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Abstract 1. Assume a Simple Model 3. Quantify Device Effectiveness
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Background: Radiological Computer-Aided Triage and Notification (CADt) device Is Poisson patient arrival process 0 -~ Disease prevalence L0, ™\
an image processing prescription software intended to aid in prioritization and . : : : : = * _ b = o _
triage of radiological medical images. Commonly, an effective triage software device Exponential radiologist reading process c -23  Hospital busyness p = 0.8 (relatively busy hospital)
uses artificial intelligence (Al) to process patient images and prioritize them based . 1 disease condition & 1 modality — « Averaged radiologist reading time 1/u = 10 minutes
on disease conditions such that a radiologist gets to the more life-threatening . Each radiologist treats every patient the same gﬂ 46 - | * Number of radiologist = 1 )
patients quicker. These devices assist in prioritization and triage so that clinicians T 0 .
can rrllake Iealjlier(dLi\z;lgr)\oiis indFtreatmentlof _time-ser?sitivle _diseases SE[JCQ Ef/lgrge Without CADt device — First in first out (FIFO) | . | . | = In_:
vessel occlusion stroke. For example, in cases involving suspecte , a . . . . O — )
notification from an effective CADt device allows a neuro-interventionalist to A new patient Patient queue A radiologist - 129 >-33 9 >-3 < >-0.4
emergently remove the clot, reducing the associated morbidity and mortality. ‘ 0.0 g + =
However, as CADt devices become more common in daily clinical workflow, 0060 ‘ s T —
guestions and concerns rgmain when it comes to a rigorous, quantitative — — 86 22 B A 5 0.7 E
assessment of their effectiveness. ) dWp < 0: Overall time savings g O -
for diseased (truth) patients — o~ 5 AL
Purpose: This work investigates an approach based on queueing theory to r o 97 c = N b
characterize the time performance of CADt devices under various clinical b devi : .. = 43 — 11 S 9 o [-1.3 [
environments. Simulation and theoretical computation tools developed in this With CADt device — Preemptive-resume priority (PRIO) ad E }"E" g -
project will be made publicly available to evaluate the effectiveness of CADt devices. A new patient Patient queue A radiologist - g 0.6 ™ v o %
el ar 1
+ - ) - i )
Methodology: Both the queueing theory and a simulation model are applied to o CADt @ e @ G % 0.0 : 0 O 0.0 & © B 0 U
quantitatively assess the effectiveness of a simulated CADt device in a simulated yet é ‘ L o 04 E E E C
realistic clinical environment. The amount of time savings for diseased patients who —p - - U - " & e
are correctly identified by the Al algorithm is studied, as well as the amount of time tm x = . .43 I 11 0 9 & k13 E
delay for diseased patients who are missed by the Al. The relationship between time (o o o _ 0.3 | ::::5;55555535.;:;_ gﬂ' .ué 2 -
performance _and a Wide range of clinical parameters_, such as disease prevalgnce, Al SW, > 0: Overall time = o -E 4
accuracy, patient arrival rate, and the number of radiologists, are also investigated. Figure 1. A simple radiologist’s workflow with and without a CADt device. for diseased (truth) Ny N i . g o E
o _ _ _ o . === theory; mean | |- 0.1 - i . - ' -
Findings: The simulation model suggests that CADt devices are most effective in a Q sim; mean ..-::-:5;:1:. ;;;; | % O
busy, short-staffed clinical environment. These preliminary results are consistent 2 ] U S€ uecuein g Th €0 ry sim; 10 0.0 CADE device i O um? *
with both clinical intuition and the theoretical computation using queueing theor sim; 95% i - )
under different simulation conditions. " I ’ ’ /Input factors h 00— 7 T -123 <33 g <3 'g - <04
e Al decision threshold (Se, Sp)  Radiologist reading rate u 09 A0 23 O 0.00 0.14 0.29 043 0.57 0.71 0.86 1.00 =
O b : t * Disease prevalence a » Hospital busyness p = A/ 5Wp [min] False Positive Rate S s
J eC I V e \ e Patient arrival rate 4  Number of radiologists / _ D _ _ _ _ - _ _ _ _
Figure 3. A summary plot showing both time performance and diagnostic ability of a CADt device under the assumptions stated in the gray box (top right). In case of LVO

stroke, 3.9% of stroke patients have less disability for every 15 minutes faster (eTable 12 in [1] provided by Saver et. al. [2]). Hence, §W}, color axis can be translated to LVO
stroke patient outcome metrics (right axes). The gray dot shows that, under the assumed conditions, the expected mean time savings |6 W, | Is ~40 minutes at a decision
threshold of (0.15, 0.97). This corresponds to less than 11% increase in the number of stroke patients with better outcome.
