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INnfro & lbackground

» Graduate entry into medical school Queen's University of Belfast
» Yearin EM
» Anaesthesia training last 7 years.

» Interest
» HIT/EHR, Deteriorating patients & RRS / MET
» QI - VIRTUE perioperative fluid management by foundation doctors
» Organisational learning - black box medicine RCRR

» HIT
» UK & Ireland - early stage adoption& some high profile failures
» NIECR major success with access to information across silos.........
» COIl - currently early POC work on RRS based digital noting toolwith SEHSCT



Perioperative D&D...... size &
source of the problem

» National confidential enquiries in early 80s

» Deficiencies at extremes of age and in emergency care

» Observational studies 2000 - 2010

» National audits & more extensive
epidemiological work last few years

» Under recognised burden......



Fecho et al. perioperative
mortality 2008

Department QI databse (04/05). 12,739 Inpatient operations
48h & 30d Mortality - 0.57% & 2.1%
Statistically associated with both early & delayed mortality

» ASA & Age (|[Extremes: 0 — 1yr & 64+)

» Emergency surgery & postoperative ICU admission

Not statistically associated with either
» Trauma & invasive monitoring
Mortality higher at 30days....
» But Emergencies. OR X8 at 48h v X3 at 30d

Insufficient detail on adverse events...



Pearse et al. EuSOS 2012

» One week cross section observational cohort study 4/4/11 - 4/11/11
» 46 539pts, 498 hospitals, 28 European nations
» 4% overall Mortality. Elective 3%, Urgent 5% & Emergency 10%

» Elective perioperative mortality four times greater if unplanned ICU
admission post op. 2% v 8%

» Significant regional variation across Europe on adjusted OR
» Lowestin Finland - 0.44 (0.19 - 1.095)
» Highest in developing nations 6.92 (2.37 - 20.27)



Figure 2. Planned and unplanned admission to a critical-care unit according
to urgency of surgery. Data are n (%) or median (IQR). We collected data
describing the first critical care admission for any individual patient.
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Pearse et al. ISOS. 2016

» International 7-day cohort study of elective
inpatient surgery in adults (inc. cardiac)

» 41,378 pts; 474 hospitals; 19H (inc UK & USA), 7M, 1L income
countries.

» Overall morbidity 16.8%;
» 19.8% High income v 11.1% low & middle income.

» Mortality 0.5% v 2.6% after complication (failure to
rescue)

» 9.7% planned ICU v 0.9% unplanned ICU

» Mortality 0.2% no post op ICU but 1.9% after complication
in this group (9.5 v 2 times)



Pearse et al. I[SOS. 2016

Immediate post op critical care No post op critical care

All patients(n =44 814) (n = 4340) (n=39 935)

Mortality 207/44 814 (0.5) 105/4360 (2.4) 99/39 935 (0.2)

Complication(s) 7508/44 814 (16.8) 2198/4360 (50.4) 5270/39 935 (13.2)

Death following a
complication 207/7508 (2.8) 105/2198 (4.8) 99/5270 (1.9)
(failure to rescue)




Adjusted risk (odds ratio) of complications with 95% confidence intervals and in-hospital
mortality in different surgical procedure categories.
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Complications by type & number
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Complications by type & number

N=44814
Deep surgical site 566 (1.3)
Body cavity 340 (0.8)

Pneumonia 708 (1.6)
Gastrointestinal bleed  POIR{OR:)
Acute kidney injury 778 (1.7)

Postoperative bleed 1362 (3.0)
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Ghafteri. Variation in mortality 2009

» ACS SQIP 2005 - 2007. Complication & failure to
rescue rate.

» 84,730pts general & vascular procedures.
» Mortality quintiles very low to very high.
» 3.5% -4.6% -4.8% - 5.8% - 6.9%

» All complication & major complication rates flat
across quintiles

» But FTR ranges from 12.5% to 21.4%
» AKI, Haemorrhage, Sepsis (Deep wound & septic shock)



Rates of All Complications, Major Complications, and Death after Major
Complications, According to Hospital Quintile of Mortality.
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Emergency general surgery burden

» UK Emergency laparotomy network first report 2012
» Mortality in under 50 ~ 10% increasing by ~4% per 10 yrs in age
» 39.1% planned L1 care
» 50% of all were >60 & ASAIIl, 22% L1 care post op with 17% mortality...

