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Abstract
BACKGROUND
Diabetic foot (DMF) complications are common and are increasing in incidence. Risk factors related to wound complications are yet to be established after transtibial amputation under the diagnosis of DMF infection. 

AIM
To analyze the prognosis and risk factors related to wound complications after transtibial amputation in patients with diabetes.

METHODS
This retrospective cohort study included seventy-two patients with DMF complications who underwent transtibial amputation between April 2014 and March 2023. The groups were categorized based on the occurrence of wound complications, and we compared demographic data between the complication group and the non-complication group to analyze risk factors. Moreover, a multivariate logistic regression analysis was performed to identify risk factors.

RESULTS
The average follow-up period was 36.2 months. Among the 72 cases, 31 (43.1%) had wound complications. Of these, 12 cases (16.7%) received further treatment, such as debridement, soft tissue stump revision, and re-amputation at the proximal level. In a group that required further management due to wound complications after transtibial amputation, the hemoglobin A1c (HbA1c) level was 9.32, while the other group that did not require any treatment had a 7.54 HbA1c level. The prevalence of a history of kidney transplantation with wound complications after transtibial amputation surgery in DMF patients was significantly greater than in cases without wound complications (P = 0.02) Other factors did not show significant differences.

CONCLUSION
Approximately 43.1% of the patients with transtibial amputation surgery experienced wound complications, and 16.7% required additional surgical treatment. High HbA1c levels and kidney transplant history are risk factors for postoperative wound complications.

Key Words: Diabetic foot; Transtibial amputation; Wound complications; Risk factor
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Core Tip: In this study, 43.1% of the patients with transtibial amputation surgery experienced wound complications, and 16.7% necessitated additional wound revision procedures, such as debridement. High hemoglobin A1c (HbA1c) levels (HbA1c > 7.2) and kidney transplant history are risk factors for postoperative wound complications.

INTRODUCTION
The World Health Organization reported that the estimated number of patients with diabetes reached nearly 425 million in 2017. Unsurprisingly, this led to an increasing number of diabetes-related complications[1]. Diabetic foot (DMF) is one of the most devastating, if not the most critical, complications of diabetes mellitus (DM)[2]. DM foot infection complications range from 10% to 25% throughout the lifetime of one DM patient[3]. It is also the main reason for non-traumatic lower extremity amputations[4]. Risk factors for amputation include smoking history, kidney transplantation history, high sugar levels, hyperlipidemia, and ischemia[5,6]. Amputation can be subdivided into minor and major amputations, and transtibial amputations are regarded as major. Post-operative 30-d mortality rates have been reported to be 6%-17%; the 1-year mortality rate after major amputation is 69.7%; and the 5-year mortality rate is 34.7%[7-9]. Thorud et al[10] reported the overall 5-year mortality rate to be very high among patients with any amputation, ranging from 53% to 100% and from 52% to 80% for patients with major amputations[10].
Major amputation is considered the final therapeutic option; nevertheless, after major amputation, wound complications may persist, necessitating further surgical interventions. Prognosis and risk factors related to wound complications have yet to be established after transtibial amputation under the diagnosis of DMF complications. The purpose of this study was to analyze the prognosis and risk factors related to wound complications after transtibial amputation in patients with diabetes.

MATERIALS AND METHODS
Study design and patients
This study was approved by the Institutional Review Board of Ajou University School of Medicine, Suwon, South Korea. Seventy-two patients with DMF infection underwent transtibial amputations between April 2014 and March 2023. The medical records and photographs stored in Picture Archiving and Communication System (PACS) were analyzed to ascertain the presence of wound complications and to categorize the types of wound complications, all of which were then meticulously documented. The Size (area, depth), Sepsis, Arteriopathy, and Denervation system was introduced in 1999 and is primarily designed for clinical audits[11]. The system was initially validated in 2004, and to enhance the classification of ulcers for prospective research, certain criteria that were absent in the UT system were subsequently incorporated[12]. In this study, the criteria for necrosis and infection were defined as grade 2 or higher based on the previously published guidelines. The criterion for wound necrosis was defined as wound necrosis over 1 cm2, and wound infection was defined as suspected local infection, such as pus discharge or cellulitis over 1 cm2[12,13].
Patient details were obtained by analyzing documented electronic medical records and test results. These details included body mass index (BMI), smoking history, kidney transplantation history, dialysis therapy history, lower extremity endovascular intervention history, previous amputation at the same extremity, and the need for stump revision surgery during follow-up period. Additionally, pre-operative erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and hemoglobin A1c (HbA1c) results were collected.
The occurrence of postoperative wound complications (infection, necrosis, etc.) after transtibial amputation surgery was classified into two groups and the contribution of each risk factor was analyzed. Group 1 was defined as cases without wound complications after transtibial amputation surgery in DMF patients, and Group 2 was defined as cases with wound complications.

