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ABSTRACT

Objective: We aimed to investigate the characteristics of patients who underwent unilateral amputation due to diabetes and peripheral
artery disease, as well as the risk factors that cause re-amputation, and to determine these patients’ survival status and the risk factors
for mortality.

Patients and Methods: This retrospective study included 133 patients who underwent amputation due to diabetes and peripheral
arterial disease between 2012 and 2018. The etiology of amputation, the re-operation rate and time to re-operation following initial
amputation, survival status and follow up results were accessed from hospital records.

Results: Twenty-eight patients underwent amputation due to peripheral arterial disease, whereas 105 patients had peripheral
vasculopathy due to diabetes mellitus. The re-operation rate was 33.8%, and the median period from initial surgery to the second
surgery was six-weeks. Sixty-six deceased patients survived with a median of 6 months following initial operation.

Conclusion: The most crucial factor causing re-amputation was the non-healing wound problems. Patients with amputation should be
followed up carefully for wound problems in the six weeks after surgery. Advanced age, American Society of Anesthesiologist grade 4
patients, associating neurological disease, low albumin level, low lymphocyte count and postoperative intensive care unit requirement

were all poor prognostic factors for survival. Re-amputation had no negative effect on survival.
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1. INTRODUCTION

Wound problems on extremities may occur due to the
complications of diabetes mellitus (DM) or peripheral artery
disease (PAD). If wound problems are not treated appropriately
in time, the infection can spread to deeper tissues of the entire
lower extremity, and irreversible damage may develop in the
extremity [1]. Conventional dressing, negative pressure wound
therapy, debridement, and amputation can be applied for these
wound problems depending on the wound’s depth and the
severity of the infection [2,3].

Patients diagnosed with DM or PAD should be informed
about the prevention of foot wound problems. They should be
followed up for foot examination at least once a year [4].Diabetic
patients have a up to 25% risk of developing foot ulcers in whole
life [5].Healing ulcers recur 40% within one year and 65%
within five years [6]. PAD and DM are commonly associated
with vasculopathy related amputations and are eight times more
common than traumatic amputations [7].

We aimed to investigate the characteristics of patients who
underwent unilateral amputation due to DM or PAD, as well
as the risk factors that cause re-amputation in our institution
and also to determine these patients’ survival status and the risk
factors that cause mortality.

2. PATIENTS and METHODS

This study was conducted upon the approval of Marmara
University, School of Medicine Ethics Committee (09.2021.16).
A retrospective review was done using the medical records of
262 patients who underwent amputation between 2012 and
2018. Patients with bilateral amputation (n=27) and without
regular follow-up (n=13) were excluded from the study. The
patients who underwent amputation due to malignant extremity
tumors (n=57) and trauma and trauma related complications
(n=32) were also excluded. The remaining 133 patients who
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underwent unilateral lower extremity amputation due to DM or
PAD were included in this study.

Demographic characteristics of the patients (age, gender),
comorbidities, nutritional status (albumin level), blood
parameters [Complete blood count (CBC), hemoglobin (Hb) (g/
dl), glycated hemoglobin (HbA1c) (%), C-reactive protein(CRP)
(mg/dl)], the American Society of Anesthesiologists (ASA)
grades, microbiological culture positivity, the etiology of
amputation, need for reoperation, amputation level in the
first operation, type of surgery (debridement, revision of
the amputation to a higher level) performed for patients
requiring a reoperation, postoperative intensive care unit (ICU)
requirement after the first operation, the length of ICU stay, the
length of hospital stay in the first operation, the time from the
first operation to reoperation, the survival status of the patients,
duration of follow-up were recorded from the patients” archive
files.

The lower extremity amputation level of the patients was
determined by preoperative Doppler ultrasonography or
computed tomography angiography, and intraoperative
observation of the tissue viability.

Statistical Analysis

Data analysis was carried out using SPSS, v. 22.0 software (SPSS
Inc., Chicago, Illinois, USA). The study data were evaluated
using descriptive statistical methods (mean, standard deviation,
median, interquartile range, frequency, ratio, minimum,
maximum). A Kolmogorov-Smirnov test, a Shapiro-Wilk test,
and graphical assessments were used to test the normality of the
quantitative data distribution. The Mann-Whitney U test was
used to compare continuous variables that were not distributed
normally. Categorical variables were compared with Chi-
squared test, Fisher’s Exact test, and Fisher-Freeman-Halton
tests. A Kaplan Meier Survival analysis and Log-Rank test were
used to evaluate the survival data. A p-value less than 0.05 was
considered statistically significant.

