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Abstract: Background: This study aimed to explore the effect of haematological markers as well
as patient characteristics on stump healing in patients who underwent a lower limb amputation
procedure. In addition, a practical model regarding factors that affected stump healing was developed.
Methods: Patients who underwent a major lower limb amputation (above knee and below knee) at
the Royal Infirmary of Edinburgh from the period of 2007 to 2010 were included in this study. A
prognostic model utilizing backward stepwise logistical regression was developed to measure the
probability of lower limb stump healing. The relationship between the dependent and independent
variables was identified using univariate and multivariate logistic regression. Results: Three variables,
namely serum sodium, serum creatinine and serum high density lipid cholesterol were identified
which influenced stump healing. Patients with normal serum sodium were 75% more likely to have
lower limb stump healing compared to that of patients with abnormal serum sodium (odds ratio
[OR] 1.756; 95% confidence interval [CI] 1.048–2.942). Patients with normal serum creatinine were
66% more likely to have their stump healed (OR 1.664; 95% CI 0.94 to 2.946). The healing rate of
patients with a normal level of serum high density lipid cholesterol was 75%, in contrast to patients
with an aberrant level of serum high density lipids cholesterol (OR 1.753; 95% CI 1.061 to 2.895). The
effectiveness of the retrospective stump-healing model was demonstrated by the area under the ROC
curve (0.612), which was supported by the Hosmer and Lemeshow goodness-of-fit test (p = 0.879).
Conclusions: Serum sodium, serum high density lipid cholesterol and serum creatinine have a strong
correlation with lower limb stump healing. However, serum sodium and serum high density lipid
cholesterol secondary to multiple co-morbidities in this cohort group could be altered secondary to
disease pathology itself.
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1. Introduction

Lower extremity amputations (LEAs) are a major source of morbidity and mortality
in patients with diabetes mellitus [1]. According to estimates, every half a minute a patient
with diabetes mellitus loses a leg due to an amputation [2]. The life expectancy rate
among individuals who have been subjected to major amputation procedures is low and
is comparable to survival rates in cancer patients (5-year mortality rates up to 55% for
colon cancer vs. 73% in lower limb amputation) [3]. According to Schofield et al. [4],
diabetes itself is a marker of mortality, with people with diabetes mellitus having a 55%
greater risk of death than those without the disease. Diabetes foot disease requires patients
to spend a considerable period of time in hospital, contributing to 25% of the hospital
expenditure for diabetes mellitus [5]. There is a growing necessity for interdisciplinary
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treatment for amputations secondary to diabetes mellitus given the complex nature of its
pathophysiology, as the number of people with diabetes mellitus continues to increase.

The proportion of the elderly in the population of the United Kingdom is considerable,
signifying that an increasing number of patients with diabetes mellitus of advanced age
will go on to require some form of lower limb amputation surgery [6,7]. This poses
questions about the viability of subjecting older patients to surgical procedures, given
the reduced healing and the co-existence of multiple conditions such as diabetes mellitus
and peripheral vascular disease. Most patients in the United Kingdom referred for an
amputation procedure are 75 years of age or older [8]. The increased age of this group puts
them at a higher risk of developing amputation-related complications and demands the
creation of more efficient treatment to ensure survival of these patients.

Healthcare professionals are faced with the challenge of assessing the different risk
factors and deciding which one of them have a greater influence on the stump healing rate.
There are currently an insufficient number of studies regarding factors effecting lower limb
amputation. The available studies exhibit wide variation in structure and outcome. In
addition, the related literature shows discrepancies regarding methods of patient selection,
surgical procedures and post-operative implications. The variation exhibited by these
studies makes it difficult to reach a conclusion about the way stump healing affects limb
rehabilitation. It is imperative that further studies are conducted to enable the creation of a
set of guidelines regarding factors contributing to the healing of the stumps following leg
amputation [9].