Data analysis 
All statistical analyses were performed using SPSS for Windows, version 22.0 (IBM Corporation, Armonk, NY, United States). Univariate and multivariate logistic regression analyses were performed to identify risk factors. Statistical significance was set at P < 0.05. The optimal HbA1c cutoff for postoperative wound complications was calculated using the receiver operating characteristic (ROC) curve.
A significant sample size was calculated by the Muller and Buttner method, and Walter et al[14] G*Power version 3.1.9.7 software (Franz Faul, Universität Kiel, Germany) was utilized for the calculation, and the sample size was analyzed by setting the odds ratio (OR) to 20.47, R2 other X to 0.25 (moderate association), alpha error probability to 0.05, and power to 0.80[15,16].

RESULTS
Demographic
Seventy-two patients with DMF complications underwent transtibial amputation between April 2014 and March 2023. Of the 72 patients, 48 (66.7%) were male patients and 24 (33.3%) were female patients. The average age was 64.1 years (39-87), the average BMI was 22.6 (14.3-34.3), and the average period of DM was 18.9 years. Right-side surgery was performed in 30 cases (41.7%), left-side surgery was performed in 39 cases (54.2%), and bilateral surgery was performed in 3 cases (4.2%). Regarding renal function, 43 cases (59.7%) did not undergo dialysis, 19 cases (26.4%) underwent dialysis, and 11 cases (15.3%) received kidney transplants. A total of 19 patients smoked (26.4%). Concerning the history of DMF amputation before this transtibial amputation surgery, there were 19 cases (26.4%) wherein minor amputation (below hindfoot level) was done on the same side, the ankle and hindfoot level amputation cases were 4 (5.6%), the opposite transtibial amputation cases were 6 (8.3%), and the opposite minor amputation cases were 6 (8.3%) (Table 1).

Prognosis
The average follow-up period was 36.2 months (confidence interval: 8-72 months). Among the 72 cases, 12 cases (16.7%) were performed with additional wound management (stump revision = 11 cases; transfemoral amputation = 1 case). In 12 cases, wound healing did not progress satisfactorily with a simple dressing alone, necessitating daily debridement to address infection or necrotic tissue. Some cases had to be followed up with delayed suturing after improvement. Among them, one case exhibited infection and soft tissue necrosis extending up to the knee joint, leading to transfemoral amputation. The remaining 11 cases were discharged after achieving wound stabilization and receiving outpatient follow-up observations.

Risk factor
Compared with HbA1c level of Group 1 (7.54), the HbA1c level of Group 2 (9.32) was significantly higher (P = 0.01). The optimal HbA1c cutoff for postoperative wound complications was calculated using the ROC curve, and the result was an HbA1c of 7.2 (Figure 1). In cases with HbA1c levels greater than or equal to 7.2, the probability of postoperative wound complications was 31.28 times higher than in those with lower levels (P < 0.01). The prevalence of a history of kidney transplantation in Group 2 was significantly greater than that in Group 1 (P = 0.02) (OR: 26.22) (Table 2).
In Group 2, the HbA1c level was significantly higher at 8.77 than the HbA1c level of 7.07 in Group 1 (P = 0.01) (OR: 29.65). The prevalence of a history of kidney transplantation in Group 2 (33.3%) was significantly higher compared to Group 1 (11.7%) (P = 0.03) (OR: 21.24)
No statistically significant difference was observed in the ratio of dialysis in the group comparison related to additional surgery or treatment. Other factors, including CRP, culture results, DM morbidity period, smoking history, and previous amputation history, did not display significant differences.

