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Abstract

Background: Previously published literature has provided a large number of clinical data from
hundreds of medical centers across the country among patients that have undergone limb salvage
and lower extremity amputation. These studies commonly suffer from retrospective and prospective
design flaws, low statistical power, non uniform inclusion criteria and inconsistent endpoints that
are hard to assess.

Methods: A literature search was conducted, including terms related to outcomes in free flap
reconstruction or amputation of the lower extremity. Inclusion criteria for this systematic review
centered around the number or proportion of patients experiencing a specific outcome.

Results: The only outcomes unique to both cohorts were hospital length of stay and time- to-
operate. In this meta-analysis, operative time was significantly longer in free flap reconstruction
cases (p=0.041) than in those patients undergoing amputation.

Interestingly, the mean number of hospital days was reported to be only 23.36 days in free flap limb
salvage patients and significantly higher in amputation patients (32.19 days, p=0.046).

Conclusion: Free flap reconstruction of the lower extremity was associated with lower post-
operative risks associated with length of stay results of this comprehensive review of the literature
demonstrate a diversity in reporting practices. Transitioning to a universally accepted reporting
standard will strengthen the literature and help future clinicians in situations that require surgical
intervention with no clear medical indication between either limb salvage or amputation.

Keywords: Lower extremity trauma; Microsurgical reconstruction; Amputation; Limb salvage

Introduction

Management of post traumatic distal lower limb injury poses a significant challenge to the
surgeon and patient and often requires free tissue transfer for coverage of exposed hardware, bone,
cartilage, nerves, and major vessels [1]. Outcomes of lower extremity trauma depend on access to
care including microsurgical interventions as well as the nature of the other injuries to a patient.
In patients that are unstable or critically ill amputation may be the only option to stabilize their
condition. However, in patients where all things are equal except access to microsurgical care,
amputation may be required due to a lack of access to these resources. This is primarily as a result
of peripheral arterial occlusive disease [2,3]. Even with the advent of vascular interventions and
microsurgical reconstruction of lower extremity wounds, the rate of amputations has not declined
[4-7]. This may also be due to an ageing population and a growing prevalence of atherosclerotic
disease and diabetes mellitus [8].

Recently, optimization in microsurgical techniques, equipment, and training have allowed for
more widespread reconstruction of soft tissue defects of the lower extremity, allowing for more
consistent outcomes in limb salvage. The use of microsurgical free flaps has become a standard
procedure in soft-tissue repair and has reduced the amputation rate among previously non-operable
defects [9,10].

Even so, amputation secondary to trauma remains a significant cause of permanent impairment
and functional limitation among patients with lower extremity wounds [7]. In most cases, limb loss
leads to a significant decline in function, with the resulting impairments detrimentally affecting the
patients’ social, work, and home life. In addition to amputations due to trauma, amputation is also
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Table 1: Systematic review inclusion and exclusion criteria.

Inclusion Criteria

Exclusion Criteria

Free flap reconstruction and/or amputation as research theme.

Case report. Abstract only.

Title and Abstract
Assessment

Unilateral lower extremity operation. Patient outcomes reported.

Review article, letter, comments. Study prior to 2000 (1
exception).

Full text not available.

Patient outcomes as research theme.

Bilateral lower extremity operation.

Individual adverse outcomes reported.

Includes redone free-flap reconstruction or amputation.

Free-flap donor site defined.
Full Text Assessment

Does not report number or proportion of patients
experiencing outcomes.

Data reported by free flap donor site.

Data not clearly labeled.

Primary free-flap reconstruction or amputation

d.

proportion of patients.

Etiology of free-flap reconstruction or amputation reported by number of

commonly secondary to comorbid conditions that have resulted in
vascular insufficiency or infection of the affected limb [2]. Therefore,
many patients that undergo major lower extremity amputation have
comorbidities like diabetes mellitus, cardiovascular disease, or end
stage renal disease [3]. As such, postoperative morbidity and mortality
rates can be extremely significant, with some studies reporting 30-day
postoperative mortality as high as 22% [11,12].

In contrast, reconstruction of soft tissue defects in lower extremity
wounds using microsurgical free flaps is often reported to have a 30-
day postoperative mortality rate of less than 10% [9]. Though this is in
part due to the differences in medical morbidity between the groups
of patients offered amputation vs. those offered reconstruction. MB
salvage has grown in most trauma centers in the United States [13].
Studies that compare patients treated with microsurgical free flaps
over those primarily amputated often do not consider post-operative
complications and non-ambulatory outcomes such as hospitalization
time, time to operate, patient quality of life before and after surgery,
and patient satisfaction with treatment outcomes [6,10,12-15].
Furthermore, complications that are reported in the literature have
not been uniformly summarized and assessed in the case of either
amputation or free flap coverage.

The goal of this study is to estimate the rate of complications
unique to each treatment option, as well as the relative risk of those
complications shared by both. This study also sought to identify
significant differences in the patient experience when undergoing
microsurgical free flap reconstruction or amputation-namely
differences in hospital length of stay, time to operate, and patient
quality of life outcomes.

Previously published literature has provided a large number
of clinical data from hundreds of medical centers. However, these
commonly suffer from retrospective and prospective design flaws,
low statistical power, non uniform inclusion criteria and a plethora
of endpoints that are hard to assess. Therefore, it is necessary to
summarize all existing studies to better understand complications,
outcomes, and patient satisfaction associated with free flap coverage
and amputation of lower extremity wounds. Secondary analysis is
also necessary to characterize the diversity of reported outcomes in
the literature to better compare both prospective and retrospective
future studies.

Methods

The goal of this investigation was to determine the likelihood of
reported outcomes from free flap reconstruction and amputation
of the lower extremity. In addition, a comparison of microsurgical

intervention and amputation was made with respect to Time to
Operate (TTO) and hospital Length of Stay (LOS) in order to
better differentiate between these two largely debated options in the
treatment of patients with lower extremity trauma.

Literature search

A literature search was conducted using the citation database
PubMed, which was searched for publications detailing outcomes
from free flap reconstruction of the lower extremity using the
following terms: ("Lower Extremity/surgery’[Mesh]) AND ("Free
Tissue Flaps/adverse effects'[Mesh] OR "Free Tissue Flaps/statistics
and numerical data"[Mesh] OR "Free Tissue Flaps/surgery"[Mesh] OR
"Free Tissue Flaps/utilization"[Mesh]). A second search for citations
of the same nature was subsequently conducted in PubMed using the
following criteria: (("Free Tissue Flaps/adverse effects"[Mesh] OR
"Free Tissue Flaps/standards"[Mesh] OR "Free Tissue Flaps/statistics
and numerical data”"[Mesh] OR "Free Tissue Flaps/surgery'[Mesh]
OR '"Free Tissue Flaps/therapeutic use'[Mesh] OR "Free Tissue
Flaps/therapy'[Mesh] OR "Free Tissue Flaps/utilization"[Mesh]))
AND "Lower Extremity"[Mesh]. Publications detailing outcomes
from lower extremity amputation were searched in PubMed
using the following terms: ("Lower Extremity/surgery’[Mesh])
AND "Amputation"[Mesh] outcomes; and lower limb amputation
outcomes morbidity mortality. No limits were implemented in any
of the search queries.

Study selection

On November 11, 2018, the authors conducted a search of
published articles in PubMed, Medline, and Embase databases. The
search was conducted with no restrictions. All studies published after
2000 (with one exception) were evaluated. After performing three
subsequent searches, all authors collaboratively assessed the selected
studies in two rounds based on specific search criteria summarized
in Table 1.