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I I let O tO eva u ate t e tl I I le probabilities  patients in system time per patient time per patient 0.0 D i C N I I N
‘c -0.4 IS e ———— Disease prevalence a = 10% O C u S I O
. pn — L — w — Wq I= e~ TS —— Al sensitivity, specificity threshold Se, Sp = 0.95, 0.89
performance of a CADt device I N it ety
= 2 S ——— T v Developed a theoretical approachto  Future work:
WlthOUt CADt ‘Q,Q Wlth CADt u,_ __________ ---"'"--.::""--. - - p - pp - .
_ & o 1,1 0 Tmmm—— i guantify time performance of a CADt < Expand our model to a realistic,
o -----.___--. h::hh - - - ,
I n t r O d u Ctl O n p ~ c;l_ 67 1 radiologist; sim == == 2 radiologists; theory ""'"'-....__'_. ‘h::u deVICe Complex radIOIOQISt S WorkﬂOW
— " — Tt : "9/ 7 == == 1 radiologist; theory 3 radiologists; sim e e ] ] ;
[ WrIFo = Mean waiting } W.PRIO = Mean waiting time per g > radiologists; sim == 3 radiologists; theory =~ v With asimple model, a CADt device « Include emergency cases as the
time per patient in FIFO Al positive patient (high-priority) 356+ s s - — - . —- 1S most effective in a busy, short- highest priority
, - - . o _ " - Quiet Hospital busyness B staffed clinical environment
WHAT CADt devices prioritize Al positive cases, @ W_pRio = Mean waiting time per pital busyness p usy » Apply our model to real-world data
- - - Al negative patient (low-priorit -4.4 : : :
so likely diseased cases are read first. /| Al negative patient (low-priority) _ r=3 O S o -——==] ¥ Analytical results are consistentwith " ¢, \\ 110 imnact of using multiple Al
d . . Y E Pl e —————_—————— S clinical intuition and verified by . : . .
Mean time savings per _ o -22- : : devices targeting multiple diseases
" e SW, =W, 4= o _ simulation
— Al positive patient PRIO (it6W, < 0,adiscased patientspends | & -30- o T » Release our tools (both computational
Mean time delay per less time, on average, waiting in the O g ermmammemsa T | v' Proposed a summary plot with both d simulati £ )t Ec)h Ol
: . : I y _ . priority queue than in the standard o : i i i - ana simuilation sortware) to the publiC
WY To evalu_ate the effectlveness._ guantify Al negative patient:  °"- = "W-pri0 " WFIFO | RiF0 quece. = g B Ty diagnostic and time-saving ability of
time savings for diseased patients That is, an overall time savings for truly S 56- Al sensitivity, specificity threshold Se, Sp = 0.95, 0.89 the device for CADt evaluation
. . . . Averaged radiologist reading time 1/u = 10 minutes
Time performance of sy =w —w diseased patients due to the CADt device % 65 . | : . . . R ef e r e n C eS
a CADt device is b ="bpRrio ™ MFIFO \ 0.01 0.09 0.18 0.26 0.35 0.43 0.52 0.60 3 o ] | |
- 1 JL, M, Lugt A, etal. S t
based on diseased W+PRIO X Nrp + W_PRIO X Npy _ Dlse-zase prevalence a ] ] A C k n OWI ed g e m e n t E)glliﬁ\e/eéontenﬁy'?ime t\(/)a'lr]rezzmggt Wi?[haEndlgszsirl?IZ? -
- ] . (truth) patients: oWp = N — Wrrro Figure 4. Impacts on W), per diseased (truth) patient due to hospital Thrombectomy and Outcomes From Ischemic Stroke: A
Use queueing theo I'y. a mathematical - D ~ busyness (top) and disease prevalence (bottom) with 1, 2, and 3 The authors acknowledge funding by appointmentstothe  Meta-analysis. JAMA. 2016;316(12):1279-1289.
HOW model that studies waiti ng in line Figure 2. Mean waiting times calculated from queueing theory are used to define a radiologists. Shaded areas represent 95% confidence intervals. Under the :ﬁ;esg‘;ri‘oﬁsri‘gfﬁlggﬂ: ;‘;?;?;‘I‘Si‘;g‘j get“rf‘;rgglig?;"‘;es (2] Saver JL. Goval M, van der Lugt A et al. Time to
time performance m_etric SWhp. It_ takes i_nto account the proportion of true-_positive assumed conditions, the_amou_nt of time savings |0Wp | increases in a Institute forngence and Education thmﬁgh an interagency Treatment With Endovascular Thrombectomy and
(TP) and false-negative (FN) patients with respect to the total number of diseased busy, short-staffed hospital. Disease prevalence may become more agreement between the US Department of Energy and the Outcomes From Ischemic Stroke: A Meta-

(truth) patients. The more negative §W,, is, the more effective the CADt device is. important in a realistic radiologist’s workflow. US Food and Drug Administration (FDA). analysis. JAMA. 2016;316(12):1279-1289.
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