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PRACTICE MANAGEMENT GUIDELINE FOR EVALUATION AND MANAGEMENT OF
LOWER EXTREMITY VENOUSINJURIES FROM PENETRATING TRAUMA

Statement of the Problem

Venous injuries occur frequently with penetrating traumato the lower extremity. Neither the
natural history nor the optimal treatment of isolated venous injuriesis known. Most frequently,
venous injuries are diagnosed in association with a concomitant arterial injury or during exploration
for apresumed arterial injury. Inthis scenario, controversy still exists regarding the proper
management of these injuries.

. Process

A Medline computer search was conducted on all articles in the English literature during the
years 1980-1997 pertaining to venous injuries of the lower extremity. The subject words used
included Avascular injury,” Avenousinjury,” Aextremity trauma,” Apenetrating trauma,” Avascular
trauma,” and Avenous trauma.” The references of these articles were also used to locate articles not
found in the Medline search. Personal fileswere also used. All lettersto the editor, case reports,
book chapters, review articles, seriesinvolving less than 20 cases, series involving predominantly blunt
trauma, and series in which the percentage and outcome of the penetrating injuries were not clearly
specified were excluded. Also articles whose focus was the management of arterial injuries but also
included the results of their venous injuries were excluded. Thisleft 14 articles of relevance to this
practice parameter.

[1. Recommendations

A. Level 1
Thereisno class | evidence to support a standard of care for this parameter.

B. Level 2
Thereis no class 2 evidence to support a standard of care for this parameter.

C. Level 3

1. Thereisinsufficient datato recommend treatment for isolated venous injuries. |solated
venous injuries accompanied with active hemorrhage require exploration and cessation of
bleeding.

2. Venousinjuries found during exploration for associated arterial injury should be repaired if
the patient is hemodynamically stable and the repair itself will not significantly delay
treatment of associated injuries or destabilize the patient=s condition.

3. Latera venorrhaphy that does not significantly narrow the lumen or paneled grafts appear
to be the best options for repair. Interposition vein grafts consistently have poor results,
and synthetic grafts are the least desirable option for repair.

4. Thereisinsufficient datato recommend adjunctive measures to improve vein repair
patency.



5. Venousligation in conjunction with leg elevation, compression stockings, and liberal use of
fasciotomies offers smilar results to repair.

6. Fasciotomy should be considered when there is a combined arterial and venous injury.
V.  Scientific Foundation

Most available studies on venous injuries secondary to penetrating traumato the lower
extremity are retrospective in nature. Thereis virtualy no data available on isolated venous injuries.
Except for Borman et al., virtually no one has attempted to diagnose venous injuries preoperatively.™
Even in this paper, in which 30% of patients had a preoperative venogram, 90% of the patients
underwent exploration for the indication of suspected arterial injury. Since most patients with
penetrating trauma to the lower extremity get evaluated for the possibility of arterial injury, thereis
probably an unknown population of patients with normal arterial evaluations and undiagnosed isolated
venous injuries. There are no data to show adverse sequelae of missed isolated venous injuries. Thus
neither the natura history nor the optimum management of isolated venous injuriesis known. Itis
reasonable to assume that only the isolated injuries that present themselves because of active bleeding
need to be pursued. Otherwise, management recommendation cannot be given.

Most of the literature on venous trauma deal s with venous injuries that are diagnosed during
exploration for suspected arterial injuries. In this scenario, there has been an ongoing debate regarding
the optimal management strategy. Again, except for one prospective study, most of the literature is
retrospective.® Nonetheless, these studies provide enough evidence to support a number of
recommended and suggested management options, as well as directions for future investigation.

The magjority of papers on this subject deal with whether to ligate or repair. Venousinjuries
found during exploration for associated arterial injury should be repaired if the patient is
hemodynamically stable and the repair itself will not significantly delay treatment of associated injuries
or destabilize the patient=s condition.”**>** With respect to the type of repair performed, the highest
patency rates are achieved with lateral venorrhaphies that do not significantly narrow the lumen of the
repaired vein or vein patching.>®®**? For complex repairs, end-to-end and paneled repairs are
probably the best options. Synthetic or interposition vein grafts have the worst reported patency
rates.®®!! Nevertheless, irrespective of the type of repair chosen, the thrombosis rate and lower
extremity edema rate are significant. Even the patent or recanalized repairs have significant
physiologic impairment when assessed with photoplethysmography.™® When ligation is performed, the
clinically significant edema rate does not appear to be significantly different if leg elevation,
compression stockings, and liberal use of fasciotomies are utilized.”®***'* Fasciotomy rates are not
affected by the type of management of the venous injury.>"**? Rather, it is the presence of a
combined arterial and venous injury that significantly increases the rate of fasciotomy. Adjunctive
measures that improve venous repair patency rates have not been clearly elucidated in the literature.
There is some evidence that creation of an arteriovenous fistula may improve patency rates.® Thereis
no rigid scientific data to support use of anticoagulants.



V. Summary
Very little data exists on the diagnosis and management of isolated venous injuries. The
literature suggests that venous injuries encountered during exploration for an arterial injury should be
repaired if the patient is stable. Latera venorrhaphies result in the best patency rates, synthetic and
interposition vein grafts have much lower patencies. Complications of thrombosis and distal edema
are common regardless of the type of repair chosen.
VI.  Futurelnvestigation
While al areas concerning the management of venous injuries require more rigorous scientific
evaluation, there are some issues that have not been studied in great detail which lend themselves to
prospective study:
The natura history of isolated venous injuries
The proper management of isolated venous injuries

Role for post operative venography or venous duplex

Role of anticoagulation after repair or ligation



VII

1.

10.

11.

12.

13.

14.

. References

Agawa N, Shah PM, Clauss RH, et al. Experience with 115 Civilian Venous Injuries. J Trauma
22:827-832, 1982.

