhage,
reduced brain perfusion secondary to vessel narrowing
or occlusion, and thromboembolic ischemia from an
inciting traumatic pseudoaneurysm or dissection [7,
8]. Because there is a significant associated risk of neu-
rologic dysfunction and death (as high as 80%), early
accurate diagnosis of these injuries is critical to patient
management [9].

In a penetrating trauma, there is a potential for
partial and complete arterial transection that results
in active hemorrhage, pseudoaneurysm formation,
and vascular dissection. If an external carotid artery
branch is involved, endovascular treatment can usu-
ally be achieved by selective arterial embolization.

TOKa B TOJIOBHOM MO3re yalile TpeOyeTcsl ycTaHOBKa
CTeHT-TpadTa WM OTKPBITOE XUPYpPTUIECKOE Jiede-
Hue (puc. 2).

Haubonee uyacrasi TpaBMaTuuyeckasi BHYTpUYE-
penHas AB-ducTtyna obpasyeTcss Mexy BHYTPCH-
Hell COHHOM apTepuerl M KaBEPHO3HBIM CHHYCOM.
KapoTtuaHo-kaBepHo3Has ¢ductyna (puc. 3) MOXET
OBbITh KJIMHUYECKM OECCUMIITOMHON B T€UEHUE He-
CKOJIbKMX JIHEM WM HElleb MOCe MOJyYeHUsl TpaB-
Mul [3]. B nurepaTtype omyO0iIMKOBaH pPsII MCCIEIO-
BaHUii, B KOTOPBIX OINUCAHO YCIIEIIHOE JIeUeHUE
AB-buctyn, paccioeHUil COHHbIX apTepuii U TCeB-
IOAHEBPU3M C TTOMOIIBIO 3HI0BACKYISIPHBIX CTEHT-
rpadToB [10-12].
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Fig. 3. Traumaticcarotid-cavernousfistula (CCF). (A,B) Selected axial computedtomographicangiogramimages, demonstrating
asymmetric early filling of the left cavernous sinus (CS) (short arrow in [A]) and dilated left superior ophthalmic vein (SOV)
(long arrow in [B]). (C) Digital subtraction angiography (DSA) image, demonstrating a direct fistulous communication between
the cavernous internal carotid artery (ICA) and the CS (arrow) as well as retrograde filling into prominent left SOV and left
internal jugular (1J) vein. (D) Transarterial approach with detachable balloons failed; subsequently, a transvenous approach
through the left 1J vein and inferior petrosal sinus resulted in successful coiling (arrow) of the CS and complete occlusion of the
CCF; note the partial occlusion of the cavernous ICA; however, the patient had no clinical sequelae due to good intracranial
collateral flow.

Puc.3. MocTrpaemarnueckuin kaporupaHo-kaeepHosHbii ceuwy (KKC). (A, B) CenexktueHas akcunnspHas KT-aurnorpamma, ge-
MOHCTPUpYIOLLAs ACUMMETPUYHOE POHHEE 3anoNHeHue sieBoro kasepHosHoro cuHyca (KC) (kopotkas crpenka B [A]) u pac-
LUMPEHHYIO NEBYIO BEPXHIOIO rnasHyto seHy (BFB) (anunHas ctpenka B [B]). (C) Uz06parxeHmne undppoeoii cy6TpakumoHHOM
aHrnorpadum (DSA), pemoHcTpupyiouee GpUCTyny MmeXXay KABEPHO3HbIM CEFMEHTOM BHYTpeHHei coHHou aprepueii (BCA) n
kaBepHO3HbIM cuHycom (KC) (cTpenka), a Tak)ke peTporpagHoe 3anonHeHue nesoil BI'B u neBoit BHyTpeHHel speMHOo BeHbI
(1B). (D) Moneitka okknio3umn KKC, ncnonbsys texHuky otaensiemoix 6ansaoHOB, HE YBEHUYANCh YCNEXOM; NO3Xe yepes ne-
BYy10 1B 1 HMXKHMIA KAMEHUCTBIN CUHYC OCYLLLECTBIIEHO ycnelwHoe BBegeHue cnupanum (crpenka) B KC u nonHoe sakpobitue KKC;
o6pawaeT Ha ce6s BHUMAHME YacTMYHAs OKKIIo3us kaBepHo3sHoro cermeHTa BCA, onHako 6narogapsi xopowemy BHyTpu=
YyepenHoOMy KOMAaTepasbHOMY KPOBOTOKY KJIMHUYECKMX NOCNeACTBUIA Yy NALMEHTa He Habniopaanocs.

However, if the internal carotid or vertebral artery Ipyanas kieTka

is injured, then endovascular stent-graft placement JleTanbHOCTh MOpU TpaBMaX COCYIOB TpYIHOIt

or open surgical repair is often required due to the kaeTKu KpakiHe BbICOKa, U TpeOyeTCs He3aMeAUTEb-

necessity of maintaining blood flow to the brain Hoe mpoBeaeHME TMATHOCTUUYECKUX U JIeUYEOHBIX Me-

(Fig. 2). ponpusiTuii. 13 00JibIIUX IPYAHBIX COCYI0B IIPUMEP-
HO IOJIOBMHA TOBPEXACHUN MPUXOAUTCS Ha JIOJIO
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Fig. 4. Traumatic subclavian arterial pseudoaneurysm and arteriovenous (AV) shunt. (A) Single axial computed tomographic
angiogram (CTA) image, demonstrating a large mediastinal hematoma (H) with an area of large extravasation at the left
subclavian artery with pseudoaneurysm formation (circle) at the left subclavian artery (LSCA) origin; note the early filling
of the left brachiocephalic vein (LBCV) (arrow) secondary to a fistulous communication with the LSCA. (B) Arch aortogram,
demonstrating a large pseudoaneurysm immediately distal to the LSCA (short arrow) origin (circle) as well as an AV shunt
between the proximal LSCA and LBCV (long arrow), and early filling of the superior vena cava. (C, D) Digital subtraction
angiography and CTA images after stent-graft placement (arrows), with complete exclusion of the pseudoaneurysm.