The biomarkers used in this study were chosen because they were readily available
given the scope of the study. A good biomarker is one that is relevant to the study, is
cost effective, easily reproducible, has a high sensitivity, specificity and validity proven
towards that disease and least prone to measurement errors and bias. The markers used
in this study were factors that played a role in healing of a diabetic foot ulcer as noted
in several studies and played a role in the pathophysiological pathways of peripheral
vascular disease and diabetes, which are the main causes for a lower limb amputation
surgery [10]. These biomarkers were easy to use, readily available for a surgeon/physician
on a day-to-day basis for decision-making, were cost effective and did not require any
equipment or any expertise to use or interpret. The main purpose of this study was to
retrospectively explore the potential influence of blood markers and patient factors (risk
factors, kidney function profile, coagulation profile, lipid profile and infection markers)
on stump healing of patients with diabetes mellitus who had undergone lower extremity
amputation surgery.

2. Materials and Methods
2.1. Research Design

This was a single-centre exploratory study that involved the collection of retrospective
data from the Royal Infirmary of Edinburgh and identification of those independent
predictors for a predictive model that affect stump healing in patients who have undergone
a major lower limb amputation procedure. A favourable ethical opinion was obtained
from the National Health Service Lothian ethics committee and Queen Margaret University
ethics committee for the study, and the requirement for individual informed consent
was waived.

Using the retrospective clinical database of patients with diabetes, we identified
300 patients between February 2007 and October 2010 who had undergone lower limb
amputation. Purposive sampling technique was used for patient’s recruitment.

2.2. Study Participants

The potential participants were retrospectively purposively chosen by the researcher
on the basis of the inclusion and exclusion criteria from those who underwent a below or
an above knee amputation procedure at the Royal Infirmary of Edinburgh.
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2.2.1. Inclusion Criteria

- Patients whose age was 18 years and above.
- Both genders (male and female) were eligible for the study.
- Patients who had an amputation at a level of below or above knee for the first time.

2.2.2. Exclusion Criteria

- Patients who had a revision of their stump either at the same level or at a higher
level [11].

- Patients who had a traumatic amputation due to an accident [12].
- Patients with incomplete complete information required for the study.

Study was performed systematically in different steps from identification, screening,
recruitment, data collection of potential participants and finally data analysis by using
appropriate statistical test (Figure 1).
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A list detailing patients who had undergone above or below knee amputation surgery
was initially obtained from the Department of Vascular Surgery, Royal Infirmary of Edin-
burgh. To recruit patients a selective sampling technique was used. The hospital’s vascular
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database was probed for a retrospective case note review of patients who had undergone
amputation surgery. Case files were obtained from the medical records (Apex® software)
for those patients whose amputation surgery was conducted at the Royal Infirmary Edin-
burgh between 2007 and 2010. Analysis of potential participants was undertaken through
interrogation of the data. Patients’ pre-operative assessments, the clinical outcomes of their
operation and follow up case notes were all utilised to compile a full report on each patient.

A total of 384 lower limb amputation surgical procedures were performed during
the period. From these 300 cases who underwent either a below knee or an above knee
amputation surgery for the first time were identified. Patients were excluded due to
incomplete information in relation to the stump healing outcomes (n = 36) or those who
had a revision of their stump either at the same level (n = 31) (below knee amputation
(BKA) followed by a revision at the same level) or at a higher level (n = 17) (BKA followed
by an above knee amputation (AKA).

2.3. Data Collection

A comprehensive review of the patient’s inpatient and outpatient records including
the medical and surgical history was performed. The relevant demographic and clinical
data collected from all medical and surgical consultations was examined and entered into
Excel spreadsheet (Microsoft, Redmond, WA, USA). The Principal Investigator was aware
of the identity of the patients in order to access the patients’ notes. All data was collected
as per the Caldicott principles. Throughout the duration of the study, the information
collected from patients was securely stored in a safe place in the vascular department of the
Royal Infirmary of Edinburgh and accessibility was restricted to research team members
only. Each patient was issued with a unique identification number, which corresponded to
his or her personal details, personal information and consent forms. This same number
was used in all stages of the study to ensure confidentiality and to protect identifying
personal details. Access to the link anonymised data collected by the principal investigator
throughout the study was only available to the key investigators and associate collaborators.
Data storage and subsequent destruction was in accordance with the Data Protection Act
1998. Patients’ confidentiality was paramount during the collection of the data and the
subsequent submission of manuscripts for publication. As per the health care records
policy, these records would be destroyed after 5 years following discharge.