If in the first round, inclusion or exclusion criteria could not
be assessed from the title or abstract, the full text was surveyed for
the inclusion or exclusion criteria. All authors were consulted if the
inclusion criteria were not explicitly met, but the study did not meet
any of the exclusion criteria. The reference list of each study was
manually assessed for additional articles that could be included in the
systematic review. Studies selected for review were agreed upon by
all authors.

To be included in this systematic review, a study of patients with
unilateral lower extremity free flap reconstruction or amputation
had to include the number or proportion of patients experiencing
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Table 2: Free flap study characteristics.

Source (Author, Year) Mean Age (SD) Study Size Male/Female Avg. Follow Up (Months) | Defect Size (cm?) Flap Survival (%)
Fischer et al. [10] 46.3 (18.1) 114 94/25 9.2 NR 94.10%
Franco et al. [1] 37.0 (20) 24 1717 29 81 91.70%
Hanasono et al. [23] 60.0 (15) 220 163/57 16.6 150 98.60%
Hashmi et al. [25] 30.5 (NR) 13 NR NR NR 92.30%
Hong et al. [26] 51.4 (NR) 71 50/21 11 92.1 98.60%
Hong et al. [27] 42.8 (NR) 28 2117 18.2 120.2 100%
Hong et al. [28] 47.0 (NR) 79 45/34 12 75.5 96.20%
Kim et al. [31] 62.8 (NR) 16 12/4 12 NR 86.70%
Kim et al. [32] 42.0 (NR) 12 111 18 NR 100%
Kim et al. [33] 57.0 (NR) 16 13/3 11.8 741 93.80%
Kim et al. [34] 52.3 (NR) 12 05/7 12.7 NR 100%
Knobloch et al. [35] 53.0 (17) 75 NR NR NR 94.70%
Liu et al. [37] 38.0 (NR) 24 1717 22 NR 100%
Maruccia et al. [39] 48.0 (NR) 4 NR NR 233.5 100%
Olivan et al. [44] 56.0 (13.55) 25 14/11 NR NR 92%
Osiogo et al. [45] 60.2 (NR) 45 25/20 27 NR 88.90%
Ozkan et al. [46] 39.4 (NR) 31 2417 NR 194.9 96.80%
Ulucay et al. [51] 30.5 (NR) 13 08/5 23 203.3 92.30%
Philandrianos et al. [47] 36.1(10.9) 27 NR 29.6 78.7 92.60%
Philandrianos et al. [47] 40.1 (19.4) 20 NR 38 94.4 95%
Spector et al. [49] 42.0 (NR) 26 21/5 NR NR 96.40%
Van Landuyt et al. [52] 41.4 (NR) 24 15/9 NR NR 95.80%
Yildirim et al. [56] 35.0 (NR) 21 19/2 NR NR 95.20%
Kaminsky et al. [30] 45.0 (NR) 19 17/2 NR 131.9 89.50%
Xu et al. [54] 34.0 (NR) 82 58/24 30 NR 98.80%
Venkatramani et al. [53] 33.2 (NR) 19 18/1 NR 256.4 94.70%
Venkatramani et al. [53] 34.2 (NR) 13 121 NR 3735 100%
Totals - 1073 679/260 - - -

*NR: Not Reported

a specific outcome. Studies including redo operations, and studies
detailing free flap reconstruction that did not report outcomes by free
flap donor site, but grouped them together, were excluded.

The methodological quality of studies included in this systematic
review was assessed using the Cochrane Collaboration’s tool for
assessing the risk of bias. The quality of this systematic review was
assessed using the PRISMA checklist.

Data collection

Data from each free flap study were extracted into a form with the
following parameters: Primary author, publication year, study design,
number of patients, mean age, mean BMI, flap type assessed by each
study, time to operate, pain values, ambulatory outcomes, quality of
life assessment scores, time to follow up, flap survival, average defect
size, all listed complications and rates, hospital days, and duration
of surgery. Data from each amputation study were extracted into a
form with the following parameters: Primary author, publication
year, study design, number of patients, mean age, mean BMI, AKA
or BKA, time to operate, pain values, ambulatory outcomes, time
to formalization, indications for amputation, comorbid conditions,
quality of life assessment scores, time to follow up, all listed
complications and rates, hospital days, and duration of surgery.

Statistical analysis

Statistical analysis was performed using Microsoft Excel 2016
(Microsoft, Redmond, WA). Outcomes were evaluated using student’s
t-test, chi square test, and relative risk analysis with a p-value <0.05
considered significant in this study.

Results

The initial broad search of the databases (PubMed, Embase, and
Medline) yielded 3999 citations. Results of secondary search less
primary exclusion criteria then returned 726 unique manuscripts,
of which 65 were selected as candidates for full-text review based
on assessments of titles, abstracts, and keywords. Following full-
text review, 46 studies were selected for inclusion in the meta-
analysis based on secondary inclusion and exclusion criteria (Figure
1). Characteristics of the selected studies included study design,
number of patients, mean age, mean BMI, average follow-up, defect
size (free flap studies), flap survival (free flap studies), Below-the-
Knee (BKA) or Above-the-Knee (AKA) amputation (amputation
studies), and 30-day mortality (amputation studies) (Table 2 and 3).
Reported outcomes for free flap studies include flap characteristics,
time to operate, ambulation, Quality of Life (QoL), time to follow-
up, flap survival, defect size, complications, surgery duration and any
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Table 3: Amputation study characteristics.

Source (Author, Year) Mean Age (SD) Study Size Male / Female Avg. Follow Up (Months) 30 Day Mortality (%)
Morse et al. [41] 63 (NR) 50 25/25 33 6.00%
Gifford et al. [22] 54.5 (NR) 55 4114 3.3 0.00%
Snyder et al. [48] 67 (NR) 81 NR NR 3.70%
Monaro et al. [40] 78.3 (NR) 25 15/10 NR 12.00%
Ploeg et al. [2] 73 (NR) 97 49/48 25.7 11.40%
Nelson et al. [43]JAKA 70.5(13.3) 4032 2946/1086 NR 12.80%
Nelson et al. [43] BKA 65 (13.7) 5336 3527/1809 NR 6.50%
Yamada et al. [55] 73.2(11.9) 8565 5435/3130 NR 6.40%
Nayak et al. [42] 71(11.8) 81 47/34 3 21.00%
Toursarkissian et al. [50] 70 (11) 99 99/0 10 8.00%
Basu et al. [16] 68.9 (NR) 75 47/28 12 10%
Chuetal. [17] 69.3 (9.4) 245 145/100 60 NR
Cruz et al. [4] 68.6 (0.6) 229 221/8 NR 18.90%
Finch et al. [20] 72.2 (NR) 133 NR 30 15%
Fortington et al. [21] 741 (11.2) 199 178/121 NR 22%
Hasanadka et al. [24] NR 4250 2521/1729 1 9.60%
Jordan et al. [29] 73 (NR) 122 72/50 42 15.30%
Lim et al. [36] 70.1 (14.3) 87 67/20 40.2 10.10%
Mckenzie et al. [38] 35.2(13.3) 161 135/26 24 NR
Bosse et al. [13] 35.2 (NR) 161 130/31 24 NR
Corey et al. [18] 67.1(11) 190 NR NR 7.40%
Feinglass et al. [19] 67.9 (NR) 4061 4061/0 32 10.00%
Totals - 28334 19761/8269 - -

*NR: Not Reported

secondary operations (Table 4). Reported outcomes for amputation
studies included length of hospital stay, QoL assessment, time to
amputation, indication to amputation, post-operative mobility,
time to follow-up, and any associated complications (Table 5)
[1,2,4,10,13,16-56].