Puc. 4. Tpaemaruueckas nceBfoOaHEBPU3MA NOAKIIIOHUYHONW apTepun U aptepumoeeHo3Hbiin (AB) wyHT. (A) AkcunnspHas
KT-anruorpamma (KTA), apemoHcTpupyer 6onbluyto rematomy cpepocreHus (H) c 3oHo# KpynHO#M sKcTpaBasauum us neeou
noaxkniounyHou aprepum (LSCA) c o6pasoBaHuem nceBgoaHeBpUsmMbl (KPYXKOK); 06paTute BHUMAHME Ha PAHHEE 3anoJiHe=
Hue nesou 6paxmouedanbHoi BeHbl (LBCV) (ctpenka), nocne sanonuenus ¢pucrynsi c LSCA. (B) Aoprorpamma ayru aoprbl,
AEeMOHCTpupyioLas 6onbluyio nceBaoaHeBpusmy cpasy Huke LSCA (kopoTkas ctpenka) u B ycTbe (Kpyr), a Takyxe AB=wuyHT
mexxpy npokcumansHou LSCA u LBCV (anuHHas cTpenka) u paHHee 3anonHeHue BepxHen nonou Bewsbl. (C, D) Undposas
cy6TpakumonHas adrnorpamma u KTA kapTuHa nocne ycTaHOBKM cTeHT=rpadTa (CTpenku) ¢ NoMHbIM BbIKSTIOYEHUEM MCEB=
AOGHEBPU3MbI.

The most common trauma-induced intracranial AV
fistula occurs between the internal carotid artery and
the cavernous sinus. A carotid-cavernous fistula (Fig. 3)
can be clinically silent for days to weeks after the initial
trauma [3]. There are a number of studies published in
the literature that have described successful treatment of
AV fistulas, carotid artery dissections, and pseudoaneu-
rysms with endovascular stent grafts [ 10-12].

opaxmonedanbHBIX aptepuii (puc. 4) [13]. TpaBmbI
JIETOYHBIX COCY/IOB (pUC. 5), HEMAapHOM U TOJION BEeH
NOBOJILHO peaku [14]. OcTtpoe moBpexaeHue Tpyi-
HOU aopThl (puc. 6) ceayeT 3anoA03pUTh B Cyvasix
TYIOU TpaBMBbI TPYAHOM KJIETKH, KOTIa UMEETCS IO~
XOASILMIA MEXaAHU3M TTOBpexXIeHUs (pe3Koe 3amelie-
HUeE: IIPU BBICOKOIM CKOPOCTU IBVKEHUS) U/WJIU T10-
MO3pUTeNIbHAsl cUMIITOMaTuKa. [To maHHBIM JMTe-
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Fig. 5. Traumatic pulmonary artery pseudoaneurysm. (A) A single digital subtraction angiography (DSA) image,
demonstrating a large pseudoaneurysm (arrow) arising off a segmental branch of the right pulmonary artery. (B)
Single DSA image, demonstrating no flow to the pseudoaneurysm after placement of Amplatzer vascular plugs in the
pseudoaneurysm neck and the segmental pulmonary arterial branch.

Puc. 5. TpaBmaruyeckas ncesaoaHeBpusma neroyHon aptepun. (A) Undposas cy6TrpakumoHHas aHrmorpamma (DSA),
AEeMOHCTPpUpPYeT Gonbluylo NCEBAOAHEBPU3MY (CTPEsiKa) CErMEeHTapHOW BETEM Npaeon nerouHon aprepun. (B) DSA uso-
6pakeHue AEMOHCTPUPYET OTCYTCTBUE MOTOKA K MCEeBAOCHEBPU3ME MOC/ie YCTAHOBKM OKKIIO3MPYELLero yCTpoucTsa
(Amplatzer plug) B nepelueek nceBfo0aHEeBPU3MbI M CETMEHTAPHOW BETEBU NIEFTOYHON ApTEpPUM.

Chest

Thoracic vasculature injuries are highly lethal
and require timely diagnosis and intervention. Of
the thoracic great vessels, the brachiocephalic artery
accounts for approximately half of the injuries (Fig.
4) [13]. Pulmonary vascular (Fig. 5), azygous vein,
and caval injuries are quite rare [14]. Acute thoracic
aortic injury (Fig. 6) should be considered in cases
of nonpenetrating thoracic trauma when the mech-
anism is appropriate (high-speed sudden decelera-
tion) and/or the clinical symptoms are suspicious.
There is a 0.5%-2% incidence of acute thoracic
aortic injury in nonlethal motor vehicle collisions
and 10%-20% in high-speed deceleration fatalities,
as reported in the literature [14]. In patients with
suspected traumatic injury to the aorta, emergent
evaluation with CTA is recommended to assess the
extent of injury [14]. It has been well established
that the aortic isthmus, approximately within 2 cm
of the origin of the left subclavian artery, is the most
common location for aortic injury, which accounts

