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            Abstract

            
               
Background: Peripheral Arterial Disease Is a Major Problem Among the Population of Those 55 Years and Older. MDCT is a Non-Invasive Method
                  of Visualization of Vascular System. It Affords More Widespread Vascular Screening, Allowing Diagnosis to be Made at an Early
                  Stage. The objective is to Assess the Role of Multidetector Computed Tomography Angiography in Peripheral Arterial Disease
                  of Lower Extremities. Subjects & Methods: A Prospective Study of 35 Patients with Signs and Symptoms of PVD, Were Subjected to Colour Doppler Ultrasonography and MDCT
                  Examination Between a Period of 1st August 2018 to 31st May 2019. Results: Our Study Shows a Very Good Sensitivity, Specificity, PPV, NPV and Accuracy of Doppler in Assessing the Soft Plaque (82%,
                  100%, 100%, 97%, 97% Respectively) & in Evaluation of Stenosis Like <50% Stenosis (100%, 99%, 85%, 100% & 99% Respectively),
                  50-99% Stenosis (100%, 99%, 96%. 100% & 99.8% Respectively), & Occlusion (84%, 100%. 100%, 98% & 98% Respectively). The Only
                  Parameter Which Showed Poor Result Was in Evaluation of Calcified Plaque. Conclusion: Our Study Shows that Both Colour Doppler & MDCT Can Be Complimentary in Lower Limb Arterial Disease Evaluation.
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               Introduction

            Peripheral arterial disease (PAD) refers to atherosclerotic disease leads to development of plaques in the distal arteries,
               causing stenosis with compromised blood flow. It is more common in lower limbs than upper limbs.[1] Atherosclerosis of arteries distal to the aortic bifurcation  called lower-extremity PAD. It is major problematic disease
               after 55 years. Clinical features appears first as intermittent claudication, then it progresses to critical limb ischemia
               leads to rest pain and necrosis of tissues.[1] In south indian population  it’s prevalence rate is 3.2%.[2,3]  
            

            In evaluation of peripheral vascular disease digital subtraction angiography (DSA), acts as a ‘gold standard’ method. However
               recent advances in color Doppler, multi-detector computed tomography (MDCT) and contrast-enhanced magnetic resonance angiography
               (MRA) challenges the role of DSA.[4]  Colour Doppler ultrasonography is a non-invasive method with good specificity and sensitivity. Doppler provides both anatomical
               and functional information, but it is not ideal for planning treatment. MDCT is a minimally invasive method of visualization
               of vascular system. It affords more widespread vascular screening, allowing diagnosis to be made at an early stage.[5] 
            

            
               Aim
               
            

            To assess the role of multidetector computed tomography angiography in lower limb peripheral arterial disease.

            
               Objectives 
               
            

            To Evaluate the Lower Limb Arterial Diseases severity. 

            To Compare the Doppler Ultrasonography Findings with MDCT Angiography in lower limb Peripheral Arterial Disease.

         

         
               Subjects and Methods

            This is a Prospective Study done on 35 Patients with Signs and Symptoms of Pad, during the Period of 1st August 2018 to 31st May 2019.
            

            
               Inclusion Criteria
               
            

            
                  
                  	
                     All Peripheral Arterial Diseased syptomatic patients.

                  

                  	
                     Burger’s Disease.

                  

                  	
                     Aorto Arteritis with Secondary Involvement of Peripheral Vessels

                  

                  	
                     Secondary Involvement of Arteries Due to Tumour.

                  

                  	
                     Post Traumatic Injuries to Peripheral Vessels.

                  

               

            

            
               Exclusion Criteria
               
            

            
                  
                  	
                     Patients with Severe Renal Insufficiency, EGFR <30 

                  

                  	
                     Patients with H/O Adverse Reactions to Contrast Agents.

                  

                  	
                     Follow-up Study of PVD with Grafts.

                  

               

            

         

         
               Results

            
                  
                  Patients
                  
               

               Total of thirty-five patients with peripheral arterial disease were examined. Of the thirty-five patients, thirty-two (91.4%)
                  were male patients and three (8.6%) were female patients. Majority of subjects 42.9% were in the age group 46-60yrs followed
                  by 25.7% were >60yrs, 17.1% were in 31-45yrs age group and 14.3% were in 16-30yrs age group.
               