Phifer TJ, Gerlock AJ, Rich NM, et a. Long-term Patency of Venous Repairs Demonstrated by
Venography. J Trauma 25:342-346, 1985.

Richardson JB, Jurkovich GJ, Walker GT, et al. A Temporary Arteriovenous Shunt in the
Management of Traumatic Venous Injuries of the Lower Extremity. J Trauma 26:503-509, 1986.

Sharma PV, Shah PM, Vinzons AT, et a. Meticuloudly restored lumina of injured veins remain
patent. Surgery 112:928-932, 1992.

Nypaver TJ, Schuler JJ, McDonnell P, et al. Long-term results of venous reconstruction after
vascular traumain civilian practice. JVasc Surg 16:762-768, 1992.

Meyer J, Walsh J, Schuler J, et al. The Early Fate of Venous Repair after Civilian Vascular
Trauma. Ann Surg 206(4):458-464, 1987.

Timberlake GA, O=Connell RC, Kerstein MD. Venous injury: To repair or ligate, the dilemma. J
Vasc Surg 4:553-558, 1986.

Khanga SC, Arrillaga A, Ernst A, et a. Outcome in the Management of Penetrating V enous
Injury. Vasc Surg 28:39-43, 1994.

Yelon JA, ScaleaTM. Venous Injuries of the Lower Extremities and Pelvis. Repair Versus
Ligation. J Trauma 33:532-538, 1992.

Aitken RJ, Matley PJ, Immelman EJ. Lower limb vein trauma: along-term clinical and physiologic
assessment. Br J Surg 76:558-588, 1989.

Hardin WD, Adinolfi MF, O=ConndlIRC, et al. Management of Traumatic Peripheral Vein
Injuries. Am J Surg 144:235-238, 1982.

Borman KR, Jones GH, Snyder WH. A Decade of Lower Extremity Venous Trauma: Patency and
Outcome. Am J Surg 154:608-612, 1987.

Hobson RW, Yeager RA, Lynch TG, et . Femora Venous Trauma: Techniques for Surgical
Management and Early Results. Am J Surg 146:220-224, 1983.

Mullins RJ, Lucas CE, Ledgerwood AM. The Natural History following Venous Ligation for
Civilian Injuries. J Trauma 20:737-743, 1980.



"APAINDSASSI 95 G'€ % €6 JO AlpIgIow Wisl-buo| pey uoebi| *A % Jredss Aewid
*AlIpigJow wiel-Buoj Jo sl 1sayBIy syl /M pareIoosse sem uonisodeul ue A s1eib
‘A uonisodieiul /m Jredas pey pey sid yiog uoireindwe do-1sod T pue 34 T ~(1ood)
Jepnbas wiel-6uo| pey 90T ‘(1fey) Sepnbes WiL)-LOUS Pey 969E "ABN0I [N} WS}
-Buo| pey 9488 "(@enbas wie Buo|) Jood % ‘(@epnbes w.el 1oys ) 1k} ‘(@epnbss ou
) poof se paiysse(o sinssy “uonendwe Arewd pey z sijeub uonisodeiu pey 94T

286T '8€2-GEC WiT BunS £ wy
'salNfulupA pieydied

2unins | Aq 9%4TZ -1rede. pey 9499 Buireseued 96/6 'S=378U1 Ul 69 -SeuNlul *A'A 98 I drrewnel Jo ewsBeue N B ® ‘M uipeH
[POUS1|eISS 10U Sem Saiedal SNOUBA Jo Adualed doup 100} padoprap Jredal
[eniul Joawn e Awojose) pey oymauo oN ‘dnoib Ainful pauiquiod ul < Apuesijiubis
awoJpu/s ewirredwo) ‘dnoib uorebi| ul Beslb Apuediiubs ewsps Jo aouspiou| 286T'2€8-/28:22
‘palredal Oz { 8kbi| 8 " seunlul e "00sse %G/ 'seun(ulsnousa 37 8¢ “Buiressusd eWNel] ¢ 'ssunfujsnous A
%¢6 PapPNoUL “A'A feulliopgeeu| SaLNfulsnousA /ms="d GTT ‘9ARRAS0.IRY I Uel|IAID GTT Y1Im 80us Lisdxg B® ‘N emedy
'siedal ee NSS300Ns pey saLnful ee *00sse /M 9i7/82 'SISeIS SNOUBA
JO 80UBP 1A IO BLUSPS 3.J0ASS Pey aUON 'N/j Widl-HUo| U0 891} ewiapa pauews. O
'/} wey-Huo| /msid €€ 8U} JO "UO[RNGUE U0 BUIBPS JO 3014 8.M 9F/0F 'P 62 SO
UeIpSIA [eM] puodss Ag sid 1SOW Ul palInda0 SIY) -4NdSJ JoU PINOM BWIBPS [hun P=JU0d
uoneAsje Bo| %2 1581 paq Ag pemo|[04 Sl Lo ITRINQWY "S8.4eweps |1un parrsp B
POAIOAUT /M 1591 paq e 1dey 98/ 'Id "WsIUeyosw Buirespuad woljalemsauniul S0
'salNful paeoosse aidnnw A 01 AnfulaAsualxe Yooys d1Beyliowsy aem uoiebi|
10} suoseal U\ "S9ILOJOIse} JUSMIBPUN 353U} JO TT 373U} Jo oM Buluews! 086T ‘€. -/E. ‘Ocewnel ]
3y} JO ZE 'SUOSEaI SNOLIRA I0J PapN[oXe 853U JO 6 "UoieBI| "A'A pey 's1d GG “papn|oul 'sauNful
10U alM sIUBITRd asay) Josinsalayl “Aydeylious A ‘| Aq sow dredas Arewid URI|IAID J0J UoIRB1| SNousA
Pey 89 "PapN[oXe 91oM %@ X 12100 PRIP 9 "paljiuepIsaUNful ‘A'A Jolew /msid 62T " Buivojjoy Aos1y feinreuay L B TdsullinN
'sdno.b pasoquioiyl 'sA ueted ayl ul fenbe afieaes quui “Adusted Bussasse Ul S1S9)
SAS2AUI-UOU Uelj) 8724ndJe 810W Sem Lo IYM Jd Ueyl 8124ndde aiow sem AydelBous A
'SYIUOW € @ OM] Ul paA[0sal ewiepT “(1redal Juated T)eweps /msid 7 “iredal Jo
SIYB's Usamieq 80ueeLIP ON 'Ssoquioly) eybiy Apuesiyiubs pey sieub uonsodielu
*AydeBbousn Aq ssoquioiyy 9s6E *Aydelfiousn Aq pamol oy 2 AOd uo AydelfowsAuye(d /86T ‘¥9v-85t:(#)902 NS uuy
aouepadwi SN peysid (v Aydeylious A | %/ T -Siedal xo|dwiod AJISo N ewnes BwInel) JejnaseA URI[IAID 1R
Bunrensued AjisoN 'saLNful e 00SSe Y46 "HO Ul P=XP ||V ‘SSuUnful ‘A'ATT 82 I 1ledu snousA Jo sy Ajkes ay L BB T RBIN
sbulpuld | sse|o 0o BRY loyiny s.ii4