paTyphl, B aBTOMOOWJILHBIX aBapusix 0e3 cMmepTesib-
HOro MCXO0/la 4acToTa OCTPOTO MOBPEXIECHUS TPyI-
HOI1 aopThl cocTaBisgeT 0.5-2%, a Ipy pe3KOM 3aMe/l-
JICHUU CO CMepTebHbIM ucxonoM — 10-20% [14]. ¥
MalMeHTOB C MOA03PEHUEM Ha TPaBMY aOPThI PEKO-
MEHJIyeTCsl MPOBOAUThL 3KCTpeHHYI0 KTA nis oueH-
KM cTerneHu moBpexnaeHus |[14]. Hambonee gacTeiM
MECTOM TPaBMATHUYECKOTO TTOBPEXKICHUS aOPTHI STB-
JIsIeTCs Mepelieek aoOpThl, HAXOASIIMICS TIPUMEPHO B
2 CM OT HauaJia JIeBOW MOAK/IIOUUYHON apTepum, Ha
JIOJII0 KOTOPOro npuxoautcs npumepHo 80-90% ciry-
yaeB noppexaeHuid |15, 16]. Yacro omnuchiBaembie
npsiMble MPU3HAKU MOBPEXIAECHUST AOPThI: OTCJIOCHUE
WHTHUMBI, TpaBMaTU4eCcKasl TICeBIoaHeBpU3Ma, JIOKa-
JIM30BaHHBIN pa3pbiB, TPOMOO3 Ha YPOBHE TICEBIOA-
HEBPU3MbI, aHOMAaJIbHBIN KOHTYP a0PThl U BHE3aITHOE
U3MeHeHre auaMeTpa aopThl. KoCcBeHHBIE TTPU3HAKU
OCTPOTO TPaBMAaTHYECKOTO TMOBPEXIACHUS BKIIOUAOT
TIEPUAOPTATLHYIO TEMATOMY, CMCIIICHNE MSTKUX TKa-
Hel cpelnocTeHus U remornepukapa [14].

[laLueHThl ¢ OCTPbIM TPAaBMATUUYECKUM MOBPEXK-
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Fig. 6. Acute thoracic aortic injury. (A, B) Selected axial computed tomographic angiogram images, demonstrating a
descending aortic arch pseudoaneurysm with an intraluminal flap (arrow) extending from just inferior to the left subclavian
artery (not visualized) to the level of the left main pulmonary vein (not visualized). (C) A single digital subtraction
angiography image, demonstrating successful occlusion of the pseudoaneurysm with a stent graft deployed just distal to
the left common carotid artery with intentional coverage of the left subclavian artery (for adequate proximal landing zone
coverage).

Puc. 6. Octpoe noBpexaeHue rpyaHoun aoprbl. (A, B) CenektueHbie akcunnapHbie KT-aHrnorpammel, semoHcTpupyiowme
NceBAOAHEBPU3MY HUCXOASLLEN YOCTU AYTU AOPThbI € BHYTPUMPOCBETHLIM AedEeKTOM MHTUMBI (CTPEenKa), OT HUXKHEro YpPoB-
HSl [0 NIEBOM NOAKITIOUMYHON apTEPUM (HEe BU3yanu3npyeTcs), A0 YPOBHS JIEBON IIABHOM JIEFOYHOW BEHbI (He BU3yanusun=
pyercs). (C) UndpoBas cy6TpakLMOHHAS AHIMOrPAMMA, AEMOHCTPUPYET YCMNELLHYIO OKKIIO3UIO NCeBAOAHEBPU3MBI C NO-
MOLLLbIO CTEHT-TPAdTA, YCTOHOBIEHHOrO HEMNOCPEACTBEHHO CPA3y MOCAE NEBO o6LLLEel COHHOW apTepun, ¢ NpeaHAMepPeH-

HbIM 30XBATOM JIEBOW I'IOAI(.I'IIO‘-IM‘-IHOﬁ aprepum (Aﬂﬂ MOJIHOrO 3aKpbITUN I'IpOKCMMOJ'IbHOﬁ 30Hbl).

for approximately 80%-90% of cases [15, 16]. Com-
monly described direct signs of aortic injury include
the presence of an intimal flap, traumatic pseudoa-
neurysm, contained rupture, intraluminal mural
thrombus, abnormal aortic contour, and a sudden
change in aortic caliber. Indirect findings of acute
traumatic injury include periaortic hematoma, me-
diastinal soft-tissue stranding, and hemopericardi-
um [14].

Patients with acute thoracic aortic injury require
definitive repair. In the past, these patients had an

NEeHWEeM TPYIHOW a0pTHl HYXXIAIOTCS B paIUKaTbHOM
JjiedyeHuu. PaHbllie BceM MalMEHTaM BbINMOJHIACH
OTKpPbITAsl XUpypruueckasl peKOHCTPYKLMsI C yCTa-
HOBKOI TpaHcmuiaHTaTa. [lociaemHue mOCTUKEHUS
B 00J1aCTH 3HIOBACKYISIPHBIX TEXHOJIOTHUI TIPUBEJIN
K CMEHE TTapagurMbl BO MHOTMX MEIMLIMHCKUX 1IeH-
Tpax. YacTh MaluMeHTOB JEUUTCS MPU MOMOIIM DH-
noIpore3rpoBaHusi. HemaBHuiT MeTaaHaau3, B KO-
TOPOM CpaBHUBAJIM BHIOBACKYJISIPHOE U OTKPHI-
TO€ BOCCTAHOBJIEHWE TPABMATUUYECKOTO TTOBPEXIe-
HUSI HUCXOISIIIICH a0OPThI, IIOATBEPAMII, UTO YCTAHOB-
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open surgery with placement of an interposition
graft. Progressive advances in endovascular stent-
graft technology and techniques have resulted in a
paradigm shift, with selected patients now treated
with endografts at many centers, including ours. A
recent meta-analysis that compared endovascular
versus open repair of traumatic descending aortic
injury supported stent grafting as an alternative to
surgical repair, with lower postoperative morbidity
and mortality [17].

