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Background 
When used appropriately in the control of distal tissue loss 
and spreading foot sepsis, transmetatarsal amputation (TMA) 
offers the chance to maintain independent ambulation, 
avoiding the need for a prosthesis and allowing the patient to 
use “normal” footwear. 

The procedure was first described as a method of partial 
foot preservation by McKittrick et al. in 1949.1 Despite such 
an established history, TMA wounds remain notoriously 
difficult to heal, with case series reporting wound failure rates 
of between 40–70%.2-8 Wound failure following TMA results 
in the need for further surgery in many patients, and can 
ultimately lead to transtibial or transfemoral amputation. 

There have been several studies attempting to predict the 
factors that may lead to non-healing following TMA, but no 
specific factors have yet been shown definitively to promote 
TMA success. Tight blood glucose control as measured by 
HbA1c levels has been shown to predict successful TMA 
by Younger et al.,9 whilst Kono et al. found the presence of 
insulin-dependent diabetes to be associated with the need for 
re-amputation within 6 months of TMA.10 However, other 
studies have shown no association between diabetes and 

successful TMA healing.11,12 

In a study of all major lower limb amputations that included 
above-knee, below-knee and transmetatarsal amputations, 
end-stage renal failure has been shown to predict early 
amputation failure.13 The same study also found other patient 
factors including that of a Body Mass Index (BMI) of greater 
than 30 and on-going patient tobacco use were predictors of 
early amputation failure.13 This link to tobacco use has been 
supported by Nguyen et al. who found that tobacco use of 
greater than 20 years pre-TMA was a significant predictive 
factor for non-healing.4 

Anatomically, the documented presence of a clinically 
palpable pedal pulse on examination before TMA has 
also been found to predict successful healing post-TMA.7 
Furthermore, the TMA procedure itself requires the formation 
of a plantar skin flap, whose main blood supply is derived from 
the posterior tibial artery. To our knowledge, no study has 
looked at the direct association between the patency of crural 
arteries confirmed by radiological imaging and the healing 
of TMA. Our primary outcome measure aimed to investigate 
association between posterior tibial artery patency and the 
achievement of successful TMA. Our secondary outcome 
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measure investigated if there was association between patency 
of any crural artery and the achievement of successful TMA.

Patients and methods 
All patients undergoing TMA for complications of peripheral 
arterial occlusive disease (PAOD) in a regional vascular 
tertiary referral centre over a 9-year period (2006–2015) were 
identified from the hospital’s coding system. A retrospective 
review of patients’ paper-based case notes and an electronic 
radiology imaging and reporting system (Infinitt Picture 
Archiving and Communication System) was performed. 
Demographic data including age, sex and co-morbidities was 
collected.

Data on crural artery status was also collected. Crural 
artery assessment – anterior tibial (AT), posterior tibial (PT) 
or peroneal (P) artery – was performed pre-operatively in 
all patients using either intra-arterial catheter angiography, 
computer-assisted tomography (CTA) or magnetic resonance 
angiography (MRA). All images were discussed at a specialist 
vascular multidisciplinary team meeting (MDT). Crural artery 
patency was considered satisfactory where at least one crural 
artery was seen to cross the ankle joint and in addition, where 
no further crural artery angioplasty was considered necessary 
by the MDT to further improve run-off. Where this was not 
the case, and the MDT considered it technically possible, 
revascularisation via angioplasty was performed by one of 
3 consultant interventional radiologists before proceeding to 
TMA, in order to achieve satisfactory pre-operative crural 
artery patency and in-line flow. 

TMA procedures were performed by one of 4 consultant 
vascular surgeons.  TMA was considered successful where 
the patient did not require a further higher-level amputation. 
Patients were followed up for a minimum of 12 months.

Statistical analysis of those factors affecting TMA success 
was performed using a statistical software package (SPSS 
– Statistical Package for Social Sciences, IBM, New York, 
USA). Categorical variables were compared using the Pearson 
Chi-squared or Fisher Exact test, as appropriate. The level of 
significance was set at p < 0.05.

Results
A total of 24 patients underwent TMA between October 
2007 and April 2015. One patient died from pneumonia 
within 30 days of the procedure, and was therefore excluded 
from the analysis. Overall success of TMA was 67% 
(n = 16). Mean patient age was 64 years (range 29–76), with  
21 males to 3 females.  Table 1 summarises individual patient 
co-morbidities, pre-operative crural artery run-off and pre-
operative crural artery interventions.