               Out of 35 patients, 17(48.6%) patients had history of diabetes, 10(28.6%) patients had history smoking/tobacco chewing, 4
                  (11.4%) patients had trauma, 4 (11.4%) patients had no significant history. Seventy limbs of 35 patients were studied. Some
                  630 arterial segments in 70 limbs (210 iliac segments, 140 femoral segments, 70 popliteal segments, 210 (Tibio-peroneal segments)
                  were examined.
               

            

            
                  
                  Plaque Evaluation
                  
               

               
                  Calcified Plaque
                  
               

               In the iliac segment, out of 210 segments, calcified plaque was found in only 28 segments on Doppler whereas MDCT could detect
                  47 segments with calcified plaque. In the femoral segment out of 140 segments, calcified plaque was found in only 23 segments
                  on Doppler whereas MDCT could detect 26 segments with calcified plaque. In the popliteal segment, out of 70 segments, Doppler
                  detected only 16 segments and MDCT detected 18 segments. In the Tibio peroneal segments out of 210 segments, Doppler detected
                  27 segments, MDCT detected 35 segments with calcified plaque. Doppler was poor in detecting calcified plaque in all the three
                  segments, when compared to MDCT.
               

               
                  Soft Plaque
                  
               

               In iliac segment, out of 210 segments, soft plaque was found in 16 segments on Doppler whereas MDCT could detect 19 segments.
                  Doppler missed 3 segments of external iliac artery with soft plaque and Doppler detected soft plaque in one segment of internal
                  iliac artery which was not found on MDCT. In femoral segments, out of 140 segments, soft plaque was found in 24 segments on
                  Doppler whereas MDCT could detect 28segments having soft plaque. Doppler missed 2 segments of common femoral artery & 2 segments
                  of superficial femoral artery. In popliteal segment, out of 70 segments, Doppler could detect 14 segments & MDCT could detect
                  16 segments with soft plaque. In Tibio - peroneal segment, out 210 segments, Doppler could detect 20 segments & MDCT could
                  detect 27 segments with soft plaque. Doppler missed 4 segments of peroneal artery & 5 segments of anterior Tibial artery.
                  Doppler detected soft plaque in 2 segments of posterior Tibial artery which was not found on MDCT.
               

            

            
                  
                  Evaluation Of Stenosis
                  
               

               
                  Less 
                  Than 50% Stenosis
                  
               

               In the iliac segments, out of 210 segments, Doppler detected 1 segments & MDCT could detect 1 segment with less than 50% stenosis.
                  In the femoral segments, out of 140 segments, Doppler could detect 2 segments & MDCT could detect 3 segments with less than
                  50% stenosis. In the popliteal segments, both Doppler and MDCT could not detect any lesion with less than 50% stenosis. In
                  the Tibio-peroneal segments, out of 210 segments, Doppler could detect 4 segments & MDCT could detect 2 segments with less
                  than 50% stenosis. Doppler detected 3 segments of posterior Tibial artery with < 50% stenosis but MDCT showed only calcified
                  plaque with no stenosis, but Doppler missed 1 segment of anterior Tibial artery with < 50% stenosis. 
               

               
                  50 -99% Stenosis
                  
               

               In the iliac segments, out of 210 segments, doppler detected 4 segments & MDCT could detect 5 segments with 50 - 99% stenosis.
                  Doppler missed 1 segment of common iliac & 2 segments of internal iliac arteries. In the femoral segments, out of 140 segments,
                  doppler could detect 5 segments and mdct could detect 3 segments with 50 – 99% stenosis. Doppler detected 2 segments of superficial
                  femoral artery with 50 – 99% stenosis, whereas MDCT did not show the findings. In popliteal segment, out of 70 segments, doppler
                  could detect 3 segments and mdct could detect 4 segments with 50 – 99% stenosis. In the tibio peroneal segments, out of 210
                  segments, doppler could detect 21 segments and MDCT could detect 20 segments with 50- 99% stenosis. Doppler detected 1 segment
                  of anterior tibial artery, but MDCT showed good opacification due to collateral circulation.
               