» Scott et al. JAMA surg. 2016 — top 7 operations causing 80%
clinical burden of operative emergency general surgery

» Looked at D&D
» Death 22% laparotomy
» Comp. Rate 40 - 45%.. Small bowel, colon, PUD procedures



@m The JAMA Networ

From: Use of National Burden to Define Operative Emergency General Surgery

JAMA Surg. 2016;151(6):e160480. doi:10.1001/jamasurg.2016.0480
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Figure Legend:

Cumulative National Burden of Emergency General Surgery Procedures, by RankEach line represents the proportion of cumulative
national burden of procedure volume, patient deaths, complications, and costs. The vertical dotted line delineates the top 7 ranked
procedures, which accounted for approximately 80% of all cumulative burden. Data were obtained from the National Inpatient
Sample-for-admissions-between-2008-and-2011-



@m The JAMA Networ

From: Use of National Burden to Define Operative Emergency General Surgery
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Figure Legend:

Comparison of Mortality and Complication Rates With Procedure VolumeAssociation between mortality (A) and complication (B)
rates and the volume of procedures. Data were obtained from the National Inpatient Sample for admissions between 2008 and
2011. PUD indicates peptic ulcer disease.



Emergency general surgery
complications

» Scarborough et al. JAMA surgery 2016

»2012 — 2013 ACS NSQIP data base on
EGS procedures. 79,183 pts

» Used population attributable fractions to
estimate impact of 8 complications

» Bleeding & pneumonia......



Cumulative hazard plot for mortality after postoperative morbidity according to FMD.

Cumulative hazard estimates by final morbidity day

2000

Analysis time (days)

Final morbidity day 15 Final morbidity day 8
Final morbidity day 5 — Final morbidity day 3
- No POMS defined morbidity

S. R. Moonesinghe et al. Br. J. Anaesth. 2014;113:977-984

© The Author 2014. Published by Oxford University Press on behalf of the British Journal of B A
Anaesthesia / ¢ J British ]oum.tl of Anaesthesia



Significance

» Big problem — high volume
» 10% High risk
» Morbidity varies up to around 50% in emergency cases
» Affects patients long term survival (3yrs after)
» Complications amplify mortality especially if L1 post op
» Significant postoperative exposure to L1 care in terms of LOS

» Focus on part of the journey is not enough



Digital records & perioperafive
outcomes

» Clinical efficacy:
» AIMS
» Beyond the OR
» Bigger EHR systems
» Cost effectiveness: AIMS & EHR
» Promise & potential

» Population & provider perspective



Anaesthesia Information
Management systems

» Technophilic speciality and AIMS from 1980s
» Improved technology & functional complexiy

» Diverse functional characteristics & focus in literature
» Phase of care, technical aspects & patient safety

» Temporal distinction around alerting

» Real-time, near real-time or retrospective alerts

» Two systematic, one narrative & a simple review

» Clinical or administrative processes or tasks



Clinical care

» Antibiotics & beta blockers
» Antiemetics

» Blood pressure

» Glucose management

» Tidal volumes



Administrative, resource or
technical functions

» Documentation

» Fresh gas flow

» Education & training

» Integration, data management & analytics

» OR management



EHR beyond the OR

» Surgical ICU & Cardiac surgical care
» CLABSI — 85% decrease but not for LOS/C.Diff/Readmission
» POAF — better compliance with process but low uptake

» Perioperative care in general — Systematic review
» Observational studies

» Methodological limitations with service development interventions
» Low evidence
» Highlights implicit value as enabler in Ql

» Magical thinking & confounding



EHR — in bigger systems.....

» To leverage EHR for better outcomes need to appreciate the whole
perioperative journey.

» LOS & immediate, intermediate and longer term outcomes determined by
many factors.

» Examples of impact in other specialties & organisational levels are important in
understaning the "biological" mechanism of EHR impact on care.

» Early studies tended to be single centre evangelist adopters

» Evolving evidence on outcomes at higher levels.