“rejiwis-db Anfui psuiquiod

dY UIS}NsY "Pasoquuoly} A'A fea}|dod paiteday "X | 01 1090S31 /M 30USBIP

ou urefe dnoub A ea1ijdod ul eybiy alom Sa1L01010Se “edal 79 uoiebi| usamisq
WP Apueoijiubis 1ou semeweps do-isod 1esuel | pemebi|slemssuniul pse|os!
/M EV[TE 'SO1IS S} UISSO| quii| ON "Pa141USp! Uoebl| Jo Sepnbas jusuewed

ON "Aydeytious A "] Jo pus-01-pud Aq pairedal Jo parebi| Joyle almsaLnlul

SNOUB A "salinful e a0sse pey ose saunful 'A'A 37 /msid ge |1do Buireneuad ||v
'saLINful ee pa10adsns Joj suoieedo Buunp p=xp | ssunlul ‘AApar|ost 37TE | dO

986T '855-€55:v BINS 9se A ¢
euwiws [1p 3y} ‘91eb|
Jo Jredal 0] :Anfursnoue A

R VO axelequilL

SHOMZ-T ©

swreJBouan do-1sod uo Jredal snousA Juated pey sAep € eyl B1ealb paxIom eyl SiIunys
/msid || 'saunful A'A pee pauiguiod pey 2 s=nmsb ||V pareasd (edAl euqLos)
SIUNUS AV [BISIP Pey OUYM U0 119Nn.13SU00S SNOUBA UM poLiad Jeak omy Jono siuaired g

986T '60G-€05:92 Bwrnel |
‘Riweng

JAMOT 3yl Josaun(ul snous A
Jrewnel] Jo uswelBeue |\
dyiuIUNUS AV Arlodue ] v

e 1o ‘dr uospreyory

"BLIBPS OU pUe UX} Je|NARA U Pey S,eyio

|1V "WeisAs kenAfeA dsap Jekedwoou! pue ewsps pey ueiied siy 1 “1jeub uonsod el
uo|je1 pasn pey Jredal papnooo ay ueted alem 9/G “Ainlui-isod “JA 0z-G alem

[IV "unbloys T ‘MsB G "palea0| S=uonoNIISU0dsI 9 /MSiuaiied G ‘paledal asayl JO 172
'Pd "JA 0z Jono Ainlul A riows ) /msiueired TE a100] 01 apew dweny BAnIedsoley

G86T'9vE-cre:Ggewrel]
"Ayde.Boue A\

Aq parisuowe Siedoy
snoua A Jo Aousied wiey-Buo

PR TLBjud

'sauNful "A'A [eiows) Jo redal Jo) S1peib
feJids pue ssedAq ‘A snousydes nyis-ul 1odal 01 1811180 01 WRD BuWeps Juedl}Iubs pey
Sledal popn |00 9/ ewepd JUed UGS A|edIul pey Siedal pamolreu /msid € 's=3d
1WBPIMAS A|OIUND ON "UOIeN[eAS dAISRAUI-UOU Jo pue AydeiBousa n/j uo used pawesp

%L Sitedalayl JO 'suoiedl|dwiod ou pey uoiefi| /N d 8y L “patiode.@sHiode)

ase0 AIRIISN||IV € “Asnousydes /mssedAd nis Ul uemepun BIe| wey Jo T pemedi|

Z % 1eib uonsodieul Ag € ‘pue-01-pue Aq ¥ ‘Yoted snousA Aq G ‘Aydeyllouo A |

Aq pairedal 0T "wsiueyosew Bureseuede wol zz pd JA{ ono painful "A'A RIows] 172

€86T '¥22-02¢ ‘ovT BinS r wy
's1|nsal A4es pue Juswiefeuew
[ea1buns Joj senbiuyael

ewnes] SnouaA [eioweH

e ® ‘MY UosqoH




snouaA snoinaud /ms=1d zg a1ed0| 013 |ge aJem ApAndadsoey “Apnis dn-mojjo4

SNOUBA JO S]insal we1-buo

B Tl oredAN

*AydesbowsAyp doloyd /m passasse usym Justuiiedw |

216ojosAyd snoliss pey "A'A paliedal Juated ay | PaSOqUIOIU] Siledal aU) JO 9485
‘poob alem 0g/. % ke 0z/9 ‘lood alomsiiedal JO 0z// DWodIN0 Jood Se passasse aeM
suoebI| 9y “UX} "A'A JUde Py euwsps O/ 1d 2T "ewsps pey siledal 0z/6 ewepd
lepad Juepuadsp [eolulio pey uoiteBi| /msid 9/G SeuNful e 00SSe Pey Ss IOl ose
/msid gT/TT sueib "AA uonsodieiul 8eMm G YoIym Jo Siredal X2 1duwiod aem
Bulurewss ay) ‘Aydeyiousa yored 1o | eyl aemsiedal TT “uoikebi| 9 ewnen
Buireapued AISOIN 'SYIUOW G'6T Sem Anful wiol) awn pasdep UeIpS|N "pa13eIu0o sid
817/9¢ "Ux|} ssasse 01 pasn AydelbowsAye|doloyd % Adusred ssasse 0] pasn AydeiBous A
*JUSLUISSISSE I0} Jeq W02 0} paXyse 79 palihuspl alem saLnful "A'A ymsld “Apnis ny}