Outcome reporting diversity: Microsurgical studies

Of those studies included in this review, 27 reported outcomes of
free flap reconstruction of the lower extremity. The only characteristic
universally reported was the flap type used in the reconstruction
of patients included in the study. Furthermore, post-surgical
complications and flap-survival were also reported by the clear
majority of studies (93% and 96% respectively). Time to follow-up
was reported by 74% of the included studies.

In contrast, 22% of studies reported the time it took to operate,
19% reported post-operative ambulation, and only 19% reported
patient QoL. Of the 6 studies that reported QoL, surveys and scoring
systems were unique to each. Furthermore, no attempt was made
to justify the use of specific QoL indices used by these studies.
Although 93% reported post-surgical complications, many of which
included reoperation, only 63% characterized the nature of secondary
operations.

Outcome reporting diversity: Amputation studies

Diversity of outcomes reported by the 22 amputation studies
was also investigated. No single study characteristic or outcome
was universally reported by those studies included in this review.
Specificity of AKA/BKA and post-operative complications were

Primary Search Results
Identified - Pubmed, Embase,
and Medline Databases
(n=3999).

Secondary Search
Results, Less Exclusion
Criteria (n=726).

Records Screened by
‘ Title and Abstract = Records Excluded (n=661).

@=726).

Full text articles assessed for
inclusion and exclusioncriteria
(n=65).

Records Exluded (n=19).

Data Not Extractable (a=14).
Full Text Not Available (a=5).

Total Studies Included
(n=46)

Figure 1: Flowchart depicting the stepwise approach for the identification of
studies with a research theme of patients with unilateral lower extremity free
flap reconstruction or amputation included in this review.

reported by 95% of these studies.

Similar to microsurgical intervention reporting practices, 14%
reported QoL outcomes, 9% reported time to amputate, 27% reported
post-operative mobility, and 36% reported time to follow-up with
their patients.

Meta-analysis

Two key study characteristics were reported by both free flap and
amputation prospective and retrospective cohort studies: Length of
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Table 4: Diversity of reported outcomes among free flap reconstruction studies included in this review.

Source Flap Time to Ambulation QoL Time to FIap Defect Complications Surggry Secongary

(Author, Year) Type Operate Follow-Up Survival Size Duration Operations
Fischer et al. [10] X X X X X
Franco et al. [1] X X X X X X
Hanasono et al. [23] X X X X X X
Hashmi et al. [25] X X X
Hong et al. [26] X X X X
Hong et al. [27] X X X
Hong et al. [28] X X X X
Kim et al. [31] X X X X X X X
Kim et al. [32] X X X X X
Kim et al. [33] X X X X X X X
Kim et al. [34] X X X X X
Knobloch et al. [35] X X X X
Liu et al. [37] X X X X X X X
Maruccia et al. [39] X X X X X
Olivan et al. [44] X X X X X X X
Osiogo et al. [45] X X X X X
Ozkan et al. [46] X X X X
Ulucay et al. [51] X X X X X X X
Zlhi;z;;jrianos et X X X X X X X X
:Fi[l:;]drianos et X X X X X X X X
Spector et al. [49] X X X X X X
;;a;r; Landuyt et al. X X X
Yildirim et al. [56] X X X X
Kaminsky et al. [30] X X X X X X
Xu et al. [64] X X X X X
\allt.arE;(;tramanf et X X X X X
;/Iv.arllsk:z:]tramanl et X X X X X
Totals (%) (%g);) 6/27 (22%) | 527 (19%) (i’;%;) 20127 (74%) 26127 (96%) (133/07) 25/27 (93%) 3/27 (11%) 17/27 (63%)

*NR: Not Reported

hospital stay and time to operate.

Hospital length of stay (LOS)

Seven studies were analyzed reporting the average number of
hospital days in those patients that underwent free flap reconstruction
of the lower extremity. This represented data on a total of 183 patients.
A high level of heterogeneity was observed in the seven studies with
respect to length of hospital stay with the assumption that a fixed-
effect model fits the data (I12=88%, Q=33.64). However, with the
assumption of a random-effect model, a milder level of heterogeneity
was observed (I2v=54%, Qv=8.68). The mean number of hospital
days across these seven studies was reported to be 23.36 (95% CI,
13.32 to 33.41) in patients with free flap reconstruction (Figure 2a).

In addition, nine studies were analyzed reporting the average
number of hospital days in those patients that underwent amputation
of their lower extremity (BKA or AKA). This represented data on
a total of 555 patients prospectively followed and 8565 patients
retrospectively analyzed by Yamada et al. [55]. A high level of
heterogeneity was observed in the nine studies with respect to length of
hospital stay with an assumed fixed-effect model (12=88%, Q=33.64).

In addition, assuming a random-effects model demonstrated a similar
level of heterogeneity across these studies (12v=54%, Qv=8.68). The
mean number of hospital days was reported to be 32.19 (95% CI, 17.35
to 47.04) in patients with an amputated limb (Figure 2b). Intra-study
ranges of hospital days were not reported by four studies; therefore, a
standard deviation was used to assess confidence intervals.

Time to operate (TTO)

A total of 5 studies were investigated reporting TTO outcomes of
free flap reconstruction. This represented data on 81 patients across
all five studies. Heterogeneity was observed using both a fixed and
random effects model (12=88%, Q=33.64; 12v=54%, Qv=_8.68). The
mean time to operate was reported at 19.76 days (95% CI, 12.35 to
27.18) in patients undergoing a free flap reconstruction of the lower
extremity (Figure 2¢). An additional two studies reported the time to
operate on patients undergoing amputation.

Both Lim et al. [36] and Monaro et al. [40] reported a mean time
to operate of 11 days (SD=15). A confidence interval of reported
outcomes could not be calculated for the Monaro et al. [40] study, as
standard deviations and individual outcomes were not reported. Even
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Table 5: Diversity of reported outcomes among amputation studies included in this review.
Source AKA/BKA Hospital Sta QoL Time to Indication to Mobilit Time to
(Author, Year) Specified P Y Amputate Amputate Y Follow-Up

Morse et al. [41] X X X

Complications

Gifford et al. [22] X

Snyder et al. [48] X

Monaro et al. [40] X X

X | X | X | X

Ploeg et al. [2]

Nelson et al. [43]AKA

Nelson et al. [43] BKA

x
X | X | X | X | X XX

Yamada et al. [55]

Nayak et al. [42]

Toursarkissian et al.
[50]
Basu et al. [16]

Chuetal. [17]

X | X X | X | X|X
X

Cruz et al. [4]

Finch et al. [20]

Fortington et al. [21]

Hasanadka et al. [24]

Jordan et al. [29]
Lim et al. [36]
Mckenzie et al. [38]
Bosse et al. [13]

X | X X X X X | X X|X| X | X X X X X XX

x
X | X X X | X X | X|X X X X X

Corey et al. [18]

>
X | X X | X | X | X
x

Feinglass et al. [19] X X

Totals (%) 21/22 (95%) 7122 (32%) | 3/22 (14%) 2122 (9%) 17122 (77%) 6/22 (27%) 8/22 (36%) 21/22 (95%)
*NR: Not Reported

Table 6: Relative risk of experiencing an adverse event peri- or post-operatively among those patients that underwent either free flap reconstructive surgery or lower
extremity amputation.

