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Abstract
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Background: The diabetic foot is a chronic complication of diabetes. There is a strong relationship between glucose levels, the
severity of diabetic foot ulcers (DFUs), and the need for amputation. This study aimed to evaluate the blood sugar (BS) trends before
and after surgery in patients with DFU who had been amputated.

Methods: The adult patients who had undergone DFU-related amputation surgery between 2017 and 2020 in Imam Khomeini
Hospital Complex, Tehran, Iran, were evaluated. The cases whose BS levels were charted at least three days before and after
amputation were recruited. The main data, including hypoglycemia (defined as a blood glucose level < 70 mg/dl) and mean BS and
fasting BS (FBS) levels, were recorded. The data were then analyzed and compared before and after amputation.

Results: Of 267 patients reviewed for inclusion criteria, 55 patients were included in the study. Twenty-eight patients (50.9%) were
men, and the mean age was 60 years. The mean FBS before and after amputation was 229.5 and 181.3 mg/dl, respectively, and the
mean BS before and after amputation was 227.3 and 197.8 mg/dl, respectively. The differences were significant (P < 0.001). Twelve
patients (21.8%) before and 21 patients (36.4%) after amputation suffered from hypoglycemia (P=0.057).

Conclusion: DFU-related amputation is associated with a significant decrease in blood glucose levels and inflammatory indexes.
However, it can increase the risk of hypoglycemia during the first three days after the surgery.
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Background

Diabetes mellitus (DM) is a main public health issue
worldwide. The number of patients with diabetes has been
estimated to increase from 171 million in 2000 to 366
million in 2030 (1). In 2002, the frequency of type II DM
among Iranian people was estimated to be three million
people (7.7%) (2). Every year, 2.5% of patients with diabetes
develop diabetic foot ulcers (DFUs), of whom 15% suffer
from ulcer-related complications (3, 4). The prevalence
of DFUs in Iranian people with diabetes is approximately
6% (5).

DFUs are among the common complications of chronic
DM, occurring in uncontrolled blood glucose levels (6). If
not treated quickly, the ulcers result in infections, which
may destruct the deep tissues and bones and necessitate
amputation as the only treatment choice (7). DFUs are
responsible for 50%-58% of non-traumatic amputations in
the world annually. The treatment cost of DFUs is reported
to be more than one billion dollars annually (7, 8).

The association of uncontrolled DM with postoperative
complications and adverse outcomes has been established

in patients with diabetes undergoing surgery (9).

Therefore, the management of blood glucose in
surgeries in patients with diabetes is crucial. However, the
management protocols vary in different surgeries and are
highly controversial (10). Currently, there is a lack of
studies investigating blood glucose levels before and after
DFUs-related amputations (11).

This study aims to evaluate and compare the blood
glucose trends before and after surgery in patients with
diabetes who have been amputated.

Methods

This retrospective cross-sectional study was conducted
on patients with DFU in Imam Khomeini Complex
Hospital, Tehran, Iran. The data from the patients with
DFU admitted from 2017 to 2020 were extracted from the
hospital’s electronic record system. The patients included
in this study were adult patients with DFU who underwent
lower extremity surgery involving at least one toe
amputation according to their surgical report and had
their blood sugar (BS) regularly charted four times a day
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for at least three days before and after amputation. The
collected data were patients’ demographic characteristics,
past medical history, history of amputation, diabetic
profile details and inflammatory lab indexes, details of the
foot wound based on Wagner classification, amputation
levels, medication history for controlling diabetes, and
hypoglycemia (defined as a blood glucose level of < 70
mg/dl) (12).

For each patient, a BS chart comprising fasting BS
(FBS), pre-dinner and pre-lunch BS, and postprandial
blood glucose before bedtime was prepared based on the
hospital recording chart. The mean BS and FBS were
calculated for 72 hours before and after amputation and
compared. The BS monitoring was performed by portable
electronic devices (glucometer) at the patient’s bedside.

The data were imported to a database Excel file, and
data cleaning was conducted. Eventually, the descriptive
and comparative analyses were carried out using SPSS
software (version 20.0, IBM Corporation, Armonk, NY,
USA). The normal distribution was confirmed by
Kolmogorov-Smirnov test, and the general linear model
(GLM) repeated measures analysis of variance (ANOVA)
was used for the same measurements at different times on
each patient’s BS profile.

The study was approved by the Research and Ethics
Committee of Tehran University of Medical Sciences with
the code IR TUMS.IKHC.REC1396.4894.

Results

Out of 267 patients with DFU who underwent
amputation, 55 patients were included based on the
inclusion criteria. Almost half of the patients (n = 28, 50.9%)
were men, the mean age was 60 years (38-87 years), and the
mortality rate was estimated at 9.1%. Regarding blood
glucose control methods, 17 patients (30.9%) had a history
of using oral antihyperglycemic agents, 11 patients (20%)
used insulin, and almost half of the patients (49.1%) had a
combination of insulin and oral agents before
hospitalization. The most common comorbidity was
hypertension (HIN), which was observed in 32 patients
(58.2%). The mean years of diabetes diagnosis were
estimated at 14.5 years (1-30). The mean length of
hospitalization was 20 days (6-66).

