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Table 1 Critical tissue ischemic times [11]

Tissue Time

Muscle 4dhours
Nerve 8 hours

Fat 13 hours

Skin - 24 hours

Bone 4 days

11. Steinau H-U, Major Limb Replantation and Postischemia Syn-
drome: Investigation of Acute Ischemia-induced Myopathy and

Reperfusion Injury. New York: Springer Verlag, 1988, pp 9-22,

23, 26, 33.
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The pathophysiology of skeletal muscle ischemia
and the reperfusion syndrome: a review

F. William Blaisdell
Department of Surgery, University of California, Davis, Medical Center, 2221 Stockton Ave.,

Sacramento, CA 95817-2214, USA' CARDIOVASCULAR SURGERY DECEMBER 2002 VOL 10 NO 6
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Table 3 Inflammatory mediators released from ischemic tissue

Complement [40]

Histamine [79]

Interleukin [30]

Leukotrienes [40]

Oxygen-free radicals [30,49,[84]
Platelet activating factor [S50,59]
Serotonin [84]

Thromboxane [49]

Tumor necrosis factor [40,59]




Improving lower limb salvage following fractures
with vascular injury: a systematic review and new
management algorithm™

G.E. Glass #*, M.F. Pearse®, J. Nanchahal >

Journal of Plastic, Reconstructive & Aesthetic Surgery (2009) 62, 571-579
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Figure 1 Kaplan—Meier survival curve demonstrating limb

survival with ischaemic time. The curve demonstrates that — N
a steep decline in limb survival begins at about 3—4 h, which n \ \ '
is consistent with anticipated irreversible necrosis following [ H LY -

ischaemic injury to muscle and nerve.
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Hard Sign

SEE)E4) H MMexternal bleeding

YL K9 AMMAE

a rapidly ex- panding hematoma

FHIMAT R  any of the classical signs of arterial
occlusion (pulselessness, pallor, paresthesias, pain,
paralysis LI 5 “P”s)

BIZEE O /FEER TS S1HE
a palpable thrill/ audible bruit.



Soft sign
« PRABFETOBIAREH: AT R

a history of arterial bleeding at the scene or in transit

ARELDE. S5

proximity of a penetrating wound or blunt injury to an artery

- EpfR_E D IEFEEN 4 M AE

a small nonpulsatile hematoma over an artery

- EIfa iR iR R AT R

a neurologic deficit originating in a nerve adjacent to a named artery.

- ST S

Diminished distal palse



(v) The Management of Vascular Injuries in
Extremity Trauma

Andrew D.Dueck” and Daryl S. Kucey' Current Orthopaedics (2003) 17, 287291

© 2003 Elsevier Ltd. All rights reserved.
"Department of surgery, University of Toronto, Toronto, Ontario, Canada ., _ _
"Division of Vascular Surgery, University of Toronto, Toronto, Ontario, Canada doi: I0I0|6j 50268 0890(03) 00104-X

Table3 Orthopaedicinjuriesknownto be associated withvas-
cular injuries

Elbow dislocations
Fractures to the humerus

Knee dislocation (especially posterior)
Proximal tibial and fibular fractures

Distal femoral fracture
Pelvic fracture (injury of external iliac artery)
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Screening for extermity arterial injury with
the arterial pressure index

Bruce A. Levy MD*?, Michael P. Zlowodzki MD"?,
Matt Graves MD“>, Peter A. Cole MD**

American Journal of Emergency Medicine (2005) 23, 689-695

“Sports and Knee Injuries, Regions Hospital, University of Minnesota, St Paul, MN 55101, USA

No

1

Doppler arterial pressure index

<090 >090

l l
Duplex sonography
N\ Serial clinical
examination

Operation
(or arteriography) )

—

Fig. 10  Proposed treatment algorithm for vascular assessment in
lower extremity trauma.

API — Doppler systolic arterial pressure in injured limb

~ Doppler systolic arterial pressure in uninjured limb
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Fig. 1 Example of the placement of the blood pressare cuffs on
the extrenunies for assessanest of AP



WESTERN TRAUMA ASSOCIATION/CRITICAL DECISIONS IN TRAUMA

Evaluation and Management of Peripheral Vascular Injury. Part 1. (J Trauma. 2011;70: 1551-1556)
Western Trauma Association/Critical Decisions in Trauma

David V. Feliciano, MD, Frederick A. Moore, MD, Ernest E. Moore, MD, Michael A. West, MD, PhD,
@ Initial assessment of injured extremity
*Primary survey of ATLS - bleeding present?

