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Key ldea: Prescriptions are programs

Example Simulated Interaction

Prescribers are akin to programmers without a programming language. As demonstrated below, many of constructs in natural
anguage prescriptions are directly analogous to programming constructs. By creating a creating a prescription programming
anguage that can represent prescriptions and is usable by clinicians, we hope to lift the purely mechanistic tasks from the mental
oad of health care workers. We hope this will free clinicians’ time to truly care for their patients.

Patient—oriented Prescription for Analgesia (Adult Program) Patient—oriented Prescription for Analgesia (Adult Program)
Date & Time Procedure/Cause of Pain Date & Time Procedure/Cause of Pain
Mote: To override default values {in paranthases), antar substilute values n spaces, Dafault Mote: To override default values {in parantheses), entar substilute values n spaces, Dafault
values are for adulls weighing more than 40 kg. To delate an ordar, cross if out & initial, itial,
DISCONTIMUE all previous Opicids, Benzodiazepines, Antiemetics, & NSAIDs
Adjuvant Analgesia (Check one of the following options)
[J NSAID Option: Firet dosa only: Keterolae{Toradol) Lyv. or subcut. (15) mg. & than
= If unable 1o take oral meds:  Ketoralae v, or subcut. {15) meg every 6 hra. STOP after 3 days.
= If able 1o take oral meds lbuprafen p.o. (600} mg ewery 6 hrs. STOP after (3) days. - 'Y
O Hon-HSAID Option: Acetaminophen rectally or poo. (B75) g evary & hre. = =
—_ —_
Programmed Opicid Analgesia for Abbott PCA Model 4100 (Checking box activates full protocel) 3 Push Coin protocal) 3
[J Fentanyl 50 micrograms/mL by subcutaneous (subcut.) infusion with portliess PCA tubing through 0.22 macron in-line filter. ir-line filber.
= |ndtial Dosze It this protocol is started in PACU, foliow Bnesthesiologist's post-surgical orders while patient in PACU ntin PACU
If started on floor & if pain score i & cm or greater, give (50] rmecrograms subcul, one doss oy ] _ _ _ b dose oy
= Continuaus [25) ricragramshr  {If left blank, dose defauts to 25 mecrograms/hr. ) (25} rmicrograms'hre  {If laft blank, dose defaus to 25 mecrograms/hr. )
O3 NOT IMCREASE continuous Fentanyl dose rate more often than cnce every 24 hours, DO NOT INCREASE continuous Fentanyl dose rate more often than onca evary 24 hours.
= PCA (On-dermand)  (25) MiCTograms {If l=ft blank, dose defauls to 25 mecrograms with each patient demand.) (25} MiCograms {If laft blank, dose defaulls to 25 mecrograms with each patient demand.)
= Lockou t 15 min 15 min
« 4 Hour Dase Lmit  75% of {Continuous + On-demand doses) Adust 4 howr dose imif whanever dose changes. ¥ 75% of {Continuous + On-damand doses) Adust 4 howr dose imif whanever dose changes. L
= Bregkthrough paie: It pain score is B cmoor greetar, INCREASE ca-demand dose by {10 micrograms; reassess in 1 houwr. It pain score is B crm or greetar, INCREASE on-demand dose by {10 micrograms. reassess in 1 houwr.
Azpaat 3 tmas. If pan scora is 8 em or greatsr on 3 consecutiva sssesaments then notity physician. Aepaat 3 tmas. If pain scora is 8 em or greater on 3 conseculive asaesaments then notity physician.
= Tapar, STOR on-demeand dese after {3 days) {Altematwvely, enter a stop date) STOR on-demand dose afier (3 days) {Altematwvealy, enter a stop date)
& thern REDUCE contnuous dose rate every 4 hours by (10) micregrams. & thern REDUCE conbnuous dose rate every 4 hours by (10) micregrams.
= Minimal pain: If the viswal analogue pain score B & cm or less on &ny 3 conseculive assessments, It the viswal analogue pain scora i3 2 cm or lese on &ny 3 conseculive assessments,
AEDUCE on-demand dose by {10 MECragrams REDUCE on-demand dose by {10] MCragrams
« Dvarsedanio It oversedatad, hold continuous & on-demand Fentanyl dosas for 4 hre, then restart continwowes It oversedatad, hold continuaus & on-demand Fentanyl doaas for 4 hre, then restart continwows
Fentamyl at 1/2 prior dosa rele & on—demand Fentanyl at 1/2 pricr_dose; ressaesa at 1 howr & 2 hours.
#

