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e Lack of health professional responsknfcal inertia) toadverse glycaemia a major
barrier to improvingliabetes care in the hospisatting

e Toimprove health professional responsesovelglucose alert system comprising
the Melbourneslucose Alert Bthway (a clinical escalation and management guide)
and glucosalertcapable networked blood glucose meters was implemented and
evaluated.

e The glucose alert systeimproved health professional responaed decreaseitie

number of hyperglycaemic episodes and could be a component of various strategies in

impreving he care ohospitalized peopleith diabetes

Abstract

Aim To investigate the effedf anovelglucose alersystem comprising the Melbourne
Glucose Alert Athwayandglucosealertcapablenetworked blood glucoseeters on

nursing and-hespitahedicalofficer responseto adverse glycaemia

Methods A-prespective, pre- and post-observational studgundertaken in nowgritical
carewardsof a tertiary hospitabver 4 monthsrn=148 or 660 patientay9. The intervention
consisted of two components designed to promote a consistent staff response to blood
glucosemeasurementgl) aclinical escalation pathwayheMelbourne Glucose Alert
Pathway and’(2) networked blood glucosesterswhich provide avisual alert forout-of-
rangeblood glucoseneasurementll consecutive inpatientsith diabetesvere assessed for
diabetesnanagement anchpillaryblood glucoseThe gimary outcome wadocumented
nursingand.medical staffaionin response to episodes of adverse glyca€¢bhend glucose
>15mmol/l.or <4mmoll). Secondary outcorseconsisted of glycaemic measures
ResultsIn response to adverse glycaemia, nursictipnincreasedproportion of nursing
staff taking aetion45% to 736; P<0.001), and medicalctionincreasedproportion of
medical officerstaking actiod:9% to 6%0; P=0.011)with the glucose alert system in place
Patientdays with hyperglycaemia (any blood gluceatue>15mmoll: 24% vs 16%;
P=0.012 and @mtientdays withmeanblood glucose >1&moll (7.4%vs 2.6%; P=0.005)
decreasedrhere was no difference hypoglycaemiaates

ConclusionsUseof anovelglucose alersystemimprovedhealth professional resposte

adverse glycaemianddecreasethyperglycaemia in thieospitalsetting
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Introduction

In hospitalized individuals, both hyper- and hglycaemiaare associated witlvorse
outcomeg1-4]. The termadverse glycaemiaan be usetb describe botlkextremes of
hyperglycaemia and hygtycaemiawhich should be avoidedespite established glycaemic
targets irthenon-<ritical care settingb,6], glycaemic control remains suboptimal with
hyperglycaemiaccurring inup to 80%of inpatient diabets admissionf/,8], and

hypoglycaemia occurring in 20% of admissions [7,9].

Clinical inertiain,acute diabetes care chadefined as #ack of health professional action in
response tadverse glycaemiandis a significant barrieto optimizingglycaemia in hospital.
Despite hyperglycaemiaeing common imliabetesnpatients capillary blood glucose (BG)
measurmentsare often overlooked and appropriateensification of therapyaks not occur
[10]. Persistenhyperglycaemiar recurrent hypoglycaeman multiple consecutive days
may occuiwitheut appropriate adjustment in therdfy]. Clinical inertia is evident indith
nursing andhospital medical officer practicdlursing staffiwho perform poin-of-careBG
observationsnaynot escalate casd¢o medical staffor assistance with managiwogt-of-
rangeBG measurementand hospital mdicalofficersmaynotreviewBG observatiorcharts
daily, make appropriate therapy adjustment;eferto specialist diabetes servicks

assistance

Glucose alert systenfgve beershown to improve staff action in responsadverse

glycaemia In the intensive cargetting reattime computer-generated glucosakert systers
(which provide audio-visualers whenBG measurementre out ofangg have been used

to facilitateinsulin infusion adjustment by the treating nurse, and can improve glucose
control [12,13]...In the nowritical care setting, structured glucose observation chaitts a
colouredsbackground tadicatewhenBG measurmentsareout of range)accompaniethy
hyperglycaemia,and hypoglycaemia management guidelines have been used to encourage
staffresponse to adverse glycaerfid]. Theefficacy of thisapproacho addresslinical

inertia has™nat been studied in detail, although one study obsedexiease in

hyperglycaemiafterthe introduction of a structured BG observation chart [15].

