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1. Aims
• To assess the factors associated with primary 

amputation and secondary amputation in patients 
with limb-threatening trauma to the upper extremity. 

• To describe the incidence of major limb-threatening 
upper-extremity trauma and the procedures involved 
in the treatment of these injuries.

2. Methods

3. ResultsTable 1. Patient demographics

Table 2. Variables in detail

4. Conclusion

• A retrospective study performed in two urban level I 
trauma centers.

• All patients between January 2002 and January 
2018 with acute limb-threating trauma of the upper 
extremity proximal to the carpometacarpal (CMC) 
joints.

• 49 limb-threatening upper extremity cases in 47 
adult patients. 

• Primary amputation was required in 24 of the 49 
cases (49%) (table 1).

• Eight cases (35%) out of the 25 salvaged limbs 
required secondary amputation after an initial limb 
salvage procedure (table 1). 

• The time to follow-up, based on the date of injury to 
the date of the last clinical visit at any of the 
hospitals, was 20 months (IQR 4 – 49).

We found a yearly incidence of 62 cases of acute traumatic limb-
threatening upper extremity injuries per 100.000 trauma admissions.

Replantation vs Primary amputation
• Bivariate analyses showed that cases with a higher ISS, higher 

AIS, more severe muscle injury, a more proximal level of 
amputation and a greater number of major nerve injury
underwent primary amputation more often than salvage procedures 
(P < 0.05). 

Secondary amputation vs. No secondary amputation
• Secondary amputation was performed at a median of four days 

(IQR 2 – 7) after trauma.

• Patients who underwent secondary amputations were commonly 
older, compared to patients who underwent continued efforts for 
limb salvage (35 ± 14 years vs. 52 ± 18 years, P = 0.026). 

• Cases with a higher ISS, or cases with soft tissue injuries 
located at more proximal level (e.g. upper arm, elbow) that 
underwent a salvage procedure, more frequently underwent a 
secondary amputation (P < 0.05). 

• Cases involving a sharp mechanism of injury required less 
frequently secondary amputation (n = 0, 0% vs. n = 9, 53%; P = 
0.012). 

• The modality of wound closure was associated with the 
frequency of secondary amputation (P = 0.002); extremities that 
underwent local flap coverage had a higher incidence of secondary 
amputations (n = 3, 37,5% vs. n = 0%) (Table 2). 

Total Replantation Primary
amputation Total

No 
secondary
amputation

Secondary 
amputation

Characteristics n = 49 n = 25 (51%) n = 24 (49%) p -value n = 25 n = 17 (65%) n = 8 (35%) p - value

Age, mean ± SD 45 ± 17 47 ± 18 44 ± 16 0.502ᵃ 47 ± 18 52 ± 18 35 ± 14 0.026ᵃ

Sex, n (%) 0.377ᵇ 0.640ᵇ
Male 32 (65) 18 (72) 14 (58) 18 (72) 13 (76) 5 (62.5)
Female 17 (35) 7 (28) 10 (42) 7 (28) 4 (24) 3 (37.5)

Diabetes mellitus†, n (%) 6 (12.5) 3 (12.5) 3 (12.5) 1.000ᵇ 3 (12.5) 3 (18) 0 (0) 0.530ᵇ

Tobacco use, n (%) 21 (50) 12 (52) 9 (47) 1.000ᵇ 12 (52) 10 (59) 2 (33) 0.371ᵇ

Manual labor as occupation, n (%) 24 (59) 14 (61) 10 (55) 0.909ᵇ 14 (61) 8 (50) 6 (86) 0.38ᵇ

Skin injury Contamination Highest level of upper extremity soft 
tissue injury

1) Laceration with edges that approximate 1) None or minimal contamination 1) Mid forearm or more distally

2) Laceration with edges that do not approximate 2) Surface contamination 2) Elbow or proximal forearm

3) Laceration associated with extensive degloving 3) Contamination embedded in bone or deep soft 
tissue or high-risk environmental conditions 3) Upper arm

Most proximal level of upper extremity fractures Nerve injury Mechanism of injury

1) No fracture 1) No injury Avulsion/abrasion

2) Mid forearm or more distal 2) Single major nerve involvement Crush

3) Elbow or proximal forearm 3) Multiple major nerve involvement Machine cut

4) Upper arm Bone loss present Sharp

Muscle injury 1) No bone loss mixed/multimodal

1) No injury
2) Bone missing or devascularized bone fragment, 
but still some contact between proximal and distal 
fragment

Type of wound closure

2) Single compartment affected (in continuity) 3) Segmental bone loss Local flap coverage

3) Multiple compartment affected (in continuity) Vascular injury Remote or functional flap coverage

4) Discontinuity of tendon 1) No injury Closure with sutures or skin graft, no flap 
required

5) Discontinuity of muscle 2) Single major vessel (sparing of >1 alternative 
vessel) No wound closure

6) Compartment syndrome 3) Multiple major vessels or effective limb 
ischemia

• Multiple factors influence the surgical decision to perform primary 
amputation or attempt a salvage procedure following limb-
threatening upper extremity trauma. 

• Knowing which patients will have the most favorable outcomes of 
a salvage procedure is important, since salvage procedures 
impose a greater burden on the health care system and the 
patient. This is even greater in case of secondary amputation 
after failed salvage procedures. 

• Future research should study which of these factors are 
independently associated with primary and secondary 
amputation.

Refferals, procedures and hospital stay

• Seventeen patients were referrals from outside 
hospitals. Of these referrals, four patients were 
referred from other level I trauma centers. 

• Cases with primary amputation required a median of 
seven (IQR 5 – 9) procedures within the first four 
weeks after trauma, cases with successful salvage of 
limb a median of ten (IQR 8 – 15) procedures and 
cases with failed replantation attempt a median of 16 
(10 – 18) procedures (P = 0.006). 

• Cases treated by means of primary amputation had a 
shorter length of hospital stay (9 days (IQR 6 – 13) 
vs. 18 days (IQR 11 – 28; P = 0.001) and shorter ICU 
stay (3 days (IQR 1 – 10) vs. 12 days (IQR 5 – 19); P
= 0.012).
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