Abdomen and pelvis

The spleen is the most commonly injured organ
in patients with blunt abdominal trauma and ac-
counts for approximately 20-25% of all intra-ab-
dominal injuries [18]. CT features of splenic trauma
include laceration injury, subcapsular and/or paren-
chymal hematoma, and areas of devascularization.
Active hemorrhage, pseudoaneurysm, and AV fistula
formation are other important findings in splenic

Ka CTeHTa SIBJISIETCS] aJIbTEPHATUBOM XUPYPTUIECKO-
MY BOCCTAHOBJICHUIO U UMEET D0Jjiee HUBKYIO MOCe-
ornepalroHHYI0 3a001eBaeMOCTb U CMEPTHOCTD [17].

BpromHas 1 Ta3oBbIe 00JIACTH

Cene3eHka sBJsieTCsS HauboJsee 4acTo TpaBMUpPYe-
MbIM OPTaHOM Yy MAlLIMEHTOB C TYIOI TPaBMOI XKMBOTa
U cocTaBysieT TipuMepHo 25-20% Bcex BHYTpHUOpIOII-
HbIX noBpexaeHnit [18]. KT-npuzHaku TpaBmbI celte-
36HKM BKJIIOYAIOT B ce0sl pa3pbIB, CYOKATCYISIPHYIO
/WA TTAPEHXMMATO3HYI0 TeMaTOMY M 30HBI C Hapy-
lIeHUueM KpoBOCHaOxeHus. JIpyrue BaxKHbIe TTpU3HaA-
KU TOBPEXJEHUS] CEJIE3€HKU — BTO aKTUBHOE KpO-
BOU3JIUSIHUE, TICEBIOAHEBpU3Ma U oOpa3oBaHue AB-
¢uctynael. CIUIEHIKTOMMSI — TPaaULIMOHHBIA METOM
JICUEHUEM TYIIOl TpaBMbl CEJIE3€HKU; TEM HE MEHEE,
YUUTBHIBAS. BAXHYIO POJIb CENE3eHKU B MOJIEPXKaAHUU
WUMMYHUTETA, B HACTOSIIIEE BpeMsI Bce Ooutblie nmprode-
raroT K OPTaHOCOXPAHSIIONICH SHA0BACKYISIPHOM Tepa-
nuu. Haunbosiee pacripocTpaHeHHBIM METO/IOM SIBJISI-

£

Fig. 7. Traumatic splenic laceration. (A) A single computed tomographic angiogram image, demonstrating a splenic
laceration (arrow) with irregular hyperdensity along the margin of the splenic parenchyma, consistent with active
extravasation. (B) Active extravasation (arrows) from splenic arterial branches on the digital subtraction angiography
image. (C) Coils (c) in the main splenic artery, and 2 divisions of the lower splenic arterial branch with persistent flow in the
splenic arterial system. (D) Complete cessation of flow after Gelfoam augmentation (arrow) of the coil mass.

Puc. 7. TpaemaTtuueckuii paspbis ceneseHku. (A) KT-aHrmorpamma gemoHcTpupyeT paspbiB cenes3eHKy (CTpenka) ¢ Hepas-
HOMEpPHOW rMNEepPNIOTHOCTbIO BAOMb KPAsS MAPEHXUMbI CEJIE3EHKM, YTO COOTBETCTBYET CGKTUBHOMY KpoBousnusHuio. (B)
AKTMBHOE KPOBOM3NUAHMUE (CTPESIKM) U3 BETBENA CENIe3eHOYHOM apTepumn Ha uUdpPOBON CyGTPAKLMOHHOW GHIMOTPAMME.
(C) Cnupanu B rnaBHO ceNe3eHOYHOU apTepun U B 2 oTAENAax HUXKHEN cene3eHOYHON apTEPUAsbHOI BETBU C NEPMUHEHT-
HbIM KPOBOTOKOM B ceneseHo4YHoun aptepuanbHoi cucteme. (D) MonHas ocTaHOBKAG KPOBOTOKA NOCNE HAMOMHEHUS Ka-

TYLUKM «renb=neHon» (crpenka).
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injury. The traditional treatment of blunt splenic
trauma was splenectomy; however, there is more
emphasis on splenic salvage through nonoperative
endovascular management given the important role
that the spleen plays in immune function. The most
common technique is embolization of the splenic
artery just distal to the dorsal pancreatic artery and
proximal to the pancreatic magna artery to decrease
the pressure head and preserve distal collateral blood
flow. This approach is reported to have a successful
splenic salvage rate of 84% [19]. Selective coil em-
bolization is indicated if there is evidence of active
extravasation, pseudoaneurysm formation, or an AV
fistula (Fig. 7).