NetworkedBG meters are poirbdf-care devices that linRG measurmentsto patient
identifiers andstorethis information in a central databas¢ospital-wide implementation of
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networked BGnetersenable<ollectionof electronic point-oare BG data for research,
quality improvement and benchmarking of glgenic control between hospit§lds,17]. In
addition, networke®G meterscan be programmed to display visualswdhenBG
measureens areoutside a predefined rangad therefore could function as an alert device

for adverseglycaemia

Experts have suggested that systeased solutions arequired toovercone obstacles for
glycaemicycontrol in hospital [18]. In aitempt to decrease clinical inertia and improve
glycaemic control, weal/eloped a glucose alert systdasigned to escalate health
professional responsés adverse glycaemia. The glucose alert system comgheed
MelbourneGlucase Alert Pathway (GAPalong with glucosedertcapablenetworked BG
meters We hypothesizedhat thisglucose alert system would increase nursing and hospital

medical officer responses to adverse glycaemia.

Methods

This was gprespéctiveobservational study conducted over a 4-month period in 204/8s
performed-entwo wards attheRoyal Melbourne Hospitah tertiaryteachinghospital
affiliated with the Universityof Melbourne, and approved by tleeal Human Research

Ethics Committee

Population

Consecutive inpatients witiabeteavho wereadmitedto one of two study wards were
recruited. One surgical ward (predominantly vascular and urologgrsyiemnd one medical
ward (predominantly general medicine) were includethepresenstudybecause athe
relatively high prevalence of diabetes in thesards We excluded peopleith
hyperglycaemia'without a history of diabetaadthose admitted under endocrinology or
palliative care“unitspr admitted for<1 day. Participant informationcapillary BG
measurmentsanddiabetes managemedidiringhospitalizationwerecollected prospectively
from progress notes and bedside ch&wspeople with a prolonged hospital stay, only the

first 14 days‘of;admission were collectatd analysed

Baseline: routine care
At our hospital diabetesnanagemens primarilythe responsibility of the hospitaiedical
officers of the admitting unit. Thepecialistdiabeteseferralteam (diabetes nursend
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endocrinologst) is available for assistanom a formal referral basi®ocumentation and
management of acutepatient care is performed via written medicatorders, glucose
observatiorcharts and progress notes atlleelside.In accordance with locgracticesthere
is nostandardizealgorithm of routinely withholding all antidiabetic medications and
commeneingregular and/or supplemental subcutaneous insulin on all patientsdaidmitte
hospital. A hypoglycaemia management algorithm has been in routine use, but a

hyperglycaemia managent algorithrmhas not been used.

During the baseline period, there was no formal glut@sed alert system and Ron
networked (and/not alecapable)point-of-care capillary BG meters (Freestyle optfym
Abbott DiabetesAlameda, CA, USAwere in useBaseline2-month data collection was

performed priorto implementation of the glucose alert system.

Intervention
Theglucose alert system consistedwbtcomponents: (1the GAP and (2) glucosadert
capablenetwarkedBG meters

Thefirst compenentthe GAP, wasa structurectlinical escalatiompathway to be used by
nursing.and medical staff in respons@t® measurmens (Fig. 1).The GAP was developed
by a multidisciplinaryteamof nursing and medical staff in conjunction with the Department
of Diabetesand Endocrinology at the Royal Melbourne Hospitale GAP is a colourcoded
guide attachedito the bedside glucose observation dwadssing of four different BG
ranges withycorresponding action responses for nursing and medical staff. The four BG
rangesarehypoglycaemia (BG <4.6moll, red, safe glycaemia (BG.@-10.0mmol/l,

greer), acute hyperglycaemiaife BG 15.1-20.thmol/l or two consecutive BG 10.1-15.0
mmol/l, yellow) or critical hyperglycaemia (BG >2Dmmoll, red. Within eachrange
recommended nursing actioae summarized as followsianagethe situationmonitor BG
more intensively:and notify edical officer. Theecommended medical officer actican®
summarized as followseviewBG, revisediabetes treatmeind eferto diabetes tearfor
assistance In addition to glucosmeasurementshe GAP also providecdtcommendations in
response talinical changeshat may affecBG (such agasting provision of enteral