Adverse Events No./Total Patients - Free Flap No./Total No. Participants- Amputation Relative Risk

Infection 29/1073 1614/28334 0.47
Osteomyelitis 52/1073 4/28334 343.28
Hematoma/Bleeding 15/1073 103/28334 3.85
Ulceration 1711073 143/28334 3.14
Venous Thrombosis 6/1073 81/28334 1.96
Reoperation/Second Amputation 66/1073 1929/28334 0.9
Total Flap Loss 27/1073 NR -
Partial Flap Loss 45/1073 NR -
Partial Skin Site/Flap Loss 18/1073 NR -
Vascular Compromise 26/1073 NR -
Seroma 14/1073 NR -
Postoperative Amputation 14/1073 NR -
Flap Remodeling 34/1073 NR -
Vascular Remolding 33/1073 NR -
Pneumonia NR 492/29334 -
Sepsis NR 1657/28334 -
Stroke NR 259/28334 -
Pulmonary Embolism NR 93/28334 -
Cardiac Events (CHF, MI, Cardiac Arrest) NR 822/28334 -
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Figure 2d.
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Figure 2: (a) Dot plot depicting the results of the meta-analysis of hospital length of stay (LOS) among patients treated with microsurgical free flap reconstruction
of the lower extremity (b) Dot plot depicting the results of the meta-analysis of hospital LOS among patients treated by amputation of the lower extremity (c) Dot

plot depicting the results of the meta-analysis of time to operate (TTO) among patients treated with microsurgical free flap reconstruction of the lower extremity
(d) Dot plot depicting the results of the meta-analysis of TTO among patients treated by amputation of the lower extremity, with a distribution of absolute values

around the central tendency.

so, with the currently available data, a mean time to operate of 11 days
was reported for those patients requiring amputation (Figure 2d).
Heterogeneity was observed using both a fixed and random effects
model across the two studies that reported time to operate (12=88%,
Q=33.64; 12v=54%, Qv=8.68).

Adverse events

In this study, data was collected to demonstrate the relative risk
of experiencing adverse events common to both amputation and
reconstructive free flap operations. These results are summarized in
Table 6.

Discussion

It is evident from the results of this review that there is a large
dichotomy in reporting standards for those studies that investigates
outcomes of free flap reconstruction or amputation of lower
extremity injuries. It was found that very important characteristics
and outcomes such as time it took to operate, post-operative
ambulation, and patient quality of life indices were not reported by

the vast majority of both amputation and free flap studies. Even so,
several studies have shown that within 24 months of reconstruction
or amputation, ambulatory outcomes are largely the same across
these broad cohorts [57,58]. In light of this evidence it has still not
been established whether or not there are significant differences in
quality of life among these patients. Currently, it is very difficult to
find a clinical need to reconstruct the limb rather than to amputate
other than patient or physician preferences and any immediate
medical indications [58-60]. It is therefore important that future
studies investigating the outcomes of their primarily reconstructed
or amputated patients, should collect quality of life indices. This may
provide future guidelines for choosing between these two seemingly
equivalent treatment options.

Furthermore, several studies have guided insights into those
data that should be reported in the assessment of patients with a
reconstructed limb or lower extremity amputation [13,58,59,61,62].
These include quality of life, long term ambulatory outcomes,
operating time, time to operate, and hospital length of stay. It is well
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established that quality of life and ambulation should be a standard
assessment in these patients. In situations where there is no clear
medical indication to reconstruct or amputate the limb, data on
post-operative QoL and ambulatory outcomes are necessary in
order to improve overall patient outcomes and satisfaction following
traumatic lower extremity injuries. It has also been hypothesized
that length of operation, hospital stay, and time to operate may all
significantly affect post-operative ambulatory outcomes and quality
of life in these patients [7,38,57-59]. For example, a longer hospital
stay may increase the risk of infection and decrease quality of life in
the patient [63]. Additionally, a longer time to operate may introduce
the patient to similar risk factors that may lead to increased morbidity
[64]. Length of operation has both clinical implications and cost
implications for all stakeholders- patients, physicians, and hospitals
[57].

In this meta-analysis, time to operate was significantly longer
in free flap reconstruction cases (p=0.041) than in those patients
undergoing amputation using a one-tailed t-test. This may poorly
affect outcomes in these patients, exposing them to pre-operative
risk factors such as infection, bleeding, venous thromboembolism,
vascular compromise, sepsis, stroke, cardiac events, and postoperative
pulmonary embolism [58,60,65]. Unfortunately the nature of these
injuries often requires a period for stabilization from a critical care
or trauma standpoint and several trips to the OR for debridement
while the crush and vascular injuries declare themselves allowing for
adequate debridement of necrotic or diseased tissues.

Interestingly, the mean number of hospital days was reported to
be only 23.36 days in free flap patients and it was significantly higher
in amputation patients (32.19 days, p=0.046). This may be due to the
differences in medical morbidity in these patients.

Amputees may require more medical stabilization if for instance
the amputation was due to severe sepsis or diabetic complications
compared to a young healthy trauma patient. Regardless, longer
hospital stays expose amputation patients to significant post-
operative risk factors. As demonstrated by several studies, these
risk factors may be more detrimental to overall patient ambulatory
outcomes and quality of life, than the pre-operative risks associated
with a longer time to operate.

The results of this meta-analysis are fairly complicated. If all
patient cohorts were identical, then this would be clear data in
favor of free flap reconstruction in all eligible patients, under the
assumption of time to operate and hospital Length of Stay (LOS) as
the only significant attenuating factors. These findings are contrary to
popular belief that amputation results in an overall shorter hospital
stay and may have broad implications in trauma surgery.

When looking closely at the values of heterogeneity (12, Q, I12v,
Qv) across all four meta- analyses performed, a random-effect model
demonstrated to be more viable. This supports the fact that TTO and
hospital LOS are certainly not the only factors that influence post-
operative outcomes in these patients. It has been well-documented
in the literature that a plethora of different factors may all contribute
to postoperative morbidity in patients with a reconstructed lower
limb or amputation of the limb; many of which are unique to the
surgical route chosen [7,13,38,58,59,62,65]. Therefore, although it is
important to recognize the role of TTO and LOS in overall patient
outcomes, there are many other factors at play that could not be
differentiated by the study.

Despite a very thorough and comprehensive review of the
literature, this meta-analysis presents with some significant
limitations. Meta-analyses are limited by the quality of the studies
used for the statistical comparisons. Since randomized control trials
could not be found that directly compared the clinical characteristics
and outcomes of amputation and lower extremity reconstruction,
there was no appropriate level one evidence to include in the analysis.
Other limitations presented in association with the variability of the
studies included in this analysis, and the unreliability of 12 values
calculated when conducting a small meta-analysis of level two
studies [60]. To increase the statistical power, retrospective studies
were included in addition to the prospective cohort studies that were
investigated. All of the studies had a non-randomized design and
therefore could have contributed to the heterogeneity observed in the
meta-analyses conducted.

In addition, outcomes are always reported differently, especially
in retrospective studies, and as demonstrated by the results of the
review of the literature herein. As such, it was extremely difficult
to homogenize the outcomes, and outcomes of time to operate
and mean hospital days were the only possible variables to analyze.
Understandably, as many pre- and post-operative characteristics
should be examined, however the literature was limited due to the
diversity of reporting standards across all included studies.

Notwithstanding these limitations, this study may serve as a
guide to plastic surgeons for both clinical decision making and the
development of further studies to better identify patients that would
most benefit from free flap reconstruction or amputation of the lower
limb.