3. RESULTS

The study included 133 patients who underwent amputation of
the lower extremity at our clinic between 2012 and 2018 with a
diagnosis of DM or PAD.

Characteristics of patients according to amputation etiology are
shown in Table I.

Table 1. Characteristics of the patients by amputation etiology

Characteristics Diabetes Mellitus PAD P
Age (years) (Mean+Sd) 63.67+9.97 69.29+16.01 0.019a
Sex
Men 88 (83.8%) 20 (71.4%) 0.136b
Women 17 (16.2%) 8 (28.6%)
The Need of Second 37 (35.2%) 8 (28.6%) 0.508b
Operation
Time from First
Operation to Second 1.35 (0.67-3.5) 1'72 5(32578— 0.823a
Operation (month)* ’
Culture
Positivity 53 (50.5%) 11 (39.3%)
0.526¢
Negative 8(7.6%) 3 (10.7%)
NA 44 (41.9%) 14 (50%)
Comorbidities 0/28/36/28/13 | 7/13/3/5/0 | <0.001c
(0/1/2/3/4) ’
0y 0
cAD 48 (45.7%) 8 (28.6%) 0.103a
CRD 35 (33.3%) 2 (7.1%) 0.006a
0y 0,
Neurologic 13 (12.4%) 5(17.9%) 0.534d
0, 0y
COPD 8 (7.6%) 4(14.3%) 0.277d
ASA grade
2 18 5
0.754c
3 67 16
4 20 7
Postoperative ICY 40 (38.1%) 11(393%) | 0.908b
requirement
Length of Stay in ICU
() 2(1-5) 2(1-4) 0.857a
Length of Stay in
hospital (day)" 13 (5-26.5) 7.5 (5-21.5) 0.346a
Survival Status
Surviving 56 (53.3%) 11 (39.3%) 0.187b
Deceased 49 (46.7%) 17 (60.7%)
17.35 (4.15-
- * -
Follow-up (month) 19 (6.5-39.5) 19.25) 0.842a

* Mann Whitney U Test, b Pearson Chi-Square Test, ¢ Fisher Freeman Halton Test,
d Fisher Exact Test

PAD: Peripheral Arterial Disease, CAD:Coronary Arterial Disease, CRD:Chronic
Renal Disease, COPD; Chronic Obstructive Pulmonary Disease, ICU: Intensive
Care Unit, ASA: American Society of Anesthesiologists

*: These data are presented as median IQR. Other data are number of patients.
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The distribution of amputation level in the first operation and
type of surgery (debridement, revision of the amputation to
a higher level) for re-operation of the patients are presented

in Table II. The re-operation rates of patients who underwent
above the knee amputations were significantly lower than those
below the knee level amputations (p<0.001).

Table II. Characteristics of amputation level in the first operation, type of surgery (debridement, revision of the amputation, a higher level amputation).

for.re-operation.

First Operation

Re-operation

n (%)

First Operation to Re-Operation

Finger amputation 15 (11.2%)
TMA 28 (21.1%)
BKA 58 (43.6%)
AKA 32 (24.1 %)

Debridement
TMA
BKA
AKA
HLFA
Hip Disarticulation

15 (11.3%)
1(0.8%)
11 (8.3%)
16 (12%)
1(0.8%)
1(0.8%)

Finger amputation to debridement 1(2.2%)
Finger amputation to TMA 1(2.2%)
Finger amputation to BKA 4 (8.9%)
Finger amputation to AKA 1(2.2 %)

TMA to debridement 3 (6.7 %)
TMA to BKA 7 (15.6%)

TMA to AKA 2 (4.4%)

BKA to debridement 8 (17.8%)
BKA to AKA 13 (28.9)

AKA to debridement 3 (6.7%)
AKA To HLFA 1(2.2%)

AKA to Hip disarticulation 4(8.9%)

TMA: Trans-metatarsal amputation, BKA: Below the knee amputation, AKA:Above the knee amputation, HLFA: High Level Femoral Amputation