nutrition, or glucocorticoidreatmeny
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The second componewas theglucosealertcapable networked BG meters, which enabled a
visual alertfor out-of-range BG measumeentsand facilitatecelectronic transfeand storage
of BG datalinkedto a unique identifierTwo networked BG metesystemgNova Statstrifs
(Australasian MedicandScientificLtd, Chatswood, NSW, Australia) afdeestyle
Precision"Pr&Abbott Diabeted)wereintroduced to our hospital antedin the present
study. Networked BG metersere programmed to display visual alerts whenvizs
outside the optimal range defined in the GARe visual alerts consisted of a yellow
highlight or single arrow fomoderately out-ofange measuremen8G 3.1-3.9mmol/l or
10.1-20.0mmoll) and a red highlighor double arrows for criticallput-of-range
measurement@G <3.0mmoll or >20.0mmoll). Nursing staff continued to cerd BG
measurementsanually on the besideglucose observation chartss per routine clinical

care.

All nursing staff and medical officers underwent group education sessions on both
components of the glucose alert systei2-monthintervention period and data collection

was undertakewith the glucose alert system in place.

Outcomes

The pimary ouicome wastaff response to adverse glycaendin episode of dverse
glycaemiawas defined as a patiedaywith capillary BG inthe severe hyperglycaemia range
(BG >15mmoll) or hypoglycaemia rang@BG <4 mmoll). Thesethresholdsvere chosen
becauseevere hyperglycaemia is associated with adverse physiaiegyr@phil

dysfunction osmotic diuresis)19] and hypoglycaemia <dhmol/l is associated witlsounter-
regulatory hormoneesponseand adverse evenfa0]. Adverse glycaemiadicatal unsafe
glycaemic'extremes that should be avoided and should peorepiew of diabetes

management and adjustment of therggly

Nursing and.medical staff response24 hoursafteran episode of adverse glycaemia) were
assessedNursing response was defined as documented evidémaifying (or escalating
to) medical‘officers about adverse glycaemia. Meditter response was defined as
documented evidena# one or more of the following: reviewing BG observatiaesising
diabetes treatmeifadjustment of diabetes medication or insulin, including prescription of
correctional dose of insulis per the medication prescription chiast escalatingoy referial

to the specialist diabetésam.To account for potential confounders that may affect staff
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action, a logistic regression analysis was also performed to evaluate staff response to
hyperglycaemia, adjusting for tipeak BG geverity of hyperglycaemiainsulin treatment,

admission unit and day of occurrence (weekday vs weekend).

Secondaryoutcomegeremeasures of glycaemic cont{platientdays with hyperglycaemia
or hypoglycaemia and patient-day mean glucoBeensure BG measurement assessment
wasconsistent across the entire studgpittary BG measurements that welecumented in
writing by the nursing stafh the BG observation charts were usedher than electronically
extracting data.from networked BG meters. In addjtvea excludedepeatedG
measurementisom a single episode of hypo- or hyperglycaemia as previously described
[21]. Despite/differences in chemical methoal$the BG meters in the studpmply with

the 2013 I1SO: 15197:2013 standards tiretefore we anticipatedinimal difference in BG
measurements in this namnitically ill population. Outcomes were compared between the
baseline and intervention periods using Fisher’s exacitesst oraranksum testas
appropriatepsing Minitalf’ version 17.2.1 (Minitab Inc., State College,,R/SA). At the
conclusion.ef.the studyursing staff were asked to complete a survey evaluating satisfaction

with both cempanents of the glucose alert system.

Results

In the present studyve observed totalof 148inpatienty660 mtientdays) including 70
persons (349 patient-dayis)thebaselingoeriodand 78npatients(311 patientdays)in the
intervention period. Thgroups were well matchdzketween baseline and intervention periods
(Table 3. The majorityhad Type 2liabetesa thirdwere receivingnsulin treatment prior to
admissiorand.the mean HbA was57 mmol/mol (7.4%). This cohort consisted of largely
surgicaladmissiong80%),with half admitted for electivprocedures. The median length of

stay wat.days.per person.