DISCUSSION
The most important finding of this study is that postoperative wound complications after transtibial amputation are relatively common, thus requiring close observation. Several of these complications lead to the necessity of wound revisions, emphasizing the significance for physicians to acknowledge this aspect and engage in proactive discussions regarding the potential course of the condition with patients.
In this study, 30-d mortality after transtibial amputation was 5 out of 72 cases (6.9%), and 3-year mortality after transtibial amputation was 14 out of 40 cases (37.5%). Previous studies have also reported the survival rates after transtibial amputation surgery. The range of mortality after transtibial amputation ranged from 40% to 82%, and transtibial amputation ranged from 40% to 90%. The 30-d mortality after major amputations appeared to range from about 5.5% to 13.3%[17-19]. Overall, the 5-year mortality rate was very high among patients with any amputation, ranging from 53 to 100% and from 52% to 80% for patients with major amputations[10]. Increased 5-year mortality was related to old age and kidney function[10,19].
However, there is a lack of reported studies on wound prognosis after transtibial amputation surgery. Among the 72 cases, 31 (43.1%) had wound complications (infection = 8 cases, necrosis = 19 cases, infection and necrosis = 4 cases) in this study. Among the 72 cases, 12 cases (16.7%) were performed with additional wound management. There were 11 cases of stump revision and 1 case of additional surgery with transfemoral amputation (above-knee amputation). The reasons for wound revision were infection in 4 cases (33.3%), necrosis in 1 case (8.4%), and infection with necrosis occurring concomitantly in 7 cases (58.3%). Since wound complications requiring wound revision may occur in 16.7% of patients after transtibial amputation surgery, it is important to fully explain the progress to the patient before transtibial amputation surgery. In addition, proper wound management after surgery is important, which is thought to increase the length of hospital stay and the subsequent occurrence of other complications such as pneumonia. However, additional major amputation was performed in 1 case out of 72 (1.3%), so wound recovery can be expected through appropriate wound management. Various risk factors related to DMF ulcers and DMF amputations are known[1,20-25]. Cervantes-García and Salazar-Schettino[20] found that males and smoking history, which were indicated as risk factors for amputation in diabetes-related foot ulceration, were also identified as risk factors for amputation in DMF infection in a meta-analysis[20]. Diabetic complications, including peripheral Arterial Disease, peripheral neuropathy, nephropathy, and severe infection, were identified as major causes of amputation[1,20,21]. However, Sen et al[23] reported that DM neuropathy was not associated with DMF amputation risk factors. Although nephropathy is important in the development of DMF ulcers, this complication was not found in this meta-analysis to be the cause of amputation in patients with DMF infection (DFI)[22,23]. Based on studies conducted by Aziz et al[24] and Shojaiefard et al[25], elevated average leukocytosis, CRP, ESR, HbA1c levels, and hyperglycemia have been identified as risk factors for amputation. Park et al[26] reported that high glucose levels (> 300 mg/dL) and hypotension at admission are identified as independent risk factors for limb loss in patients with necrotizing fasciitis.
Furthermore, there is limited understanding of the risk factors associated with wound complications following transtibial amputation surgery. Various risk factors were analyzed in this study. In this study, high HbA1c and kidney transplantation history were analyzed as risk factors for postoperative wound complications after transtibial amputation surgery. Sinacore reported that wound healing is delayed due to the use of immunosuppressive agents after transplantation[27]. Seo et al[28] reported that post-pancreas transplantation, 6.9% of individuals developed DMF ulcers, and 3.2% developed Charcot arthropathy. A study by Sharma et al[29], involving 235 kidney transplant patients, revealed a 15% incidence of DMF ulcers. In their multivariate analysis, Uçkay et al[30] observed that the presence of chronic, enhanced immune suppression, compared to its absence, is linked with an increased likelihood of clinical failures in DFI cases, indicated by a hazard ratio of 1.5 and a 95% confidence interval ranging from 1.1 to 2.0. This suggests that a consistently elevated level of immune suppression may act as an independent factor increasing the risk of unsuccessful treatment outcomes in DFI[30]. According to Huang et al[31], the wound healing process in DMF patients as intricate, involving factors such as elevated blood sugar levels, reduced blood flow, low oxygen levels, heightened inflammatory response, and ongoing infections. Based on these prior studies, this study also identifies risk factors for wound complications associated with impaired wound healing, such as immunosuppressive agent usage following kidney transplantation. No significant differences (P > 0.05) were found in age, gender, duration of diabetes, BMI, smoking status, whether the patient received treatment in the intensive care unit, or whether they underwent dialysis as risk factors for surgical wound complications.
The present study had limitations. There is no research conducted on the correlation between risk factor adjustment and a reduction in the occurrence of complications. Further research is required to investigate this matter. This study is retrospective in design and carries inherent limitations when compared to prospective studies. Nevertheless, within this study, clinical photographs were serially captured for all patients before and after surgery, as well as during each wound management, and these images were stored in the PACS for documentation. This approach facilitated a precise evaluation of complication presence and wound status, utilizing not only medical records but also PACS clinical photos. Due to the analysis of actual wound status using PACS, which could be missed in medical records, this study concludes that the high incidence of wound complications after transtibial amputation surgery is the reason for its observation.