Fentanyl at 1/2 prior dosa rate & en—demand Fentanyl at 1/2 prior_dose; resssess at 1 howr & 2 hours.

i (o152 =3 e [e.g., resp. rate lass than G'min or 32 saturation less than 92%),
then STOF Fentanyl & give Naloxone(Marcan) 0.1 mg Ly, every 2—5 mins up 1o 4 bmes unfil awake.
Motify physician after giving first dose of naloxona

«p.rn. Constipation:  PEG Standard Solution (Miralax) p.o. 240 mL p.ron. once daily when tolerating fluid died L
Senna Standard Extract p.o. 1 to 4 tablats poron. twice dally when tolerating flusds. FRI FATE
« o ra Mawses: Mild nausea: Metoclopramide (Reglan) i.v. or subcut. 5 to 10 mg p.r.n. eveny & ha. | ]

Severe nausea or vomiting: Droperidol {(Inapsing) i.v. or subcut. 1.25 10 2.5 mg p.r.n. every 8 hrs
If patient continuas 1o vamit 2 howrs &fter receiving Droperidal then notity physician.

o rn. Pruntis: Diphenhydramine (Benadryl) subcwt , iv., or p.o. 10 10 25 mg porn evary 8 hre. Diphenhydramine (Benadryl) subcut, v, or p.o. 10 1o 25 adnli ni s tE r anti d‘ﬂ te ( ) -
'

Monitoring Orders Monitoring Orders
ze & 10 cm. Visual Anabogue Pain Scale (such as CAT Pain Gauge) for all pain essesaments; do ot substiute altermate scals
hi=asure & Record Visual Anelogue Fain Score with each vital ign recording; reassese 1 hour atter each fentanyl dose change.
Cautanaaus O saturetion messuras every 4 hours while patient lethergic or sleaping.

1t unarousable or respiration degressed, (e.g., resp. rate less than Gmin or 32 saturation less than 92%],
than STOF Fentanyl & ghve Naloxone(Narcan) 0.1 mg L.

Motify physician after giving first dose of naloxona Wh i lE ( ! Pa tiE I'lt_rE SPG I'IS ivE ( )‘ }

PEG Standard Solution (Miralax) p.o. 240 mL p.ron. onoce
Senna Standard Extract p.o. 1 to 4 tablets porn. twice dad {

Mild nausea: Metoclopramide (Reglan] i.v. or subcut. 5 to

Sevare nausea of womiting: Droperidol (Inapsine) L.y, or s s lEEP ( 1 5 ) ;

it patient continues o wamit 2 howrs &lter recalving DTEIFIE[IE

=g & 10 cm. Visual Analogue Pain Scale (such as CAT Pain Gauge) for all pain }
héeasure & Record Visual Analogus Pain Score with each vital sign recording; rea
Cutanaous Oy saturelion meesuras evary 4 hours while patient lethargic or sleaping.

leed Praseription fer Analgesia (&dul Pregram] v1.1 Revised 20 Sapembar 2001 Patisni—oranied Prascription for Analgesia (&dull Program] vi.1 Revised 20 Sapeenbar 200