During thesstudyhere were 168 episodes of adverse glycaamiih severe hyperglycaemia
(>15 mmall)"and hypoglycaemia (<4 mmiBloccurring in 24% and 7% ofgientdays
respectively.“In,the baseline period there wiigepisodes of adverse glycaem@mpared
with 67 episodes theintervention periodln response to adverse glycaammursing
responses increased from 45% during the baseline period to 73% during the intervention
period P<0.001). Medical responsescreased from 49% durirtbe baseline period to 67%
duringtheintervention periodsR=0.011).The medical responsesnsisted mostly of

This article is protected by copyright. All rights reserved



reviewing BG measurements and revision of diabetes treat(iable 2) After multivariable
adjustment, staff response to hyperglycaemia was much more likely during thentiterv
than thebaseline perioghursing actionadjusted odsl ratio 6.795% CI2.5, 18.); medical
action 4.995% CI1.9, 12.7; Appendix S1.

On glucometric analyses, 1331 and 18 measummentswere observeth the baseline

and intervention periodsgspectively Frequency of BG monitoring was as per local
guidelinesg(median 4 measurementspErson-day) and was consistent throughout the entire
study. Rtientdays withseverenyperglycaemia (>15moll) decrease@4% vs 160;
P=0.012),andpatientdays withcritical hyperglycaemia (>26hmol/l) decrease@% vs 2%;
P<0.001). Rtientdays withmeanBG >15 mmoll decreasefl’.4% vs 2.66; P=0.005 (Fig.

2)]. There was no differenda patientdays with hypoglycaemiéBG <4 mmoll; 7% vs 6%;
P=0.9) or severe hypoglycaemia@ <3mmol/l; 3.4% vs 2.8%; P=0.8). The proportion of
patients with severe hypoglycaemia during hospitalization was not different (13%; vs
P=0.2).Patientday mean glucose was not different (although showed a trend to decrease)
between baseline and intervention periods (9.5£3.2 vs 9.1#2&/1; P=0.082).

Satisfaction surveys were returned2synurses (40% dadligible nurses)Twenty respondents
(83%)were satisfied with the GAP, aid@® respondents6%) were satisfied witmetworked
BG metershowever 25% indicatedhatthe alert systemlaced increasedemands otheir

time. The majority responded that both components improved patient safety (Appendix S2

Discussion

In keeping with previous literaturthe presenstudy identified frequent episodesaafverse
glycaemiain.nencritical care inpatientsvith diabetesin thebaselingperiodof this study,
more tharhalfef adverse glycaermiepisodeslid not lead to documented action by nursing
or medicabstaffhighlighting significant clinical inertigddjustment of diabetes treatment
occurred.infonlyonethird of episodessimilar tofindings ina previous studyn which only
22% of patient=days with hyperglycaemia ledremtment intensificatiof22].

Interventionwith an instructive visual glucose alert systaiming to escalate health
professional responses resultegignificant improvement in responsestiverse
glycaemialncreased staff responsgsre mosevidentin nursingstaff, wherea 62%
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increase imotificationof adverse glycaemia hospitalmedical officersvas observed
Similarly, medical staff reviewed BG measurements and made adjustment to diabetes
treatment more ofte.he two components of the glucose alert system were designed to work
in concert, anetworked BG metengrovideda visualalertfor an out-ofrange BG

measurenent prompting staff taefer to the GAP, which then provided the clinical escalation
and management guideline. In addition, treating staff were aware that pdgistiiable BG
data were "electronically recordedth the theoretical potential feemote electronic
surveillanee (which was not performed in this stugfjich mayhave encouraged a greater
sense of accountability for BG management. Improved accountability is an im@speaict

of improving inpatient diabetes management, which cdadkitated bynetworked BG
meterg23]¢"In the present study\tasnot possible to determine thelative contributions of

the two components to modification staff action

Increasen theproportion of staff who took acticssoresulted insignificant improvements

in glycaemiawith a 33%decreasén episodes ohyperglycaemigdBG >15 mnol/l), anda

65% decrease.in patiedfys with mean glucosevels>15 mmoll wasobserved.Other
studieshave, showrsimilar improvemerst in glycaemic control usingjternative glucose alert
interventions aimed at increasing staff resporlRemanet al [15] devised a colour-coded
BG monitoringehartthat providedsisualalers for out-of-range BG trends, coupled with a
management algorithnThisintervention resulted ia41%decrease in thigequency of
prolonged_hyperglycaemithfeeconsecutive BGneasurements13.9 mmall) [15]. Donihi

et al [24] studied gglycaemic management team wigmnotely monitored BG measurements
andalertedtreating teams dhe occurrence of severggerglycaemia (BG >16.7 mmnibl.