On pre-operative imaging, 8 patients were considered to 
have satisfactory crural artery patency without the need for 
further intervention. TMA was considered successful in 6 of 
these patients. A further 12 patients had at least one crural 
artery crossing the ankle on pre-TMA imaging, but went 

on to have pre-operative crural artery angioplasty to further 
improve run-off due to the presence of crural artery stenoses 
(PT treated in 5 patients, AT & PT treated in 2 patients, AT 
& P in 2 patients AT alone treated in 3 patients, P alone in  
1 patient).  Eight of these patients achieved successful TMA.

On their pre-operative imaging, 7 patients had no crural 
run-off crossing the ankle at all. Three (3) of these patients 
were deemed suitable by the MDT for pre-TMA crural 
artery angioplasty alone – P treated in 1 patient, PT treated 
in 1 patient, AT and P both treated in 1 patient. TMA was 
successful in 4 of these patients. 

In addition to crural artery disease, 6 of the 24 patients also 
had superficial femoral artery (SFA) disease treated via SFA 
angioplasty; 3 of these 6 patients had both SFA and crural 
artery angioplasty. TMA failed in 3 out of these 6 patients. 
A further patient had angioplasty of an existing femoral-
popliteal bypass graft which resulted in a successful TMA. 
On statistical analysis, successful TMA was not significantly 
associated with satisfactory vessel patency in SFA, any single 
crural artery or combination of vessels.

Of the 8 TMAs that were not considered successful, 7 went 
on to require a below knee amputation; the remaining patient 
was planned for a below knee amputation but died before the 
amputation was performed. The reasons for TMA failure can 
be found in Table 1. Twelve (12) of the 16 successful TMAs 
were achieved in diabetic patients, with 6 of the 8 failed 
TMAs occurring in diabetics. Two (2) failed TMAs occurred 
in a patient with chronic kidney disease. Neither diabetes nor 
chronic kidney disease was independently associated with 
TMA failure on statistical analysis. 

Discussion
TMA requires the formation of a posterior skin flap that 
derives its blood supply from the PT artery. We therefore 
sought to investigate any potential association between crural 
artery patency and successful TMA, with a hypothesis that 
the presence of a patent PT artery crossing the ankle joint 
would be essential for a successful TMA. However, our 
results showed that no named crural artery was significantly 
associated with successful TMA, and that TMA can be 
achieved in the absence of a patent posterior tibial artery 
crossing the ankle joint. Furthermore, the fact that there was 
no positive association between angioplasty of any vessel 
and wound healing, we would advocate from our results that 
TMA could be considered without prior crural angioplasty, 
thereby eliminating the embolisation risk associated with this 
procedure.  

Other parameters that may help to predict wound healing 
following TMA include measurement of toe pressures, and 
transcutaneous oxygen pressures (TcPO2). Toe pressures 
of greater than 50 mmHg in the diabetic sub-group have 
been shown to have a positive predictive value of 91% in 
determining successful TMA wound healing.13 A specificity 
and sensitivity of 71% in the prediction of partial wound foot 
amputation healing or failure has been shown with a “cut 
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Table 1. Summary of patient demographics, pre-operative crural artery status and pre-operative interventions. 

Patient 
Number

Diabetic 
(Yes/No)

