


[bookmark: _Hlk222563792]COMPARISM OF PULSE OXIMETRY AND ANKLE BRACHIAL INDEX IN SCREENING FOR ISCHEMIA IN DIABETIC FOOT ULCERS



[bookmark: _GoBack]
ABSTRACT
Introduction: Peripheral arterial disease is implicated in the pathogenesis of foot ulcers  amongst diabetics, and also has a strong predictive value for cardiovascular mortality. Ankle  brachial index, which is the commonest and standard clinical screening tool requires elaborate  training, is time consuming, and difficult to do in a busy clinic. The aim of this study is to assess the sensitivity of pulse oximeter in diagnosing peripheral arterial  disease amongst diabetics with foot ulcers, and to compare it to that of Ankle Brachial Index (ABI). 
Materials and methods: This is a prospective, comparative study carried out over one year. Diabetic subjects within the age range 18-70 years with foot ulcers were  screened for inclusion criteria. The ABI and oxygen saturation were measured in both the diseased and normal limbs, Analysis of data was done using Statistical Package for Social Sciences (SPSS) version 20.0. Calculations of mean, standard deviations, and associations between the variables were tested for statistical significance using appropriate statistical tools. p-values less than 0.05 were considered significant.
Results: Seventy subjects participated in the study, with a male to female sex ratio  of 1.12:1, Mean age of participate was 57.69, and mean Diabetes mellitus duration was 9.80 years.  Mean foot ulcer duration was 13.17 weeks. Subjects mean ABI for diseased leg was 1.02, and 
1.00 for normal leg. We found 32.8% of subjects had peripheral arterial disease (PAD)  diagnosed by ABI, and 20.3%  diagnosed using pulse oximeter.  Pulse oximeter had a sensitivity and specificity of 23.81%, and 83.70%, respectively. 
Conclusion: This study showed that ABI has a higher sensitivity in comparison with pulse oximeter in detecting ischemia among diabetics with foot ulcers. With a sensitivity of 23.8%, pulse oximeter may not be a good screening tool in detecting ischemia among  diabetics with foot ulcer.
Keywords:Pulse oximetry, Ankle brachial index,  Ischemia, Diabetic foot ulcers.  