2.4. Predictive Measure—Stump Healing

Stump healing was defined as the complete painless closure of the wound/stump fit
enough to take prosthesis for functional purposes [13]. It was determined at the end of
12 weeks from the day of lower limb amputation surgery by the single vascular consultant
in the Royal Infirmary of Edinburgh [9,14].

2.5. Sample Size

Vergouwe et al. [15] recommended that, ideally, at least 100 events and 100 non-events
should be used to ensure that the external validation studies are accurate. Therefore, a
model should be developed from a base of no fewer than 100 events and 100 non-events
to ensure adequacy of power. This recommendation was based on the observation that
samples consisting of approximately 100 events were able to identify considerable dis-
crepancies in model efficiency in up to 80% of cases. The proportion of events (stump
healing rates) varied greatly in previous studies and the lowest healing rate was taken
in order to have enough patients to power the study which was 30% [16]. This would
mean that a sample size of 100 patients would provide 30 events and in order to obtain
100 events, a sample size of 330 would be needed to adequately power the model. Ac-
cording to Vergouwe et al. [15] statistically significant variations in model performance
can be highlighted from an approximation of 80% power provided by an initial sample
of 100 events. As a generalisation, prognostic models tend to be overly optimistic and as
such, do not always work well in practice.
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2.6. Statistical Analysis

Statistical analysis was performed using SPSS (IBM SPSS Statistics for Windows,
Version 20.0. IBM Corp., Armonk, NY USA). Data was expressed as mean, standard
deviation (SD) and 95% confidence interval (CI) or as proportions. The association between
the independent factors and outcome i.e., stump healing was assessed initially employing
univariable logistic regression and following this a multivariable model was produced
utilising backward stepwise logistic regression with those variables found to be significant
in the univariable regression at p < 0.25. The odds ratios and associated 95% confidence
intervals for variables in the final model were reported. The significance level for the
multivariable model was set at a p <0.05. Multicollinearity in the model was investigated
to assess the relationship between the independent factors. We evaluated the calibration
and discrimination performance of the model. For the calibration, the Hosmer-Lemeshow
test was employed to investigate how well the predicted probabilities agreed with the
observed probabilities. Discrimination, which refers to the ability of a model to distinguish
between the healed and unhealed stump, was quantified using the ROC curve. The ROC
curve plots the sensitivity (true positive rate) against 1—specificity (false positive rate) for
consecutive cut-offs for the probability of an outcome [17].

3. Results

Retrospective data was obtained for 300 patients who underwent lower limb am-
putation. Ages of the participants ranged from 34 to 97 years, with a mean age of
71.16 ± 14.5 years. Percentage of patients who underwent an above knee amputation
was 53.7% (n = 161) with 46.3% (n = 139) undergoing a below knee amputation. Healing of
the stump as defined was achieved in sixty three percent (n = 189) of patients.

3.1. Univariable Associations

Retrospective analysis of the derivation set of 300 lower limb stumps that were per-
formed between 2005 and 2009 revealed a failure to heal rate of 37% (n = 111). Access
characteristics and univariate analysis of clinical variables for the prediction of stump
healing are shown in Table 1. Univariate analysis found seven variables to be associ-
ated with lower limb stump healing: type of amputation (OR 1.64; 95% CI 1.02–2.63),
gender (OR 1.53; 95% CI 0.97–2.49), hypertension (OR 0.35; 95% CI 0.09–1.24), smoking
(OR 0.35; 95% CI 0.09–1.24), serum sodium (OR 1.71 95% CI 1.04–2.82), serum creatinine
(OR 1.59; 95% CI 0.92–2.75) and high density lipids (OR 1.62; 95% CI 0.99–2.64). Further
variables, namely age (OR 2.0; 95% CI 0.54–7.47), diabetes mellitus (OR 0.89; 95% CI 0.56–1.43),
white cell count (OR 1.03; 95% CI 0.639–1.66) and prothrombin time (OR 0.99; 95% CI 0.59–1.52)
were added to the model secondary to their strong clinical association with the stump healing.