This approach improvetleating teanstaff response by 50%, and decreased the occurrence
of subsequent severe hyperglycaemia by 55% [24]. Our study suphgoetsdence that
increasing health professional actiamd decreasinglinical inertia) in response &dverse
glycaemiamaysimprove glycaemic control in hospital.

Glucose alert systenis the noncritical care settinganvary greatly infunction and
complexity,as.evidentn arelativelysmall number oheterogeneoustudieg[15,24-28]. A
manualalert sysem may be simple cour-coded BG monitoring chamyhilstanelectronic
alert system usgwint-of-care BG data and genermt®mputerizedilers whenpredefined
BG criteria are met. An alert may be generated electively by daigemwhen the user logs

on to a computer systeon generates a repdur in realtime (e.g.when an alert is generated
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without input from the userY.he alerts may bbased olBG measurements alome on
integration ofvariousclinical variablessuchasage, weight, laboratomesultsand current
treatmen{25], but such systems necessithtidy integratedhospitalelectronicclinical
informationsystemsAlthough most systems alert the treating staff apthiat ofcare, some
electronicralert'systems directly alert a specialist diabetes T@eostudieshave evaluated
an electronic alert system that generated an automated referral and subsequent consultation
by a specialist diabetes team. There wasdestdecrease in mean BG (0rvmol/l) in one
study [26]mandh 20% decrease itihe proportionof patient-days with mean BG >1&mol/l

in another [27]d hese alert systemmequirecomplexintegratel hospital electronic systems,
and demand greater resources and staffing. In contrastptpkeglucose alersystem
investigated irthe presenstudy provideseaktime electronic visuahlerts and structured
recommendations tihe treating stdfat the point otare Thisis an example of a less
resource-intensivalertsystem, whichis more likely to be applicable in a wider variety of

hospital settings.

Ourglucose.alert systentid not decrease hypoglycaensanilarto othersystems which
alertedthe ‘treating tearfil5,24]. Hypoglycaemig less common than hyperglycaemia;
therefore donger duration of study may be requiredigdectimprovements in
hypoglycaemia:Nevertheless, it is reassuring that this interventimchintensified staff
responseto hyperglycaemia, did not concomitantly increase hypoglycaekiggerstudy
by Rajendraret al [29] showed that aomprehensive diabetes care pathvggnificanty
decrease the proportion of patients witeevere hypoglycaem(@G <3 mmoll) from 15.4%
to 9.7%, buthat interventiorwasmulti-faceted it includedan extensive education
campaign, new subcutaneous insulin prescription and BG observhtids as well as
increasedtaffinglevels[29]. Similarly, Rushakofét al.[28] implemented a comprehensive
glycaemic'management service where a specialist inpatient diabetes team remotely identified
patients withadverse glycaemjand provided a consultation note, effectively acting as a
glucose alertssystem. This service was aased witha 36% decrease in patiedays with
hypoglycaemia, along with@ecrease in hyperglycaemia. These studies suggest more

resourcesind staffingmay be required to decrease hypoglycad28a

A limitation of the present study its observationatlormat,which may benoresusceptible
to a'Hawthorne effecton clinical practicebecause staff were more likely to take action

whilst aware that a clinical studyasbeing undertaken. &vertheless the chagagin staff
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responses observed wegsociated witla decrease in the number of hyperglycaemic
episodes. his studywasof relativelyshort duration and thus less susceptible to any

influence fromhospital-wide changeaa staff or hospital processes.