686T ‘885-85S 9. BN 1g
“JUBLLISSISSE

aiBojosAyd pue [ealulp wiel
-Buo|e rwnell upA quii| oMo

B T Wy

'siledal pa|e)ayl ul ,eybiy semewsps 'sireda.l papnjod0

10 948€ "SASqI1| 121Ul pey siteds. 1usted JO o4/ 'S=3d Py Sifedsl papn|oo0

1O %ET pue sitedal Juated JO 94t 'S11R0S1 POPNIO00 JO %EE PUR B1S JUeSIP BS=1 AQ
pey siredal uated Jo 046T "Siiedal xojdwio) sA Juated Ap» 1210w aemsiedal
aldwis -emked paurews. dib Jredal Ul 949 "pPazIeURIBI A|felied Sem pasoquIo.IY]
Ajenul T ‘papniooo wered Ajeniul i -(9695)Ti dnolb AydeiGousn wiey-Huo

dYl Ul ewsps pey suoieli| om puesiedsl 6 'SUOEGI| JO %60 pue /i wie)-Huo

UO S=XS O/M 131U 2oM S| paliedal 9579 "dnolb uoieBi| ul o4 T 'SA %61 Jledal
Buimo|jo} Us1Jo aJow aeM SsuoITed1dwod 83y 'S=3d Pey %8 pue auaibueb pey asay)
%tz INgeweps Ajisow suoiredljdwod 37 A1es pey %o ‘(Ssdes) Alipiguow do-sod
Jofew pey Jredas /msid 9TT 'SaILWI0l0se) ey suoiebl| JO 9EY pue sikedl JO %40Y
'siledal ee papasaid Ajensnsiedal "A' A paIRbI| 8J6M A JO %48 T RLIBIRW J1BYIUAS
/M palredalsem A T s1eIb uonisodielul 8eM gtz YO IYM JO Siredal o [dwod aom
1591 8y 2 lydeyIoUsA "IB| Pey 9491 'salINful e JUe}ILoouU0d pey 949, “Ainful ee

JO UoIoIdsns 1o} Uo patesedo alemsiuaired JO 9406 |UCe S,M3SAU] JO ZZ -SWwelbousn
anneRdoaid pey (960€) GZ "UOSSILPE UO 300Us Ulaom 949 “Buirespuad 9/8
'salNful 'AA T, "palojdxe usaq pey oymsalnful “AA /msid paijnuep! ApAnsedsosry

/86T ‘Z19-809 #ST BinS [ wy
"aWI02IN0
pue Aouered ewirel | snous A

Awenx3g Mo Joapessd v

e ® "y uewlog




‘gepnbes do-1sod pey siedal pasoquiodyl 9/ ‘e penbes do-1sod pey uoiebi /m sid
3} JOBUON BJnisty Jo UoieBi| e n/j uo Jeted sem NSl AV [ISIP pue 341d /M
p=x1 sem (piows}) Ainfui "Apar|osi Ajuoayl "pasoquiolyl sifeld "Auonsodelul 8/9

"pasoquuolyy/pairedal A'A ealljdod yiog iredss xo1dwiod Aq 1591 8yl Aydeyliouan k|

v66T ‘€7-6€:82 BINS ose N
*Aun[u1 snouaa Buireaeuad

Aq Joj paiedalalom "A'A RIOWR) JT/ST ewrnel) Buleseusd oyjanp saunful ‘A'A 37 6T 1l JO JusWwefeUeLL 3Y) Ul aW02INO B ‘OSebueyy
'SO UI80ULsBLLIP ON 'Sele. ewsps do-1sod 1UedlIuB s A|fediuljo Ul 80U B 1Ip ON
'SD1Nful Be JUBTILIOJUOD Pey SSIW0I0Ise) /A 'Sid || 'SSIes AWOI0IaSe ) Ul 80Us | Ip
ON 'sieJb uonsodieul pey z 'siedal xo|dwioo pey GT 7 Salydey.liousA | pey
GT "uoieBi| peysaunful ‘A'A Al/11189peIB /M Gh/6€ dnoIB uo e SNOUSA 83U} JO 9609
Sjussa.d. YoIym Lo 1Rl SNOUSA ey 853U} JO 9T/ HOous Ul pejuesald 9SG “pemebi| Z66T ‘8e5-zes-ecewnel ]
Uey) paiiedal Apuenbiai)aiow aom "A'A [ealljdod 'saunlul ee parioosse pey (ssunlul ‘uolebi| snseA
"A'A37 pue o1Ajed) dnolb e101 Jo 9409 sid i “Ainful ee pareioosse e pey (%) Jledey sinpd pue sanIWwe X
"N'A pa11edS1 U} JO IS0 A "pautedal GG/g “Bunelieued | 1sow |y sunful 'A'A 37 G5 1 Mo 3y Jo ssunfursnous A P V[ UOPA
Sok. Awoolose] Jredal 1s0d Jemo| pue safes Adusled
Jo1pg Apueaijiubs pey T dnoio "welbousA 01 Aepucdss pasinal Jredal pey T dnoub ul 266T ‘256-826:2TT Aebing
JT/Z 10U pIp OYyMm asoy) pue weibous do-enul Jusmiepun eyl asoyl 'sdnoifb omi ojul "Jueled urewsal SUBA pain(ul
pepIAIp ApANJRdsoIRyY 'ssunlul ee osse o418 ‘Bulressuad Aflsow saLNful "A'A 8 1l JoeulwN| PaJ0Isal ABNOINDIB N e B ‘Adewleys

