Level of Agreement Between Diagnostic Peripheral Angiography and a Systematic Doppler Examination
IN the Setting of Lower Extremity Peripheral Arterial Disease.
Timothy Greene, DPM?, Todd Hasenstein, DPM?, Eric T. Choi, MDP, and Andrew J. Meyr, DPM FACFAS®

aResident, Temple University Hospital Podiatric Surgical Residency Program, Philadelphia, Pennsylvania
bChairman and Clinical Associate Professor, Department of Vascular Surgery, Temple University Hospital, Philadelphia, Pennsylvania
°Clinical Associate Professor and Residency Program Director, Department of Podiatric Surgery, Temple University School of Podiatric Medicine and Temple University Hospital, Philadelphia, Pennsylvania (AJMeyr@gmail.com)*

*Please don’t hesitate to contact AJM with any questions/concerns. He’s happy to provide you with a .pdf of this poster if you email him.

Statement of Purpose and Literature Review Methodology Results

There are approximately 30 million diabetics in the US (equating to rough|y 2000 patients with diabetes per Following approva| by the Temple University Institutional Review Board, a systematic Doppler examination of the feet and ankles of subjects meeting study inclusion criteria was Twenty extremities n_1ee:=ting criteria were investigated with three later excludec! §econdary to poor arrgiographi(; images precluding interpretation. Twelve .(70.6%) of these seventeen were malg With.a
. . . . . . . . - . . - . - . mean + standard deviation (range) of 70.0 + 10.7 years (53-88). Seven extremities were “Black/African American”, seven were “Other”, and 3 were “White/Caucasian”. Seven were “Hispanic/Latino”.
doctor of podiatric medicine), and the diagnosis and treatment of diabetic foot disease forms a substantial portion of _pefrfor_medl.j Incl_uilon_crlt(lerla conS|sted_of subjects a(:]r_nltted tc; Te_mpl/e U_n|v1?r5|ty Hosplt.al, ;Nlth a hlstory olf Io.werbextrr]errlllty tlssgi\loli? (|S.e. acute or c.;hrodnlc.wouhnd, SOf_t t'_SSUG dwh Eight of the extremities evaluated were right, seven were left and there was one bilateral case. Seven (41.2%) of the 17 extremities were found to have normal arterial inflow to the infrapopliteal
- . - . . . Intection, bone Intection, lower extremity gangrene, history or minor/major toot amputation), seen in consultation by the Foot an nkle Surgery service auring the admission, and who trifurcation by the vascular surgeon, and 11(64.7%) of the 17 extremities were found to have evidence of medial arterial calcific sclerosis.
2 healthc_are expen_dlture dollars. O.ne of the .essentlal components of any d.labetlc foot_eval_uatlon 5 U0 ESEEsSI T had a diagnostic lower extremity angiogram performed during the admission by the Vascular Surgery service. Exclusion criteria consisted of subjects less than age 18 or greater than Dorsalis pedis artery
of t_he_ ‘"_"rte“al perf_usmn to the_ extremity. This is because_the _preser_lce of peripheral arterial d'se‘?‘se has been_ age 90, those with a transmetatarsal amputation or other proximal partial foot amputation, and/or those with a history of lower extremity bypass of the index extremity. The Doppler examination found the dorsalis pedis artery to be “abnormal” or “absent” in 13 (76.5%) of 17 extremities. The direction of the flow was found to be “antegrade” in 9 (52.9%) extremities,
def|n|t|Ve|y established as a risk factor for wound formation, infection deveIOpment, and both minor and major lower The goal of the systematic examination was primarily to determine the patency of the dorsalis pedis artery, posterior tibial artery, peroneal artery, and the vascular arch of the foot “rettrogradde” in131((16'267"/;))extremities, and “abse(rilt” in 52((21914;‘V/<>)) extremities. Tl(lie ar;giogramzv?zs;(;u/n)d to be “abnorr_lr_lralll” in 15 (88.2%) Otfbl?[ extrert'?]itigs. T|he direCt'iont'Of the(l;l?r\]N was found to tt);)