Introduction 
Peripheral arterial disease is atherosclerosis leading to narrowing of the major arteries distal to  the arch of aorta.1,2It can involve both the upper and lower limbs.1This progressive occlusion  results in arterial stenosis, reduced blood flow and ischaemia.3 The most common clinical  presentation of peripheral vascular diseases is intermittent claudication.1,3Claudication is  defined as muscles discomfort in the calf that is reproduced by exercise and relieved by rest  within 10 minute. 4 However, only about 10% of patients with peripheral vascular diseases have classic claudication.  Others have atypical leg pain (50%) or are asymptomatic 40%.4There is a group of claudicants  called atypical claudicants, who may feel the cramps in the gluteal muscles, instead of the  calf. 1 Within five years of diagnosis, 10-15 percent of patients with claudication will die of  cardiovascular disease. 5 Furthermore, there are some clinical conditions that closely mimic  intermittent claudication. Such clinical conditions include spinal  stenosis, peripheral neuropathies, musculoskeletal disorders, and deep vein thrombosis. 1,3 
PAD is a clinically significant condition. Due to the progressive narrowing  of arteries in the condition, tissues are deprived of perfusion and oxygen. Depending on the  clinical stage of the patient, peripheral arterial disease may be asymptomatic or present as  intermittent claudication, rest pain, chronic or critical limb ischemia .4 
There is a need for early detection and intervention to stop progression of disease .6,7It is  estimated that 1% of patients with PAD present with evidence of tissue  loss, gangrene or chronic pain at rest. Such symptoms suggest critical limb ischemia.1 Untreated PAD can lead to foot ulceration, gangrene and amputation. 
PAD has been called a silent killer with strong predictive value for  cardiovascular mortality. 8Patients with PAD develop more widespread atherosclerosis, and have  more ischaemic cardiovascular events, including myocardial infarction and cerebrovascular  accident. Thus, PAD is used as a surrogate marker for cardiovascular diseases .8 
Peripheral arterial disease is more prevalent amongst diabetic subjects compared to the general  population. 8,9,45Studies in Nigeria found a prevalence of 13.4% in diabetics without foot  ulcers, to as high as 76.4% in those with foot ulcer. 8,10 ,45About 15% of diabetics are  estimated to develop PAD 10 years after diagnosis and this is expected to increase to 45%  in 20 years. 3 Therefore, there is need for early detection and intervention to stop the progression  of this disease. 10 
 Peripheral  arterial diseases are common in diabetic subjects, but frequently under diagnosed. The high rate  of under-diagnosis is largely due to the blunted pain sensation in this group occasioned by  concomitant peripheral neuropathy, which is quite common in diabetic individuals.3,5,6,8 
Consequently, they may not report symptoms of claudication. Even the use of a validated  structured questionnaire to detect PAD in diabetics has shown low sensitivity. 3 The Ankle  brachial index (ABI) is the ratio of the systolic blood pressure at the ankle to that measured at the  arm. It has a normal range of 0.9 to 1.3, and values below 0.9 indicate PAD. 1,2 Measurement of 
ABI is a recommended approach of screening for PAD due to its non-invasiveness, high sensitivity and specificity. 3,12 However, it requires the use of a Continuous-wave Doppler machine, which warrants some level  of training to use. 10 It may take an average of 10 minute to perform in a subject, so might not be  time efficient in a busy clinic such as ours. An additional limitation is inaccurate measurement as  a result of calcified or incompressible vessels in the diabetic subjects. This leads to a false high  ABI even in the presence of severe PAD. The presence of subclavian artery stenosis could also  elevate readings on the side of the stenosis.9, 12 
To mitigate against some of the above mentioned limitations, the Pulse Oximetry has been  proposed as a non-invasive and a faster screening method to detect low oxygen haemoglobin  saturation in the fingers and toes. 13,14 Its simplicity of use and fast reading can be beneficial in a  busy clinic. However, there is a paucity of studies that have compared the diagnostic utility of  the Pulse Oximeter to that of the already established ankle brachial index.  
The purpose of this study is to compare the sensitivity, specificity, and accuracy of pulse  oximetry to that of time tested ABI, in screening for ischemia in diabetic foot ulcers. Thus  investigating the potential use of pulse oximetry as a reliable alternative to Ankle Brachial Index  as a screening tool for PAD.
Materials and methods. 
This is prospective comparative study between two diagnostic methods. The study was conducted at the National Orthopaedic Hospital, Enugu (NOHE) and Federal  medical center Owerri .They are both tertiary hospitals in the south eastern region of Nigeria.. The study was done over a period of one year. The study population was diabetic subjects between 18years and 70 years with foot ulcers who  present to the clinics or the wards and give consent to participate in the study. Patients who had cognitive impairment, Wagner stage IV diabetic foot ulcers, or who refused to give consent were excluded from this study. 
Consecutive patients who fulfilled the inclusion criteria were enrolled into the study as they presented to the accident and emergency room. The objectives of the study were explained to each patient at the time of enrolment. A detailed clinical history was taken from all patients who met the inclusion criteria, and full physical examination performed on them.
A total of 70  patients were recruited into this study during the one year study period. Ethical approval was obtained from Ethical Committees of both National Orthopedic Hospital  Enugu, and Federal Medical Center Owerri.  
The ankle brachial index were measured with the 8-MHz Edan SD3 continuous wave hand-held  vascular Doppler. A blood pressure mercury sphygmomanometer (ACOSSON) was used to  measure the ankle( Posterior Tibal artery, and dorsalis pedis), and arm (Brachial artery)  pressures of the limbs for the ABI measurements. The final reading was made using Huntleigh  ABPI Calculator. The pulse oximetry was measured with a digital Pulse Oximeter (CONTEC®  CMS50F), The fasting blood glucose was measured with a portable glucometer (Accuchek  Active). Other relevant biodata were collected with a structured questionnaire. Data were entered in a spread sheet and analyzed using IBM® SPSS (Statistical Package for Social Sciences) version 21. The statistical analysis were done using the appropriate formulas.
RESULTS
Seventy subjects were recruited and completed the study, with 37 males and 33 females giving a male to female sex ratio of 1.12:1 (figure 1).