3.2. Multivariable Associations

Three variables were identified which influenced lower limb stump healing in the
multivariable logistic regression analysis (Table 2). The lower limb stump healing was
relatively 75% more likely in patients with normal serum sodium compared to that of
patients with abnormal serum sodium (OR 1.76; 95% CI 1.04–2.94; p 0.03). Patients with
normal serum creatinine were 66% more likely to have their stump healed (OR 1.66; 95%
CI 0.94 to 2.95; p 0.05). A normal serum high density lipid cholesterol resulted in a 75%
more likely chance of healing compared to those with abnormal serum high density lipid
cholesterol (OR 1.75; 95% CI 1.06 to 2.89; p <0.03).
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Table 1. Univariate analysis of independent variables to lower limb stump healing.

Clinical Characteristics % StumpHealed Total % Crude OR (95% CI) p-Value

Age
≤50 yrs 76.9 4.3 2.01 (0.54–7.47) 0.29
>50 yrs. 62.4 95.7
Gender

Male 65.9 71.3 1.53 (0.97–2.49) 0.10 *
Female 55.8 28.7

Type of Amputation
AKA 68.3 53.7 1.64 (1.02–2.63) 0.04 *
BKA 56.8 46.3

Diabetes mellitus
No 64.2 54 0.89 (0.56–1.43) 0.64
Yes 61.6 46

Smoker
No 74.1 18.3 0.54 (0.28–1.05) 0.19 *
Yes 60.8 81.7

HTN
No 82.4 5.7 0.35 (0.09–1.24) 0.10 *
Yes 61.8 94.3

K+ (mmol/L)
Abnormal 64.6 16 0.92 (0.48–1.76) 0.80

Normal 62.7 84
Na+ (mmol/L)

Abnormal 54.3 10.7 1.71 (1.04–2.82) 0.03 *
Normal 67 89.3

WCC
Abnormal 62.9 59.5 1.03 (0.639–1.665) 0.901

Normal 63.6 40.5
CRP
≤5 60 5.1 0.89 (0.31–2.57) 0.83
>5 62.8 94.9

Creatinine (mmol/L)
≤120 65.5 77.3 1.59 (0.92–2.75) 0.09 *
>120 54.4 22.7

Urea (mmol/L)
≤6.6 62.3 58.3 0.93 (0.58–1.49) 0.76
>6.6 64 41.7

PT (sec)
≤13.5 62.4 57.7 0.94 (0.59–1.52) 0.81
>13.5 63.8 42.3

INR (ratio)
≤1.2 64.6 68.7 1.24 (0.79–2.04) 0.41
>1.2 59.6 31.3

TC (mmol/L)
≤5 64.7 84.4 1.41 (0.74–2.66) 0.29
>5 56.5 15.6

TG (mmol/L)
≤2.1 63.2 82.4 0.86 (0.45–1.62) 0.64
>2.1 66.7 17.6

HDL (mmol/L)
≤1.1 68 61.6 1.62 (0.99–2.64) 0.05 *
>1.1 56.8 38.4

Independent patient factors and blood markers that underwent in univariate analysis and their association
with lower limb stump healing. Data values are expressed as value (%), Odds Ratio (OR), Confidence interval
(CI) and level of significance (p). * Is used for significant variables having p value < 0.25, * Is used for sig-
nificant variables, HTN—Hypertension, CRP—C Reactive Protein, WCC—White Cell Count, K—Potassium,
Na—Sodium, PT—Prothrombin time, INR—International normalization ratio, TC—Total Cholesterol, TG- Triglyc-
eride, HDL—High density lipoprotein.

Table 2. Multivariable predictors of lower limb stump healing in the retrospective data.

Predictors of Stump Healing Test Statistics and Associated Degree of Freedom Adjusted OR (95% CI) p-Value

Serum Sodium (Normal) χ2(1) = 3.89, p = 0.05 1.76 (0.31–0.87) 0.03
Serum Creatinine (Normal) χ2(1) = 3.89, p = 0.05 1.66 (1.49–5.85) 0.05

Serum HDL (Normal) χ2(1) = 3.89, p = 0.05 1.75 (2.22–11.31) 0.03
Model summary
−2 log-likelihood Cox and Snell R2 Nagelkerke R2

103.77 0.02 0.03
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The overall risk score for each patient was estimated by summing the scores of each
significant independent variable. Using the prediction model, the following prognostic
equation was developed:

Risk Score(− log odds) = β0 + β1X1 + β2X2 + . . . . . . + βnXn

where β0 is the intercept, β1 till βn are the regression coefficients and X1 to Xn are indepen-
dent variables.