Conclusion

Based on the results of this meta-analysis, free flap reconstruction
was favorable for reducing the post-operative risks associated with
length of stay in the hospital. These results are contrary to popular
belief and thus must be incorporated into clinical decision-making
models when trying to elect limb salvage or amputation in the setting
of lower extremity trauma.

Furthermore, results of a comprehensive review of the
literature demonstrate a significant diversity in reporting practices
among studies that investigate clinical outcomes of both free flap
reconstruction of the lower limbs and lower extremity amputation.
It is critical that future studies include data on quality of life indices,
ambulatory outcomes, and hospital length of stay, time to operate,
and time to amputate. A universally accepted reporting standard
may strengthen the literature and help future clinicians in situations
that require surgical intervention with no clear medical indication
between either free flap reconstruction or major amputation.

References

1. Franco M]J, Nicoson MC, Parikh RP, Tung TH. Lower extremity
reconstruction with free gracilis flaps. ] Reconstr Microsurg.
2017;33(3):218-24.

2. Ploeg AJ, Lardenoye JW, Vrancken Peeters MP, Breslau PJ. Contemporary
series of morbidity and mortality after lower limb amputation. Eur J Vasc
Endovasc Surg. 2005;29(6):633-7.

3. Ziegler-Graham K, MacKenzie EJ, Ephraim PL, Travison TG, Brookmeyer
R. Estimating the prevalence of limb loss in the United States: 2005 to
2050. Arch Phys Med Rehabil. 2008;89(3):422-9.

4. Cruz CP, Eidt JF, Capps C, Kirtley L, Moursi MM. Major lower extremity

Remedy Publications LLC.

2020 | Volume 4 | Issue 2 | Article 1056


https://www.ncbi.nlm.nih.gov/pubmed/28024305
https://www.ncbi.nlm.nih.gov/pubmed/28024305
https://www.ncbi.nlm.nih.gov/pubmed/28024305
https://www.ncbi.nlm.nih.gov/pubmed/15878543
https://www.ncbi.nlm.nih.gov/pubmed/15878543
https://www.ncbi.nlm.nih.gov/pubmed/15878543
https://www.ncbi.nlm.nih.gov/pubmed/18295618
https://www.ncbi.nlm.nih.gov/pubmed/18295618
https://www.ncbi.nlm.nih.gov/pubmed/18295618
https://www.ncbi.nlm.nih.gov/pubmed/14599605

Ketan M Patel, et al.,

Annals of Plastic and Reconstructive Surgery

10.

1

—

12.

13.

14

15.

16.

17.

18.

19.

20.

2

—

22.

23.

amputations at a Veterans Affairs hospital. Am J Surg. 2003;186(5):449-54.

Feinglass J, Brown JL, LoSasso A, Sohn MW, Manheim LM, Shah §J, et
al. Rates of lower-extremity amputation and arterial reconstruction in the
United States, 1979 to 1996. Am ] Public Health. 1999;89(8):1222-7.

Kazmers A, Perkins AJ, Jacobs LA. Major lower extremity amputation in
Veterans Affairs medical centers. Ann Vasc Surg. 2000;14(3):216-22.

Pezzin LE, Dillingham TR, MacKenzie E]J. Rehabilitation and the long-
term outcomes of persons with trauma-related amputations. Arch Phys
Med Rehabil. 2000;81(3):292-300.

Conway BN, Han X, Munro HM, Gross AL, Shu XO, Hargreaves MK, et
al. The obesity epidemic and rising diabetes incidence in a low-income
racially diverse southern US cohort. PLoS One. 2018;13(1):0190993.

Xiong L, Gazyakan E, Kremer T, Hernekamp FJ, Harhaus L, Saint-Cyr M,
et al. Free flaps for reconstruction of soft tissue defects in lower extremity:
A meta-analysis on microsurgical outcome and safety. Microsurgery.
2016;36(6):511-24.

Fischer JP, Wink JD, Nelson JA, Cleveland E, Grover R, Wu LC, et al. A
retrospective review of outcomes and flap selection in free tissue transfers
for complex lower extremity reconstruction. J Reconstr Microsurg.
2013;29(6):407-16.

. Whittaker JD, Tullett R, Patel N, Newman J, Garnham A, Wall M. Short-

term mortality, morbidity and recovery milestones after major lower limb
amputation: A prospective evaluation of outcomes in a tertiary center.
Ann Vasc Surg. 2019;56:261-73.

Penn-Barwell JG. Outcomes in lower limb amputation following trauma:
A systematic review and meta-analysis. Injury. 2011;42(12):1474-9.

Bosse MJ, MacKenzie EJ, Kellam JF, Burgess AR, Webb LX, Swiontkowski
MF, et al. An analysis of outcomes of reconstruction or amputation after
leg-threatening injuries. N Engl ] Med. 2002;347(24):1924- 31.

. Nehler MR, Coll JR, Hiatt WR, Regensteiner JG, Schnickel GT, Klenke

WA, et al. Functional outcome in a contemporary series of major lower
extremity amputations. ] Vasc Surg. 2003;38(1):7-14.

Lange RH. Limb reconstruction versus amputation decision making in
massive lower extremity trauma. Clin Orthop Relat Res. 1989(243):92-9.

Basu NN, Fassiadis N, Mclrvine A. Mobility one year after unilateral lower
limb amputation: A modern, UK institutional report. Interact Cardiovasc
Thorac Surg. 2008;7(6):1024-6.

Chu Y], Li XW, Wang PH, Xu J, Sun HJ, Ding M, et al. Clinical outcomes
of toe amputation in patients with type 2 diabetes in Tianjin, China. Int
Wound J. 2016;13(2):175-81.

Corey MR, Julien JS, Miller C, Fisher B, Cederstrand SL, Nylander WA,
et al. Patient education level affects functionality and long term mortality
after major lower extremity amputation. Am J Surg. 2012;204(5):626-30.

Feinglass J, Pearce WH, Martin GJ, Gibbs J, Cowper D, Sorensen M, et al.
Postoperative and late survival outcomes after major amputation: Findings
from the Department of Veterans Affairs National Surgical Quality
Improvement Program. Surgery. 2001;130(1):21-9.

Finch DR, Macdougal M, Tibbs D], Morris PJ. Amputation for
vascular disease: the experience of a peripheral vascular unit. Br J Surg.
1980;67(4):233-7.

. Fortington LV, Geertzen JH, van Netten JJ, Postema K, Rommers GM,

Dijkstra PU. Short and long term mortality rates after a lower limb
amputation. Eur ] Vasc Endovasc Surg. 2013;46(1):124-31.

Gifford E, Anthony C, Kaji AH, de Virgilio C, Kim DY, Plurad DS.
Unrecognized arteriosclerosis is associated with wound complications
after below-knee amputation. Ann Vasc Surg. 2015;29(2):266-71.

Hanasono MM, Skoracki RJ, Yu P. A prospective study of donor-site
morbidity after anterolateral thigh fasciocutaneous and myocutaneous

24.

25.

26.

27.

28.

29.

30.

3

—

32.

33.

34,

3

wu

36.

37.

38.

39.

40.

4

—

42,

43.

free flap harvest in 220 patients. Plast Reconstr Surg. 2010;125(1):209-14.

Hasanadka R, McLafferty RB, Moore CJ, Hood DB, Ramsey DE, Hodgson
KJ. Predictors of wound complications following major amputation for
critical limb ischemia. ] Vasc Surg. 2011;54(5):1374-82.

Hashmi PM. An experience with free scapular flap for reconstruction of
lower extremity defects at Aga Khan University Hospital Karachi. ] Ayub
Med Coll Abbottabad. 2004;16(1):54-7.

