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The Development of the Adult Deterioration Detection System (ADDS) Chart

TheAdult Deterioration Detection System (ADDS) observation cestribed in thishortreport
wasdevelopedaspart of a research project carried out at The University of Queendtand

Queensland Health and the Australian Commission on Safety and Quality in Health Care (ACSQHC)
The aim of the project asto investigate the design and use of observation charts in recognising and
managing patient deterioration, including the desigrdavaluation of a new adult observation

chart that incorporated human factors principles

The initial phase of the project was a systematic usability evaluation of the quality and extent of
designproblems in 25 existing observation chafi3. A total of 1,189 usability problems were

identified in the observation charts. Usability problems were identified as affecting the observation
OKI NIiaQ LJ3S f | & Zedniding df yitdl 8igudy intéighatioy of tratksard dagger
systems, language and labelling, cognitive and memory load, use of fonts, use of colour,
photocopying legibility, and nighime legibility. In compiling lists of the various usability problems
present in the observation charts, principles for producing a better designed observation chart were
developed(seeSection 3(1).

Using the information obtained from the heuristinalysisthe new ADDS$hart was designed by

combining what were considered to be the best design features of existing chhgsADDS chart

wasthenA Yy Of dzZRSR Ay |y 2yfAyS &adz2NBSe 2F KSIfGK LINETFS
(2). As part of the surveyarticipants (N = 333)yere asked to respond to 13 statememegarding

the design obne of ninerandomly assignedbservation chartsThe nine observation charts

included theADDS chal YR SA3IKG 20aSNBF A2y OKIFINILa 2F G322RE
from the heuristic analysisThere was a statisticallygiificant effect of chart typen the aggregated
rating.Charts 7, 8, and 9 (collectively, thgrioria LJ2 2 NE hfris)lwérd éach rated as having a
significantly poorer design compared to each of the other charts (collectively, phioricd I @S NI IS¢
FYR G322R¢ ljdzkr t AGe OKINIaovo

As a result of collecting data regarding the preferences of participants in the oahweyswe made

a2YS OKFy3ISa 2 (GKS GSN¥a dza,SB{AWYSyTHE o 26 BSaxc! NJ
Wpct 26 wkiSQ ¢ a GKS aSOZytRa Qr 2Fa20NJ Li2KLIdEE I 2ND alSSNIY: (il A2
Ay Of ditSaavhl &4 (KAA 62df R AYGNRRAOS || y&8s FyR dzyy$
OKIyaSR W! NAYS F2NJn |1 2dz2NEQ (2 Wn | 2dzNJ ! NAYS h dz
ardyod 2SS faz2z OKIFIYy3ISR WtdAd aSQS@a2 FTRING IWNIS | Wi %@ (153
W owdQ SOt ALIABSR (K2aS F2N) WtdA aSQ YR Wt Q 06S RA
would introduce an unnecessary abbreviation into the chart). We kept other terms unchanged on
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the ADDS chart as vweneaally preferenced using the full word over more popular abbreviations
OADPS D WESYLISNI GdzZNB Q> y2i0 We¢eSYLIQUL ®

Responses to other sections of the online survey also suggested that we not modify the overall

design of the ADDS chart. First, participants exprebsedLINB F S MBtiAgtBe valLe{fd a dital

sign]jon a graph with graded colouring, where the colours correspond to a scoring system or graded
responses for abnormally F2NJ 020K NBO2NRAYy3I 20aSNBIGA2ya | yR
ofthel 55{ OKI NI Qa @AGFf &aA3dya I NB LiBRldnioRersioy (KA A&
of the chart for which users have to consultaledkld G 6 f So® { SO2yRZ LJ NI AOAL
for the ADDS chart was no worse than that of any otlmarc(and significantly better thathat of

0KS &L} 2 NEs),dvealthbugtitie ADDSIchi could be argued to be radically different

from many existing observation charts that participants may be familiar with.

This studyinvolved an empirical comparison of six charts (two versions of the ADDSandeour

existing2 0 a SN A2y OKINIa 2F a322RE@EChart@i®@dNandS¢ > 2 NJ
health professionals (doctors and nurses) were recruited as participants. Each chart design was

shown to each patrticipant four times displaying different physiological data with one abnormal vital

sign (e.g. a high systolic blood pressure), and fioues displaying different normal physiological

RFEGI® tFNOAOALIF yGa KIFIR (2 OflFaaArfe (GKS LIKeaAz2f 2=
(after memorising the normal ranges for each vital sign). Error rates and responsaniares

measured.

(Chart designwas found to have statistically significant effect on both error rates and response

time, with the charts identified as having better design tending to yield fewer errors and shorter
decision times. Specifically, the two versions of the AEH2® outperformed all the existing charts

on both metrics, where the other charts yielded between 2.5 and 3.3 times the number of errors as
the ADDS chart.

Again, this studyinvolved an empirical comparison of sixads (two versions of the ADDS chand

fourexistingz 0 A SN GA 2y OKFNIia 27F &322 R@EChartn@iSedl IS¢ 3 2|
and health professionals were recruited as participdateecord patient data ontdhe dx chartsin a

simulated ward environmentError rate was the main outcome of interest.