               
                  Occlusion
                  
               

               In the iliac segments, out of 210 segments, doppler detected 11 segments & MDCT also detected 12 segments with complete occlusion.
                  MDCT detected 2 segments of external iliac artery which is not picked up in doppler. In the femoral segments, out of 140 segments,
                  doppler could detect 18 segments & MDCT could detect 21 segments with complete occlusion. 2 segments of common femoral artery
                  & 1 segment of superficial artery showed patchy flow whereas MDCT showed complete occlusion.in popliteal segment, out of 70
                  segments, doppler could detect 12 segments and MDCT could detect 13 segments with complete occlusion. In the tibio-peroneal
                  segments, out of 210 segments, doppler could detect 17 segments & MDCT could detect 23 segments with complete occlusion. 4
                  segments of posterior tibial artery showed patchy flow on doppler whereas MDCT showed complete occlusion. 
               

            

         

         
               Discussion

            The aim of our study is to evaluate lower limb arterial disease with new imaging modality such as MDCT and correlating the
               findings with that of colour doppler.
            

            
                  
                  Age Distribution
                  
               

               In our study majority of subjects 42.9% were in the age group 46-60yrs followed by 25.7% were >60yrs, 17.1% were in 31-45yrs
                  age group and 14.3% were in 16-30yrs age group. This is in comparison with study done by Parikh et al, 2017 i.e majority of
                  patients age range was of 33–75years. [6] This is in comparison with study done by Premkumarchidambaram et al, i.e fifty patients with median age- 47.5 years. [7] in other study by Rahul J Shirol et al, 2015 i.e 10 out of 30 patients, 10 belonged to 61-70 yrs. Age group (33.3%), 9 patients - 51-60 yrs. (30%),
                  2 - less than 40 yrs. (13.3%). [8]

            

            
                  
                  Sex Distribution
                  
               

               In our study majority of subjects 32 (91.4%) were males and only 3 (8.6%) were females. This is in comparison with studies
                  done by Hasa et al, 2016, 135 patients (85%) were males and 25 patients were females ( 15%). [9] Peedikayil et al, 2016, majority of the cases are males. [10]

               
                     
                     Figure 1

                     
                        (A) 48 Years Male Patient Came with C/O Bilateral Lower Limb Claudication Pain. MDCT Shows Occlusion of Left Distal Popliteal
                           Artery and Bilateral Posterior Tibial Arteries. Doppler Shows Occlusion of Distal Popliteal Artery With Patchy And Dampened
                           Flow In Bilateral Pta.)
                        
                     

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/b6c49af7-2746-4f50-bc58-d0f7be653e6cimage1.png]

               
                     
                     Figure 2

                     
                        (A 65 Years Old Male Patient with H/O Smoking and Diabetes, C/O Claudication and Rest Pain in Bilateral Lower Limbs. MDCT
                           Showed Occlusion Of Entire Right SFA, Diffuse Disease With Dense Calcified Plaques In B/L ATA, PTA Causing Occlusion And In
                           Left SFA Causing Luminal Narrowing. Doppler Showed Right Sfa Occlusion And Calcified Plaques In B/L ATA, PTA.)
                        
                     

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/b6c49af7-2746-4f50-bc58-d0f7be653e6cimage2.png]

               
                     
                     Figure 3

                     
                        (A 50 Years Old Male Patient,H/O Diabetes,C/O Pain In Both Legs Severe On Left Side. MDCT Shows Complete Occlusion Of Left
                           EIA, LIA, CFA And Bilateral SFA With Distal Reformation Through Multiple Collaterals.)
                        