Table III. Assessments related to mortality in all cases

Characteristics Surviving Deceased

Age (years) (Mean+Sd) 61.21+11.52 68.55£10.69 <0.001a
Sex 0.792b
Men 55 (82.1%) 53 (80.3%)

‘Women 12 (17.9%) 13 (19.7%)

The Need of Second Operation 20 (29.9%) 25 (37.9%) 0.328b
Time from First Operation to Second Operation* 1(0.67-3) 1.5 (0.85-3.5) 0.475a
Culture 0.612b
Positivity 34 (50.7%) 30 (45.5%)

Negative 4(6%) 7 (10.6%)

NA 29 (43.3%) 29 (43.9%)

Comorbidities (0/1/2/3/4) 2/22/24/14/5 5/19/15/19/8 0.296¢
CAD 25 (37.3%) 31 (47%) 0.259b
CRD 15 (22.4%) 22 (33.3%) 0.312b
Neurologic 5(7.5%) 13 (19.7%) 0.039b
COPD 6 (9%) 6(9.1%) 0.978b
Postoperative ICU requirement 20 (29.9%) 31 (47%) 0.042b
Length of Stay in ICU (day)* 0(0-1) 0(0-2) 0.034a
Length of Stay in hospital (day)* 10 (5-21) 13 (5-27) 0.139a
ASA grade 0.038b
2 16 (23.9%) 7 (10.6%)

3 42 (62.7%) 41 (62.1%)

4 9 (13.4%) 18 (27.3%)

Follow-up (month)* 32 (16-60) 6.5 (1-29) <0.001a

a Mann Whitney U Test, b Pearson Chi-Square Test, ¢ Fisher Freeman Halton Test
CAD: Coronary Arterial Disease, CRD:Chronic Renal Disease, COPD: Chronic Obstructive Pulmonary Disease, ICU: Intensive Care Unit, ASA: American Society of

Anesthesiologists. *: These data are presented as median IQR. Other data are number of patients.
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Regarding the analyses of the blood parameters of the patients
in the preoperative period, the median interquertile range (IQR)
values of hemoglobin (g/dl), hematocrit (%), white blood cell (x10°/
ul), neutrophil (x10°/pl), lymphocyte (x10%/pl), platelet (x10°/pl),
albumin, and CRP (mg/L) were 10 (9-11), 30 (27.5-34), 10 (8-14),
8 (6-12), 1 (1-2), 314 (241-402), 3 (2-3), and 92.5 (38.75-149.5),
respectively. Blood parameters were similar between patients
with amputation due to DM and PAD. The median (IQR) value
of HbAlc (%) in diabetic patients was 7.65 (6.73-9.28). Thirty
(22.6%) patients with albumin values above 3.5g/dL, 14 (10.5%)
patients with Hb values above 12g/dL and 49 (36.8%) patients with
lymphocyte count above 1.5 x10°/ul were detected.

Among the 75 (56.4%) patients who had wound culture
test, culture positivity was detected in 64 (85%). The single
microorganism [S. Aureus (n = 11), P. Aeruginosa (n = 8), E.
Coli (n = 5), E. faecium (n = 3), others (n = 7)], was detected in
34 patients (53.1%) and polymicrobial microorganism (mostly
gram-negative and anaerobic microorganisms) in 30 patients
(46.9%). It was determined that more wound culture tests were
examined in the patients who needed a re-operation than those
with a single surgery (p<0.001).

No statistically significant risk factors were found regarding the
characteristics of recovery between patients who underwent a
single surgery and those requiring re-operation (p>0.05). When
these two groups were compared in terms of survival, there was
no statistically significant difference (p=0.439).

Table III presents the assessments related to mortality in all
cases. There were statistically significant differences between
the blood parameters of the surviving and deceased patients,
with lymphocyte count (p=0.044) and albumin level (p=0.018)
being significantly lower in the deceased patients. Although, it
was remarkable that a high CRP level had a higher mortality
rate, this relationship was not statistically significant (p = 0.056).

Among the 105 patients who underwent amputation due to DM,
56 (53.3%) patients survived with a median survival time of
60+13.55 months. 11 (39.3%) of the 28 cases had an amputation
due to PAD survived with a median survival time of 29+11.98
months. When assessing survival status between the groups
using a Log-Rank test, no statistically significant difference
was noted between the two groups’ survival curves (p=0.298)
(Figure 1). Sixty-six deceased patients survived with a median
(IQR) value of 6 (1-29) months following the initial operation.

