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INTRODUCTION
While lower extremity reconstruction following 

trauma or chronic osteomyelitis is challenging for the 
plastic surgeon, it has undergone significant changes 
during recent decades. Many hospitals are now follow-
ing a multi-disciplinary approach, while the indications 
to attempt limb salvage are continuing to broaden. With 
the advent of microsurgery, more wounds are amenable 
to reconstruction. After vascular reconstruction and osse-
ous fixation, soft tissue coverage is of outmost importance 

in acute trauma. Similarly, following adequate irrigation 
and debridement of chronic wounds, soft tissue coverage 
is paramount if limb salvage is to be attempted. Despite 
these modern advances, amputation is still a relatively 
common outcome and represents an undesirable compli-
cation for that group of patients.1–3

Several trauma-related scoring systems have been cre-
ated in an attempt to facilitate with triage and to identify 
the patients who should undergo immediate amputation 
versus attempt at salvage.1,4 However, there are currently 
no scoring systems to assess the probability of failure of 
soft tissue coverage following the initial limb stabiliza-
tion. In addition there is no scoring system to evaluate 
the probability of success of soft tissue reconstruction in 
a chronically infected lower extremity. We hypothesized 
that several factors can create a reliable scoring system 
that can guide the clinician and the patient in deciding 
whether soft tissue coverage should be attempted either 
after initial trauma stabilization or in chronically infected 
wound in the lower extremity.

Efstathios Karamanos, MD
Hassan Ahmad, MD

Ahmed A. Makhani, BBA
Ameesh N. Dev, BS

Noah Saad, MD
Bao-Quynh Julian, MD
Husain AlQattan, MD

Howard Wang, MD
Douglas Cromack, MD

 

Background: Need for amputation is a potential complication when limb salvage is 
attempted. The present study aimed to develop a risk assessment tool to predict the 
risk of future amputation when counseling patients about their reconstructive options.
Methods: All patients undergoing a free flap lower extremity soft tissue recon-
struction by the senior author from 2005 to 2019 were retrospectively identified. 
Patient’s demographics, comorbidities, and technical aspects of the operation 
were extracted. Logistic regressions were used to create a predictive scoring system 
for future amputation.
Results: A total of 277 patients were identified. Of these patients, two-thirds (183) 
were used to derive the scoring system and one-third (94) were used to validate the 
score. In total, 25 of 183 patients (14%) underwent an amputation. A stepwise for-
ward logistic regression identified age > 55 years, smoking, acute wound, aggressive 
fluid resuscitation intra-operatively, inability to use a superficial vein for drainage, 
and inability to use the posterior tibialis artery for anastomosis as independent 
predictors of need for future amputations. The beta co-efficients were used to cre-
ate the scoring system, and the patients were categorized into mild, moderate, and 
severe risk based on their cumulative score. The validity of the scoring system was 
verified by using the one-third validation cohort.
Conclusions: In patients undergoing free flap reconstruction of the lower extrem-
ity, the need for future amputation is 14%. The use of a scoring system can guide 
the surgeon’s and patient’s decision regarding limb salvage. (Plast Reconstr Surg 
Glob Open 2020;8:e3211; doi: 10.1097/GOX.0000000000003211; Published online 20 
November 2020.)
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METHODS
After Institutional Review Board approval, all patients 

undergoing a free flap reconstruction of the lower extrem-
ity from 2005 to 2019 were retrospectively identified. 
Patients were excluded if they underwent a pedicled flap 
reconstruction (such as a gastrocnemius or a soleus flap), 
if they underwent reconstruction of their upper extrem-
ity, or if they had missing records. The following variables 
were extracted: age, gender, race, history of infection, 
intra-operative findings, and post-operative complica-
tions. The follow-up was at least 12 months.

For a confidence interval of 95% and a margin of 
error of 5%, with a population proportion of the outcome 
(amputation) estimated at 13% based on previous litera-
ture, the sample size needed was 174 patients. The pri-
mary outcome was the need for amputation. Secondary 
outcomes included infectious complications, hospital 
length of stay, and need for further surgery.