Chart design was found to have a statistically significant effect on the numbers of errors committed
while recording patient datandicating that chart desigmfluencedperformance The rank order of
charts in terms of error rates was completely differéram that inthe previous experiment, where

the bestperformingchart in the current study{ K S & LJ2 2 NE chaf)avas3hg wdjstizl £ A G @
performingchart in the previas studyand the ADDS charts were ranked in fourth and fifth place
rather than first and second placé&his was presumably because the task of recording diat@ the

G LI2 2 NIEsim@yKrvaidd the transposing of numbers directly from the simulated siggs

5
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displayonto the chart.However, he error rates were substantially smaller than those founthin
first experiment(0.2% to 2% errors vs. 10% to 33% errors, respectively).

For the three chartshat includedmultiple parameter track and trigger systems (the two versions of
the ADDS chartar@ly S 2 F G KS S E A-gudlity gharts, édhare 2aRthe oppSriunitafyt
participants to make additional errors when scoring these syst@hesexistingt 3 2 2hat
performedsignificantly worse than the ADDS chart without tlyst8licBP table but otherwise there
were no significant differences between the charts for this measure.

At the end of the experiment, participants were asked to nominate the chart thegt liked using

the best. Botlgroups of participants appeared to prefer the ADDS chart (especially the ADDS chart
without the §stolicBP table) to the other charts, despite this chart being associated with higher
data-recordingerrors than some of the esiing charts. This would seem to suggest that individuals
were taking more account of the ease of interpreting the datianhich the ADDS charts

outperformed the other charts in the previous experimgmather than the ease of recording data.

TheADDShart was largely based on:

1. TKS t NAy OS / KTPRH, Srisbahe?Quédaslandf Gederal Observation Chart
which in turn was based on
e TheCanberraB & LA GF f Qa 6! dzZAGNI f ALY [/ FLAGEE ¢SNNRIG

Chart

2. The/ KAf RNByQa 9FNIeé& 2FNYyAya ¢22f o6/ 92¢0 LI SRNHA

Hospital(Brisbane, Queensland)
Compass TPCH

r—
— e bbbt
-

Tl | | | [ i ADDS Chart

R
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A Clincial Forms Design Officer (Information Division, Queensland Health) assessed drafts of the
ADDS chart for compliance with the relevant standards edgS Sy af I yR | SI f 6 KQ& / f A
Design Standard Guidelings).

The chart was developed according the usability princigpexific to papebased observation
charts thatwere developed in the heuristic analysis (listed in Appendix B ofépart and
reproduced in Section 3 of this repd(i.).

The ADDS chart was designed with the very specific aim of being a tool to detect patient

deterioration, rather than being aall-encompassing general observation ch&iven that the

project brief was to producan evidencebased observatioghart that promptedthe recognition
andappropriate management giatient deterioration the focus on the chart was gumesenting the
mostimportant vital signs for detecting deterioration in most patients a usetfriendly manner

We avoided the temptation to include additional observations as, from a human fguospective

every additional piece of informationcludedcould potentialy compete with the existing (and,

LINBadzYll 6t ez Y2NB AYLERNIFYyGO AYyF2NXYIFGA2Y F2N 0KS

TheADDS&hart and incorporated the following features designed to mis@he design problems
that might lead to human error in both recording and interpreting patiebservations.

Page layout
Only onemention of thefacility name relegated tahe outside pages of the charfhe
facility name is among the least importaieatures of an observation chantith regards to
detecting patient deterioration.
Only ;e instance of verticalhpriented text(see Figure 1). Verticaltyriented text takes
longer for a useto read(6).
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Figure 1. Yellow oval highlightse instance ofertically-oriented text

Information layout
Informationwasdisplayed in decreasing order of importanddée most critical vital signs
(e.g. Respiratory Ratejere placed towards the tofeft of the page, as this is where users
would look first(see Figure 2Most existing charts did not follow this practige.
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Figure2. YellowectanglehighlightsRespiratory Ratbeing placed towards the teleft of the page

Nine vital signs (Respiratory Rate,RIbw Rate, ©@Saturation, Blood Pressure, Heart Rate,
Temperature, 4 Hour Urine Output, Consciousness, Increased Pamerarded on one half

of an A3 page.

No irrelevant informatioris presenton the inside pages of the chart (e.g. facility name,
vdzSSyatllyR I SIfidK 2323 SG000d . &8 WANNBt SOl vy
detecting patient deterioration.
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Bold horizontallines between vital signsrovidevisual separation between otherwise
adjoining vital signs (see Figure 3).

il il oS
> 38.6
38-38.5
Temperature 36.1-37.9
o) 35.1-36
o 34.1-35

| sy
4 ngr Urine 130799
utput 80119
mL) <70

Figure3. Yellow rectangle highligebold horizontaline used to separate vital signs

Areas for writingext accommodate size 1#nt (e.g.,the Systolic BP table anle outside

pages of the chart).