*Manual compression, compression dressing, or tourniquet
*Secondary survey of ATLS —neurovascular status?

® L ®

Pulses are difficult to assess
(obesity, shock, hypothermia

Hard signs

Soft signs

) ®
@ @ Physical :xam normal Physical exart1 abnormal l @ | l ®

orAPI>0.9 orAPI <09

Oversize cuff Resuscitate and warm
to assess API patient; reassess pulses

Shotgun wound or multiple and arterial pressure index

fractures => Localize with

diagnostic study @

Discharge and . , Pulses or API still unclear;
[ follow up in clinic ] Imaging hand or foot cool

| . ®

Arteriography @ CT arteriography Duplex ultrasonography

SR F <~ | |
| I ® | ©
Spasm observed

Popliteal
4 [Exiravasation/pseudoaneurysm .
Intimal defect observed i
Thrombosis unless limb threatened
@ Arteriovenous fistula (very rare)

Interventional radiol
[ ' °gyJ<— Anterior tibial |
Tibioperoneal

[ Operating room




Improving lower limb salvage following fractures
with vascular injury: a systematic review and new

management algorithm™

G.E. Glass »“*, M.F. Pearse ”, J. Nanchahal *¢

® Department of Plastic Surgery, Charing Cross Hospital, Charing Cross Lower Limb Reconstructive Service,
Fulham Palace Road, Hammersmith, London Wé 8RF, UK

Journal of Plastic, Reconstructive & Aesthetic Surgery (2009) 62, 571-579
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Table 1  Outcomes for each surgical sequence employed. Sequence 1 refers to surgical debridement and skeletal fixation fol-
lowed by vascular anastomosis. Sequence 2 refers to surgical debridement and vascular anastomosis followed by skeletal fixa-
tion. Sequence 3 refers to vascular shunt followed by skeletal fixation, debridement and definitive vascular anastomosis using
a vein graft. The mean ischaemic time was significantly reduced when a vascular shunt was placed first, compared with the
combined, alternative strategies. Significantly fewer fasciotomies were performed when shunts were placed prior to skeletal
fixation or arterial repair

Surgical No. Mean Age MESS Mean Revasc. Amputation (%) Fasciotomy (%)
Sequence Patients (yrs) (mean) Ischaemic <6 h (%)
time (hr)
1 Do 30 4.3 8.6 24 (44) 17 (31) 24 (43)
2 16 32 4.3 7.0 9 (56) 2 (12) 8 (50)
3 30 33 4.2 3.6 27 (90) 4 (13) 5(17)
(P=NI/S) (P=NI/S) (P < 0.001) (P<0.001) (P=NI/S) (P=0.012)
Recognition
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Figure 5  Algorithm for the management of lower limd frac- . flﬁ'fﬁ (j:i&ﬁj\?/\/ { U QODJ%{EFH

tures with ischaemic vascular injury. Note that the decision
to amputate can be made immediately or following an assess-
ment of the viability after shunting. Delineaticn of viable
tissues also alds debridement, as it can be performed without
toumiquet control.
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Temporary Vascular Shunt(TVS)

the use of a vascular shunt was first
described by Eger et al. in 1971

(in the context of military trauma)



2 D MDTemporary Shunt

* TIVS :Temporary IntraVascular Shunt
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eeeee | temporary shunt silk tie

Fig. 1. Illustration of placement of the plastic tubing within a damaged artery

to form a temporary intravascular shunt.
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e CVS :Cross limb Vascular Shnt
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Early Versus Delayed Restoration of Flow With Temporary Vascular
Shunt Reduces Circulating Markers of Injury in a Porcine Model

Shaun M. Gifford, MD

The Journal of TRAUMA® Injury, Infection, and Critical Care * Volume 67, Number 2, August 2009

Ischemia Index Score with All Variables
standardized to Control:Time 0
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groups compared with the Isc.,; group; (#) = p = 0.02 for

the Iscg versus Isc.,; groups.
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The index was created by standardizing each of the
observations to the average control value at time 0 using the
equation Zy;,.ae.r — [(observed — healthy average)/SD
healthy]. The IIS was (1) computed for each reperfusion time
and group from all variables in the model, (2) averaged
according to respective group [(Zagr + Zepx + Zipy + Zx
+ Z, ,)/5], and (3) plotted against reperfusion time. These
IIS plots demonstrate the gross deviations from control values
of all markers over time.
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Temporary Vascular Shunts as Initial Treatment of Proximal
Extremity Vascular Injuries During Combat Operations: The
New Standard of Gare at Echelon Il Facilities?

