
1Feliciano DV. Trauma Surg Acute Care Open 2019;4:e000327. doi:10.1136/tsaco-2019-000327

Open access 

Dangerous parking deck
David V Feliciano

To cite: Feliciano DV. Trauma 
Surg Acute Care Open 
2019;4:e000327.

Department of Surgery, 
University of Maryland School of 
Medicine, Baltimore, Maryland, 
USA

Correspondence to
Dr David V Feliciano, Surgery, 
University of Maryland School of 
Medicine, Baltimore, MD 21201-
1595, USA;  davidfelicianomd@ 
gmail. com

Received 30 April 2019
Accepted 6 May 2019

Case of the Month

© Author(s) (or their 
employer(s)) 2019. Re-use 
permitted under CC BY. 
Published by BMJ.

HisTory
A 53-year-old woman standing next to a car in a 
parking deck was struck by another car when the 
driver lost control. The patient’s right knee and leg 
were crushed between the bumpers of both cars. 
The patient was ‘fortunate’ in that a Level I trauma 
center was only six blocks away.

ExaminaTion
On arrival in the trauma room, the patient was 
awake and alert with a heart rate of 120 beats per 
minute and a systolic blood pressure of 90 mm 
Hg. The right lower extremity was mangled with a 
dislocation of the knee, large wound in soft tissue 
with oozing behind the knee, and disrupted muscles 
in the exposed posterior compartments. No arterial 
pulses were present in the right foot, but there was 
sensation and some weak dorsiflexion and plantar 
flexion in the ankle joint.

QuEsTion
The most appropriate first step in the management 
of this patient in addition to resuscitation is:
A. CT arteriography.
B. Administer unfractionated heparin.
C. Obtain consent for amputation.
D. Move patient to operating room.

managEmEnT
The patient was moved to the operating room to 
control bleeding from disrupted soft tissue, assess 
the magnitude of injuries to the right knee and leg 
and to obtain X-rays of the same. After preparation 
of the skin from the umbilicus to the toenails bilat-
erally, the right foot was placed in a plastic bag to 
allow for later observation of skin color changes and 
palpation of pedal pulses. The remainder of both 
lower extremities was draped in the usual fashion.

As there was no major arterial hemorrhage from 
disrupted soft tissues, X-rays of the right knee and 
leg were performed. A Grade IIIC open dislocation 
of the right knee joint was confirmed, and there 
was a Grade II open transverse fracture of the right 
tibia, as well. A distal medial right popliteal incision 
was made beyond the aforementioned soft tissue 
defect to allow for better exposure of the neurovas-
cular bundle. The popliteal artery and vein and the 
anterior tibial artery and vein were all avulsed with 
the ends thrombosed, whereas the tibial (medial 
popliteal) nerve was intact. The common peroneal 
(lateral popliteal) nerve was not readily visualized, 
but the soft tissue in the area of the nerve was intact.

QuEsTion
The most appropriate management of this mangled 
right lower extremity would be:

A. Above knee amputation.
B. Insert intraluminal vascular shunts.
C. Insert saphenous vein grafts.
D. Fixator to knee dislocation

managEmEnT
The patient was now hemodynamically stable, had 
some neurological function in the right ankle and 
foot, had fixable orthopedic injuries and cold isch-
emia in the right leg and foot. A decision was made to 
attempt salvage of the mangled right lower extremity.

The orthopedic surgery service first reduced 
the dislocation of the right knee joint. The trauma 
surgery service then performed dissection in the 
distal right popliteal area through the medial expo-
sure. The proximal and distal ends of the avulsed 
and thrombosed popliteal artery were controlled, 
debrided and flushed. A #4 Fogarty balloon cath-
eter was passed proximally and distally into the 
popliteal artery with no return of clot. ‘Regional’ 
heparinization was administered with the injection 
of 20 mL of a solution of 50 units of unfraction-
ated heparin/mL normal saline into each end of the 
artery and each end of the vein. #12 Fr intralu-
minal temporary vascular shunts were then inserted 
into the ends of the popliteal artery and vein and 
fixated in place with 2–0 silk ties. Doppler-audible 
right pedal pulses were confirmed. The avulsed and 
thrombosed ends of the anterior tibial artery and 
vein were ligated.

As the patient remained hemodynamically stable 
with a body temperature >35°C, the orthopedic 
surgery service scrubbed back in. An intramedullary 
rod was inserted to stabilize the fracture in the right 
mid-tibia, whereas an external fixator was placed to 
stabilize the previously dislocated right knee.

The trauma surgery service then scrubbed back in 
and excised a long segment of the greater saphenous 
vein from the anteromedial left thigh. A reversed 
saphenous vein interposition graft was inserted into 
the defect in the distal right popliteal artery using 
6–0 polypropylene sutures on both end-to-end 
anastomoses. Right pedal pulses were immediately 
palpable through the plastic bag over the right foot 
after the vascular clamps were removed. A non-re-
versed saphenous vein interposition graft was then 
inserted into the defect in the proximal popliteal 
vein in the same fashion. Fasciotomies of the ante-
rior and peroneal muscle compartments of the right 
leg were performed through a 30 cm long skin 
incision two fingerbreadths superior to the right 
fibula laterally. Finally, contused and devascularized 
muscle in the right posterior calf muscle compart-
ments was debrided back to bleeding tissue. Dry 
mesh gauze was then packed into the open wound 
in the right posterior popliteal area. Operative 
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Figure 1 Healed split-thickness skin graft in right posterior popliteal 
area at 8 months and 3 weeks after injury.