Statistical Analysis
The two groups (need for amputation versus no need 

for amputation) were compared for differences in their 
baseline demographics and clinical characteristic, using a 
univariate analysis. Dichotomous variables were compared 
using Fisher’s exact test or chi-squared test, as appropriate. 
The continuous variables were examined for normality of 
distribution using the Shapiro-Wilks test. Normally distrib-
uted variables were compared using the Student’s t-test, 
while non-normally distributed variables were compared 
via the Mann-Whitney U test. A forward logistic regres-
sion was then performed using the need for amputation 
as the dependent variable to identify the independent pre-
dictors of future amputation. Any of the previously tested 
variables from the univariate analyses that differed at P < 
0.2 were included in the regression. A simplified clinical 
risk assessment tool was derived by assigning point values to 
the ratios of the regression co-efficients. A composite score 
was subsequently defined as the summation of these point 

values. The c-statistic for the model was calculated to assess 
whether discriminative capacity was preserved.5– 7 Next, to 
classify the population into different risk categories based 
on the proposed scoring system, a plot was created for the 
predicted probability and the score (used as an ordinal vari-
able). Based on the plot, different groups were assigned.

To assess the validity of the model, one-third of the 
study (which was previously separated from the analysis) 
was used. The score was calculated for each patient and 
a multivariate logistic regression was performed, with 
the dependent variable being the need for amputation. 
Adjusted odds ratios (AOR) with 95% confidence inter-
vals (95% CI) were derived for each risk assessment group 
based on the scoring system.

RESULTS
During the study period a total of 277 patients were 

identified. Of these patients, 183 (2/3) were used for the 
derivation of the scoring system, while the remaining 94 
(1/3) were used to validate the score. The mean age of the 
study group was 42, while 32% were men. The majority of 
the flaps were muscle flaps (60%) and the mean dimen-
sion was 24 cm (Table 1). Diabetes mellitus was present in 
27% of the patients, while active smokers were 43%. Acute 
wounds accounted for 59% of the cases, while the mean 
operative time was 568 minutes. A total of 11% of the 
patients had an occlusion of their posterior tibialis (PT) 
artery due to peripheral vascular disease, necessitating the 
use of the peroneal artery or the anterior tibialis as the 
recipient vessels for microsurgical anastomosis (Table 1).

Table  2 depicts the results of the multivariate analy-
sis to predict future amputation. Older age (>55 years), 
not using the great saphenous vein (GSV) as an outflow, 
occlusion of PT, presence of an acute wound, liberal intra-
operative fluid administration (>7 ml/kg/hour), a history 
of previous infection, and smoking status all predicted the 
need for future amputation. The adjusted odds ratios and 
the regression co-efficients are depicted in Table 2.

Table 1. Demographics and Clinical Characteristics

No Amputation
(n = 161)

Amputation
(n = 22)

Overall
(n = 183) P

Age (y) 41 ± 15 52 ± 16 42 ± 16 0.003
Age > 55 y 35 (21.7) 13 (59.1) 48 (26.2) <0.001
Male gender 51 (31.7) 7 (31.8) 58 (31.7) 1
Type of flap     
 Perforator 67 (41.6) 8 (36.4) 75 (41.0) 0.818
 Muscle 94 (58.4) 14 (63.6) 108 (59.0) 0.818
Biggest flap dimension (cm) 23 ± 9 25 ± 10 24 ± 10 0.494
No. anastomosed veins     
 1 90 (55.9) 15 (68.2) 105 (57.4) 0.36
 2 71 (44.1) 7 (31.8) 78 (42.6) 0.36
GSV used for venous outflow 39 (24.2) 1 (4.5) 40 (21.9) 0.036
Co-morbidities     
 Diabetes mellitus 41 (25.5) 9 (40.9) 50 (27.3) 0.134
 Smoking 66 (41.0) 13 (59.1) 79 (43.2) 0.108
Type of wound     
 Acute 91 (56.5) 16 (72.7) 107 (58.5) 0.148
 Chronic 70 (43.5) 6 (27.3) 76 (41.5) 0.148
Occlusion of posterior tibialis artery 12 (7.4) 8 (36.3) 20 (10.9) 0.008
Arterial reconstruction 38 (23.6) 5 (22.7) 43 (23.5) 0.742
Intra-operative fluid administration > 7 ml/kg/h 76 (47.2) 18 (81.8) 94 (51.4) 0.002
Operative time (min) 563 ± 182 605 ± 220 568 ± 187 0.315
History of previous infection 29 (18.0) 8 (36.4) 37 (20.2) 0.044
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Based on the regression co-efficients, the scoring system 
to predict the need for future amputation was calculated. 
History of previous infection resulted in a 1-point addition 
to the score. Advanced age, smoking status. and presence of 
an acute wound, all resulted in a 2-point addition. Liberal 
fluid resuscitation added 3 points, not being able to use 
the GSV as an outflow added 4 points, and finally, occlu-
sion of the PT due to peripheral vascular disease added an 
additional 5 points (Table 3). Three categories were then 
derived based on the predictive model of the cumulative 
score: mild risk: 1–6 points, moderate risk: 7–11 points, and 
severe risk: 12–19 points (Fig. 1). The predicted probabil-
ity of need for future amputation was calculated for each 
category from the previously performed regression (17%, 
29%, and 54% respectively; Table 3, Fig. 1, and Fig. 2).