Hong JP. Reconstruction of the diabetic foot using the anterolateral thigh
perforator flap. Plast Reconstr Surg. 2006;117(5):1599-608.

Hong JP, Shin HW, Kim JJ, Wei F-C, Chung YK. The use of anterolateral
thigh perforator flaps in chronic osteomyelitis of the lower extremity. Plast
Reconstr Surg. 2005;115(1):142-7.

Hong JP, Sun SH, Ben-Nakhi M. Modified superficial circumflex iliac
artery perforator flap and supermicrosurgery technique for lower
extremity reconstruction: A new approach for moderate-sized defects.
Ann Plast Surg. 2013;71(4):380-3.

Jordan RW, Marks A, Higman D. The cost of major lower limb amputation:
A 12- year experience. Prosthet Orthot Int. 2012;36(4):430-4.

Kaminsky AJ, Li SS, Copeland-Halperin LR, Miraliakbari R. The vastus
lateralis free flap for lower extremity gustilo grade III reconstruction.
Microsurgery. 2017;37(3):212-7.

.Kim JY, Lee Y]J. A study of the survival factors of free flap in older diabetic

patients. ] Reconstr Microsurg. 2007;23(7):373-80.

Kim SW, Kim KN, Hong JP, Park SW, Park CR, Yoon CS. Use of the
chimeric anterolateral thigh free flap in lower extremity reconstruction.
Microsurgery. 2015;35(8):634-9.

Kim SW, Youn DH, Hwang KT, Sung IH, Kim JT, Kim YH. Reconstruction
of the lateral malleolus and calcaneus region using free thoracodorsal
artery perforator flaps. Microsurgery. 2016;36(3):198-205.

Kim SW, Youn S, Do Kim J, Kim JT, Hwang KT, Kim YH. Reconstruction
of extensive lower limb defects with thoracodorsal axis chimeric flaps.
Plast Reconstr Surg. 2013;132(2):470-9.

. Knobloch K, Herold C, Vogt PM. Free latissimus dorsi flap transfer for

reconstruction of soft tissue defects of the lower extremity. Oper Orthop
Traumatol. 2012;24(2):122-30.

Lim TS, Finlayson A, Thorpe JM, Sieunarine K, Mwipatayi BP, Brady
A, et al. Outcomes of a contemporary amputation series. ANZ J Surg.
2006;76(5):300-5.

Liu L, Cao X, Zou L, Li Z, Cao X, Cai J. Extended anterolateral thigh flaps
for reconstruction of extensive defects of the foot and ankle. PLoS One.
2013;8(12):e83696.

MacKenzie EJ, Bosse MJ, Castillo RC, Smith DG, Webb LX, Kellam JF,
et al. Functional outcomes following trauma-related lower-extremity
amputation. ] Bone Joint Surg Am. 2004;86(8):1636-45.

Maruccia M, Orfaniotis G, Ciudad P, Nicoli F, Cigna E, Giudice G, et
al. Application of extended bi-pedicle anterolateral thigh free flaps for
reconstruction of large defects: A case series. Microsurgery. 2018;38(1):26-
33.

Monaro S, West S, Gullick J. Patient outcomes following lower leg major
amputations for peripheral arterial disease: A series review. ] Vasc Nurs.
2017;35(2):49-56.

. Morse BC, Cull DL, Kalbaugh C, Cass AL, Taylor SM. Through-knee

amputation in patients with peripheral arterial disease: A review of 50
cases. ] Vasc Surg. 2008;48(3):638-43.

Nayak RK, Kirketerp-Moller K. Preoperative blood glucose and prognosis
in diabetic patients undergoing lower extremity amputation. Dan Med J.
2016:63(4).

Nelson MT, Greenblatt DY, Soma G, Rajimanickam V, Greenberg CC,

Remedy Publications LLC.