The liver is the second most commonly injured
solid abdominal organ in blunt trauma, with liver
lacerations half as frequent as splenic lacerations,
but resulting in greater morbidity [20, 21]. Hepatic
vascular trauma is present in approximately 20% and

eTcsT AMOOJIM3ALIMS CEJIE36HOUHOM apTepuy AUCTalIb-
Hee JOpPCaJbHOM apTepUM MOIXKEIYIOUHOMN Keae3bl U
MMPOKCHMaJIbHee OOJIbIION apTepUM IOIKEIyI0YHOI
>KeJIe3bl 1T YMEHBIIEHMST Haropa aHTeTrpagHOTO KPo-
BOTOKA ¥ COXpaHEHMsI TUCTAIIBHOTO KOJUTaTePabHOTO
KpoBoToka. Coo0111aeTcs1, YTO 3TOT MOAXOMA YCIeleH
1 no3BoJisieT B 84% coxpaHuThb cene3eHky [19]. Ce-
JIEKTMBHAST SMOOJIM3alysl CIIMPAJISIMU TTI0Ka3aHa, eCiu
eCTh MPU3HAKM aKTMBHOW DKCTpaBa3aluu, oopa3oBa-
HUSI TICEBAOaHEeBPU3Mbl i AB-ductyisl (puc. 7).
[leyeHsb siBAsieTCs BTOPbIM, HauboJjiee 4acTo 1o-
paxkaeMbIM OOJIBIIIMM OPTaHOM OPIOLIHON TMOJOCTHU
IIpY Tymnoii TpaBMe. Pa3pblB IeyeHU BCTpedyaercs: B
BIBOE peXe, YeM pa3phbiB CEJIE3eHKU, HO IIPUBOIUT
K BBICOKOIT 3abomeBaemoct [20, 21]. Cocynsl Tie-
YyeHU TMoBpexaalTcs npumepHo npu 20 u 25% ty-
IbIX ¥ IPOHUKAIOUIMX TPAaBM OpPIOIIHONM IOJIOCTH,
cootBeTcTBeHHO [22]. Jlo 20% mnoBpexacHU Tie-
YeH!U MOTYT COIPOBOXIATHCSI OTCPOUYEHHBIMHU CO-

Fig. 8. Delayed traumatic hepatic arteriovenous (AV) fistula. (AeC) Selected computed tomographic angiogram images,
demonstrating a left hepatic arterial (LHA) (short arrow) branch pseudoaneurysm (circles) with an associated AV fistula as
the middle hepatic vein (MHV) fills in the arterial phase. Previous coils (rectangles) within the branch of the right hepatic
artery related to previous embolization. (D) Digital subtraction angiography image, demonstrating the pseudoaneurysm
(arrow) and the AV fistula. (E) Successful coil embolization (arrows) of the branch of the LHA feeding the pseudoaneurysm
AV fistula.

Puc. 8. OrcpoueHHas aprepuoBeHosHasn (AB) ¢pucryna nocne rpaembl neuenu (AeC). Boi6paHHblie nso6pakeHus KT-
AHIMOrPaMMBI A€MOHCTPUPYIOT MCEBAOCHEBPU3MY BETBM neBoi nevyeHouwHon aptepum (LHA) (kopotkas crpenka)
(kpy>xKu) u cea3aHHylo ¢ Heit AB-ducryny, T.k. cpepHss neueHouHas BeHa (MHV) sanonHsietcs B aptepuanbhyio ¢pasy.
Crapbie KatyLwKu (MpsiMOyrofibHUKU) BHYTPY BETBM NPABO NEYEHOYHOW ApTEpPUM CBA3AHBI € NpeabiayLlLei smGonusa-
umein. (D) LUudppoeoe cy6rpakumoHHoe aHrnorpapuueckoe usobpakeHue AeMOHCTPUPYET NCeBAOaHEeBpU3My (cTpen=
ka) u AB-pucryny (E) YenewHas asm6onusaumusa cnupansmu (ctpenku) setsu JIMA (LHA), HanonHsowas nceBaoaHeBpus=-
my AB-ducTynbli.
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Fig. 9. Traumatic renal injury in a patient with incidental angiomyolipomas. (A, B) A single computed tomographic
angiogram (CTA) image, demonstrating active contrast extravasation (circle) from right renal laceration; note multiple
angiomyolipomas (arrows) in both kidneys. (C) Single digital subtraction angiography (DSA) image, demonstrating active
contrast extravasation (short arrow) and multiple angiomyolipomas (long arrows). RRA 14 right renal artery. (D) Post-coil
embolization (arrow) DSA image, showing complete hemostasis with no further extravasation.

Puc. 9. TpaemaTnyeckoe NnoBpeXaeHue NoYeK y NayueHTda co cny4YaiHbiMu aHiruomuonunomamu. (A, B) Uso6parke-
Hue KT-aHrmorpammel, AeMOHCTpUpYIOLLLEEe OKTUBHO HAOKAMNMBAIOLLLEE KOHTPACT KPOBOTEYEHMUE (Kpyr) oT paspbiBa
npaBoi No4Yku; o6paruTe BHUMAHME HO MHOXKECTBEHHbIE AHrMOMUONUNoMmsl (cTtpenku) B o6enx noukax. (C) Undpo-
Bas cy6TpakumoHHas aHrmorpamma (DSA) aeMoHcTpUpyeT AKTUBHO HOKANMBAIOLLLEEe KOHTPACT KpOBOTe4YeHue (ko=
poOTKAs CTPENKA) U MHOXKECTBEHHBbIE AHIMOMNONUNOMBI (AnuHHble ctpenku). RRA 14 npaeas nouyeuHas aprepus. (D)
Mocne sm6onusauum cnupanamu (crpenka) DSA-uzob6pakeHue, NOKA3bIBAIOLWLEE MOJIHYIO OCTAHOBKY KPOBOTEUYEHUS
6e3 ganbHelwen 3KCTpaBa3aLum.