Figure 1 The sex distribution of the study group.
The participants mean age was 57.69 years (SD = 14.09). Middle-aged adults (45–64 years) were the most frequently affected with diabetic foot ulcers in this study, followed by the elderly (Table 1).
[bookmark: _Hlk65949796]Table 1 The frequency of the various age categories in the study.
	The age category (years)
	N
	%

	
	
	

	18–44
	9
	12.9

	
	
	

	45–64
	41
	58.6

	
	
	

	>64
	20
	31.3

	
	
	

	Total
	70
	100.0



The participants’ mean diabetes mellitus duration was 9.80 years (SD = 7.71). Most of the subjects had been diagnosed with diabetes longer than ten years; table 2.
Table 2 The frequency of the duration of diabetes mellitus (DM) in the study.
	The duration of DM (years)
	n
	%

	
	
	

	<1
	15
	21.4

	
	
	

	2–5
	9
	12.9

	
	
	

	6–9
	9
	12.9

	
	
	

	>9
	36
	52.9

	
	
	

	Total
	70
	100.0




The subjects’ mean foot ulcer duration was 13.17 weeks (SD = 22.23). Most participants presented with an ulcer duration shorter than six weeks (Table 3).
[bookmark: _Hlk65999357]Table 3 The frequency of the diabetic foot ulcer duration (DFU) in the study.
	The duration of DFU (weeks)
	n
	%

	
	
	

	<6
	35
	50.0

	
	
	

	6–12
	16
	22.9

	
	
	

	>12
	19
	27.1

	
	
	

	Total
	70
	100.0



Wagner grade II occurred with the highest frequency in this work, with an incidence of 52 (74.3 %). This is followed by grade III in 15 subjects (21.4 %), while grade I ulcer is the least frequent with a frequency of two (2.9 %), Figure 2.
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Figure 2 The frequencies of the Wagner grades of the foot ulcers
The ulcer occurred in the right leg in 37 subjects (52.9%) and the left leg in 33 patients (47.1%), Figure 3. 

Figure 3 The distribution of the ulcer between the right and left legs.
[bookmark: _Hlk66020075]The participants’ mean fasting blood glucose was 169.55 mg/dl (SD = 74.43), while their mean Packed cell volume (PCV) was 31.16% (SD = 5.39). The subjects’ mean oxygen saturation (SpO2) in the pathological leg (with foot ulcer) was 93.75% (SD = 13.35) while it was 94.86% (SD = 12.62) in the normal leg (without foot ulcer). A paired samples t-test showed no statistically significant difference in the mean oxygen saturation between the pathological and nonpathological leg, Table 4.
[bookmark: _Hlk60569884][bookmark: _Hlk66020178][bookmark: _Hlk60838382]Table 4Comparison of the mean SpO2 between the pathological leg and normal leg in the subjects. Standard deviations of the means are enclosed in brackets.
	
	Pathological leg
	Normal leg
	Mean difference
	Std error
	95% CI
	t-stat
	p-value

	
	
	
	
	
	
	
	

	Mean SpO2(%)
	93.75(13.35)
	94.86 (12.62)
	-1.11
	2.32
	(-5.74 to 3.55)
	-0.47
	.640



The subjects’ mean ankle-brachial index (ABI) in the pathological leg (with foot ulcer) was 1.02 (SD = 0.25) while it was 1.01 (SD = 0.22) in the normal leg (without foot ulcer). A paired samples t-test showed no statistically significant difference in the mean ABI between the pathological and nonpathological leg (Table 5).
Table 5 Comparison of the mean ABI between the pathological leg and normal leg in the subjects. Standard deviations of the means are enclosed in brackets.
	