CONCLUSION
In this study, 43.1% of the patients with transtibial amputation surgery experienced wound complications, and 16.7% necessitated additional wound revision procedures, such as debridement. High HbA1c levels (HbA1c > 7.2) and kidney transplant history are risk factors for postoperative wound complications.

ARTICLE HIGHLIGHTS
Research background
Diabetic foot (DMF) complications are common and are increasing in incidence. Risk factors related to wound complications are yet to be established after transtibial amputation under the diagnosis of DMF infection.

Research motivation
The purpose of this study was to analyze the prognosis and risk factors related to wound complications after transtibial amputation in patients with diabetes.

Research objectives
Having knowledge of the research findings on the prevalence and risk factors of wound complications after transtibial amputation in patients with DMF, we can utilize this information in a clinical setting for purposes such as predicting patient outcomes and providing explanations to patients

Research methods
Seventy-two patients with DMF infection underwent transtibial amputations between April 2014 and March 2023. The medical records and photographs stored in Picture Archiving and Communication System were analyzed to ascertain the presence of wound complications and to categorize the types of wound complications. The occurrence of postoperative wound complications after transtibial amputation surgery was classified into two groups and the contribution of each risk factor was analyzed. Group 1 was defined as cases without wound complications after transtibial amputation surgery in DMF patients, and Group 2 was defined as cases with wound complications.

Research results
Among the 72 cases, 12 cases (16.7%) were performed with additional wound management (stump revision = 11 cases; transfemoral amputation = 1 case). In 12 cases, wound healing did not progress satisfactorily with a simple dressing alone, necessitating daily debridement to address infection or necrotic tissue. Compared with hemoglobin A1c (HbA1c) level of Group 1 (7.54), the HbA1c level of Group 2 (9.32) was significantly higher (P = 0.01). The optimal HbA1c cutoff for postoperative wound complications was calculated using the receiver operating characteristic curve, and the result was an HbA1c of 7.2. The prevalence of a history of kidney transplantation in Group 2 was significantly greater than that in Group 1 (P = 0.02) In Group 2, the HbA1c level was significantly higher at 8.77 than the HbA1c level of 7.07 in Group 1 (P = 0.01) [odds ratio (OR): 29.65]. The prevalence of a history of kidney transplantation in Group 2 (33.3%) was significantly higher compared to Group 1 (11.7%) (P = 0.03) (OR: 21.24)

Research conclusions
In this study, 43.1% of the patients with transtibial amputation surgery experienced wound complications, and 16.7% necessitated additional wound revision procedures. High HbA1c levels (HbA1c > 7.2) and kidney transplant history are risk factors for postoperative wound complications.

Research perspectives
No research has been conducted yet on the correlation between adjusting risk factors and reducing complications, highlighting the need for future studies in this area.
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Figure 1 Receiver operating characteristic curve for optimal cutoff of hemoglobin A1c. AUC: Area under the curve.