25% of blunt and penetrating abdominal injuries, re-
spectively [22]. Delayed vascular complications such
as AV fistula and pseudoaneurysm formation can oc-
curinupto 20% of liver injuries [19]. AV fistulas can
appear as early and intense contrast enhancement of
the portal hepatic/portal vein, whereas pseudoaneu-
rysms appear as rounded focal areas of intense en-
hancement adjacent to arteries. Intra-arterial cathe-
ter angiography and embolization is indicated when
CT demonstrates a hepatic injury with contrast ex-
travasation in a patient who is clinical unstable or if

CYIUCTBIMU OCJIOXXKHEHUsIMU: (hopmMupoBaHreM AB-
¢uctyn u ncesnoaneBpusm [19]. AB-ductynasr mo-
TYT NPOSIBASATLCSA PAHHUM UM UHTEHCUBHBIM KOHTpa-
CTUPOBAaHMEM BOPOTHOI BEHbI MEYEHU/TMOPTATbHOMI
BEHbI, TOrJa KakK MCEBAOaHEBPU3MbI MPOSIBISIOT-
¢Sl KaK OKPYIJIbIE O4aroBble 00J1aCTU MHTEHCUBHOIO
yCUJIeHUsI, TpUJIeTalolime K apTepusM. BHyTpuapre-
puaibHas KaTeTepHast aHruorpacus 1 9MOOaU3aLIUS
MOKa3aHa Korjaa y KIMHUYECKUM HeCTaOMIbHOIO Ma-
nueHTa nipyu KT BbISIBASIETCS MOBPEXACHNWE MEUEHU
C KOHTPACTHO 3KCTpaBa3alieil, a TakxKe Mpyu Halu-
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Fig. 10. Traumatic ‘‘pseudo’’ May-Thurner syndrome. (A) A single computed tomographic angiogram image,
demonstrating an ovoid hyperdensity (arrow) medial to the distal left common iliac artery, consistent with active
extravasation from a left common iliac venous injury; note the surrounding retroperitoneal hematoma. (B) A left iliac
venogram, demonstrating focal active contrast extravasation of the left common iliac vein near the origin of the left
internal iliac vein. In addition, there is a mass effect on the left common iliac vein (arrow) from the regional hematoma,
which resulted in May-Thurner- like physiology. (C) Post=stent graft (arrows) placement venogram, demonstrating no
further extravasation with improved flow through the left iliac veins.

Puc. 10. Tpasmaruueckmii «nceegocuHapom» Mesi-TepHepa. (A) nsob6pakeHne KT-aHrmorpammbl, AeMOHCTPUPYIO=-
Lee OBAJNIbHYIO FMMEPNIOTHOCTb (CTPESIKA), MEAUASIBHYIO K AUCTAJIBHON NIeBOI o6Lieil NoAB3A0LLHON apTepum, CBs-
30HHYIO C OKTMBHBIM KPOBOTEYEHUEM M3 MNOBPEXAEHHON NIeBOM o6Lyel NoAB3A0LWHONM BEHbI; 06parute BHUMAHWe Ha
3a6pioLIMHHYI0 remaromy psisom. (B) BeHorpamma nesoii noaB3a0LLIHON BEHbI, A€MOHCTPUPYIOLLLASl OYUrOBOE, OKTUB-
HO HOKAMUEBAIOLLEE KOHTPACT KPOBOU3NUSIHUE U3 NEBON 06Leli NOAB3A0LLHON BEHbI OKOSIO HOYANA NIEBOA BHYTPEH=-
Hel noaB3aoLwwHok BeHbl. Kpome Toro, umeertcs gaesneHune Ha neeyio o6LLyio NOAB3A0LHYIO BEHY (CTPEsKa) OT perno-
HAPHOW rEeMATOMbI, YTO MPUBESNIO K NMPOSIBIEHUAM, NOZ06HbIM cuHgpomy Mes-TepHepa. (C) BeHorpamma nocne ycra-
HOBKM cTeHT-rpadTa (CTpenku) AeMOHCTPUPYET OTCYTCTBUE AANbHENLLEN SKCTPUBA3ALMM U YNyYlIEeHNEe KPOBOTOKA B

JieBblX NOAB3AO0LWHbIX BEHAX.

AV fistula or pseudoaneurysm formation is present
(Fig. 8). Hepatic artery embolization is usually well
tolerated because there is a dual blood supply to the
liver, which makes postembolization infarction un-
likely.

Renal injury occurs in approximately 7% of pen-
etrating and in 4%-5% of blunt abdominal trauma
[19]. Most traumatic renal injuries consist of pa-
renchymal contusions and minor superficial lacera-
tions, which can be managed conservatively [20].
However, significant active hemorrhage and reno-
vascular injury are not uncommon findings and of-
ten require more definitive therapy (Fig. 9). Distal
super- selective arterial embolization may be used to
treat patients who are hemodynamically unstable if
there is clinical or CT evidence of ongoing hemor-
rhage. Stents can be successfully used for treatment
of main renal arterial injuries. Endovascular man-
agement of renovascular trauma is advantageous
in that it is less invasive than surgery and preserves
more renal tissue.