: : : : STt : . - P . . . . . . : “antegrade” in .7%) extremities, “retrograde” in .8%) extremities, and “absent” in .5%) extremities. There was agreement between the Doppler examination and the angiogram wi
limb amputations [1-4]. This assessment might be initially performed by means of palpation of pedal pulses and the (|..e. the anastomosis b.etween the dorsal and plantar arteries in the proximal fI.I‘St mt_ermetatarsal space via the deep plantar perforating artery). Secondarily, an attempt to detgrmlne the respect to the quality of arterial flow in 13 (76.5%) of the 17 extremities, and agreement with respect to the direction of the arterial flow in 12 (70.6%) of the 17 extremmities. In the 4 cases of disagreement
use of a handheld Doppler deVice, then th rough non-invasive vascular teSting, and flna”y by means of peripheral direction of the flow (i.e. “antegrade” versus “retrograde”) through the dorsalis pedis artery, posterior tibial artery, and vascular arch was performed by means of sequential digital with respect to the quality of the flow, the Doppler found “normal” whereas the angiogram found “abnormal” in three extremities, the proximal inflow was found to be “abnormal” in 3 extremities, and

occlusion. All examinations were performed by one of two study authors (TG and TH) under the supervision of a third study author (AJM). The specific technique is described in the there was evidence of medial arterial calcific sclerosis in 2 extremities. In all 5 cases of disagreement with respect to the direction of the flow, the Doppler examination was found to have an “abnormal”

angiography.
However, peripheral angiography is an invasive procedure that is not without potential complication. First, the

accompanying figures below. signal.

Posterior tibial artery

direct costs of the Surgicaj intervention should be considered [5] Second’ and perhaps Most importanﬂy’ the use of a Dialgnl(ljSti(E anqri](_)qraphv: _ o g o . _ o _ e s _ Nl ! board o | The Doppler examination found the posterior tibial artery to be “abnormal” in 8 (47.1%) of 17 extremities. The direction of the flow was found to be “antegrade” in 14 (82.4%) extremities, “retrograde”
. . . _ . . . - in 1 (5.9% ity, and “absent” in 2 (11.8% ities. Th ' found to be “ab 1”in 9 (52.9%) of 17 extremities. The directi f the fl found to be “ant de” in 13

contrast agent durlng the procedure frequently leads to renal |mpa|rment and injury, and other patlents with end- ollowing this systematlc-examlna}tlon, the Sl{ -Ject underwent an_glograp Yy 0_ the extremity as sche _u ed by the asqu ar urge_ry service _ ta ate_r are, a poar gertl e vas_cu ar ?716.5(%) e)zt::rt;gzzy";Itlmgarla(slzgtinlrzl(1(1.8%) gxiﬁﬁﬁletzsand “Z]?;ilg,girr?r;(vrit.sgt;it)uéxfrc;me;ﬁ:&norrna in 9 ( ) of 17 extremities. The direction of the flow was found to be “antegrade” in

i : . : i i : surgeon (ETC) not involved in and without specific knowledge of either the angiogram or the systematic Doppler examination reviewed the distal run-off images and interpreted it as Crer _ : _ _ _ . . . o
Stage renal disease may not be candidates for the procedure [6] And th|rd’ the |nterpretat|on of ang|0graph|c results follows: Tktler_e r\ﬁs ag_reelrge(%bse(;v;/eefntr]helgoprt)Ier e_)r_amlnatlon and the angiogram with respect to the quality of arterial flow in 10 (58.8%) of the 17 extremities, and agreement with respect to the direction of the
. . . ] . . .. - . : arterial flow in .5%) of the 17 extremities.
IS a relatlvely SUbJeCtlve Process pOtentlaI Iy influenced by the level of clinical experience of the surgeon, patlent -Proximal inflow (Iliac, Femoral and Popliteal arteries): “Normal vs. Abnormal” In the 7 cases of disagreement with respect to the quality of the flow, the Doppler found “normal” whereas the angiogram found “abnormal” in four extremities, the proximal inflow was found to be
p05|t|0n|ng and movement’ the qua| |ty of the produced radlographrc Images, and the type of contrast agent utilized -Dorsalis pedis artery: “Normal patency vs. Abnormal patency vs. Absent” and “Antegrade VS, Retrograde”. “abnormal” in 3 extremities, and there was evidence of medial arterial calcific sclerosis in 4 extremities. In all 4 cases of disagreement with respect to the direction of the flow, the Doppler examination

was found to have an “abnormal” signal.

during the procedure [7]. -Posterior tibial artery: “Normal patency vs. Abnormal patency vs. Absent” and “Antegrade vs. Retrograde”.