EHR & MediccliiEsiisaiRe ST EC H

» Early health technology assessment highlighted improved process
adherence for CDSS

» Specialist home grown systems
» Jones et al. National cohort study

» EHR capability 2003 - 2006 & hospital quality data 2004 - 2007

» AMI, Heart failure, Pneumonia

» No v basic v advanced EHR

» Quality change 2004 v 2007 adjusted relative to no EHR

» Hear failure only significant increase in quality and only for basic EHR
>

Some process indicators more individual performance dependent than otherse



EHR — ehealth perspective

» Systematic overview (Black et al 2011) grouped into themes
» Storing/managing/transmitting data
» Clinical decision support
» Facilitating care from a distance
» Diverse body of literature (53 reviews & 55 supplemental reviews)

» Narrative synthesis — Weak & inconsistent empirical evidence for
benefit

» Insight in to
» EHR dimensions individual v aggregate...
» eHealth equivalent of Mechanism of action....



EHR & medical care post HITECH

» AMI (Enriquez et al.) & Ischaemic Stroke (Joynt et al.)

» EHR adoption / capability & Quality of care & outcomes

» National registries 2007 — 2010
» Stroke

» No significant improvement after controlling for confounders

» But less likely to have LOS>4days & increased component care with EHR
» AMI

» No significant difference in STEMI care

» But NSTEMI, UFH dosing and risk of major bleeding & mortality lower with full
EHR



EHR— more recent evidence

» Medicare beneficiaries (Lammers 2016)

» HRR measures of physician EHR adoption v ACSC admissions & readmissions
(DM, IHD, CHF, COPD/asthma)

» Physician adoption reduced admissions not readmissions

» Readmissions more difficult to influence with single site EHR

» Interoperability & health information exchange a big issue around preventing
admissions between providers

» Barnett (2016) observational study of EHR adoption / upgrade on mortality
» No significant increase in mortality

» But signal of work around



EHR — more recent evidence 2

» Nguyen (2014) demonstrated multidimensional evaluation framework to
assess benefits & issues - highlighting EHR complexity

» Quality, use & intended use, net benefit & contingent

» Adler-Milstein (2016) highlighted temporal trends with EHR adoption
and hospital performance

» EHR adoption over time v process, pt satisfaction & efficiency

» Campanella (2015) reported strongest empirical evidence (SR & MA) of
EHR on health care quality to date

» Documentation time, guidline adherence medication error, ADE & mortality
» Yanamdala (2016) observational study with conflicting results

» Mortality, readmission, PSI| & LOS in surgical patients. Stratified by No, partial
& Full EHR



@m The JAMA Networ

From: Complications and Failure to Rescue After Inpatient Noncardiac Surgery in the Veterans Affairs Health
System

JAMA Surg. 2016;151(12):1157-1165
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Figure Legend:
Thirty-Day Outcomes During the Study PeriodAll 30-day outcomes decreased during the study period (trend test, P<.001 for all).



Cost effectiveness / ROI........

» RAND (2005) estimated saving of $81billion annually

» Based on ten year adoption & Non-health industry estimates

» Children's medical center — EHR increased OR revenue by
53%

» Ambulatory v Inpatient case load changes in main OR

» Rate of growth in health spending short of 1.5% productivity
Improvement

» But is heading away from national spending prediction

» Focus on interoperability, adoption & utility



Cost effectiveness / ROI........

» More recent observationalstudy on Medicare expenditure &
EHR adoption (Lammers 2016) at hospital referral region level

» $3.8 Billion decrease in FFS
» $1.6 Billion decrease in acute care
» Increase in lab $0.55 per beneficiary

» A study of five ambulatory offices with 28 providers did show
significant logistical savings
» Initial costs recaptured in 16 months (18 — 36 range cited)

» Annual estimated savings $9,983 per provider



Cost eftectiveness / ROl summary

» Lies, dam lies, statistics, health economics
» Who pays v who profits disconnect
» Productivity & efficiency v revenue generation
» Difficult analysis & gets harder for bigger implementations

» More and more assumptions with greater influence of hidden costs and
exposure to value of money over time

» What will it cost for next generation technology & is that affordable

» Incentive & responsibility to demand more from vendors.......



Translational clinical informatics

» Why

» EHR technology needs to advance
» Adoption of EHR is high

» What & how
» Two big challenges -

» Design / develop better solutions
» Demonstrate - Usability & utility



AIMS/EHR - Why TCI2

» Perioperative outcomes & whole patient journey

» Some examples of EHR / AIM use to drive Ql
» Sociotechnical insight v magic thinking

» Primary & secondary use of clinical information

» Processing clinical information v information for clinical processes
» Usability and interoperability highlighted as critical

» Anaesthetists (perioperative physicians) are well placed to guide
development of digital records



How — Design (Basic Science)

» Problems: Understand antecedents to adverse clinical outcomes in
perioperative care

» "Weak Spots”
» Retrospective case record review
» Performance: Human factors and ergonomics
» HIT safety framework
» Processes: Quality improvement science — Demming

» Rapid response system perspective



Failure to rescue In perioperative
care

» Chain of prevention in rapid response systems
» Smith 2010
» Sorensen 2015
» How could technology improve
» Automation?
» Alerting?
» Authoring?