Risk Score − log odds of failure of stump healing [log/(1/1 − P)] = −1.82
+ (0.56 × Serum Sodium) + (0.51 × Serum Creatinine) + (0.56 × High Density Lipid)

where all variables are coded 0 for no or 1 for yes. The value −0.18 is called the intercept,
and the other numbers are the estimated regression coefficients for the predictors, which
indicate their mutually adjusted relative contribution to the outcome risk.

It’s important to examine the appropriateness of fitted models. The performance
of the final prognostic model assessed in terms of calibration using Hosmer-Lemeshow
test was not significant (p = 0.87). This suggests that there was no statistically significant
difference between predicted and observed outcomes. Receiver operating characteristic
curve (ROC) figures are two-dimensional figures in which true positive rate is plotted on
the Y axis and false positive rate is plotted on the X axis. In this study the corresponding
receiver operating characteristic curve was constructed by calculating the sensitivity and
specificity for consecutive cut-off points according to the predicted probabilities from the
logistic regression models. The area under the receiver operating characteristic curve for
prediction of stump healing was 0.61 (95% bias-corrected CI: 0.55–0.68), which indicates
good model discrimination (Figure 2).
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4. Discussion

The results of this study identified three blood markers, each of which was inde-
pendently associated with successful lower limb stump healing: serum sodium, serum
creatinine and serum high density lipid cholesterol. In the present study, gender emerged
as a significant marker for the prediction of stump healing in univariate analysis but not in
multivariate analysis. This could be the effect of unbalanced sample size with the males
being in higher proportions compared to the females (n = 214 vs. n = 86). Wang et al. [18]
also noted that gender was not associated with predicting wound healing.

In this study, sixty three percent (n = 189) of lower limb stumps healed. This study’s
findings that primary healing rates are better in above knee stumps in comparison to
below knee stumps are consistent with other studies including that of Dormandy et al. [16].
Above-knee amputations have been shown to heal in 90% of cases, whilst the healing rate
of below-knee amputations varies greatly, from 30% to 92%, an average being 60% in below
knee amputations. Vanross et al. [19] who conducted clinical trials in 250 new lower-limb
amputees reported that the healing rates in below knee stumps were 74%. However, there
are other studies where stump healing was noted to be better in below knee amputation.
According to Jensen and Mandrup-Poulsen [20] the success rate of below knee amputations
with regards to stump healing and prosthetic fitting was 83% in contrast to 69% healing
rates and prosthesis fitting in above knee amputation. Similar findings were reported in
other studies [21].

Diabetes mellitus remains a risk factor for lower limb amputation. Many studies have
concluded that diabetes mellitus is an independent risk factor for foot ulcers and lower
limb amputation. However, few studies have been done with regards to diabetes mellitus
as a risk factor for stump healing including Low et al. [22] who reviewed 60 below knee
amputations in patients with diabetes mellitus, many risk factors for foot ulcer healing were
common to those of stump healing in lower limb amputation. Reiber et al. [23] reported
that diabetes mellitus was a predictor of stump healing (p = 0.01), a finding shared by other
studies including Moss et al. [24]. Similar findings were also reported by Criado et al. [25]
and Apelqvist et al. [26] who carried out a prospective study on 314 sequentially presenting
patients with diabetic foot ulcers.

Serum sodium was found to be an important predictor for stump healing. Yaghoubian
et al. [27] also made comparable observations in individuals with necrotising soft tissue
infection who underwent an amputation procedure. The deranged serum sodium in
patients who underwent major lower limb amputation in this study is probably as a
consequence of the disruption to the metabolism secondary to the injury post a major
surgery. According to Nissen et al. [28] the preoperative physical condition and the presence
of comorbidity influence not just the stump healing but also the functional outcomes
following a lower limb amputation surgery including the prosthesis wearing rates a finding
shared by Chen et al. [29] Other studies including a study done by Sheahan et al. [30] who
looked at 670 patients who underwent 920 minor amputations on 747 limbs noted that
end-stage renal disease (serum creatinine levels > 2.0 mg/dL) was an independent risk
predictor (p < 0.001, OR 1.72, 95% CI 1.12–2.83) for limb loss and a further amputation at a
higher level due to poor stump healing.