. . . . . . . . . . . . _ : T3 2 29 Peroneal artery
Given these pOtentlaI concerns and ||m|tat|0n5, the ObJeCtlve of this |nV95tlgat|0n was to determine the level of AT DIITel G e peroneal Sy L AL Aot The Doppler examination found the anterior branch of the peroneal artery to be “absent” in 5 (29.4%) of 17 extremities and the posterior branch of the peroneal artery to be “absent” in 5 (29.4%) of 17

L e . o _Posteri h of th | artery: “Patent” vs. Absent”.
agreement between a systematic clinical Doppler examination of the foot and ankle and diagnostic peripheral osterior branch of the peroneal artery: "Patent” vs. Absent

extremities. The angiogram found the anterior branch of the peroneal artery to be “absent” in 9 (52.9%) of 17 extremities and the posterior branch of the peroneal artery to be “absent” in 8 (47.1%) of 17

i ) ) i ) ) i -Vascular arch: “Patent” vs. Absent” and “Dorsally driven vs. Plantarly driven vs. dual “antegrade” flow vs. absent” extremities. There was agreement between the Doppler examination and the angiogram with respect to the anterior branch of the peroneal artery in 11 (64.7%) of 17 extremities. The Doppler
anglography. Attlngel‘ et al have preV|OUSIy described a teChanue to determine the patency of the source arteries _ _ o . examination found the artery to be “patent” in 5 (83.3%) of the 6 cases of disagreement. There was agreement between the Doppler examination and the angiogram with respect to the posterior branch of
Supplylng the six angiOSOmeS of the foot and ankle, as well as the direction of the flow UtlllZlng Sequential dlgltal Medial arte“a_l calcific sclerosis: _ _ o _ _ _ o _ the peroneal artery in 12 (70.6%) of 17 extremities. The Doppler examination found the artery to be “patent” in 4 (80.0%) of the 5 cases of disagreement.
compression [8-10]. Our hypothesis was that performing a systematic Doppler assessment of the lower An evaluation was also performed to assess for the presence of lower extremity arterial calcification. This was defined as either an ankle-brachial index (ABI) >1.1, reporting of \ascular arch

P ) : ' : yP : : P g_ >y : PP : _ : non-compressibility with non-invasive vascular testing, and/or radiographic evidence of vessel calcification in the proximal first intermetatarsal space (deep plantar perforating artery), The Doppler examination found the vascular arch to be “patent” in 12 (70.6%) of 17 extremities. The direction of the flow through the arch was found to be “dorsally driven” in 3 (17.6%) extremities,
extremity anglosomal circulation mlght rep reS-en'F the basic inte rp retatlc-)n of a d-ls'tal run'-()ﬂ: Erlnglog ram |n:]age anterior ankle (anterior tibial artery) and/or posterior ankle (posterior tibial artery). “plantarly driven” in 7 (41.2%) extremities, “dual antegrade flow” in 2 (11.8%) extremitics, and “absent” in 5 (29.4%) extremitics. The angiogram found the vascular arch to be “present” in 13 (76.5%) of
performed by a vascular surgeon or interventionist. If a thorough physical clinical examination can provide Data points were considered categorical. A frequency count of agreement between the systematic Doppler examination and the diagnostic angiogram was performed. Data was 7/l SRS A Ll e e ISk el e dne vl Gseuiies, Sl Ul are i o (@p0) exaemilis, O il et il 4oL,

) ) ) ) ] ] . . . . . . . extremities, and “absent” in 4 (23.5%) extremities. There was agreement between the Doppler examination and the angiogram with respect to the presence of the vascular arch in 14 (82.4%) of 17
the same information as the run-off image of a diagnostic angiogram, then it might decrease the need to stored in a password-protected and encrypted personal computer for subsequent analysis. All statistical analyses were performed by one author (AJM) using Microsoft Excel software extremities, and agreement with respect to the direction of flow through the vascular arch in 14 (82.4%) of 17 extremities. In the 3 cases of disagreement with respect to the patency of the arch, it was
perform this invasive surgical intervention simply as a diagnostic test. (Microsoft, Remond, Washington). visualized on the angiogram, but inaudible on the Doppler.

Dorsalis pedis artery examination:
The Doppler device was first placed on the dorsalis pedis artery on the dorsum of the foot between the ankle joint and tarsometatarsal joint. This was most commonly identified just medial to the extensor hallucis longus tendon. If an . :
audible signal was heard, then the artery was considered “patent”. If a triphasic or biphasic signal was heard, then the dorsalis pedis artery was considered “patent” and “normal”. If a monophasic signal was heard, then the dorsalis pedis artery examination Angiography agreement