Wagner classification showed that 30 patients (54.5%)
were in grade 3, 20 (36.4%) were in grade 4, and 5 (9.1%)
were in grade 5 upon admission. Moreover, 14 patients
(25.5%) had an amputation history. In terms of amputation
level, 34 patients (61.8%) had a below-knee amputation, 14
(25.4%) had a metatarsal amputation, 5 (9.1%) had a thumb
amputation, and 2 (3.7%) had a toe amputation.

The mean level of FBS before and after amputation was
229.55 and 181.30 mg/dl, respectively, and the mean level of
BS before and after amputation was 227.38 and 197.85
mg/dl, respectively. The mean levels of FBS and BS were
significantly lower (P < 0.001) after the amputation (Table 1
and Figure1).

Table 1. Evaluation of variables before and after amputation in patients with
diabetic foot ulcer (DFU) infection

Variables Three days before Three days after P-value
amputation amputation
BS (mg/dl) (mean) 227.38 197.85 <0.001
FBS (mg/dl) (mean) 229.55 18130 <0.001
Hypoglycemia [n (¥)] 12(21.80) 21(36.40) 0.057
WBC count (x 10%/ml) 17.30 8.90 0.001
CRP (mg/l) 92.83 34.66 0.001
ESR (mum/h) 112.53 51.44 0.001

BS: Blood sugar; FBS: Fasting blood sugar; WBC: White blood cell; CRP: C-reactive
protein; ESR: Erythrocyte sedimentation rate
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Figure 1. The comparison of mean blood sugar (BS) and fasting blood sugar (FBS)
levels before and after the amputation

In addition, the differences between the mean white
blood cell (WBC) counts, erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP) levels before and after
the amputation were significant (P=0.001) (Table 1).

The result of assessing the effects of and interactions
between the patient’s demographic and laboratory data,
including gender, age (<60 or above), duration of diabetes
(12 years or above), HTN status (yes or no), length of stay
(LOS) in hospital (< 20 days or above), diabetic ulcer
(Wagner grades), and having fever (> 38 °C) on blood
glucose indicated no statistically significant effect on FBS
and BS trends before and after the surgery. In other words,
the difference between pre and postoperative FBS and BS did
not depend on patients’ demographic and clinical data.

12 patients (21.8%) had hypoglycemia before
amputation, and 21 patients (36.4%) suffered from
hypoglycemia after amputation (P = 0.057).

Discussion

This study assessed the blood glucose levels and
relevant factors in patients with diabetic foot before and
after amputation. In the present study, the number of
male patients admitted with complicated DFUs was higher
than female ones (50.9%), similar to many previous
studies, and due to the high prevalence of atherosclerosis
in men (13-15). Moreover, the average time from the
diagnosis of diabetes to admission for DFU was 14.5 years
(1-30 years), contrary to similar studies with approximately
ten years (16).

Preoperative hyperglycemia has a strong relationship
with mortality rate in surgical procedures (9, 17). However,
the preoperative BS controlled by insulin can improve a
patient’s survival rate (11). According to the guideline, the
BS level in patients after surgery is considered between 140
to 180 mg/dl (18). However, despite the higher level of post-
amputation BS in the present study (197.85 mg/dl), the rate
of postoperative hypoglycemia increased.

The hypoglycemic and hyperglycemic conditions
negatively affect diabetic patients’ outcomes admitted in
hospital (19). The most important cause of hypoglycemia
in hospitalized patients with DM is decreased calorie
intake (20). The main concern is that the symptoms of
hypoglycemia usually develop very quickly and can even
lead to death (11). Therefore, according to the study
outcomes, controlling the fluctuating levels of blood
glucose, especially in post-amputation hypoglycemia, can
be a necessary therapeutic action.
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In most cases, increased inflammatory markers in
patients with DFUs are strongly in favor of the infection.
The high serum levels of ESR has also reported to be
significantly associated with osteomyelitis (21). According
to our findings, the postoperative decrease in mean blood
glucose was accompanied by a dramatic drop in
leukocytosis, ESR, and CRP. The levels of CRP and ESR
significantly declined in patients with infected DFUs after
therapeutic management (22). Besides, there is a
significant reduction in the inflammatory process in the
patients receiving effective treatment, including infection
source control after diabetic foot amputation.

Conclusion

Amputation can be an important way to control
hyperglycemia in DM patients with DFU. Although
DFU-related amputation is associated with a dramatic
drop in inflammatory indexes, it can increase the risk of
hypoglycemia during the first three days after the surgery.
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