Etiology

nnnnnnnnnn

Cum Survival

T T T T T T
.00 20,00 40,00 6000 80,00 100,00 120,00
time after surgery, month

Figure 1. Kaplan Meier Analysis of patients undergoing amputation due
to diabetes mellitus and peripheral arterial disease

4. DISCUSSION

We evaluated 262 patients who underwent extremity amputation
in our clinic between 2012 and 2018 with various indications;
50.7% were due to DM or PAD. 80% of these patients were
male, and the median age was 65 years. This rate was similar to
reported amputation rates due to DM or PAD in the literature
(8, 9].

There are no clearly defined criteria for determining the
amputation level of a patient for whom an amputation decision
is made due to DM or PAD [10]. Although, various invasive
and non-invasive vascular methods have been reported in the
literature for selecting the appropriate level of amputation [11],
we think that the most crucial criterion for selecting amputation
level is to evaluate both preoperative vascular imagines and
observe the bleeding of tissues intraoperatively. Performing
amputation at the distal level as much as possible aims to reduce
the patient’s energy during walking and improves the quality of
life [12,13]. However, distal level amputation may cause wound
problems and risk of re-operation [13]. The re-operation risk
ratio was reported as 13.4-56% (average 16.3%) in the literature
[14]. In our study, the re-operation rate was 33.8%, which was
above the average re-operation rate reported in the literature.
This high rate may have been due to our goal to preserve
the most distal level as possible and to improve the patient’s
quality of life and facilitate mobilization. Also, amputation
surgery is a form of treatment that is accepted very difficult in
certain societies. It is reported that the psychosocial structure
of patients is impaired after amputation surgery [15]. In our
clinical practice, we also observed that patients™ self-care after
surgery had decreased significantly which might cause the need
for a secondary surgery. On the other hand, as we found that re-
operation did not affect the mortality rate, we considered this
re-operation rates as reasonable. Patients who should undergo
amputation at the possible distal level to avoid the impairment
of their quality of life and functionality.

Many factors affect wound healing in patients after amputation
surgery [14, 16-19]. The median period from the initial surgery
to the second surgery was six weeks in our study. 2-2590 days
were reported in the literature from the first operation to
reoperation [17]. The general opinion is that these patients
should be closely followed-up within the first six months
[20].Although, various risk factors for reoperation (coronary
artery disease, chronic kidney failure, low albumin levels, low
lymphocyte count, anemia) were reported [13,16,17,21,22], we
did not find a statistically significant relationship between the
risk factors and re-operation in this study. This may be explained
by the fact that the majority of our patients have already these
risk factors. Also, it reveals the importance of performing the
amputation operation at the appropriate level.

Mostly, gram-negative and anaerobic bacteria are responsible for
serious deep wound infections and life-threatening conditions
[23]. The microorganisms isolated from wound cultures of
patients were primarily gram-negative bacteria in the current
study. This situation may be explained by the chronicity of
the diabetic wounds and previous antibiotic treatments. We
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did not perform any wound culture in patients who received
preoperative antibiotic treatment. Culture positivity was
detected in 64 (85.3%) out of 75 patients.

When we examined the survival status of patients who
underwent amputation due to DM or PAD, we found that
66 (49.6%) of the patients died within a median of 6 months
after the inital surgery. Comorbidity, older age and gram-
negative microorganisms have been reported to be the factors
that negatively affect the patients’ survival [23, 24]. The rate of
comorbid disease was significantly higher in diabetic patients.
The mean age of patients with PAD was statistically significantly
higher than diabetic patients. The high mortality rate in patients
amputated due to DM or PAD may be attributed to comorbid
status of these patients and their advanced age.

The limitations of the present study include its single-center and
retrospective study design, the lack of a control group, the small
number of patients, the lack of cost analysis, and the operations
were performed by different surgeons at our department.

In conclusion, the most critical factor for wound healing after
amputation surgery, regardless of the risk factors reported in
the literature, was amputation level. Patients with amputation
should be followed up carefully for wound problems in the
first six weeks after surgery. Older age, ASA-4 patients, with
neurological disease, low albumin level, low lymphocyte count
and postoperative ICU requirement were all poor prognosis
criteria in terms of survival. Re-amputation surgery had no
negative effect on survival.
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