Systematic Doppler  Diagnostic Percent

Discussion

was considered “patent” and “abnormal”. If no audible signal was heard, then the artery was considered “absent” and “abnormal”. D l o . . .
Next, if patent, an z_ﬂtempt was ma(_je to determine the direct!on of the fI0\_/v th_rough the dorsalis pedis artery. While the Doppler d_evice was maintained on the dorsalis pedis artery, finger pressure was then used to compress the posterior tibial orsja IS pedis artery 76.5% 88.2% 76.9% As with any scientific investigation, critical readers are encouraged to review the study design and specific results in order to reach their own conclusions, while the
artery behind the medial malleolus (Figure 1). If the Doppler signal was maintained and/or augmented, then flow through the dorsalis pedis artery was considered “antegrade”. If the Doppler signal disappeared or was significantly blunted, quality (% abnormal) followina represent ¢ conclusions based on th ific results. As scientist lso never consider data to be definitive. but do think that th results ar
then “retrograde” flow was suspected. In order to confirm “retrograde” flow through the dorsalis pedis artery, finger pressure was then used to compress the anterior tibial artery at the level of the ankle joint (Figure 2). If the audible signal was Dorsalis pedis artery 52 9% 64.7% 70.6% oflowing represents O.u conciusio S. ase i 0 i € SPECITIC TEsUlis. AAS SCIENISES, We also never consider data to be detinitive, but do thi at these resufts are
maintained and/or augmented, then “retrograde” flow through the dorsalis pedis artery was considered confirmed. direction (s antegrade) ' ' ' worthy of some attention and future investigation.
0 antegraae
Posterior tibial artery examination: Posterior tibial arter 0 2 90 3 80 -We primarily observed relatively high levels of agreement between a systematic Doppler examination of the foot and ankle and
The Doppler device was then placed on the posterior tibial artery behind the medial malleolus. This was commonly found approximately halfway between the medial malleolus and most plantar and posterior aspect of the heel. If an i . y 41.1% 92.9% ©8.8% diaanostic anaioaraph L evels of aareement with respect to arterv patencv and qualitv ranaed from 58.8% to 82.4%. and levels of
audible signal was heard, then the artery was considered “patent”. If a triphasic or biphasic signal was heard, then the posterior tibial artery was considered “patent” and “normal”. If a monophasic signal was heard, then the artery was quality (% abnormal) 9 g grapny. ] 9 ) ) P yp y q ) y 9 -070 70,
| considered “patent” and “abnormal”. If no audible signal was heard, then the artery was considered “absent” and “abnormal”. Posterior tibial artery 82 49, 76.5% 76.5% agreement with respect to arterial flow direction ranged from 70.6% to 76.5%. We interpret these results to mean that a
Next, If patent, an attempt was made ro determine the direction_ of the flow throggh the posterior tibial artery. While the Doppler de\{ice was maintained on the posterior tibial artery, finger pressure was then used to compress the dorsalis direction (% antegrade) Comprehensive physical examination of the arterial flow to the foot and ankle with a Doppler device might possibly serve as a
| pedis artery on the dorsum of the foot (Figure 3). If the Doppler signal was maintained and/or augmented, then flow through the posterior tibial artery was considered “antegrade”. If the Doppler signal disappeared or was significantly A ior b hof 0 0 3 ] ] ] ) ) ) )
N blunted, then “retrograde” flow was suspected. In order to confirm “retrograde” flow through the posterior tibial artery, finger pressure was then used to compress the posterior tibial artery proximal to the Doppler device (Figure 4). If the hterior branch o 29.4% 52.9% 64.7% reasonable surrogate to diagnostic angiography in some cases of diabetic foot disease.
audible signal was maintained and/or augmented, then “retrograde” flow through the posterior tibial artery was considered confirmed. the tf)er()neal artery _Subjectlvely’ we noted that the anglogram mlght have been more sensitive with respect to asseSS|ng the patency and quallty of the
% t : : . S : .- i
Peroneal artery examination: (Poztfr?gr oranch of 29 4% 47 1% 20.6% dorsalis pedis artery, while the Doppler examination might have been more sensitive with respect to the patency of the peroneal
The Doppler device was then utilized to find the anterior and posterior terminal branches of the peroneal artery. The anterior branch of the peroneal artery was most commonly located | the peroneal artery | | | arteries. The most disagreement we observed was with respect to the patency and quality of the posterior tibial artery. And although
