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Relationship between Ischemia—Modified Albumin and the Healing Period
of Amputation Wounds in Patients with Diabetes Mellitus Following
Non-traumatic Below—Knee Amputation

Si Young Heo, Myoung Jin Lee, Hyeon jun Kim, Sung Bin Byun

Department of Orthopedic Surgery, Dong-A University College of Medicine, Busan, Korea

Purpose: The present study examined the effectiveness of the preoperative ischemia-modified albumin (IMA) levels in predicting the
healing period of amputation wounds in patients with diabetes mellitus following a non-traumatic below-knee amputation (BKA).

Materials and Methods: This study enrolled 41 diabetic foot ulcer patients who underwent BKA at the authors™ hospital diabetic foot
center from April 2016 to April 2022. Among the 41 patients, 29 (70.7%) were male and 12 (29.3%) were female. Their mean age was
64.54+11.38 years (41~81 years). The mean follow-up period was 19.48+5.56 weeks (14~48 weeks) after BKA. The patients were divided
into two groups (high IMA group and normal IMA group), which evaluated the healing period, wound dehiscence, and revision opera-
tion rate using a Fisher's exact test and Mann-Whitney U test. Three orthopedic surgeons performed stump wound evaluation, and they
were evaluated as healing when all sutures were fused without oozing.

Results: Thirty patients (73.2%) (group A) showed a high level of IMA (median: 91.2 U/mL), and 11 (26.8%) patients (group B) showed
a normal range of IMA (median: 82.7 U/mL). In group A, the median period for wound healing took 1.4 weeks longer, which was sig-
nificant (p=0.001). No statistical relationship was observed between wound dehiscence, revision operation rate, and IMA value. There
was no correlation between the other risk factors (estimated glomerular filtration rate, HbAlc) and the wound healing period.

Conclusion: Although there was a limitation in using IMA as the sole factor to predict the healing period of amputation wounds in
patients after BKA, this study revealed a significant positive correlation between IMA and the period of stump healing after BKA. There-
fore, the preoperative IMA levels may help predict the period of stump healing after BKA.
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Figure 1. Clinical photos show postoperative wound dehiscence (A) and af-
ter wound revision operation (B). Amputation evaluation was performed by
3 orthopedic surgeons, and when all sutures were fused without oozing (C),
the healing state was assessed union.
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Table 1. Demographic and Clinical Patient Characteristics

Variable Value

Number 41
Age (yr) 64.54+11.38 (41~81)
Sex (male:female) 29:12
Smoking 22(53.7)
Wagner classification

Grade 1 0(0)

Grade 2 000

Grade 3 0(0)

Grade 4 00

Grade 5 41(100)
IMA (Ischemia modified albumin) 87.61+6.68
HbA1c 7.86+2.59
eGFR 51.88+40.28
ABPI (affected side) 21(51.2)

0.88+0.29

Follow-up period (wk) 19.48+5.56 (14~48)
The average length of the healing 4.608+0.92
Wound dehiscence & revision operation 18 (43.9)
Preoperative intervention

PTA 15(36.6)

Bypass operation 10 (24.4)

Values are presented as meantstandard deviation or number (%).

IMA: Ischemia-modified albumin, eGFR: estimated glomerular filtration
rate, ABPI: ankle brachial pressure index, PTA: percutaneous transluminal
angioplasty.
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Figure 2. The graph represents the scatter plot of IMA levels and the periods
of wound healing. It shows a positive correlation between IMA levels and the
periods of wound healing. IMA: Ischemia-modified albumin.
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Table 2. Comparison Chart between High IMA Group and Normal IMA
Group*

Variable High IMAgroup Normal IMA group p-value
Number 30(73.2) 11(26.8)
Age (yr) 62.0(58.5~75.0) 59.0(56.0~79.0)  0.262
Sex >0.999
Male 22(73.3) 7(63.6)
Female 8(26.7) 4(36.4)
Smoking 14.(46.7) 8(72.7) 0.138
HbA1c (%) 7.2 (6.4~8.0) 6.5(5.5~7.1) 0.612
eGFR 22.7(10.9~70.7)  47.8(7.0~87.6) 0.761
ABPI (affected side) 15(50.0) 6(54.5) 0.796
1.0(0.8~1.2) 0.7(0.6~0.9) 0.095
IMA (U/mL) 91.2(89.0~94.4)  82.7(80.2~83.5) <0.001
The length of healing (wk) 5.1 (4.1~6.0) 3.7(3.1~4.1) 0.001
Wound dehiscence & 13(43.3) 5 (45.5) 0.716
revision operation
Preoperative intervention
PTA 6(20.0) 9(81.8) <0.001
Bypass operation 8(26.7) 2(18.2) 0.700

Values are presented as number (%) or median (interquartile range).

