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Introduction Methods

Motivation: Despite the introduction of Al tools in the NHS, most 3. 0O-learning: Builds upon 2 -Train Q-table with customisable An example for binary class triage - the following table and graphs are Table 1. Average TAT for each queueing system for binary class triage example.
hospitals still use a flrst-come flrst-serv.ed.queue_ for radiology |I§tS- reward function based on simulated data. Applicable for both the average result of 1,000 simulations using a prevalence of | True positive |
However, Al classitier models can optimise this queue, enabling binary and multi-class queuing. Requires the ground truth abnormality: 63%, Al sensitivity: 91%, Al specificity: 83%. Report turnaround time (TAT) (days) False negative (days)
abnormal scans to be interpreted soonerl. The challenge lies in the (normal/abnormal) to be recorded per scan. _ _ _
imperfect nature of these Al models; a naive implementation risks State: Proportion of actual-i predicted-j in reported scans: Figure 2. TAT for each queueing system for binary class triage example. First-come first-serve (no triage) 1173+6.75 1173+6.73
Causing unacceptable delays N reporting false negatives. Duration of Ieaving queue i; Reported fractionin queue i a) First-come first-serve (no triage) b) Prediction order (benchmark) Prediction order (benchmark) 9.14 +5.25 24.84 + 0.86
Aim: To develop an adjustable queuing system for outpatient MRI Actions: Move to queue i 0.05- e Negatvestatol 7126 75 days | 093] True Negatives-tat—24.8250.95 days Time Truncation time:3 days 11.43+6.73 13.26+6.71
brain scans that allows clinicians to set their preferred balance Tuneable hyperparameter: a parameter in preset reward function -  oloe Negotives tate11 730673 doys | | N Faloe Negativestotn24.84-0.96 days truncation —
between Al-driven prioritisation and traditional queue order. This / new reward function s : Truncation time:5 days 10.36£6.62 18.70£4.18
system will accommodate varying tolerance levels for potential delays :g“'“' g“‘“" Expectation| Coefficient: (0.40,1.2) 11.31+6.50 13.72+7.66
In reporting false negatives. Figure 1. Schematic of triage strategy for binary class £ 0,024 g 0.02 -based Coefficient: (0.35, 2.0) 10.47 +6.00 18.07+7.94
Predicted Predicted Abnormal scan wrongly 0.01 0.01
‘ abn;(:n‘::l zcan o normal scan Q predicted as normal l 11.00£6.69 1532+6.16
M et h Ods Dm_ﬁh days 0003 6 12 18 24 days 10.87 + 6.55 15.86 +6.52

Simulation of the data First-come first-serve O ' o ' Q ‘ O o o ‘ c) Time truncation: 3 days d) Time truncation: 5 days . .
(] P I f b I.‘t (NO triage) True Positives:tat=11.43+6.73 days True Positives:tat=10.36+6.62 days An example for three- Flgure 3. An example for TATfor three-c,ass tr,age
revalence of abnormality es:tat=11.436 esitat=10.36¢ : :
o True Negé‘;lves.tat 13.28+6.7 days True Negétlves.tat 18.64+4.18 days CIaSS trlage LISII"Ig Q_
* Alclassitier performance Ratiosof TP EP. TN, 3 =~ === === e e e e e e e e e e e e e e e e mm == m Tolee Negativestor 132616 71 gays  Tolee Negotives tato16.704 18 doys . Critcal scans : tat=6.00:24.33 days
sgn s WL atIOSO ’ ’ ’ 0.04 1 0.04 1 Iearnlng approaCh Gaussian fit to Critical scans
(SenSItIVIty, SpeCIfIClty) FN E E 0.14 Urgen’; sca_ns : tat=16.53+8.05 days
st " QQOQO@O0GO00O0 - - rgencylevet ] P AN =it
o AC U|S|t|on durat|0n (BenChmark) % % ge Cy evel § Gaussian fit to Normal scans
; : : Random acquisition £ 002 £ 0.021 Critical > Urgent > Normal = 0,101 /
* Mean rI?pt;)rtlng tllme for order ~000@mE e m e mmmmmm s mmmmm—— o1 - :
normal/abnormal scans -
000 0 6 12 18 24 days 000 0 6 . 1; : d1:; 24 days
Time truncation ‘ ‘ o O| ‘ Q o o | ‘ o Report turnaround time eport turnaround time
We developed three triage strategies and Conducted simulation e) Expectation-based: Coefficient: (0.4,1.2) f) Expectation-based: Coefficient: (0.35, 2) |
experiments. Each strategy allows for adjustment of tolerance levels 0.05- e R tays || 90%]| MR e Negativestat 15152793 avs T T repotwmarounatime o days
g Y o
for delays in false negative reporting through tuneable @~ ~~°"T°"°"7"7-7-7-7 =777 =-=7==7==7==77==7T777 7o oo o oo Negathvestato1 7347 86 doys | o, | M Faloe Nepativestat=16.07+7.94 days
hyperparameters. E g .
L - | Conclusion
g Prediction order (benchmark): Always prioritises predicted . § €
— ) 2 0.02 . . e . .
abnormal scans Expectation-based ‘v ~ @) =0 Using imperfect Al classifiers for MRI brain scan triage balances faster
1 T t " onlv begi Ji £t ! Proportion Expectatio reporting of true positives against potential delays for false negatives.
' ime r;mca! l':?"' niy begins rea (ljng new scans % e;)al >Cans e d e .l. We developed three adjustable methods to address varying risk
acquired within a preset period are reported. Prioritises ’ * reporwmeroundtme o i " reorttmarondtme tolerances. While these methods converge to similar results, they
predicted abnormal scans within this period. offer different implementation trade-offs
Tuneable hyperparameter: truncationtime e e e e e e e = === === - '
yperhal | | e
2. Expectation-based: Separates the queue Iinto predicted . True Negatives:tat=16.02+6.44 days
b | and normal queues. Arranges the radiologist to switch === = o Nvese 1532431 = e Nogatves ai=15.8626.52 6o References
a norma . i 1 0.04 1 0.04 | alse Negatives:tat=15.86+6. ays
between queues to meet preset expectations for the proportion ey G-abte S s g | | o |
of true positives (TP), false positives (FP), true negatives (TN), Q-learning - : g 1. D. A Wpod_et z;-ll., Deep learning models for triaging hospital heaq
and false negatives (FN) in reported scans. Requires the ground £ ooz foo MRI examinations’, Med. Image Anal,, vol. 78, p. 102391, May 2022, do::
truth (normal/abnormal) to be recorded per scan. O o Q o O o oo - 10.1016/j.media.2022.102391.
Tuneable hyperparameter: coefficient of expectation threshold R - e sl M il
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