Phyaician's 10 4 Physician's Signafura Phyaician's 10 # Physiclan's Signafura

An Example Program

In our prototype implementation, ‘givebolus 80 units/kg HEParin I.V.]
when a program is run it starts a ‘start 18 units/kg/hour HEParin I.V.]
simulation of prescription which can “checkaptt]

be interacted with via a
read-eval-print loop (REPL). The > dPTTResult 46 seconds

REPL first prints out the messages [givebolus 4@ units/kg HEParin I.V.]

that would be sent from the [1ncrease HEParin 1 unit/kg/hour]

prescription in a deployed version. It > wait ©6 hours
then prints a prompt where the user  [checkaptt]
can submit messages to simulate > wait 1 hour

responses from the world. This > aPTTResult 70 seconds
simulation does not display :
> wait 6 hours

timestamps with the messages, as it
has no real notion of time. Instead [checkaptt]

time is advanced manually with the > wait 1 hour

special command wait. Message > AdPTTResult 74 seconds
sent form the program are marked > wait 6 hours

with [] s. Messages sent to the

program begin with a >, the REPLs

prompt.

User Survey

#lang pop-pl POP-PL programs coordinate
with the hospital via message
used by JessieBrownVA passing. The program on the
left implements a prescription
initially for the blood thinner Heparin,
giveBolus 80 units/kg of: HEParin by: iv used at Jesse Brown VA In
start 18 units/kg/hour of: HEParin by: iv Chicago. It begins by
messaging the nurse to give a
infusion: one time large dose of the
whenever new aPTTResult drug, and begin a continuous
aPTT < 45 | giveBolus 80 units/kg of: HEParin by: iv infusion. It then begin
| increase HEParin by: 3 units/kg/hour messaging the nurse to draw

blood for the aPTT assay to
assess the drugs effect (the
aPTTChecking: section).
This blood draw is scheduled
for every 6 hours when the
patient is not stable, and every
24 hours otherwise. It then

aPTT in 45 to 59 | giveBolus 40 units/kg of: HEParin by: iv
| increase HEParin by: 1 unit/kg/hour

// aPTT in 59 to 101 | Continue current HEParin dose

aPTT in 101 to 123 | decrease HEParin by: 1 unit/kg/hour

aPTT > 123 hold HEParin titrates the dosage based on
after 1 hour the result of that test (the
restart HEParin infusion: section), possibly
decrease HEParin by: 3 units/kg/hour by giving another bolus or by
stopping the |.V. entirely for a
aPTTChecking: time.

every 6 hours checkaPTT whenever aPTTResult outside of 59 to 101, x2
every 24 hours checkaPTT whenever aPTTResult in range 59 to 101, x2

We evaluated POP-PL’s usability by giving a user server

60—+ —+ . . .
Iy)Z;ial —TNE R phyS|C|ar_1$, pharmamsts_, gnd advanced practice
no | nurses at varying levels of training. The user survey had

~ them read the heparin prescription to the left, and asked

40 - B B 4 them to identify specific parts of a prescription and to

make minor modifications to it. The results were graded
+ by three independent raters, with the possiblities: "yes"
meaning a totally incorrect response, "partial® meaning a
20- T partially correct response, and "no" for a totally incorrect
response. UniODA was performed to assess inter-rater

Number of Respondents

agreement for all 18 pairings of three independent raters
, __Jl H scoring six separate test questions. Due to absence of
0= e T .
st ond 3rd  4th Ssth et variability in scores assigned by at least one rater, no
Question model was possible for 7 pairings: for these

combinations of raters and questions inter- rater
agreement was 91.5% or greater. For the remaining 11
pairings, 5 indicated perfect agreement, 2 indicated
strong agreement, and 4 indicated moderate agreement:
inter-rater agreement was 75.5% or greater for these
analyses, and all results were statistically significant with
Bonferroni adjusted p<0.05. For all guestions except the
guestion about programming comfort, inter-rater
agreement was 90.2% or greater. All instances of rater
disagreement were resolved to consensus in post-rating
discussion.