In this study, serum high density lipoproteins cholesterol was found to be a predictive
marker for lower limb stump healing both in the univariate as well as the multivariate
analysis. Patients with a normal serum high density lipoproteins had a 75% likelihood of
stump healing, in contrast to the patients with an aberrant serum high density lipoproteins
cholesterol (OR 1.75; 95% CI 1.06 to 2.89; p < 0.03). This study however did not take into
account the anti-lipid medications. The cardiovascular risk factors optimisation was not
looked into in this study. This is one of the limitations of the study.

Few studies have looked at lipid profile as a marker for stump healing. However,
the role of anti-lipid therapies and their effect on lowering the lipid profile leading to a
decreased risk in cardiovascular mortality and morbidity is well document. The STENO-2
trial [31] showed that there was a 50% reduction in microvascular and macrovascular events
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in the intensive arm, which included a target of total cholesterol below 175 mg/dL, and
triglycerides below 150 mg/dL. In another multivariable analysis, Suckow et al. [32] who
studied 436 patients with lower limb amputations between 2003 and 2008 found that the
patients most likely to remain ambulatory after a lower extremity amputation were those
with preoperative statin use. Similar findings were also reported by Lazzarini et al. [33]
and Lee et al. [34]. Chaturvedi et al. [35] noted in their study that serum triglycerides to be
an independent risk factor for lower limb amputation.

In contrast to the findings by the above studies, the Heart Protection Study [36] showed no
difference in amputation rates between the groups for leg amputation (67 [2·2%] vs. 67 [2·2%]),
or leg ulcer (40 [1·3%] vs. 46 [1·5%]). Rajamani et al. [37] who carried out the Fenofibrate
Intervention and Event Lowering in Diabetes mellitus (FIELD) study concluded that lipid
profile or statin therapy did not alter the risk of a major amputation or effect stump healing
(HR 0·93, 0·53–1·62; p = 0·79).

The present study has a number of limitations. One of the major determinants of
the level of amputation is that it did not take into account patients vascular supply status.
This is effectively measured by radiological imaging. This study did not take into account
any form of radiological imaging techniques in determining ideal level of amputation and
the subsequent stump healing. According to Kern et al. [38], lower limb amputations are
associated with a number of risk factors, including chronic kidney disease and peripheral
neuropathy. Most of the subjects included in this study had multiple co-morbidities, the
severity of which was hard to quantify. The extent of some of the co-morbidities including
the duration, control and extent of complications of diabetes mellitus and the extent of renal
impairment were not taken into consideration. The impact of medication on stump healing
including anticoagulation therapy (aspirin vs. warfarin) was not looked into. Surgical
factors such as intraoperative heparin, which may play an important role on the surgical
outcome, were not considered in this study. Finally, due retrospective research design
and unavailability of data regarding socio-economic status/race/ethnicity in the medical
records, we did not include in the study.

This study can have several follow-up studies including the role of endothelial
dysfunction markers in chronic limb ischaemia with relation to the haematological like
Endothelin-1, von Willibrand factor, vascular endothelial growth factor (VEGF). Prophylac-
tic antibiotics and its role in stump healing can be looked into on a larger scale. Another
follow up of this study could be on the factors that influence the rehabilitation outcomes
in lower limb amputation. The impact of early mobility on stump healing could also
be explored.

5. Conclusions

Successful stump healing is a pre-requisite for ambulation following a lower limb
amputation surgery. In order to identify which lower limb stumps would heal following a
major lower limb amputation surgery, a pre-surgery prediction rule was formulated. It was
found to be simple and easily reproducible and applied to predictive risk categories. Three
markers namely serum sodium, serum creatinine and serum high density lipids cholesterol
was recognized as being important predictors of lower limb stump healing. The clinical
utility of these risk categories in the successful healing of the stump following a lower limb
amputation surgery requires further validation in the newly treated patients.
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