                     

                  
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/b6c49af7-2746-4f50-bc58-d0f7be653e6cimage3.png]

               
                     
                     Figure 4

                     
                        
                        (A 10-Year-Old Male Came with H/O Fall for Assessment Vascular Injury. MDCTShows Occlusion of ATA Beyond the Fracture. Same
                           Has Been Reported in Colour Doppler)
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                     Figure 5
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                  Imaging
                  
               

               
                  Evaluation 
                  of Calcified Plaque
                  
               

               Sathyabhuwan et al, is a prospective study conducted on 50 patients. Calcific plaques are better detected on MDCT than colour
                  doppler. [11] Hideki ota et al, in a prospective study assessed the extent of calcification on MDCT angiography and found that MDCT showed
                  100% sensitivity, specificity & accuracy in detecting mural calcification causing < 50% stenosis. [12] In our study MDCT was able to detect calcified plaque in more arterial segments than colour doppler. Especially in iliac
                  group, MDCT could detect 47 segments in comparison to 28 segments detected on doppler and in tibio-peroneal segments, out
                  of 210 segments, doppler detected 27 segments & MDCT detected 35 segments with calcified plaque.in our study, the overall
                  sensitivity, specificity, positive & negative predictive values and accuracy of doppler in detecting calcified plaque is 74%,
                  100%, 100%,94% & 94% respectively.
               

               This-indicates that MDCT is more sensitive in detecting calcified plaque, when compared to doppler. This is because we carefully
                  evaluated both axial & reconstructed images for assessing calcified plaque. We were unable to detect calcified plaque on doppler
                  especially in internal iliac artery where MDCT could detect 5 segments of internal iliac artery with calcified plaque. The
                  low sensitivity of doppler in detecting calcified plaque is due to the presence of plaque in these segments with no significant
                  stenosis and also may be due to subjective assessment of operator.
               

            

            
                  
                  Evaluation 
                  of
                   Soft Plaque
                  
               

               Duddalwar et al, study shows that characterization of atherosclerotic plaques and the presence or absence of calcification within it can be
                  done by MDCT but not with DSA.[13]  In our study. MDCT was better in detecting soft plaques compared to doppler. In iliac & popliteal segments doppler missed
                  3 segments, in femoral &tibio-peroneal segments, doppler missed 4 and 7 segments with soft plaque, whereas MDCT showed soft
                  plaque in all above segments. As stated in various studies, our study also showed that MDCT is better in characterization
                  of plaque.
               

            

            
                  
                  Evaluation 
                  of Stenosis
                  
               

               
                  Less Than 50% Stenosis
                  
               

               Hideki Ota Et Al, Indicated That With Regard to The Detection of Segments That Had More Than Mild Stenosis, The Sensitivity,
                  Specificity, And Accuracy of MDCT Angiography Were 99.2%, 99.1%, And 99.1%, Respectively. [12]

               In Our Study, The Overall Sensitivity, Specificity, PPV. NPV, Accuracy of Doppler Is 100%, 99%, 85%, 100% & 99.8% Respectively.
                  This Indicates That Doppler Shows Excellent Sensitivity &Specificity for Detecting Less Than 50% Stenosis, When Compared to
                  MDCT. 
               

               
                  50 - 99% Stenosis
                  
               

               Albrecht et al, compared CT angiography performed on a 16-MDCT scanner and DSA in patients with peripheral arterial disease.
                  He found that MDCT had 93.3%sensitivity and 96.5% specificity for the detection of (> 50%) lesions. But with improved CT scanner
                  technology & increased slice scanner technology and increased slice scanner will further increase the above findings. [14] 
               

               The overall sensitivity is 100%, specificity is 99.8%, positive & negative predictive values are 96.9% and 100 and accuracy
                  is 99.8% in detecting 50 - 99% stenosis. These results are comparable to the results of the previous studies done.
               