"JueTed MOU SJoM ‘PapN [090 38M UDIYM ‘Sikedal 6/8 pue

Weted pautewn sifedss eted |fe AydeiBousn pey pey oymsid /T dys JO Wedljiubis
10U -1USTed alem Siedal Xa|dWo9 JO 9498 puUe SSIydeyIousA | JO 946 "ueled sikedal
SNOUBA 9406 Po[eanal saipnis xa|dnp wiel-Buo Ny} wiel Buo| @ Ssels SnousA pey

/ "uoie|nBeod-ue A| o} uolez|elidsoyp palinbel sifedss pasoquioiyl g '3d T P
@ eweps pey ZE/ PasoqLUo.y} 9eG-Aydelfouan Ajes peys=1d gg//T 'SaiWojoose)
Pey 9%Ti SeJl uonisodeiul 962 ‘Pud -03 -pud %6 ‘Uoted %ET ‘Audeytiousn

"] %95 "Wwelb-e doaid uo usss g-lredal ee Joj uoiriojdxe BuLnp paeAcsIp saunful
‘ANABON 'saLNnful ee 00sse 948 'salnful 379z “Bulrespuad 946 "UONONIISUODS.

266T ‘89/-29/:9T BUInS 0se A
‘90113e4d UeI|IAID Ul BWINe.
JejnaseA Je1je uoionisuodal




PRACTICE PARAMETER FOR DIAGNOSISAND MANAGEMENT OF LOWER
EXTREMITY ISOLATED ARTERIAL INJURIESFROM PENETRATING TRAUMA

. Statement of the Problem

Evaluation and management of arterial injuries to the lower extremity due to penetrating
trauma continues to challenge trauma surgeons. Questions remain concerning the method of
evaluation and management of the arteria injury. The vast mgjority of the literature on this
subject is retrospective in nature. There is sufficient data to support the recommendations made.

. Process

A Medline computer search was conducted on all articlesin the English Literature during the
years 1980-1997 pertaining to arterial injuries of the lower extremity. The subject words used
included Avascular injury@ Aartery injury@ Aextremity trauma@ Apenetrating trauma@
Avascular trauma@ and Aartery trauma@ . The references of these articles were also used to
locate articles not found in the Medline search. Personal fileswere aso used. All lettersto the
editor, case reports, book chapters, review articles, series involving less than 20 cases, and series
in which the percentage and outcome of the penetrating injuries were not clearly specified were
excluded. Thisleft 36 articles of relevance to this practice parameter. In addition there were 2
abstracts that were relevant to this practice parameter.

[1. Recommendations

A. Levd 1l
Thereisno class | evidence to support a standard of care for this parameter.
B. Leve 2

Patients with hard signs of arterial injury (pulse deficit, pulsatile bleeding, bruit, thrill,
expanding hematoma) should be surgically explored. Thereis no need for arteriogramin
this setting unless the patient has an associated skeletal injury or a shotgun injury.
Restoration of perfusion to an extremity with an arterial injury should be performed in less
than six hours in order to maximize limb salvage.

C. Leve 3
1. Thereisno defined role for the use of noninvasive Doppler pressure monitoring or
duplex ultrasonography to confirm or exclude arterial injury. There may be arole for

these studies in patients with soft signs of vascular injury or with proximity injuries.

2. Absence of hard or soft signs of vascular injury reliably excludes surgically significant
arteria injury and does not require arteriography.



3. Nonoperative observation of asymptomatic nonocclusive arterial injuriesis acceptable.

4. Repair of occult and asymptomatic nonocclusive arteria injuries managed
nonoperatively that subsequently require repair can be done without significant
increase in morbidity.

5. Simple arteria repairs fare better than grafts. If complex repair is required, vein grafts
appear to be the best choice. PTFE, however, is also an acceptable conduit.

6. PTFE may be used in a contaminated field. Effort should be made to obtain soft tissue
coverage.

7. Tibia vessals may be ligated if there is documented flow distaly.

8. Early four-compartment lower leg fasciotomy should be applied liberaly when thereis
an associated injury or there has been prolonged ischemia. If not performed,
compartment pressures should be closely monitored.

9. Arteriography for proximity isindicated only in patients with shotgun injuries.
10. Completion arteriogram should be performed after arterial repair.
V.  Scientific Foundation

The limb salvage rate following uncomplicated penetrating arteria injury is over 95%. Faster
transport times, improved resuscitation, early operative intervention, and advancesin critical care
have all contributed to these impressive results. The approach to these injuries continues to
evolve. Based on the physical exam, patients with hard signs of arterial injury (pulse deficit,
arterial bleeding, bruit, thrill, expanding hematoma) without associated skeletal injury can proceed
to operative exploration without an arteriogram(1,8,9,15,21,24,25,27,30,35). There may be some
exceptions to this statement. Patients with shotgun wounds or with preexisting peripheral vascular
disease may still benefit from a preoperative arteriogram. Soft signs of arterial injury (nerve
deficit, nonexpanding hematoma, associated fracture, significant soft tissue injury, history of
bleeding or hypotension ), while being awidely recommended indication for arteriography, do not
appear to be clinically useful predictors of arteria injuries with the exception of shotgun wounds
(8,15,20,24,35). In those patients without hard or soft signs of arterial injury thereis no role for
proximity angiogram (9,15,20,21,23,24,35,36). Patients with clinically occult arterial injuries may
be treated nonoperatively in most instances (8,19,26,27,28,29). There still remains questions on
selection criteria for nonoperative management of patients with pseudoaneurysms or
arteriovenous fistulae. Patients with clinically occult arterial injuries which later manifest
themselves as needing repair can be repaired without additional morbidity (19,21,25,26,27).
Patients with hard signsthat are surgically explored are best managed with ssmple repair, either
by end-to end anastomosis or arteriorrhaphy (1,7,8,9,11,12,16). If complex repair is required,
vein grafts appear to have the highest patency rates. PTFE however seems to be an acceptable
aternative even in contaminated fields ( 2,3,5,9,11,12,14,15,38). Ligation of tibial vesselsis



acceptable when there is evidence of good perfusion distally (7,8,13,14,24).