Patients with pelvic trauma are a challenging co-
hort, with reported mortality rates that range from
18-40% |[23]. Active bleeding after an acute pelvic
fracture may be secondary to venous (Fig. 10), osse-
ous, or arterial injury. Superior gluteal, internal pu-
dendal, lateral sacral, iliolumbar, and inferior glu-
teal arteries are the most common arteries injured

yunu AB-ductyabl mim odpa3zoBaHUM TCEBIOAHEB-
pusmbl (puc. 8). DMmOonu3aLus NEYEHOUHON apTe-
puu, Kak TpaBUIO, MEPEHOCUTCS XOPOIIO Oarona-
psl IBOMHOMY KPOBOCHAOXEHWIO TIEUeHU, YTO IesIa-
eT uHGAapKT nocjae 3MO0IU3LUU MAJTOBEPOSITHBIM.
IToBpexaeHue Mmoyek BCTpevyaeTcsl MPUMEPHO B
7% caydaeB poHuKaiomeii u B 4% -5% ciydyaeB Ty-
ol TpaBMBI XXuBOTA [19]. BOABIIMHCTBO TpaBMaTH-
YECKUX TOBPEXJICHUM TTOUEK MpeACTaBICHBI ylInoa-
MU IapeHXUMbl M HEOOJBIIMMU ITOBEPXHOCTHBIMU
paspbiBaMM, KOTOpPbIe MOXHO BECTM KOHCEpPBaTUB-
Ho [20]. TeM He MeHee 3HaUMTETLHOE aKTUBHOE KPO-
BOTC€UYCHUE U IMOBPEKACHUEC COCYAOB ITOYEK HE ABJIA-
I0TCSl PEIKOCTBIO M YaCTO TPeOYIOT 00jiee peuInuTeb-
HoO# Teparmu (puc. 9). lucranbpHas CynepceeKTUB-
Hasl apTepuajbHas dMO0JM3aIisd MOXET HCIIOIb30-
BaTbCs IS JIEUEHUSI TeMOAMHAMUYECKU HECTaOUIb-
HBIX TTalIMeHTOB TMPU HAJWYUM  KIMHUYECKUX WIIN
KT-npu3HakoB MNpoa0JEKAIOIIErocsi KPOBOTEUEHMUSI.
CTEHTBI MOTYT OBITD YCTICIITHO MCITOJIH30BAHBI IS JIC-
yeHUs OOJIbIIMHCTBA MOBPEXAEHUI MOYEUHbIX apTe-
puit. [IpeuMylliecTBOM 3HIOBACKY/ISIPHOIO JIeUEHUsI
PEHOBACKYJISIPHOM TPaBMBI 10 CPaBHEHUIO C XUPYP-
TMYECKUM SIBISIETCSI €r0 MaJJOMHBAa3UBHOCTh U BO3-
MOXHOCTb COXPAaHUTh 00JIbIlIe MOYEYHOMN TKAHMU.
ITarmeHTH ¢ TpaBMOM Ta3a MPEACTABISIOT CIOX-
HYIO KOTOPTY C YpOBHeM cMepTHocTH oT 18 mo 40%
[23]. AKTUBHOE KPOBOTEUYEHME MOCJIE OCTPOrO MEPEIo-
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Fig. 11. Pelvic trauma and arterial extravasation. (A) Pelvic radiograph, demonstrating an open-book fracture. (B) A
single digital subtraction angiography image, demonstrating a large focus of active contrast extravasation (circle) that
involves the left internal iliac artery. Multiple other foci of contrast extravasation (arrows) are noted that involve the
left internal iliac artery. Note the intense vasospasm that involves the right external iliac and left common iliac arteries
secondary to shock. (C) Coil embolization (arrow) of right internal iliac artery. The proximal left internal iliac artery was
embolized with Gelfoam (not shown).

Puc. 11. AprepnanbHoe KposoTeueHue npu Tpasme tasa. (A) PeHTreHorpamma tasa, 4,eMOHCTPUPYIOLLAS OTKPbITbIA
nepenom. (B) LUnudpposas aHrmorpamma, AeMmoHcTpupylouLas 6onbiuyio 065nacTh AKTUBHOrO HAKOMJEHUsS KOHTpa-
cTa — KpOBOU3NUsIHUE (KPYT) M3 NeBO BHYTpPeHHel NoAB3AOLWHOK apTepun. OTMeYeHO MHOXKECTBO APYrMX OYUroB
KOHTPACTHOM 3KCTpasasayum (CTpesiku) no xoay Nesomn BHyTPEeHHeln NoAB3A0wWwHoN apTtepun. O6parure BHUMaHue
HO BbIPCOKEHHDbINW, BbI3BAHHbIN LLIOKOM CMA3M COCYZ0B: NPABOIW HAPYXXHOW NOAB3A0LHON APTEPUM U NEeBbiX 06LLMX
nopae3aowHbIX aptepuii. (C) Im6onuszauusa cnupansamm (cTpenka) npasoi BHyTPEeHHe! NoAB3A0WHOK apTepuun. Jle-

Basi BHYTPEHHsA NOAB3AOLHANA apTepus 6biy1a 5SM60NM3MPOBAHA NPOKCUMASIBHO «refb=neHoi» (He nokasaHa).

in pelvic trauma [24]. Embolization for active hem-
orrhage after pelvic trauma is usually less selective
(Fig. 11) than in other vascular beds, particularly if
there is hemodynamic instability. In fact, empirical
embolization of both internal iliac arteries may be
performed if no bleeding site is identified on angiog-
raphy but if there is clinical or CT evidence of hem-
orrhage. Arterial dissections and pseudoaneurysms
are typically managed with stent-graft placement or
coil embolization.