For assessment of the applicability of the scoring sys-
tem, the study population was divided into four catego-
ries and the probability of need for future amputation was 
calculated for each group using the AOR (95% CI) that 
was derived from the multivariate analysis. The process 
was performed for both the derivation and the validation 
cohort (Table 4).

Table  5 shows the impact on hospital resources of 
those patients that ended up needing a future amputa-
tion. Patients that needed an amputation were more likely 
to require multiple readmissions, multiple returns to the 
OR, and had a significantly longer cumulative length of 
stay (Table 5) compared with their counterparts.

DISCUSSION
In this study, we used retrospective data on patients 

undergoing free flap reconstruction of the lower extrem-
ity for both traumatic injuries and chronic wounds to 
create a risk assessment scale to help surgeons identify 
patients that would be at risk for future amputation. The 
developed scale identified 7 important patient and clini-
cal factors (age > 55 years, smoking, a history of prior 
infection, presence of an acute wound, liberal intraopera-
tive fluid resuscitation, a lack of greater saphenous vein 
for drainage, and the inability to use the tibialis artery for 

reconstruction) as independent risk factors for predic-
tion. Our efforts to verify the validity of our data denotes 
the utility of the development and use of such models to 
predict and guide outcomes.

Clinical risk calculators such as the Mangled Extremity 
Score (MESS), the Predictive Salvage Index, Limb Salvage 
Index, and the Nerve Injury, Soft tissue, Skeletal Injury, 
Shock, and Age of patient (NISSSA) scores have been 
widely used to delineate lower extremity limb salvage 
operations versus a primary amputation.1 Although pro-
spective evaluation of these studies has shown high speci-
ficity2 for the prediction of limb salvage, to date there are 
no reports in the literature describing a risk assessment 
tool to predict secondary amputation following initial 
lower extremity reconstruction for traumatic injury or in 
the setting of chronic wounds. Our study is the first to cat-
egorize the variables that would influence this outcome 
and may guide surgical decision-making.

Our scoring system assigns a value of 2 points for age > 
55 years, smoking status, and presence of an acute wound, 
3 points for aggressive intraoperative fluid administration 
(>7 ml/kg), 4 points for patients who did not have GSV 
used as an outflow, and 5 points for the occlusion of the 
posterior tibialis artery. The correlation between these 
variables and outcomes can be supported by the current 
literature, and is consistent with the notion that flap sur-
vivability is dependent on factors that influence the bal-
ance of tissue perfusion.

A 10-year review of lower extremity flap revision iden-
tified advanced age as a risk factor in flap failure, sug-
gesting the correlation was due to decreased ischemia 
tolerance in this population.3,8 Advanced age was identi-
fied as a component of both the MESS and NISSSA mod-
els as well as the Mangled Upper Extremity Score (age > 
40 years) as a correlative factor for failed upper extremity 
salvage.9,10 Though none of the above-mentioned models 
identified smoking status as an independent risk factor, 
the deleterious effects of smoking on subcutaneous tissue 
oxygenation as well as nicotine-induced vasoconstriction 
contributing to flap failure is well documented.7,11