Performance of rapid response systems of care in'a cliStriot:
general hospital: results of an immediate care auditiproject:

A. Davey, N. Brain, J. Smith and |. Skipsey

Raigmore Hospital, Inverness, Scotland
adavey02@qub.ac

Introducti

Over the st 20 years, »nuamber ofcical and logital ks ave chiven sgnficant changes to scute and emergencycare provklon inthe UK. Crically esly repats eniied the nesd t iy
recogrition of, and response to criti U [18.2] whilst frective \earminginlmproving safey anc qualy of care has ks een Nhighted [3]. Logiicall,
changes ta postgraduate medical (ulmrg and (nvweun working time directive have stered working patterns in acute care disciplines. In response to these challenges implementation of various care
tooks, teams and systems resulted in the development of what & now known a5 rapid response systems of care (RRS] [4]. Although terminclogy varies considerably, any system of care with a means of
detecting deteriorating or abnarmal physioiogy that triggers a predetermined respanse is essentialy a RAS. in the UK, various bodies [5-7] have produced guidelines that advocate integration of various
‘companents of RRS as minimum standard of care. Howewes, definitive evidence that RRS are effective is lacking (8] and reports identifying problems with immediate and cngoing emergency care are very
recent [98:10]. The apparent failure of RAS to imprave the quality of immediate care is not surprising a5 the are com tient are and outcome measures do not
ncude assessment of care quaity 3 8 obust universal definition daes not exist. It therefore ificult to conduct appropriste cnical tris esving resporbilty for assessment o RS with individus
mgm\u:lnm ata focal level. This project provides a g ina ‘quality of care in the 24 haurs pricr to ICU admission and identifies the
ed for y byl patients

Following 3 pilot audit (November 2010) assessing quality of immediate care in patients admitted to ICU within 24 hours of hospital admission, subsequent audits (September 2011 & February 2012)
included urscheduled ICU admissicns within a week of hospial admissicn. All projects were registered with the governance department. Ordy patients over the age of 16 were included in the audits and
significant remeciable factors in patient care were idertified by case note resiew. As no standard definition of satisfactory pre-KCU care exists, quality of care was assessed subpmvzlv based cn NCEPOD
methods 9] and discussed with the project supervisor. It was also agreed that the pre-ICU period for case note 24 hours +/- 12 Togical
paint in the patients care. Data collection began at the beginning of each manth and was terminated when at least two weeks of admissions had been reviewed. Following Nk
presented kocally and at frontline staff d to highlight problems with care after both audits.

Results

Plot sudt: five (45%) patients were ebgble for review. Three (27%) cases had signicant remediable factars in care dentiied from case notes, 3l invohving, actual or evolving sepsis with indeterminate early
warring scores. Combination of case notes reviewed from follaw up audits provided a total of 27 patients out of 42 eigble from 51 total admissions during the audit dates. One patient reviewed was
excluded at analysis because duration of hospital admission exceeded predetermined duration of seven days leaving 26 patients for anaiyss. Mean patient age was 57.6 (513 - 63.9) and 17 (65%) were
male. Ten {38%) patients had slgm'xlm i oo i ] 1 e o A e (K cas ' ke 1 i reci e, i 1o i o e £ e yomee
1) however; Five (S0%) cases remediable factors in pre-ICU care were admitted between 1800 - 0000hrs.
A large proportion of patients {40K) were admtted from emergency department of which mast were managed uuxmmn mme 2). Most patients sdmitted in this sample were surgical and the
proportian of patients managed satisfactorily was less in this speciaity (Figure 2). Furthermore, more patients were managed iy in the surgical high unit (Figure
needed an emergent laparotomy after failue to recognise developing hypovolsemia overnight followsng admission with polytrauma.  Another had dangercusly rapid correction of
ratraemia with inappropriate fluid resusctation for tachycardia secandary to alcohol withdrawal. Two patients with abdominal sepss had delayed initiation of resuscitation and source control
measures. Attendance at the subsequent MEM meeting was minimal and an arine survey sent to trainees had an equally disappointing response rate with ariy eight trainees responding, nane of which
were foundation trainees.