The role of noninvasive evaluation of the lower extremity has not been elucidated. Thereis
data to suggest that duplex studies are accurate in diagnosing arterial injuries
(17,18,23,31,32,33,34). However, it is unclear when to initiate these studies. Should they be
performed for proximity or in the presence of soft signs of arterial injury? If thereisno role for
proximity arteriography, why then do noninvasive testing for proximity? Should they be used to
follow up patients with normal vascular exams? These questions require further investigation.

V. Summary
Most patients with hard signs of arterial injury should be operated upon without a
preoperative arteriogram. A preoperative arteriogram may be helpful in patients with shotgun
wounds or preexisting peripheral vascular disease. There appearsto be no role for proximity
angiography in patients with soft signs of arteria injury, as most patients with occult injury may
be treated nonoperatively.
Patients who have an arterial injury that requires exploration (ie. those with hard signs) are
best repaired with simple repair or vein grafts. PTFE grafts are an acceptable aternative evenin a
contaminated field.
VI.  Futurelnvestigation
Severd issuesin diagnosis and management of arterial extremity injuries remain unresolved.
Future studies should focus on prospective evaluation of the following:
Role of noninvasive tests to diagnose vascular injury in extremity penetrating trauma
1. Useof PTFE versus autogenous vein in the repair of arterial injuries
2. Role of intrapperative completion arteriogram

3. Nonoperative observation of asymptomatic nonocclusive arterial injuries

4. Proper follow up of patients treated nonoperatively for asymptomatic nonocclusive
arteria injuries

5. Role of heparin/thrombolyticsin the repair of arteria injuries
6. Evaluation of patients with Asoft@signs of vascular injury

7. Role of antioxidants in prevention of reperfusion injury and need for fasciotomy



VII.

10.

11.

12.

13.

14.
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PRACTICE PARAMETER FOR EVALUATION AND MANAGEMENT OF COMBINED
ARTERIAL AND SKELETAL EXTREMITY INJURY FROM PENETRATING
TRAUMA

. Statement of the Problem

Combined arterial and skeleta extremity injury remains a difficult management problem even
for the most experienced trauma surgeons. While over 95% of extremities are now successfully
salvaged following uncomplicated penetrating arteria injury, an associated skeleta injury may still
result in amputation rates as high as 70% in magjor trauma centers. These results are most
pronounced in the lower extremity, which has more tenuous vascular collaterals and more adverse
consequences from nerve injury than the upper extremity.

In the past, virtually al of the combined extremity injuries have been due to blunt traumain
the civilian sector and high velocity missile traumain the military sector. Over the last two
decades their has been an increase of these injuries from a penetrating mechanism. Improved limb
salvage rates have been reported recently in these difficult injuries as those factors most closely
correlating with limb loss have been identified and addressed. However individua trauma centers
and trauma surgeons see relatively few of these injuries, and there are virtually no scientifically
sound studies of the proper approach to their management. Several issues remain unclear relating
to the appropriate diagnosis, prioritization and treatment of combined arterial and skeletal injuries
from penetrating trauma.

. Process

A Medline computer search was conducted on al articles in the English Literature during the
years 1980-1997 pertaining to arterial injuries of the lower extremity in combination with skeletal
injuries. The subject words used included Avascular injury@ Aartery injury@ Aextremity
trauma@ Apenetrating trauma@ Avascular trauma@ Aextremity fracture@ Aextremity
dislocation@and Aartery trauma@ . The references of these articles were also used to locate
articles not found in the Medline search. Personal fileswere also used. All letters to the editor,
case reports, book chapters, review articles, seriesinvolving less than 20 cases, seriesinvolving
predominantly blunt trauma, and series in which the percentage and outcome of the penetrating
injuries were not clearly specified were excluded. This left 25 articles of relevance to this practice
parameter.

[Il.  Recommendations
A. Level 1
Thereisno class | evidence to support a standard of care for this parameter.
B. Level 2
The interval between injury and reperfusion should be minimized to less than six hours

in order to maximize limb salvage. Restoration of blood flow should always take
priority over skeletal injury management, either by temporary shunting to alow



stabilization of unstable fractures and/or dislocations prior to definitive arterial repair,
or by immediate definitive arteria repair when the skeletal injury is stable and not
significantly displaced.

Level 3

Orthopedic surgeons should be involved immediately in assessment and management
decisions.

1.

Arteriography should be done promptly when hard signs of vascular injury are
manifest.

There is no defined role for the use of noninvasive Doppler pressure monitoring or
duplex ultrasonography to confirm or exclude arterial injury in this setting.

Evidence suggests that an absence of hard signs of vascular injury in this setting
reliably excludes surgically significant arterial injury, and does not require
arteriography.

Nonoperative observation of asymptomatic nonocclusive arteria injuries may be
considered.

Four-compartment fasciotomy should be liberally applied at the time of arteria and
skeletal repair. 1f not done compartment pressures should be monitored closely.

Completion arteriography should be performed.

External fixation is preferable for the immediate management of unstable,
displaced, comminuted and open fractures or dislocations. Thisis especially
important in those with severe contamination, extensive soft tissue injury, or in an
unstable patient.