Janos Taller, MD, Jinu P. Kamdar, MD, Jeffrey A. Greene, PA-C, Robert A. Morgan, MD,
Charles L. Blankenship, MD, Paul Dabrowski, MD, and Richard P. Sharpe, MD

J Trauma. 2008:65:595-603.
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Table 2 Proximal Extremity Shunt Patients

Patient Mechanism TTP Vessel(s) Shunted Shunt Type ISS Mess RTS I;T:I tlﬁ FoIlI)o;;;Up
1 (US) GSW 50 min Common femoral artery Javid 17-10 Fr 32 10 6.376 4:40 =30
2 (US) GSW 42 min Brachial artery Argyle 12 Fr 25 7 7.108 4:50 =30
3 (US) GSW 54 min Superficial femoral artery Argyle 12 Fr 25 9 7.108 5:17 >30
Superficial femoral vein Argyle 14 Fr
4 (IN) IED 50 min Superficial femoral artery Argyle 10 Fr 18 6 7.841 5:31 11
5 (US) IED 50 min Superficial femoral artery Argyle 12 Fr 25 8 7.108 4:25 8
6 (IN) IED 50 min Superficial femoral artery Unknown 34 8 7.108 5:05 7
Superficial femoral vein Unknown
7 (US) IED 53 min Popliteal artery Argyle 10 Fr 20 8 7.108 5:24 6
Popliteal vein Argyle 10 Fr
8 (US) GSW 36 min Axillary artery Argyle 14 Fr 34 9 2.984 5:51 >30
g (US) GSW 21 min Axillary artery Argyle 12 Fr 29 10 6.376 4:37 9
Axillary vein Argyle 14 Fr
10 (IN) GSW 40 min Common femoral artery Argyle 12 Fr 24 10 7.108 4:40 10
Common femoral vein Argyle 14 Fr
11 (IN) GSW 63 min Superficial femoral vein Unknown 17 5 7.108 3:40+ 3
12 (IN) IED 16 min Superficial femoral artery Argyle 10 Fr 22 8 7.108 4:25 22
Superficial femoral vein Argyle 14 Fr
13 (IN) GSW 73 min Superficial femoral vein Javid 17-10 Fr 18 7 7.108 10:49 2
14 (IN) MvC 69 min Brachial artery Argyle 10 Fr 19 7 7.108 4:45 10
15 (US) SBIED 38 min Superficial femoral artery Argyle 10 Fr 43 9 7.108 3:00+ 11
Superficial femoral vein Javid 17-10 Fr
16 (US) SBIED 38 min Superficial femoral vein Javid 17-10 Fr 29 7 7.108 10:00+ 8

US, US Forces; IN, Iragi Nationals.
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Temporary vascular shunting in vascular trauma:
A 10-year review from a civilian trauma centre
J C Oliver, H Gill, A J Nicol, S Edu, P H Navsaria

Trauma Centre, Groote Schuur Hospital, and Faculty of Health Sciences, University of Cape Town
] C Oliver, MRCS

Background. Temporary intravascular shunts (TIVSs) can replace immediate definitive repair as a damage control procedure in vascular
trauma. We evaluated their use in an urban trauma centre with a high incidence of penetrating trauma.

Method. A retrospective chart review of all patients treated with a TIVS in a single centre between January 2000 and December 2009.
Results. Thirty-five TIVSs were placed during the study period: 22 were part of a damage control procedure, 7 were inserted at a peripheral
hospital without vascular surgical expertise prior to transfer, and 6 were used during fixation of a lower limb fracture with an associated
vascular injury. There were 7 amputations and 5 deaths, 4 of the TIVSs thrombosed, and a further 3 dislodged or migrated. Twenty-five
patients underwent definitive repair with an interposition graft, 1 primary anastomosis was achieved, and 1 extra-anatomical bypass was
performed. Five patients with non-viable limbs had the vessel ligated.

Conclusions. A TIVS in the damage control setting is both life- and limb-saving. These shunts can be inserted safely in a facility without access
to a surgeon with vascular surgery experience if there is uncontrollable bleeding or the delay to definitive vascular surgery is likely to be more
than 6 hours. A definitive procedure should be performed within 24 hours.

S Afr J Surg 2013;51(1):6-10. DOL10.7196/SAJS.1504
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Temporary Vascular Shunt
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