Extremities

In penetrating trauma, partial or complete arte-
rial disruption can result in active hemorrhage. Blunt
trauma usually involves shearing and direct compres-
sion forces, which result in vascular dissection, pseu-
doaneurysm formation, or even complete transection.
AV fistula formation is another potential complica-
tion after vascular injury (Fig. 12). The brachial artery
is the most commonly injured vessel in the body and
is classically associated with shoulder and/or elbow
dislocations and humeral fractures [25]. The majority
of traumatic injuries to the extremities can be con-
trolled with directed tamponade. More patients who
are unstable may be treated by embolization or stent
and/or stent-graft placement.

Summary
Interventional radiology with its minimally inva-
sive catheter-based therapies offers attractive emer-

Ma Ta3a MOXeT OBITh CJIeICTBUEM BeHO3HOTO (puc. 10),
KOCTHOTO WM apTepuaibHOro IMoBpexacHus. Bepx-
HUE ATOIUYHbIC, BHYTPEHHUE I10JIOBBIE, JaTepaaibHbIC
KPECTIIOBbIEC, TTOAB3IOITIHBIE W HWKHUE SITOIUIHBIE
apTepuM SIBJISIIOTCS HamOOoJiee JacTO ITOBPEXIAeMBbI-
MU apTepusIMU TMpU TpaBMe Taza [24]|. DmbOoau3aLums
IIpY aKTMBHOM TPaBMaTHYECKOM Ta30BOM KpPOBOTEUe-
HUM OOBIYHO He SIBJISIETCSl METOIOM BbiOOpa (puc. 11),
10 CPaBHEHUIO C APYTUMHU COCYAMCTBIMU DacceiiHamu,
0COOEHHO MpPU HAJIUYMK TeMOJMHAMUYECKON HecTa-
OWIbHOCTU. B NECTBUTEIBHOCTH, OIBIT MOKAa3bIBa-
€T, 9TO AMOOoIM3aInsI 00erX BHYTPEHHUX MOIB3IOIII-
HbIX apTepUii MOXET ObITh BbIIIOJIHEHA, €C/IU IIPU aH-
ruorpacuy He BbISIBJEHO MECTO KPOBOTEUYEHMSI, HO
uMmetrorcs KiauHuueckue uiu KT-npusHaku KpoBO-
TeueHus. PaccimoeHust apTrepuii M mceBIOaHEBPU3MBbI
OOBIYHO YCTPAHSIIOTCS MYTEM YCTAaHOBKM CTEHT-rpadTa
WA SMOOJIM3ALIMY CITUPAJISIMHU.

Koneunoctu

ITpu npoHMKalolleil TpaBMe YaCTUYHOE WM TOJ-
HOE pa3pylieHUEe apTepur MOXKET MPUBECTU K aKTUB-
HOMY KpoBoTeueHuto. Tynasi TpaBMa 0ObIYHO BO3HUKA-
€T TIOJl IEWICTBUEM CIBUTAIONIEH U MIPSIMOM KOMIIpEC-
CUOHHOM CWJIbI, KOTOpPbIE€ MPUBOMAT K PACCIOEHUIO
COCYyI0B, 00pPa30BaHMIO TICEBIOAHEBPU3M WIM JaxkKe K
MOJIHOMY pa3pbIBY. pyroe BO3MOXXHOE OCJIOKHEHUE
noBpexaeHus cocyaa — popmupoBaHue AB-ductyb
(puc. 12). Tlneuesas aprepust sIBJAsIETCS Haubosiee ya-
CTO MOPaXXaeMbIM COCYIOM B OpTaHU3Me U KJjlaccuye-
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Fig. 12. Traumatic arteriovenous (AV) fistula of a muscular branch of the right profunda femoral artery. (A) A single digital
subtraction angiography image, demonstrating an AV fistula (circle) between a muscular branch of the profunda femoris
and the adjacent superficial femoral vein (arrow). At the point of communication, there is an irregular false aneurysm. (B)
Complete occlusion of the feeding vessel and the AV fistula was accomplished with controlled release coil embolization
(arrow).

Puc. 12. Tpaemaruueckas AB-pucryna meiueuHoi seteu npasoi rny6okon 6eapenHoit aprepum . (A) undposas cy6-
TPAKUMOHHAS aHruorpamma aemoHcrpupyet AB-dpucryny (kpyr) mexxay mbiieyHoi BeTebio rny6okoi 6egpeHHoi ate-
puM 1 Nnpuneraiolei NoBepXHOCTHOW GeapeHHON BeHo (cTpenka). B pesynbrare storo coegnHeHUst BO3HMKAET HECTAH-
AApTHas noxxHas aHeepusma. (B) MonHas okkniosus kpoeocHabkaiowiero cocyaa n AB=dpucrynsi 6bina pocrurHyra ¢
MOMOLLbIO SM6ONM3ALMM CMUPANIIMU € KOHTPONMPYEMbIM BbicBoGoXxaeHuem (cTpenkal).

gency management options for vascular and solid
organ trauma. Even in patients who are unstable,
interventionalists use rapid, safe, and efficient tech-
niques to treat vascular injury while maximizing
organ preservation. It is for these reasons that de-
velopment and maintenance of an active interven-
tional radiology program is essential to the delivery
of modern trauma care.
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