Primary amputation should be considered in those with tibial or sciatic nerve
transection, prolonged ischemia, massive soft tissue injury, severe contamination,
open comminuted tib-fib fractures (Gustilo-111), or life-threatening associated
injuries.

Mangled extremity scoring systems are not sufficiently reliable to serve as the sole
determinant of extremity amputation.

Scientific Foundation



All available studies of the epidemiology, diagnosis and management of combined penetrating
arterial and skeletal extremity injuries are retrospective. Most civilian series report both blunt and
penetrating etiologies, and in some the outcome cannot be related to the mechanism. These
considerations prevent firm practice standards from being derived. Nonetheless, these studies
provide enough evidence to support a number of recommended management options, as well as
directions for future investigation.

Combined extremity injuries are relatively uncommon, making up only 0.2% of al civilian
trauma (1). Only 1.5% to 6.5% of al extremity skeletal injuries are associated with an arterial
injury (2-5), while 20% to 73% of all extremity arterial injuries may be associated with skeletal
fractures or dislocations (2,6-8). Blunt traumais the predominant mechanism for these injuriesin
most civilian series. However, over the last decade penetrating trauma has increased in its
incidence in this setting, causing from 24% to 71% of cases (1,6-8,9,10). One recent series
reported 30 combined injuries from gunshots only (11).

It is clear that combined extremity injuries pose a substantially increased risk of limb loss and
limb morbidity than do isolated or skeletal extremity injuries (1,3,4,8,9,10). Thisismost likely
due to greater disruption of collaterals, soft tissues and nerves. Combined injuries from
penetrating trauma have a substantially lower amputation rate than those from blunt traumain the
civilian sector. Five civilian series over the past decade have reported the highest proportions of
penetrating trauma as a cause of these complex injuriesin the literature, being 50% (8), 57% (2),
67% (9), 71% (5), and 100% (11). Their combined results show atotal of 39 amputations among
228 patients (17%), but only 9 amputations among the 147 patients (6%) with penetrating
trauma. In three of these series reporting 88 patients with penetrating combined injuries there
were remarkably no amputations (2,5,11). The apparent increasing trend in penetration as the
etiology of these injuriesin recent years may have made in of itself a substantial contribution to
reducing limb loss. It should be noted that three recent series of combined extremity trauma
showed either no difference in amputations between blunt and penetrating trauma or a higher
amputation rate among the penetrating injuries (1,4,10). However, these series involved small
numbers ( 40 total) of especialy severe injuries. Nonetheless, they demonstrate that there are till
other variables which affect outcome besides mechanism.

Prompt diagnosis of vascular injury in any injured extremity is essential because of the well
established direct relationship between the time interval from injury to treatment and the chance of
limbloss. This principleis confirmed by several series which cite prolonged ischemia, delay in
restoration of blood flow, or failure of vascular repair as the most common reasons for limb loss
in combined arterial and skeletal extremity injuries (3,4,6-8,10). Arteriography isthe modality of
choice to confirm or exclude arterial injury, although the indications for its use are debated.
Unlike isolated arteria injuries, an associated skeletal injury significantly decreases the predictive
value of physical exam findings, since hard signs of vascular injury may be due solely to the bone
injury or associated soft tissue injury, without any damage to major vessels, in as many as 60% to
70% of cases (2,3,17). Therefore, immediate arteriography iswarranted in combined extremity
trauma manifesting hard signs,, in order to avoid up to a 70% rate of unnecessary limb exploration
(20).

Severa recent series suggest that a negative physical examination following combined injury
(i.e. no hard signs present) reliably excludes vascular injury which requires repair. Nonocclusive



vascular injuries with benign natural history, however, may occur. Three series report atotal of
98 asymptomatic combined extremity injuries from both blunt and penetrating trauma, of which
only one underwent surgical repair: an intimal flap of adistal radia artery which may have not
required surgery ( 5,11,17). One series followed 15 asymptomatic nonocclusive arteria injuries
from combined extremity trauma for a mean of 6.5 months, none requiring intervention (5).
Authors now recommend that arteriography is not necessary for combined extremity traumawith
no hard signs of vascular injury.

Although noninvasive vascular studies, Doppler pressure measurements and duplex
ultrasonography, have been used in this setting, there is no evidence of any benefit or role for
these studiesin this setting (2,17,18). In fact, the significant swelling, soft tissue and bone
disruption, bulky splints and dressings that characterize these injuries cast doubt on the utility and
validity of these tests. Arteriography is clearly the modality of choice for evaluation of high risk
extremity skeletal traumafor vascular injury.

Studies have shown that restoration of blood flow within six hours, both with and without
skeleta injury significantly improves limb salvage (3,10). There are studies which fail to show a
clear correlation between time delay and outcome and some with average treatment delays in
excess of eight hours which report amputation rates equivalent to those with prompt treatment
within six hours (1,2,4,5,8,9,10). This again stresses that multiple variables affect outcome, and
they cannot be controlled in retrospective reports. However, the weight of evidence indicates that
rapid diagnosis must be followed as expeditioudly as possible by restoration of blood flow.

Studies in the past have recommended that skeletal repair should be done routinely prior to
vascular repair (19). More recent studies have advocated selective initial vascular repair only
when limb ischemiais clinically evident (1,2,4,7). The rationale for orthopedic priority was the
potential disruption of afresh vascular anastomosis by subsequent manipulation of bone
fragments, or length discrepancies in the vascular repair caused by subsequent stabilization of
comminuted, unstable skeletal injuries. However, evidence has refuted these conjectures. Snyder
et a, noted vascular repair disruption in only 2/29 (7%) cases, neither of which affected outcome
as they were repaired immediately (6). Howe et al, found no cases of vascular disruption in 21
combined injuries with subsequent orthopedic repair (3). This datais further supported by studies
showing significantly lower amputation rates in those undergoing restoration of blood flow prior
to skeletal repair than in those undergoing skeletal repair first (19,22). Although some studies
showed either a higher amputation rate, or no difference in amputations, when revascul arization
was done first, their validity is suspect because vascular priority was only applied to the most
ischemic limbs (1,4,8). Howe et al, emphasize that the known importance of a short time interval
to revascularization, as discussed above, as well as the absence of any demonstrable disadvantage,
should be enough justification to aways revascularize first, which is the current consensus
(3,5,6,9,14,23).