Figure 2 Healed split-thickness skin graft on right lateral leg 
fasciotomy site at 8 months and 3 weeks after injury.

Figure 3 Patient with intact right lower extremity 46 months after 
injury.

time for this first salvage procedure was 9 hours, and 12 units 
of packed red blood cells and two units of fresh frozen plasma 
were administered.

The patient underwent reoperations on postoperative days 1, 6, 7, 
12, 13, 15 and 27. The first five reoperations were for pack changes 
in the open wound (#4) or for bleeding from granulation tissue 
(#1). Split-thickness skin grafts were applied to the right posterior 
popliteal open wound and to the right lateral leg fasciotomy site 
on postinjury day #27. The skin grafts had 100% healing, and the 
patient was discharged home on postinjury day #38.

After removal of the fixator and extensive physical therapy, 
the patient was walking with a cane when seen in the clinic 8 
months and 3 weeks after injury (figures 1 and 2).

At 46 months after injury, the patient continued to ambulate 
well and was encouraged to cease use of the cane (figure 3). Her 
major complaint was ‘aching’ in the formerly mangled right knee 
and leg when the weather changed.

DisCussion
Mangled extremities result from a high energy transfer or crush 
resulting in some combination of injuries to artery, bone, soft tissue, 
nerve, and/or tendon (adapted from Feliciano and Rasmussen1).

All are Gustilo IIIC fractures or beyond, and 75% result 
from motorcycle or motor vehicle crashes, falls or motor vehi-
cle-pedestrian crashes.2 3 For motor vehicle and auto-pedestrian 
crashes, it is helpful to remember that the kinetic energy transfer 
that occurs in a collision with an automobile bumper at 20 mph 
is 100 000 ft-lbs and this is 50 times greater than that from a 
high velocity rifle wound.4

The problems associated with managing patients with mangled 
extremities are either acute or, if salvage is completed, chronic 
(table 1).

The most important decision when managing a patient with a 
mangled extremity is whether an immediate amputation or initi-
ation of a series of salvage operations should be performed. One 
way to approach this decision is to attempt to answer the first 
three of the following four questions in sequence:
1. If the patient’s life is in danger from blood loss or associ-

ated injuries, should the mangled extremity be amputated 
immediately?
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Table 1 Acute and chronic problems associated with a mangled 
extremity

Tissue acute Chronic

Artery Ischemia; loss of collaterals Graft occlusion

Bone Bone loss Infection; instability

Nerve Loss of function Need nerve grafts

Soft tissue Open wound Need flap coverage

Tendon Loss of movement Need tendon transfer

2. If the patient is hemodynamically stable, should salvage of 
the mangled limb be attempted (ie, is there intact neurolog-
ical function in the foot or hand, is there a reconstruction 
option for the open fracture, and is there an option for cov-
erage of all open wounds?)?

3. If salvage is to be attempted, what is the sequence of repairs?
4. If salvage fails (sepsis, chronic infection, drainage, pain, dis-

ability), when should amputation of the repaired extremity 
be performed?

There is reasonable consensus that if either of the following 
factors is present in an injured lower extremity, immediate 
amputation rather than initiation of salvage operations is 
recommended:
1. Loss of arterial inflow for >6 hours, particularly in the pres-

ence of a crush or avulsion injury that disrupts collateral ves-
sels.5 6

2. Disruption of the posterior tibial nerve behind the knee.
Relative indications for immediate amputation with Grade IIIC 
tibial fractures have been described, as well, especially if two of 
the following are present:
1. Serious associated polytrauma.
2. Severe ipsilateral foot trauma.
3. Anticipated protracted course to obtain soft tissue coverage.
4. Need for extensive tibial reconstruction.5 7 8

The patient with a mangled extremity should have resuscita-
tion and control of bleeding in the emergency room (pressure 
dressing or tourniquet) and any critical non-extremity imaging 
to rule out or confirm associated injuries. In the operating room, 
the sequence of evaluation and management is as follows:
1. Continue resuscitation if patient hypotensive and obtain 

baseline thromboelastography.
2. Assess sensation and motor function in the foot or hand of 

the mangled extremity.
3. X-ray the mangled extremity.
4. Assess arterial inflow by physical examination, Doppler de-

vice or percutaneous surgeon-performed arteriogram.
5. If no arterial inflow and salvage possible, insert temporary 

intraluminal arterial (and venous, if needed) shunt.
6. Classify bony/soft tissue and other injuries in the mangled 

extremity with attending surgeons, fellows, or senior resi-
dents on orthopedic and plastic surgery services.