2020 | Volume 4 | Issue 2 | Article 1056


https://www.ncbi.nlm.nih.gov/pubmed/14599605
https://www.ncbi.nlm.nih.gov/pubmed/10432910
https://www.ncbi.nlm.nih.gov/pubmed/10432910
https://www.ncbi.nlm.nih.gov/pubmed/10432910
https://www.ncbi.nlm.nih.gov/pubmed/10796952
https://www.ncbi.nlm.nih.gov/pubmed/10796952
https://www.ncbi.nlm.nih.gov/pubmed/10724073
https://www.ncbi.nlm.nih.gov/pubmed/10724073
https://www.ncbi.nlm.nih.gov/pubmed/10724073
https://www.ncbi.nlm.nih.gov/pubmed/29324894
https://www.ncbi.nlm.nih.gov/pubmed/29324894
https://www.ncbi.nlm.nih.gov/pubmed/29324894
https://www.ncbi.nlm.nih.gov/pubmed/26731718
https://www.ncbi.nlm.nih.gov/pubmed/26731718
https://www.ncbi.nlm.nih.gov/pubmed/26731718
https://www.ncbi.nlm.nih.gov/pubmed/26731718
https://www.ncbi.nlm.nih.gov/pubmed/23599213
https://www.ncbi.nlm.nih.gov/pubmed/23599213
https://www.ncbi.nlm.nih.gov/pubmed/23599213
https://www.ncbi.nlm.nih.gov/pubmed/23599213
https://www.ncbi.nlm.nih.gov/pubmed/30342210
https://www.ncbi.nlm.nih.gov/pubmed/30342210
https://www.ncbi.nlm.nih.gov/pubmed/30342210
https://www.ncbi.nlm.nih.gov/pubmed/30342210
https://www.ncbi.nlm.nih.gov/pubmed/21831371
https://www.ncbi.nlm.nih.gov/pubmed/21831371
https://www.ncbi.nlm.nih.gov/pubmed/12477942
https://www.ncbi.nlm.nih.gov/pubmed/12477942
https://www.ncbi.nlm.nih.gov/pubmed/12477942
https://www.ncbi.nlm.nih.gov/pubmed/12844082
https://www.ncbi.nlm.nih.gov/pubmed/12844082
https://www.ncbi.nlm.nih.gov/pubmed/12844082
https://www.ncbi.nlm.nih.gov/pubmed/2656037
https://www.ncbi.nlm.nih.gov/pubmed/2656037
https://www.ncbi.nlm.nih.gov/pubmed/18718957
https://www.ncbi.nlm.nih.gov/pubmed/18718957
https://www.ncbi.nlm.nih.gov/pubmed/18718957
https://www.ncbi.nlm.nih.gov/pubmed/24629051
https://www.ncbi.nlm.nih.gov/pubmed/24629051
https://www.ncbi.nlm.nih.gov/pubmed/24629051
https://www.ncbi.nlm.nih.gov/pubmed/22906244
https://www.ncbi.nlm.nih.gov/pubmed/22906244
https://www.ncbi.nlm.nih.gov/pubmed/22906244
https://www.ncbi.nlm.nih.gov/pubmed/11436008
https://www.ncbi.nlm.nih.gov/pubmed/11436008
https://www.ncbi.nlm.nih.gov/pubmed/11436008
https://www.ncbi.nlm.nih.gov/pubmed/11436008
https://www.ncbi.nlm.nih.gov/pubmed/7388300
https://www.ncbi.nlm.nih.gov/pubmed/7388300
https://www.ncbi.nlm.nih.gov/pubmed/7388300
https://www.ncbi.nlm.nih.gov/pubmed/23628328
https://www.ncbi.nlm.nih.gov/pubmed/23628328
https://www.ncbi.nlm.nih.gov/pubmed/23628328
https://www.ncbi.nlm.nih.gov/pubmed/25433284
https://www.ncbi.nlm.nih.gov/pubmed/25433284
https://www.ncbi.nlm.nih.gov/pubmed/25433284
https://www.ncbi.nlm.nih.gov/pubmed/19910852
https://www.ncbi.nlm.nih.gov/pubmed/19910852
https://www.ncbi.nlm.nih.gov/pubmed/19910852
https://www.ncbi.nlm.nih.gov/pubmed/21840153
https://www.ncbi.nlm.nih.gov/pubmed/21840153
https://www.ncbi.nlm.nih.gov/pubmed/21840153
https://www.ncbi.nlm.nih.gov/pubmed/15125184
https://www.ncbi.nlm.nih.gov/pubmed/15125184
https://www.ncbi.nlm.nih.gov/pubmed/15125184
https://www.ncbi.nlm.nih.gov/pubmed/16641732
https://www.ncbi.nlm.nih.gov/pubmed/16641732
https://www.ncbi.nlm.nih.gov/pubmed/15622244
https://www.ncbi.nlm.nih.gov/pubmed/15622244
https://www.ncbi.nlm.nih.gov/pubmed/15622244
https://www.ncbi.nlm.nih.gov/pubmed/23187712
https://www.ncbi.nlm.nih.gov/pubmed/23187712
https://www.ncbi.nlm.nih.gov/pubmed/23187712
https://www.ncbi.nlm.nih.gov/pubmed/23187712
https://www.ncbi.nlm.nih.gov/pubmed/22440579
https://www.ncbi.nlm.nih.gov/pubmed/22440579
https://www.ncbi.nlm.nih.gov/pubmed/26559177
https://www.ncbi.nlm.nih.gov/pubmed/26559177
https://www.ncbi.nlm.nih.gov/pubmed/26559177
https://www.ncbi.nlm.nih.gov/pubmed/17975767
https://www.ncbi.nlm.nih.gov/pubmed/17975767
https://www.ncbi.nlm.nih.gov/pubmed/26367857
https://www.ncbi.nlm.nih.gov/pubmed/26367857
https://www.ncbi.nlm.nih.gov/pubmed/26367857
https://www.ncbi.nlm.nih.gov/pubmed/25732603
https://www.ncbi.nlm.nih.gov/pubmed/25732603
https://www.ncbi.nlm.nih.gov/pubmed/25732603
https://www.ncbi.nlm.nih.gov/pubmed/23897343
https://www.ncbi.nlm.nih.gov/pubmed/23897343
https://www.ncbi.nlm.nih.gov/pubmed/23897343
https://www.ncbi.nlm.nih.gov/pubmed/22446843
https://www.ncbi.nlm.nih.gov/pubmed/22446843
https://www.ncbi.nlm.nih.gov/pubmed/22446843
https://www.ncbi.nlm.nih.gov/pubmed/16768686
https://www.ncbi.nlm.nih.gov/pubmed/16768686
https://www.ncbi.nlm.nih.gov/pubmed/16768686
https://www.ncbi.nlm.nih.gov/pubmed/24376731
https://www.ncbi.nlm.nih.gov/pubmed/24376731
https://www.ncbi.nlm.nih.gov/pubmed/24376731
https://www.ncbi.nlm.nih.gov/pubmed/15292410
https://www.ncbi.nlm.nih.gov/pubmed/15292410
https://www.ncbi.nlm.nih.gov/pubmed/15292410
https://www.ncbi.nlm.nih.gov/pubmed/27991695
https://www.ncbi.nlm.nih.gov/pubmed/27991695
https://www.ncbi.nlm.nih.gov/pubmed/27991695
https://www.ncbi.nlm.nih.gov/pubmed/27991695
https://www.ncbi.nlm.nih.gov/pubmed/28527727
https://www.ncbi.nlm.nih.gov/pubmed/28527727
https://www.ncbi.nlm.nih.gov/pubmed/28527727
https://www.ncbi.nlm.nih.gov/pubmed/18586441
https://www.ncbi.nlm.nih.gov/pubmed/18586441
https://www.ncbi.nlm.nih.gov/pubmed/18586441
https://www.ncbi.nlm.nih.gov/pubmed/27034181
https://www.ncbi.nlm.nih.gov/pubmed/27034181
https://www.ncbi.nlm.nih.gov/pubmed/27034181
https://www.ncbi.nlm.nih.gov/pubmed/23021137

Ketan M Patel, et al.,

Annals of Plastic and Reconstructive Surgery

44,

45.

46.

47.

48.

49.

50.

5

—

52.

53.

54.

Kent KC. Preoperative factors predict mortality after major lower-
extremity amputation. Surgery. 2012;152(4):685-694.

Olivan MV, Busnardo FF, Faria JC, Coltro PS, Grillo VA, Gemperli
R. Chimerical anterolateral thigh flap for plantar reconstruction.
Microsurgery. 2015;35(7):546-52.

Osiogo FO, Lai CS, Wang WH, Chye YF, Lin SD. Retrospective review of
free gracilis muscle flaps in the management of nonhealing diabetic foot
ulceration. ] Foot Ankle Surg. 2006;45(4):252-60.

Ozkan O, Coskunfirat OK, Ozgentas HE. The use of free anterolateral
thigh flap for reconstructing soft tissue defects of the lower extremities.
Ann Plast Surg. 2004;53(5):455-61.

Philandrianos C, Moullot P, Gay AM, Bertrand B, Legré R, Kerfant N, et al.
Soft tissue coverage in distal lower extremity open fractures: Comparison
of free anterolateral thigh and free latissimus dorsi flaps. ] Reconstr
Microsurg. 2018;34(2):121-9.

Snyder DC, Salameh J, Clericuzio CP. Retrospective review of forefoot
amputations at a Veterans affairs hospital and evaluation of post-
amputation follow-up. Am J Surg. 2006;192(5):e51-4.

Spector JA, Levine S, Levine JP. Free tissue transfer to the lower extremity
distal to the zone of injury: Indications and outcomes over a 25-year
experience. Plast Reconstr Surg. 2007;120(4):952-9.

Toursarkissian B, Shireman PK, Harrison A, D'Ayala M, Schoolfield
J, Sykes MT. Major lower-extremity amputation: Contemporary
experience in a single Veterans Affairs institution. The American surgeon.
2002;68(7):606-10.

. Ulugay GE, Yildirim S, Aydogdu E, Akéz T. Reconstruction of crush

injuries of the foot dorsum: Is the latissimus dorsi muscle flap a reliable
choice? J Reconstr Microsurg. 2006;22(03):157-66.

Van Landuyt K, Blondeel P, Hamdi M, Tonnard P, Verpaele A, Monstrey
S. The versatile DIEP flap: Its use in lower extremity reconstruction. Br J
Plast Surg. 2005;58(1):2-13.

Venkatramani H, Sabapathy SR, Nayak S. Free-flap cover of complex
defects around the knee using the descending genicular artery as the
recipient pedicle. ] Plast Reconstr Aesthet Surg. 2014;67(1):93-8.

Xu Xy, Zhu Y, Liu Jh. Reconstruction of soft tissue defects of the lower
limb using the free serratus anterior flap. Orthop Surg. 2009;1(2):113-20.

55.

5

5

58.

59.

60,

61.

62.

6

w

64.

65.

o

N

Yamada K, Yasunaga H, Kadono Y, Chikuda H, Ogata T, Horiguchi
H, et al. Postoperative outcomes of major lower extremity amputations
in patients with diabetes and peripheral artery disease: Analysis using
the Diagnosis Procedure Combination database in Japan. Am ] Surg.
2016;212(3):446-50.