Table 1 Demographics, n (%)
	
	
	Group 1 (n = 41)
	Group 2 (n = 31)
	P value

	Age (years), mean ± SD
	
	
	
	0.66

	
	
	66.0 (9.9)
	61.4 (10.9)
	

	
	Median (Q1 to Q3)
	65.0 (59.0 to 74.0)
	61 (56.0 to 66.5)
	

	Sex
	
	
	
	0.93

	
	Female
	13 (31.7)
	11 (35.5)
	

	
	Male
	28 (68.3)
	20 (64.5)
	

	BMI, mean ± SD
	
	
	
	0.64

	
	
	22.4 (3.8)
	22.8 (3.8)
	

	
	Median (Q1 to Q3)
	22.5 (19.5 to 24.4)
	22.2 (19.5 to 25.7)
	

	Location
	
	
	
	0.92

	
	Right
	16 (39.0)
	14 (45.2)
	

	
	Left
	23 (56.1)
	16 (51.6)
	

	
	Both
	2 (4.9)
	1 (3.2)
	

	Dialysis
	
	
	
	0.86

	
	No
	31 (75.6)
	22 (71.0)
	

	
	Yes
	10 (24.4)
	9 (29.0)
	

	Kidney transplant history
	
	
	
	0.02

	
	No
	40 (97.6)
	21 (67.7)
	

	
	Yes
	1 (2.4)
	10 (32.3)
	

	Smoking
	
	
	
	0.71

	
	No
	29 (70.7)
	24 (77.4)
	

	
	Yes
	12 (29.3)
	7 (22.6)
	

	Amputation history
	
	
	
	0.84

	
	No
	22 (53.7)
	15 (48.4)
	

	
	Yes
	19 (46.3)
	16 (51.6)
	

	HTN
	
	
	
	0.06

	
	No
	17 (41.5)
	4 (12.9)
	

	
	Yes
	24 (58.5)
	27 (87.1)
	

	Endovascular intervention history
	
	
	
	0.38

	
	No
	29 (70.7)
	18 (58.1)
	

	
	Yes
	12 (29.3)
	13 (41.9)
	

	HbA1
	
	7.54
	9.32
	0.01

	HbA1c ≥ 7.2
	
	
	
	0.01

	
	No
	18 (43.9)
	4 (12.9)
	

	
	Yes
	23 (56.1)
	27 (87.1)
	


BMI: Body mass index; HTN: Hypertension; HbA1c: Hemoglobin A1c.

Table 2 Risk factors, n (%)
	
	Univariable
	Multivariable_all

	
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	Age (years)
	0.96 (0.91-1.00)
	0.066
	1.01 (0.93-1.09)
	0.866

	Sex
	
	
	
	

	
	Female
	-
	
	-
	

	
	Male
	0.84 (0.31-2.29)
	0.737
	0.53 (0.08-2.92)
	0.476

	BMI
	1.03 (0.91-1.17)
	0.630
	1.10 (0.87-1.45)
	0.439

	Location
	
	
	
	

	
	Right
	-
	
	-
	

	
	Left
	0.80 (0.30-2.08)
	0.640
	0.62 (0.14-2.65)
	0.525

	
	Both
	0.57 (0.02-6.60)
	0.662
	0.11 (0.00-3.08)
	0.239

	Kidney transplant history
	
	
	
	

	
	No
	-
	
	-
	

	
	Yes
	19.05 (3.32-361.72)
	0.006a
	26.22 (2.36-811.46)
	0.020

	Smoking
	
	
	
	

	
	No
	-
	
	-
	

	
	Yes
	0.70 (0.23-2.04)
	0.525
	0.26 (0.04-1.52)
	0.150

	ICU
	
	
	
	

	
	No
	-
	
	-
	

	
	Yes
	0.64 (0.23-1.71)
	0.379
	0.20 (0.03-1.09)
	0.085

	HTN
	
	
	
	

	
	No
	-
	
	-
	

	
	Yes
	4.78 (1.52-18.42)
	0.012
	6.19 (1.20-44.22)
	0.054

	Endovascular intervention history
	
	
	
	

	
	No
	-
	
	-
	

	
	Yes
	1.75 (0.66-4.72)
	0.266
	2.86 (0.63-16.12)
	0.193

	HbA1c ≥ 7.2
	
	
	
	

	
	No
	-
	
	-
	

	
	Yes
	5.28 (1.69-20.33)
	0.007a
	31.28 (5.04-355.9)
	0.001


aP < 0.05.
BMI: Body mass index; ICU: Intensive care unit; HTN: Hypertension; HbA1c: Hemoglobin A1c; OR: Odds ratio; CI: Confidence interval.
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