Labels of the same level of importance are formatted the semeS 3 | € GKS @Al
are formatted the same, and all the ADDS Scores labels are formatted the same.

Chart ca be used for 3 days (assumindpdurly monitoring).The average length of stay in

hospital is 3.3 days, based on the most recent Australian stat{ZjicBhedNational

Consensus Statement: Essential Elements for Recognising and Responding to Clinical
Deterioratioré produced by the Australian Commission for Safety and Qualigaith Care

(hereafter referred to as the Consensus Statemstdjes thatfor the majority of patients

observations should bekenat least onceper 8 hourshift (8).

Recordingobservations
Only vital signs considered to be the most important for detecting deterioration were
included on the chart. If additional information was included, this extra information would
potentially compete wih the existing information fordzd SN &a G GdSy A2y @
The vital signs included in the chart include all of the physiological observations
recommendedn the Consensus Stateme(8): respiratory rate, oxygen saturation, heart
rate, blood pressure, temperature, and level of consciousrdsse output was also
included as it contributes to the ADDS score (note that urine output was present on the
CompassIPCHharts and was part of thescoring system, which was the basis for the
ADDS scoring system). Oxygen flow rate was included as it may indicate deterioration in the
respiratory system when oxygen saturation is still in the normal range (e.g. when the patient
is receiving increasing amnts of oxygen to maintain their oxygen saturation). Note that
this indicator was sourced from tf@&EWTchart. Pain was includetecauseunrelenting pain
has been implicated in several cases of undetected patient deterioration.
Each vital sign was presedtes a separate gragsee Figure 4Many existing charts either
displayed data numerically (making it difficult to see data treadsl hence making
deterioration harder to detect) or included graphs with multiple vital signs plotted on the
same graph aa (this increased visual clutter which could make deterioration harder to
detect). TheConsensus Stateme(8) states thatobservation charts should display
information in a graphical format.
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Terms used for each vital sign were selected in part based on the preferences given by a
large sample of health professionals in the online surtzgh label also specifies the unit of
measurement, e.glemperature (C), and formatted differently fronthe corresponding

scale (i.e. larger font size and bold font).
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A Alert| ~ ~ :
‘Const:lousness Volce T—] =<
I necessary, wake Pain
patiant before scaring Unresp.
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Figure4. Each vital sign is presented as a separate graph

Scales wergrovided onboth the left and right of each graflsee Figure 59nd bold vertical
lines were placed every 3 columfsee Figure 6)These features were designed to mirseni
the chance of usersntering data in or reading data frothe wrong column or ronScales
being present on both the left and right of each graph also helpsbaided users to record
observations vthout their hand covering the scale.
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* Medical Emergency
Team (MET) eall if:
don is 1 purpls area

= Naw diop in O saturation < 90%
* Sucden foll I level of comciousness
Seizure.

* You are seriously worried about the
paiient but they do not ft the above
crteria )

Figureb. Yellow rectangle highlightscales on the left and right of each graph
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Figure6. Yellow rectangle highlightbold verticaline used toprevent column shift

Values within the scale for each vitagjn are mtually exclusive

Consciousness is measured using the AVPU scale (see Figure 7). The AVPU scale seemed to

be a simpler, less subjectivenore behaviouraineasure of consciousness than other

measureqd dzOK | a W{ Svibichiinvavgd a{aGANB YA RSAONA LI 2 NE ac
GY2RSNI (iSKS 1SHitQdva O £ SQa& @I f A RA (ed&chAVRU & dzLJLJ2 NI S
category corresponds to a restricted range of Glasgow Coma Scale @;dt6}%

Consciousness viliig

If necessary, wake Pain

patient before scoring Unresp.
CAIdzNBE 1t ! +t! &aO0FftS F2NJ YSIadaNAy3 | LI GASyGQa f

We created two versions of the ADDS chartse first version included a Systolic BP table to
allowtheLJr GASYy (1 Q&a dzadzZf aeadz2ftA0 o0f22R LINB&aadz2NB
scoring thresholds for this vital sigsee Appendix A for how to use the Systolic BP table)
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This was based on tables included in the Compasg B@ttharts.The secondersion did

not have this table; instead, the scoring thesholds were based on the assumption that the
LI GASYy(Qa dzadzrf &aeaidz2tA0 o60f22R LINBAadzNB
simpler to read than the first version, but the first version Wksly to yield a more accurate
decisionastowhethdr LJ GASy (i Qa o6f22R LINBaadaNB 41 &
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Figure 8. Two versions of the ADDS clibet top panel shows the version that included a Systolic BP
table and the bottom panel shows the versionwhich blood pressure is in the same manner as the
other vital signs

Track and trigger systems
TheConsensus Statement (8) states that observation charts should include a system for
tracking changes in vital signs over time (i.e. thresholds for eachiduadiwital sign or a
system for combining individual thresholds). Consistent with this ADDS chambhtegrated
both a single parameter (MET criteria) amchultiple parameter (ADDS scores)lour-coded
track and trigger system to facilitate the detection of deteriorat{onte that the Consensus
Statement did not specify what type of system should be usB® scoring system values
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