Yildirim S, Gideroglu K, Akoz T. Anterolateral thigh flap: Ideal free
flap choice for lower extremity soft-tissue reconstruction. ] Reconstr
Microsurg. 2003;19(04):225-34.

Hertel R, Strebel N, Ganz R. Amputation versus reconstruction in traumatic
defects of the leg: Outcome and costs. ] Orthop Trauma. 1996;10(4):223-9.

MacKenzie EJ, Bosse M]J. Factors influencing outcome following limb-
threatening lower limb trauma: Lessons learned from the Lower Extremity
Assessment Project (LEAP). 2006;14(10):S205-10.

MacKenzie EJ, Bosse MJ, Kellam JF, Burgess AR, Webb LX, Swiontkowski
MEF, et al. Factors influencing the decision to amputate or reconstruct after
high-energy lower extremity trauma. ] Trauma. 2002;52(4):641-9.

. Shanmuganathan R. The utility of scores in the decision to salvage or

amputation in severely injured limbs. Indian ] Orthop. 2008;42(4):368.

Ly TV, Travison TG, Castillo RC, Bosse MJ, MacKenzie EJ; LEAP
Study Group. Ability of lower-extremity injury severity scores to
predict functional outcome after limb salvage. ] Bone Joint Surg Am.
2008;90(8):1738-43.

Rounds AD, Burtt KE, Leland HA, Alluri RK, Badash I, Patel KM, et al.
Functional outcomes of traumatic lower extremity reconstruction. J Clin
Orthop Trauma. 2019;10(1):178-81.

. Vegasi AA, Jodra VM, Garcia ML. Nosocomial infection in surgery wards:

A controlled study of increased duration of hospital stays and direct cost
of hospitalization. Eur ] Epidemiol. 1993;9(5):504-10.

Novack V, Jotkowitz A, Etzion O, Porath A. Does delay in surgery after hip
fracture lead to worse outcomes? A multicenter survey. Int ] Qual Health
Care. 2007;19(3):170-6.

MacKenzie EJ, Bosse MJ, Pollak AN, Webb LX, Swiontkowski MF, Kellam
JF, et al. Long-term persistence of disability following severe lower-
limb trauma: Results of a seven-year follow-up. ] Bone Joint Surg Am.
2005;87(8):1801-9.

Remedy Publications LLC.

10

2020 | Volume 4 | Issue 2 | Article 1056


https://www.ncbi.nlm.nih.gov/pubmed/23021137
https://www.ncbi.nlm.nih.gov/pubmed/23021137
https://www.ncbi.nlm.nih.gov/pubmed/26367370
https://www.ncbi.nlm.nih.gov/pubmed/26367370
https://www.ncbi.nlm.nih.gov/pubmed/26367370
https://www.ncbi.nlm.nih.gov/pubmed/16818153
https://www.ncbi.nlm.nih.gov/pubmed/16818153
https://www.ncbi.nlm.nih.gov/pubmed/16818153
https://www.ncbi.nlm.nih.gov/pubmed/15502461
https://www.ncbi.nlm.nih.gov/pubmed/15502461
https://www.ncbi.nlm.nih.gov/pubmed/15502461
https://www.ncbi.nlm.nih.gov/pubmed/29078226
https://www.ncbi.nlm.nih.gov/pubmed/29078226
https://www.ncbi.nlm.nih.gov/pubmed/29078226
https://www.ncbi.nlm.nih.gov/pubmed/29078226
https://www.ncbi.nlm.nih.gov/pubmed/17071182
https://www.ncbi.nlm.nih.gov/pubmed/17071182
https://www.ncbi.nlm.nih.gov/pubmed/17071182
https://www.ncbi.nlm.nih.gov/pubmed/17805125
https://www.ncbi.nlm.nih.gov/pubmed/17805125
https://www.ncbi.nlm.nih.gov/pubmed/17805125
https://www.ncbi.nlm.nih.gov/pubmed/12132742
https://www.ncbi.nlm.nih.gov/pubmed/12132742
https://www.ncbi.nlm.nih.gov/pubmed/12132742
https://www.ncbi.nlm.nih.gov/pubmed/12132742
https://www.ncbi.nlm.nih.gov/pubmed/16780044
https://www.ncbi.nlm.nih.gov/pubmed/16780044
https://www.ncbi.nlm.nih.gov/pubmed/16780044
https://www.ncbi.nlm.nih.gov/pubmed/15629161
https://www.ncbi.nlm.nih.gov/pubmed/15629161
https://www.ncbi.nlm.nih.gov/pubmed/15629161
https://www.ncbi.nlm.nih.gov/pubmed/22009827
https://www.ncbi.nlm.nih.gov/pubmed/22009827
https://www.ncbi.nlm.nih.gov/pubmed/26830717
https://www.ncbi.nlm.nih.gov/pubmed/26830717
https://www.ncbi.nlm.nih.gov/pubmed/26830717
https://www.ncbi.nlm.nih.gov/pubmed/26830717
https://www.ncbi.nlm.nih.gov/pubmed/26830717
https://www.ncbi.nlm.nih.gov/pubmed/12858245
https://www.ncbi.nlm.nih.gov/pubmed/12858245
https://www.ncbi.nlm.nih.gov/pubmed/12858245
https://www.ncbi.nlm.nih.gov/pubmed/8723399
https://www.ncbi.nlm.nih.gov/pubmed/8723399
https://www.ncbi.nlm.nih.gov/pubmed/17003200
https://www.ncbi.nlm.nih.gov/pubmed/17003200
https://www.ncbi.nlm.nih.gov/pubmed/17003200
https://www.ncbi.nlm.nih.gov/pubmed/11956376
https://www.ncbi.nlm.nih.gov/pubmed/11956376
https://www.ncbi.nlm.nih.gov/pubmed/11956376
https://www.ncbi.nlm.nih.gov/pubmed/19753223
https://www.ncbi.nlm.nih.gov/pubmed/19753223
https://www.ncbi.nlm.nih.gov/pubmed/18676906
https://www.ncbi.nlm.nih.gov/pubmed/18676906
https://www.ncbi.nlm.nih.gov/pubmed/18676906
https://www.ncbi.nlm.nih.gov/pubmed/18676906
https://www.ncbi.nlm.nih.gov/pubmed/30705556
https://www.ncbi.nlm.nih.gov/pubmed/30705556
https://www.ncbi.nlm.nih.gov/pubmed/30705556
https://www.ncbi.nlm.nih.gov/pubmed/8307135
https://www.ncbi.nlm.nih.gov/pubmed/8307135
https://www.ncbi.nlm.nih.gov/pubmed/8307135
https://www.ncbi.nlm.nih.gov/pubmed/17309897
https://www.ncbi.nlm.nih.gov/pubmed/17309897
https://www.ncbi.nlm.nih.gov/pubmed/17309897
https://www.ncbi.nlm.nih.gov/pubmed/16085622
https://www.ncbi.nlm.nih.gov/pubmed/16085622
https://www.ncbi.nlm.nih.gov/pubmed/16085622
https://www.ncbi.nlm.nih.gov/pubmed/16085622

	Title
	Abstract
	Introduction
	Methods
	Literature search
	Study selection
	Data collection
	Statistical analysis

	Results
	Outcome reporting diversity: Microsurgical studies
	Outcome reporting diversity: Amputation studies
	Meta-analysis
	Hospital length of stay (LOS)
	Time to operate (TTO)
	Adverse events

	Discussion
	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Figure 1
	Figure 2