Restoration of blood flow does not have to be through immediate definitive vascular repair.
Temporary vascular shunts effectively solve the dilemma of severely comminuted and unstable
fractures/didocations, in which setting definitive vascular repair cannot be accomplished until the
skeleton is stabilized. Shunting still allows immediate restoration of blood flow, without worry of
anastomotic disruption. It should also be considered in unstable patients who will not tolerate



further surgery. The definitive vascular and skeletal repair may then follow whenever appropriate
(3,6,7,18,23).

It is reasonable to recommend that orthopedic surgeons be consulted and actively participate
in the management decisions immediately after combined extremity injury is diagnosed, athough
there is no firm evidence to prove benefit. Smooth interdisciplinary teamwork is essentia to
achieving the primary goal of rapid diagnosis and treatment.

In order to document anastomotic patency and distal flow, performance of intra-operative
completion arteriography is considered critical following arteria repair in combined extremity
trauma (6,23). Thisis especialy important when palpable pulses and signs of distal perfusion are
uncertain. Bisharaet a, reported that routine completion arteriograms led to detection of
unsuspected problems which required revision of repairsin 16% of cases (2). Certainly any loss
of pulses postoperatively mandates immediate investigation by either arteriography or surgery, as
further ischemiawill threaten limb salvage.

The proper method of fracture management has been debated, although it is probably not
affected by the concomitant arterial injury to any great extent. Military series have demonstrated
aclear advantage of external fixation over internal fixation in the immediate management of these
complex, open and highly contaminated combat fractures. Civilian series, which involve lower
risk and less complex wounds, have shown good results with internal fixation, although some
exclusively applied external fixation (2,9,10). This evidence suggests that combined injuries with
asubstantia risk of infection (i.e. open, comminuted, severe soft tissue damage), with very
comminuted or unstable skeletal injuries, or those in unstable patients who require rapid
treatment, are best managed with external fixation, either as a definitive or temporizing measure.

Combined arterial and skeletal trauma poses a high risk for compartment syndrome. Its
presence must be considered in every case. Several series of lower extremity vascular trauma
have partialy attributed excellent limb salvage rates to aggressive use of early fasciotomy (14,19).

In combined injuries, fasciotomy has been applied in 30% to 71% of combined cases (2,5,9,10).
In virtually al reported cases its application has been recommended either at the time of, or
before, the vascular repair is undertaken (2,5,6,8,9,23). It iswidely agreed that prophylactic
rather than therapeutic fasciotomy, offers the best opportunity for limb salvage and limb function.
The nonspecific clinical manifestations of compartment syndrome are late manifestations which
are not reliable in helping to avoid limb morbidity (18). When fasciotomy is not performed,
compartment pressures should be closely monitored.

Current evidence suggests that nonoperative observation of asymptomatic nonocclusive
extremity arterial injuries found on arteriography is safe (21). This appears true in the specific
setting of combined arterial and skeletal trauma, where some arterial injuries have been observed
(2,5,10,11). Intwo studies, only one of 45 nonocclusive arterial injuriesin this setting underwent
surgery, without a single amputation or complication related to arterial injury. Fifteen

of these occult vascular injuries were followed for an average of 6.5 months, and the avoidance of
vascular exploration in these severdly injured limbs was felt to contribute to the low (7.3%)
overall amputation rate (5).



Early amputation may sometimes provide better long term outcome, in terms of cost and
function, than overly extensive attempts at limb salvage (1). Gustilo I11-C injuries (open
comminuted tib-fib fractures with arterial injury), sciatic or tibial nerve transection, severe
prolonged ischemia, older age with comorbidity, multiple long bone fractures, crush or extensive
soft tissue trauma and severe contamination are factors predicting a high rate of amputation
(3,8,24). Although severa scoring systems for predicting the need for early amputation have been
proposed, none have yet shown sufficient prospective reliability to permit afirm decision for
amputation (3,4,25). Initial revascularization and skeletal stabilization should be done in most
cases before a decision is made.

V. Summary

Thereisan increased risk of limb loss with combined skeletal/arterial extremity injuries.
The associated skeleta injury will significantly decrease the value of physical examination, thus
warranting immediate angiography in patients with hard signs of vascular injury. Patientswith a
negative physical examination or soft signs of arterial injury do not need angiography.

It is extremely important that blood flow to the distal extremity be restored within six hours.
This may be accomplished through use of atemporary vascular shunt while the orthopedic
stabilization is accomplished, followed by definitive vascular repair.

Combined injuries are at a high risk for compartment syndrome. Prophylactic fasciotomies
should be performed early to reduce the incidence of limb loss.

VI.  Futurelnvestigation

Severad issues in diagnosis and management of combined arterial and skeletal extremity
injuries remain unresolved. Future studies should focus on prospective evaluation of the
following:

1. Proper sequence of vascular and skeletal repair in stable, nonischemic extremities

2. Indications for interna fixation of extremity skeletal traumain this setting

3. Prophylactic vs. Therapeutic fasciotomy

4. Role of arteriography in extremity skeletal traumawith no signs of vascular injury

5. Nonoperative observation of asymptomatic nonocclusive arterial injuries

6. Role of noninvasive tests to evaluate extremities with skeletal injuries for vascular trauma

7. Prognosis and implications of penetrating vs. Blunt mechanisms

8. Indications for immediate or early amputation



9. Role of intraoperative arteriography
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