To fully address the problem of managing diabetes in the hospital it is important to appreciate
and addresSs each step required to identify and treat adverse glycaemia. Recolymizahg

inertia and alerting adverse ghemia to health professionals is the first step and cornerstone
for improving diabetes care in the hospitatplemening apracticaland noveblucose alert
system the GAR.with glucosealertcapable networked BG metecsin addresslinical

inertia in the_ management of inpatiemtith diabetes in the nearitical care settingrhe

glucose alert systeimproved both nursing and medical st&$ponseso adverse glycaemia
anddecreaseeépisodes ohyperglycaemiaGlucose alert systemt®uld b&eomeimportant
components of larger hospitaide intensive managemestrategies required to improve the

care ofpersonsvith diabetesadmitted to hospital.
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FIG. 1 Melbourne Glucose Alert Pathway (GAP). BG, blood glucose.

FIG. 2. (a) Patiervdays with anyblood glucoseBG) value in the severe hyperglycaemia
(>15 mmoall), or critical hyperglycaemia (>20 mniglrange. (b) Patientdays with mean
BG >10 or,>15 mmdl. Baseline period represented with filled bars and intervention period

represented,as open bars.

Table L. Summary of participant characteristics

Baseline Intervention P
(n=70) (n=78)
Meanz sD age, years 70£14 68+14 0.90
Men, n (%) 48 (69) 52 (68) 0.99
Meanz+ sp BMi 297 307 0.58
Median (IQR):medified Charlson comorbidity index 2(0, 4 21,4 0.89
Diabetes typen (%) 0.40
Type 2 diabetes 60 (86) 72 (92)
Type 1 diabetes 4 (6) 3(4)
Other (e.g. sterotihduced, pancreatic) 6 (8) 3(4)
Diabetes treatment,prior to admissiar(%) 0.33
Diet only 16 (23) 11 (14)
Oral and glucagotike peptidel 31 (44) 42 (54)
Insulin-requiring 23(33) 25 (32)
Mean+ sp HBA ., mmol/mol 54 +15 60 £17 0.06
Meant sp HbA1., % 71+14 76+16
Meanz sb admission eGFR, ml/min/1.73m 71+£19 69 £ 22 0.53
Elective admissioms(%) 34 (49) 36 (46) 0.87
Admission unitin(%) 0.35
Surgical 52 (74) 64 (82)
Vascular.surgery 21 (30) 21 (27)
Urology surgery 20 (29) 26 (33)
Other surgery 11 (16) 17 (22)
Medical 18 (26) 14 (18)
Median (IQR) observed patiedays per patient 38(2.1,78) 3.2(1.8,6.3) 0.18
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Median(IQR) BG measurements per patielaty 4(2,5) 4(2,5) 0.10
Insulin regimen on admission to wart(%c) 0.99
No insulin treatment 43 (61) 48 (62)
Insulin treatmentbasal * bolus 10 (14) 11 (14)
Insulin treatmentpre-mixed 11 (16) 12(15)
Insulin treatmentsupplemental only 6 (9) 7(9)
BG, blood glucose; eGFR, estimated GFR; IQR, interquartile range.
*Excludes items related to diabetes.
Table 2 Staff response to adverse glycaemia episodes
Baseline Intervention p*
101 67
1.1.1 Numbemrof'episodes of adverse glycaemia (BG >15 or <4
mmol/l)
Nursing responséon(n) 45 (45) 73 (49) <0.001
Medical responséo.(n) 49 (49) 67 (46) 0.011
Types of medical‘'responsés ()
Review of'BG_measurements 41(41) 63 (42)
Revision of.diabetes treatment (adjustment of méidics or 32 (32) 45 (30)
insulin and prescription of correctional insulin)
Referral to.specialist inpatient diabetes team 19 (19) 16 (11)
85 51
1.1.2 Number ofiegpisodes of severéyperglycaemia (BG> 15.0
mmol/l)
Nursingresponsg%(n) 47 (40) 75 (38) 0.002
Medical responsg%n(n) 49 (42) 69 (35) 0.032
24 20
1.1.3 Number,of.episodes of hypoglycaemia (BG <4.0 mmol/l)
Nursingresponsg%: (h) 50 (12) 70 (14) 0.227
Medicalresponsg% (n) 46 (11) 70 (14) 0.135

BG, blood glucese.

*Fisher’s exact test
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