on the anterior-lateral aspect of the ankle joint overlying the tibiofibular syndesmosis (Figure 5). The posterior branch of the peroneal artery was most commonly located posterior to the (% absent) It is likely the sample size is not robust enough to draw definitive conclusions, we did not observe any trends indicating that
lateral malleolus (Figure 6). These arteries were assessed as “present” if an audible signal was heard versus “absent” if no audible signal was heard. No attempt was made to determine Vascular arch 20.4%, 23 50 82.4% proximal inflow disease and/or arterial calcification had a substantial effect on the level of agreement.
the direction or quality of the flow through the peroneal arteries. (% absent) -We embrace the fact that all investigations have limitations, and this had several important ones to consider. First, we investigated
Referen a limited amount of subjects from a single institution, and therefore these results might not be representative of a broader population
ETErences sampling. Second, all subjects had some degree of peripheral arterial disease, and therefore we cannot be sure of the influence of
V Vascular arch examination: e e L this on the pre-test probability of results. Third, the categorical nature of the data established by the study design meant that there
The Dopplgr device was then utilized to agsess the vascular arch on the dorsal proximal flrgt intermetatarsal space (Figure 7). If an audible signal was heard, then the vascular [ngnirvfﬁpé,rspé}fec'"Hefps%r':(,f&?@!ﬁ?&ﬁ?’ﬂ?@in“ﬂéiﬂe,\E/a s 35??&?; Vi, Bakder K, Holstei P, Jirkovska A, Piaggesi A, Ragnarson- was a 50% likelihood of agreement simply by chance, and therefore a more advanced statistic than frequency of agreement, such as
| arch was considered “patent”. If no audible signal was heard, then the vascular arch was considered “absent”. ‘Eg;ll‘ston tht‘?d‘ffeéences be“Neet’;]i”gi_VLd‘:?'SFW“th agdGWi_t(;m“t pe”ﬁ’;‘e“&' el ditseaze-PThe EIRODALE SJUSV'FD‘atbf“t"Ogif.51:7,‘\‘,(;5;(?002 " the kap pa statistic might have been considered
Next, if patent, an attempt was made to determine the direction of the flow through the vascular arch. While the Doppler device was maintained on the dorsal proximal first Duets Foo 01> U ’ - o ’ dp ! '
- - . . . 5 o o 4] Allen L, Powell-Cope G, Mbah A, Bulat T, Njoh E. A Retrospective Review of Adverse Events Related to Diabetic Foot Ulcers. Ostomy Wound Manage . . . . . . . . .
intermetatarsal space, fl_nger pressure wgs.then used to compress the dorsalis pedis artery on the dorsum of thg foot (I_:lgure 8). If the Do.ppl.er signal was mamtamsd and/gr . MPIMSOBRA et meine for over ety e vl In conclusi on, the results of this investi g ation prowde evidence that a comprehenswe phyS|caI
augmented, then flow via the posterior tibial artery through the vascular arch was confirmed. If the Doppler signal disappeared or was significantly blunted, then “absent” flow via occlusive disease, Value Health 12(2):362.6, 2000. ‘ . . ) ) ) .
% the posterior tibial artery through the vascular arch was considered. Then while the Doppler device was maintained on the dorsal proximal first intermetatarsal space, finger pressure o el P, it P Karveatac y Ropert 1 WWAlLIet 3, Banorio sl Tostort ). e Sbserver variay imihe tarpretaion of areriographies of the examination of the arterial flow to the foot and ankle with a Doppler device might serve as a reasonable
7 was used to compress the posterior tibial artery behind the medial malleolus (Figure 9). If the Doppler signal was maintained afqdlor aug?egted,lthen glow via thﬁ dorss"s pedis | (6] Atinger G Evans KKK Bulan & Blume b Coopet b Aniosomes o the footand ankle and alinical impiications for i savage: recorsrucion, neisors, ||~ SUTFOQA@tE to diagnostic angiography in some cases of diabetic foot disease. We hope that the results of this
| artery through the vascular arch was confirmed. If the Doppler signal disappeared or was significantly blunted, then “absent” flow via the dorsalis pedis artery through the vascular and revascularization. Plast Reconstr Surg. 117(7 Suppl):261S-293S, 2006. . - - - - - - - -
i . i . ¢ . . . . Lo [9] Clemens MW, Attinger CE. Angiosomes and wound care in the diabetic foot. Foot Ankle Clin. 15(3):439-64, 2010.
arch was considered. Note that it was possible to observe a situation of dual antegrade flow through the vascular arch via both the dorsalis pedis artery and posterior tibial artery. (10 Atinger CEL, Meyr AJ, Fitzgerald S, Stinberg J5.Preoperative Dopplr assestrt orransmetatarsel amputation.J Foot Anle Surg, 490111015, 2010 mvestlgatlon Increase the bOdy of knOWIEdge with respeCt to the arterial assessment of the diabetic foot.