	Pathological leg
	Normal leg
	Mean difference
	Std error
	95% CI
	t-stat
	p-value

	
	
	
	
	
	
	
	

	Mean ABI
	1.02 (0.25)
	1.01 (0.22)
	0.01
	0.02
	(-0.05 to 0.04)
	-0.20
	.843



Twenty-one subjects (30.0%) had peripheral arterial disease (PAD) as diagnosed by an ABI of less than 0.9. In contrast, using the pulse oximetry and a SpO2 of less than 95%, only 13 subjects (18.6%) were diagnosed with PAD. However, an exact McNemar Chi-square test showed that this difference in proportion was not statistically significant (Table 6).
Table 6 Comparison of the proportions of subjects diagnosed with PAD by ABI and SpO2. 
	
	By ABI
	By SpO2
	Proportion difference
	         95% CI
	McNemar-stat
	p-value

	
	
	
	
	
	
	

	The proportion of patients with PAD
	30.0%
	18.6%
	11.40%
	(-2.68% to 26.97%)
	2.667
	.152



The Error matrix below provides values to calculate the sensitivity, specificity and accuracy of the pulse oximetry against the ankle-brachial index as the standard.
Table 7 The cross-tabulation showing the diagnosis of PAD by ABI and SpO2
	
	PAD by ABI

	
	Yes
	No
	Total

	PAD              Yes
by
SpO2             No
 
	5 (TP)
	8 (FP)
	13

	
	
	
	