IMA: Ischemia-modified albumin (normal <85 U/mL), eGFR: estimated
glomerular filtration rate, ABPI: ankle brachial pressure index, PTA:
percutaneous transluminal angioplasty.

*Normal <85 U/mL.
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Table 3. Comparison Chart between High HbA1c Group and Normal HbA1c
Group*

Table 4. Comparison Chart between CKD Patient (eGFR <60) and Normal
Kidney Function

Variable High HbA1c group Normal HbA1c group p-value
Number 27(65.9) 14 (34.1)
Age (yr) 61.0(55.5~73.0) 65.5(59.0~77.0) 0.333
Sex
Male 19 (70.4) 10(71.4) 0.319
Female 8(29.6) 4(28.6)
Smoking 15 (55.6) 7(50.0) 0.735
HbA1c (%) 7.8(6.9~8.6) 5.5(5.2~6.1) <0.001
IMA (U/mL) 89.5(85.1~94.3) 85.1(84.0~90.3) 0.559
eGFR 21.2(7.6~60.4) 51.1(26.2~98.7) 0.968
ABPI (affected side) 14(51.9) 7(50.0) 0.910
1.000.7~1.2) 0.9 (0.6~0.9) 0.287
The length of healing 5.0 (4.1~6.0) 4.1(4.0~5.3) 0.143
(wk)
Wound dehiscence & 13(48.1) 5(35.7) 0.919
revision operation
Preoperative intervention
PTA 10(37.0) 5(35.7) 0.934
Bypass operation 5(18.5) 5(35.7) 0.224

Variable CKD patient Normal kidney p-value
group function group
Number 25(61.0) 16(39.0)
Age (yr) 66.0(56.0~74.0) 61.5(57.5~785)  0.552
Sex
Male 18(72.0) 11(68.7) 0.174
Female 7(28.0) 5(31.3)
Smoking 12 (48.0) 10(62.5) 0.364
eGFR 11.2(7.4~35.3)  93.7(84.3~102.1) <0.001
IMA (U/mL) 89.5(84.5~92.9) 85.1(83.6~94.0)  0.926
HbA1c (%) 6.8(5.5~8.0) 7.1(6.2~8.0) 0.147
ABPI (affected side) 14.(56.0) 7(43.8) 0.444
0.9(0.7~1.1) 1.0(0.6~1.1) 0.856
The length of healing (wk) 5.0 (4.0~6.0) 4.6 (4.0~5.8) 0.885
Wound dehiscence & 12 (48.0) 6(37.5) 0.483
revision operation
Preoperative intervention
PTA 12 (48.0) 3(18.8) 0.058
Bypass operation 4(16.0) 6(37.5) 0.118

Values are presented as number (%) or median (interquartile range).

IMA: Ischemia-modified albumin, eGFR: estimated glomerular filtration
rate, ABPI: ankle brachial pressure index, PTA: percutaneous transluminal
angioplasty.

*Normal HbA1c <6.5%.
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Values are presented as number (%) or median (interquartile range).

CKD: chronic kidney disease, eGFR: estimated glomerular filtration rate,
IMA: Ischemia-modified albumin, ABPI: ankle brachial pressure index,
PTA: percutaneous transluminal angioplasty.

Table 5. Results of Multiple Linear Regression Analysis

b SE Beta t p VIF
(Constant)  -9513  4.495 -2116  0.041
IMA 0165 0049 0491 3400 0002  1.027
HbA1c 0008 0.130 0010 0063 0950  1.117
eGFR 0004 0008 0076 0510 0613  1.097

F=4.832, p=0.013, R-square=0.249, Adj R-square=0.188.
SE: standard error, VIF: variance inflation factor, IMA: Ischemia-modified
albumin, eGFR: estimated glomerular filtration rate.
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