            

            
                  
                  Occlusion
                  
               

               Thomas Schertler et al, studied the analysis of section width in arterial occlusive disease of lower limb with sixteen detector
                  CT and found that with thinnest possible section the sensitivity, specificity and accuracy was 95%, 95% & 96% respectively. [15] The overall sensitivity, specificity, positive & negative predictive values and accuracy of doppler in detecting 50 - 99%
                  stenosis is 84%, 100%, 100%, 98.1%& 98.3% respectively, Kayhan et al,  in their study concluded that MDCTA could be used as a screening tool in patients with mild lower limb pad as it is a more
                  accurate method compared to DUS. [16] In our study we also found that colour doppler ultrasound was significantly lower statistically than MDCTA. Romano et, al
                  concluded that in comparision with DSA, 16 detector row CT angiography is an accurate and reliable noninvasive method. In
                  assessment of peripheral arterial disease in aortoiliac and lower limb arteries. [17] In our study, MDCT was better than colour doppler ultrasound in detecting the infra popliteal the segment blocks and the
                  length. In our study, out of 35 patients, 4 patients had history of trauma, one patient had complete occlusion of SFA. One
                  patient had occlusion of ATA, one patient Femoro popliteal junction occlusion & one patient had popliteal & ATA occlusion,
                  which was detected on both doppler & MDCT. Fatihkantarci et al, indicated that in detecting arterial emergencies, doppler
                  ultrasonography is a sensitive test, and it can be used as a substitute for screening arteriography. [18] Rieger et al,  found that MDCT had 99%sensitivity and 87%specificity in initial diagnostic technique to depict arterial injury
                  with extremity trauma. [19] The above studies indicate that both doppler & MDCT have excellent sensitivity & specificity in detecting lower limb arterial
                  injuries, which is also shown in our study. MDCT has many advantages like the visualization of collaterals arising from the
                  steno-occlusive segments of arteries in evaluating the lower limb arteries over color doppler. Previous studies have shown
                  that doppler is capable of detecting the collaterals, one such study was done by Sharma et al, evaluated the presence of collaterals
                  in peripheral arterial disease by color doppler. They found doppler was good in detecting the collaterals. [20] In our study, the presence of collaterals were well shown by MDCT, however our study did not include the assessment of collaterals,
                  but it is worthwhile to mention that MDCT is by far superior in detecting the collaterals than color doppler. The other most
                  important advantage of MDCT over doppler is in assessing the length of steno-occlusive segments. MDCT will show the exact
                  length of segment involved, which is very helpful in evaluation of status & treatment planning of peripheral arterial disease.
                  Color doppler is also helpful in assessing the length of segments, bu, the disadvantage of doppler is that it is operator
                  dependent & also sometimes the habitus of patient does not allow to assess the exact length of occluded segment. MDCT is superior
                  in assessing the length of segments than color doppler. Ct angiography is less invasive, less expensive, and causes less radiation
                  when compared with conventional catheter angiography and it also assesses aspects external to the lumen of the vessel that
                  DSA cannot, including mural thrombus, atheroma, inflammation, and periarterial tissues. So MDCT & doppler should be the initial
                  modality of choice in assessing PVD, and DSA should be considered in only selected clinically difficult cases. The main competitor
                  to MDCT is contrast-enhanced dynamic MRA. MRA has an advantage that it is unaffected by the presence of vascular calcification.
                  However, MDCT scores over MRA by being much faster, less expensive and more widely available with better patient compliance.
                  Leiner et al, found that contrast-enhanced MR angiography is more sensitive and specific for diagnosis and pre interventional
                  work-up of pad compared the diagnostic accuracies of color duplex ultrasonography (us). [21] Ouwendijk et al. Found that interpretations of MR angiography and MDCT angiography for peripheral arterial disease have an
                  excellent inter observer agreement. [22] 
               

               The above studies suggest that both MDCT & MRA are equally good in evaluating the peripheral arterial disease. 

            

         

         
               Conclusion

            In our study Doppler showed very good sensitivity, specificity, PPV, NPV and accuracy. Doppler - when compared to MDCT. Despite
               the limitations, it showed very good results in diagnosing complete occlusion, significant stenosis, and the patency of distal
               vessel. Thus color doppler is a non-invasive initial imaging modality of choice in suspected patients with PAD. MDCT has shown
               that it is accurate in identifying the degree, severity and level of peripheral vascular disease. It has excellent spatial
               resolution and provides route map thereby playing crucial role in decision making for management. The current generation CT
               angiography is a powerful tool for noninvasive imaging and treatment planning of pad. Our study shows that both color doppler
               & MDCT can be complimentary in evaluation of lower limb arterial disease.
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