7. Visualize major nerves through open wound.
8. If needed to help make decision on attempted salvage versus 

immediate amputation, calculate magnitude of injury using 
a scoring system.

9. Trauma vascular, orthopedic and plastic surgery attending 
surgeons, fellows or senior residents make a decision on sal-
vage versus amputation.

10. If immediate amputation is indicated, have a designated 
family member put on a scrub suit and come into the oper-
ating room for a visual explanation of the decision.9

After an initial operation for salvage, it is important to explain to 
the family that a total of four operations (at least) will be needed, 
that there has been a historic 30% to 50% incidence of late 
amputations after attempted salvage and that chronic disability 
is likely to be present even if salvage is successful.10

A comprehensive analysis of the results of attempted salvage 
versus immediate amputation is beyond this case discussion, but 
there are helpful data available.

The Lower Extremity Assessment Project has documented 
that 1-year follow-up is adequate to assess results and that 
functional outcomes are equivalent at 2 years and 7 years for 
salvage and amputation.11 12 In contrast, the Military Extremity 
Trauma Amputation/Limb Salvage study documented that mili-
tary personnel who underwent amputation had better functional 
outcomes.13

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Commissioned; internally peer reviewed.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

RefeRenCes
 1. Feliciano DV, Rasmussen TE. Evaluation and treatment of vascular injuries. In: 

Browner BD, Jupiter JB, Krettek C, Anderson PAeds. Skeletal trauma. Basic science, 
management, and reconstruction. Philadelphia: Elsevier Saunders, 2015:423–35.

 2. Gustilo RB, Mendoza RM, Williams DN. Problems in the management of type III 
(severe) open fractures: a new classification of type III open fractures. J Trauma 
1984;24:742–6.

 3. Dellinger EP, Miller SD, Wertz MJ, Grypma M, Droppert B, Anderson PA. Risk of 
infection after open fracture of the arm or leg. Arch Surg 1988;123:1320–7.

 4. Chapman MW. Role of bone stability in open fractures. Instr Course Lect 
1982;31:75–87.

 5. Lange RH. Limb reconstruction versus amputation decision making in massive lower 
extremity trauma. Clin Orthop Relat Res 1989;243:92–9.

 6. Miller HH, Welch CS. Quantitative studies on the time factor in arterial injuries. Ann 
Surg 1949;130:428–438.

 7. Lange RH, Bach AW, Hansen ST, Johansen KH. Open tibial fractures with associated 
vascular injuries: prognosis for limb salvage. J Trauma 1985;25:203–8.

 8. Hansen ST. The type-IIIC tibial fracture. Salvage or amputation. J Bone Joint Surg Am 
1987;69:799–800.

 9. Scalea TM, DuBose J, Moore EE, West M, Moore FA, McIntyre R, Cocanour C, Davis 
J, Ochsner MG, Feliciano D, et al. Western trauma association critical decisions 
in trauma: management of the mangled extremity. J Trauma Acute Care Surg 
2012;72:86–93.

 10. Bondurant FJ, Cotler HB, Buckle R, Miller-Crotchett P, Browner BD. The medical and 
economic impact of severely injured lower extremities. J Trauma 1988;28:1270–3.

 11. MacKenzie EJ, Bosse MJ. Factors influencing outcome following limb-threatening 
lower limb trauma: lessons learned from the lower extremity assessment Project 
(leap). J Am Acad Orthop Surg 2006;14(10 Spec No.):S205–S210.

 12. Castillo RC, Mackenzie EJ, Bosse MJ, LEAP Study Group. Orthopaedic trauma clinical 
research: is 2-year follow-up necessary? Results from a longitudinal study of severe 
lower extremity trauma. J Trauma 2011;71:1726–31.

 13. Doukas WC, Hayda RA, Frisch HM, Andersen RC, Mazurek MT, Ficke JR, Keeling JJ, 
Pasquina PF, Wain HJ, Carlini AR, et al. The military extremity trauma Amputation/Limb 
salvage (metals) study: outcomes of amputation versus limb salvage following major 
lower-extremity trauma. J Bone Joint Surg Am 2013;95:138–45.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://www.ncbi.nlm.nih.gov/pubmed/6471139
http://dx.doi.org/10.1001/archsurg.1988.01400350034004
http://www.ncbi.nlm.nih.gov/pubmed/7175186
http://www.ncbi.nlm.nih.gov/pubmed/2656037
http://dx.doi.org/10.1097/00000658-194909000-00010
http://dx.doi.org/10.1097/00000658-194909000-00010
http://www.ncbi.nlm.nih.gov/pubmed/3981670
http://dx.doi.org/10.2106/00004623-198769060-00001
http://dx.doi.org/10.1097/TA.0b013e318241ed70
http://dx.doi.org/10.1097/00005373-198808000-00023
http://dx.doi.org/10.5435/00124635-200600001-00044
http://dx.doi.org/10.1097/TA.0b013e31822c1c33
http://dx.doi.org/10.2106/JBJS.K.00734

	Dangerous parking deck
	History
	Examination
	Question
	Management
	Question
	Management
	Discussion
	References