	
	16 (FN)
	41 (TN)
	57

	Total
	21
	49
	



From the Error matrix above, the sensitivity of SpO2 is calculated as true positives (TP)/ true positives + False negatives (FN). Hence, from the table, the sensitivity is 5 / (5 + 16) = 23.81%. Similarly, the specificity is calculated as True negatives (TN)/ True negatives + False positives (FP). Again, from the table, the specificity is 41/ (41 + 8) = 83.70%. Finally, the accuracy is calculated as TP + TN/ (TP + TN + FP + FN). Hence, from the table the accuracy is (5 + 41)/ (5 + 41 + 8 + 16) = 65.71%. Summarising, the sensitivity, specificity and accuracy of the pulse oximetry compared to the ABI in diagnosing PAD in diabetic foot ulcers are 23.81%, 83.70% and 65.71%.
There is no significant correlation between the SpO2 and ABI among the subjects in this study, r = -.131, p = .284. Figure 4 is a scatterplot showing the values of the two measurements in the pathological leg.
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Figure 4 Scatter plot showing the non significant correlation between the ABI and SpO2
Discussion
Accurate assessment of peripheral arterial disease (PAD) is essential in the management of diabetic foot ulcers. However, evidence suggests that training of medical students and junior doctors in ankle–brachial index (ABI) measurement during early residency is limited, often resulting in unreliable and false measurements⁴⁹. Given that pulse oximetry is inexpensive, widely available, and easy to use, this study evaluated its sensitivity and specificity as a screening tool for PAD compared with the time-tested ABI.
Seventy subjects completed the study, with a male-to-female ratio of 1.12:1, indicating a slight male preponderance. This finding aligns with other regional studies⁵¹˒⁵² but contrasts with a cross-sectional study conducted at FM Owerri by Patrick Obi et al⁵⁵, which reported a female predominance (63.7%). The discrepancy may be attributed to differences in sample size and study population. While the present study included 70 diabetic patients with foot ulcers, the Owerri study recruited 405 participants comprising type 2 diabetics and non-diabetics without ulcers. The higher proportion of males in this study may also reflect greater social activity and trauma exposure among men, which often precedes ulcer formation.
Most participants presented with ulcer duration of less than six weeks, with a mean ulcer duration of 13.55 weeks (Table 3). The mean age was 58.31 years, and the mean duration of diabetes mellitus was 10.46 years. These findings are comparable to those reported by Isiguzo and Jack-Okereke at ESUT Teaching Hospital, who documented a diabetes duration of 10–15 years prior to ulcer onset and a mean age of 55.5 years⁵¹. Similar lifestyle patterns in Enugu and Owerri populations may explain these comparable observations.
Wagner grade II ulcers accounted for the highest frequency (75.0%), consistent with findings by Isiguzo and Jack-Okereke and Nyamu et al⁵¹˒⁵². Early presentation may explain this pattern, as patients are more likely to seek prompt medical attention due to the functional importance of the foot.
The mean ABI in the pathological limb was 1.02 compared with 1.00 in the contralateral limb. This does not follow the expected trend where ABI values below 0.9 are typically associated with chronic ischemia in long-standing ulcers¹²˒⁴⁵. Medial arterial calcification, which renders vessels incompressible and falsely elevates ABI values, may explain this observation. This limitation of ABI has been previously documented³˒²⁴.
Using ABI < 0.9 as the diagnostic criterion, 30.0% of participants had PAD, whereas pulse oximetry (SpO₂ < 95%) identified 18.6%. However, the Exact McNemar chi-square test demonstrated no statistically significant difference between the two proportions (Table 6). The predominance of early-stage ulcers (Wagner II, 75%) may account for the low sensitivity of pulse oximetry observed. This finding agrees with Jawahar et al, who concluded that pulse oximetry is not sensitive for detecting early PAD⁴⁷.
The mean SpO₂ was 93.75% in ulcerated limbs and 94.86% in non-ulcerated limbs. The higher oxygen saturation in unaffected limbs is expected, as ulcerated limbs are often compromised by infection and ischemia, leading to increased metabolic demand and reduced tissue oxygenation⁵¹. A paired t-test showed no statistically significant difference between ABI values of pathological and non-pathological limbs.
Error matrix analysis revealed a sensitivity of 23.81%, specificity of 83.70%, and overall diagnostic accuracy of 65.71% for pulse oximetry. Similar findings were reported by Javier Ena et al in Spain, with sensitivity of 42.6% and specificity of 77.2%⁴⁸. In contrast, an Indian study reported that pulse oximetry was comparable to ABI in screening asymptomatic patients¹³. The discrepancy may stem from methodological differences: the Indian study used a finger-toe oxygen saturation difference >2% as a marker of ischemia, whereas the present study used an absolute SpO₂ cutoff of 95%. Differences in sample size and study population may also have contributed.
The present findings further align with Jawahar et al⁴⁷ and with Jung-Nam Kwon and Whan-Bonj Lee, who demonstrated low sensitivity (16%) of pulse oximetry when ABI < 0.9 defined PAD, although pulse oximetry correlated better with angiographic findings than with ABI¹⁴. Their reported sensitivity and specificity values (44.4% and 96.1%) approximate those observed in this study. No significant correlation was found between pulse oximetry and ABI measurements (Figure 4), consistent with the Korean study findings¹⁴.
Medina et al observed no statistically significant differences in SpO₂ distribution across ABI categories but suggested that pulse oximetry might be useful in assessing asymptomatic patients with PAD risk factors⁵³. Notably, their study involved asymptomatic non-diabetic subjects, which may explain differences from the present findings. Variations in study location and sample size may also account for discrepancies.
Similarly, a study conducted at the University of Santo Tomas Hospital in the Philippines reported higher sensitivity of pulse oximetry compared to ABI in diabetic patients aged ≥50 years⁵⁰. Methodological differences likely explain the contrasting results. That study restricted participants to those aged ≥50 years (mean age 65.6 years), whereas the present study included individuals aged 18–70 years (mean 58.31 years). Additionally, ABI measurements in the Philippine study were performed by a hired technician of unspecified expertise, and ischemia was defined using a finger-toe saturation difference >2%, unlike the absolute cutoff used here. Geographic and population differences may also have influenced outcomes.
CONCLUSION
This study demonstrates that pulse oximetry has low sensitivity compared with ABI in detecting ischemia among diabetics with foot ulcers. With a sensitivity of 23.81%, pulse oximetry does not meet the fundamental requirement of high sensitivity expected of an effective screening tool. Therefore, it may not be suitable as a standalone screening modality for PAD in this patient population.
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