Other co-
morbidities1

Indication for 
TMA

Pre-TMA 
Crural artery 

Run-off2

Angioplasty 
performed2

TMA 
Successful

Reason for 
failure

1 Yes HTN, HL     non-healing 
ulcer

-              - n osteomyelitis

2 Yes CVA                             non-healing 
ulcer

-         SFA, POP n Sepsis

3 Yes IHD,COPD, 
GORD                  

sepsis           PT/AT/P SFA n Wound infection    

4 No COPD                            ischaemia        PT/AT PT n Wound 
breakdown  

5 No CREST                 ischaemia        PT/P SFA,PT n Wound 
breakdown  

6 Yes IHD, HTN, HL       ischaemia        P CFA, POP, 
AT, PT*

y

7 Yes HTN, HL    non-healing 
ulcer

- AT, P y

8 No HTN,CVA,TIA                    non-healing 
ulcer

AT AT y

9 Yes CCF, CKD                 non-healing 
ulcer

AT/P SFA, AT* y                    

10 Yes - ischaemia        -             P* y

11 Yes HTN                   ischaemia        PT PT* y                    

12 Yes HTN, AF                  sepsis           -         **fem pop 
graft    

y                    

13 Yes HTN                      gangrene         PT - y

14 No PBC                             acute 
ischaemia  

PT - y

15 Yes HTN, HL gangrene         - PT y

16 Yes - gangrene         PT/AT - y                    

17 No GORD                   non-healing 
ulcer

P - y                    

18 No - ischaemia        PT - y                    

19 Yes HTN                        ischaemia        PT/AT/P PT y

20 Yes HTN,CKD                 ischaemia        AT/P AT n Wound 
breakdown  

21 Yes  IHD CVA                     sepsis           PT/AT - n Wound 
breakdown  

22 Yes CKD, COPD, 
CVA           

ischaemia        PT/AT AT,PT* n New ulceration 
on heel

23 Yes - non-healing 
ulcer

PT/AT/P SFA y                    

24 Yes - ischaemia        - - y

(1 HTN = Hypertension; CVA = previous Cerebrovascular Accident; IHD = Ischaemic Heart Disease; COPD = Chronic Obstructive 
Airways Disease; CKD = Chronic Kidney Disease; GORD = Gastro Oesophageal reflux disease; CCF = Congestive cardiac failure; 
HL= Hyperlipidaemia; AF = Atrial fibrillation; PBC= primary biliary cirrhosis; CREST = Calcinosis, Raynaud’s phenomenon, 
oesophageal dysmotility, sclerodactyly, telangiectasia. * Indicates angioplasty post TMA, **Angioplasty of existing fem-pop graft) (2 
PT= Posterior tibial artery; AT= Anterior tibial artery; P= Peroneal artery; CFA= Common femoral artery; SFA = Superficial femoral 
artery; POP=Popliteal artery)
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point” transcutaneous oxygen tension of 38 mmHg.14 Data on 
toe pressures and TcPO2 were not available in our study as 
neither parameter is routinely measured in our institution. 

Limb salvage rates as high as 96.5% have also been 
reported when managing moderate to severe diabetic foot 
infections in the presence of at least one palpable pedal pulse, 
without attempts at revascularisation.15 Although diabetes was 
not shown to be a factor in wound breakdown in our study, 
we are unable to comment of the potential predictive effect 
of a palpable pedal pulse on TMA wound healing, as due to 
the retrospective nature of our study the necessary data was 
incomplete.

Whilst early revascularisation (≤ 30 days pre-amputation) 
has previously been shown to optimise wound healing 
in patients requiring minor lower extremity amputation 
(including TMA),2 we have failed to identify an association 
between any one specific vessel and successful TMA. This 
supports the work of Toursarkissan et al. who found no 
angiographic features that were predictive of limb salvage 
following TMA.5 TMA healing therefore seems to be a 
multifactorial process, which may be dependent on other 
patient-specific variables outside of the TMA’s vascular 
supply, such as smoking history, tight glycaemic control 
and the presence of renal insufficiency, although this was 
not evident in our study.4,9,16 Nevertheless, our healing rates 
of 67%  are favourable compared to some of the literature. 
Thus, we support the role of TMA in selected patients, even 
in those without a named crural artery or vessels not suitable 
for angioplasty, given its aforementioned benefits compared 
to trans tibial amputation.

Limitations of this study
Our study is limited by the small number of patients included 
for analysis, despite the 9-year review period, and by the 
retrospective nature of the data collection. Our small sample 
size may lead to the possibility of a type II error. However, the 
reality of a small number of patients receiving TMA at a major 
vascular centre in the North of England over a 9-year period 
may reflect a decrease in the popularity of the procedure, 
which may translate to other vascular centres, given the 
perceived problems with TMA wound healing.

Conclusion
Transmetatarsal amputation can be a successful operation 
despite the absence of a named crural vessel depicted on 
angiography. This offers the patient a chance to maintain 
independent ambulation and avoid the need for a prosthesis 
compared to transtibial or transfemoral amputation.
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