Table 2. Multivariate Analysis for Need for Future Amputation

Variable AOR (95% CI) Cumulative R2 Adjusted P Co-efficient

Age > 55 y 6.52 (1.81, 23.74) 0.342 0.003 1.8
GSV not used for venous outflow 10.09 (1.23, 13.21) 0.531 0.009 4.2
Occlusion of posterior tibialis artery 12.76 (2.29, 17.25) 0.629 0.004 5.4
Acute wound 4.76 (1.13, 16.12) 0.683 0.048 1.7
Intra-operative fluid administration > 7 ml/kg/h 8.05 (1.77, 12.56) 0.699 0.007 3.1
History of previous infection 1.61 (1.05, 2.34) 0.705 0.047 1.2
Smoking 2.16 (1.57, 8.20) 0.708 0.043 1.6
Other variables entered in the model: Diabetes. Area Under the Curve (AUC) (95% CI): 0.964 (0.933, 0.976).

Table 3. Scoring System for Predicting Future Amputation

Variable Points Classification

History of previous infection 1  
Age > 55 y 2  
Smoking 2 Mild risk: 1–6, probability: 17%
Acute wound 2 Moderate risk: 7–11, probability: 29%
Intra-operative fluid administration > 7 ml/kg/h 3 Severe risk: 12–19, probability: 54%
GSV not used for venous outflow 4  
Occlusion of posterior tibialis artery 5  
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While current data comparing the influence of acute 
versus chronic wound classification in associated lower 
extremity flap failure are limited, traumatic injuries are 
well known to be associated with a tissue injury and inflam-
matory cascade. This entails hypercoagulability and acute 
blood loss, both of which are known to be correlative with 
flap loss.8 Similar to this, aggressive fluid administration 
leading to flap edema, inappropriate venous outflow, and 
the presence of atherosclerotic calcifications and periph-
eral vascular disease have all been described as risk fac-
tors for flap loss in reconstruction.8,12 A review detailing 
lower extremity traumatic injury patterns and their recon-
structive outcomes noted the higher incidence of anterior 
tibialis artery injury and subsequent use of the PT as the 
predominant recipient vessel in all flap classifications for 
reconstruction.13 This suggests the critical role of identify-
ing a nonviable PT in predicting outcomes. This particular 
finding and the degree of 3 vessel run off were identified 
most recently in a retrospective study looking at factors 
influencing secondary amputation following salvage for 
traumatic injury, by Piwnica-Worms et al.[14]. It is worth 
noting that this study had a smaller population (129 versus 
277 in the present study) and did not attempt to create 
a scoring system. Of note, although diabetes was a find-
ing of significance in their assessment, we did not include 
diabetes in our risk assessment score because it was not 
independently associated with a need of amputation in 
our study population.14 The current data regarding dia-
betes mellitus vary in the literature. In an analysis of free 
flap failure for traumatic injuries to the lower extremity, 

Las et al found diabetes to be an independent risk factor, 
while noting that this was not consistent in the trauma lit-
erature otherwise.15 Similarly, variable findings are noted 
in the literature regarding the associated risk of secondary 
amputation following limb salvage for chronic wounds.12,16

The presence of this variability highlights the potential 
limitations and preclusions to generalizability of our scor-
ing system. Our analysis is retrospective and is limited as 
such. A single surgeon experience entails technical vari-
ables that may skew our results. Although our study did 
categorize acute wounds versus those that were chronic, 
it includes a model that identifies the risk for secondary 
amputation following reconstruction for acute traumatic 
injury as well as reconstruction for a chronic wound. 
Larger studies may elucidate a model that identifies the 
risk for the 2 groups separately.

It should be noted that the utility of the scoring sys-
tems that delineates primary lower extremity limb salvage 
operations versus an amputation such as the MESS has 
been repeatedly called into question.3,4 This has prompted 
a number of inquiries that continue to evaluate the valid-
ity of such scores, and in turn have incited even more spe-
cific questions and studies about this topic, including the 
development of our own model. In the proper perspec-
tive, this can be understood simply as the need for further 
data collection and persistent revision.

CONCLUSIONS
In patients undergoing free flap reconstruction of the 

lower extremity, the need for future amputation is signifi-
cant. We created a risk assessment model that categorized 
variables that are independent risk factors for this out-
come. Our work highlights the impact on resources, varia-
tion in current data, and potential utility of such a model. 
Future studies and development of a scoring system can 
guide the surgeon’s and patient’s decision regarding limb 
salvage.
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