Figure 1 Figure 2 Figure 3
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System and care qualty Speciaity and care quality Assessment of care by patient location

Assessment of care quality is an impartant indicator of RRS performance that & difficult to measure and has been the focus of confidential enquiries [9]. However, there is no abjective definition of
satisfactory pre-ICU care for ol criticall il patients. During this project we developed a more objective working definition of satisfactory care based on the princple that goad care can essentialy be

idered to consist of timely, appropriate adequate interactions o interventions without omission or adverse event. Further investigation will allow testing of how universaly and repraducly this can
b e 1o » heteogeneous o of paiens by diferrt reviewers. Frthermors the dficuky snc complealy o tis st reinkecesthe need for develpments i the dta collection proces ®
reduce the effort of extra
Resuits from thi ® still care pricr toICU admission. In particuiar, problems managing patients with actual e

mise was a recuring theme. More specificaly, problems encountered included poor accuracy, sensiivity and triggering of  junicr staff with a
lack of insight regarding acute illness severity assessment. There were also some examples that important laboratory results were documented without cinical review and emergency assessment of the
cardiovascular system by many members of staff was inadequate  Organisaticnal delays in care were evident but it was difficult to identify the exact cause. Variations in quality of pre-KCU care by specialty
and patient location could be misrepresentative. The apparently unfavorable care provided in surgical high dependency could reflect an inadequate level of medical cover. However, initial location of
patients admitted from theatre was not mmn«a and this may have biased results. in contrast to this, apparently favorabie care provided in the ED & probably skewed by the obvious or catastrophic
nature of critical llness that was noted in most cases of satisfactory pre-ICU care. importantly, attendance at a multidisipinary M&M meeting targeted at trainees and other frantline staff was minimal.
s effective learning at an organisational Rl B CTREAIES Eproestactd T gt ek orcare [3] it il the same issues wil be identified in subsequent audits.
This that despi RRS, there is stillsigndficant room for improvement in muitipie aspects of RRS performance at bath the indnidual and organisational level. This s
a complex challenge for which there id no single solution and further work to develop a multifaceted intervention, based on the methodological and chnical issues above, is cngoing. This will imvoive
development of a tablet cnﬂl;ml!v applcation to enhance data collection and faciktate service monitaring by the case note review process with St and implementation of an
and response to, plac
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Automation & alerting......

» Electronic observations
»Machine learning

» Acute kidney injury alerts



Authoring (Clinical noting)

» Structured noting solutions established on paper

» Digital noting could support better processing of
clinical information

» Minimise cognitive error & support efficiency
» RESET Shock project
» Change to clinical processes / practice
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How to save lives
in emergency
laparotomy

Emergency Laparotomy Collaborative

Screen patient  Is the patient septic? Theatre
NEWS/SIRS/arterial Antibiotics within within é hours
lactate one hour of decision to operate

ICU Cardiac output monitored Consultant surgeon

for all patients goal-directed fluid therapy and anaesthetist
in theatre

Emergency
Laparotomy
Foundation Collaborative




Demonstrate — Usabllity fesfing

» Clinical decision support is advanced EHR function

» Relies on user interaction in heterogeneous clinical settings and
scenarios

» Workflow process v processing of clinical information
» Use of simulation allows developers to optimise the later

» Usability testing of Well's clinical prediction rule 62% adoption
cf 10 — 20%

» Improvements limited by rigidity of live EHR



Jtility — Simulation, Step wedge
trials & statistical process control

» Assessment process by juniors evaluated in high fidelity
simulation of medium acuity deteriorating patients

» Traversing the concept— clinical practice gap is difficult with
service delivery solutions / interventions.

» Randomisation not logistically or ethically possible.

» Recent reports on stepped wedge trial methodology for
electronic observations solution highlights potential

» Methods of measuring & charting process, outcome & balance
need further development



Conclusicihi

» Burden of perioperative D&D is a public health crisis

» Hot spots & weak spots are being identified and digital records have implicit
value in delivering better care

» Evidence of consistent clinical benefits & cost effectiveness emerging & is
probably improving with time

» Significant room for improvement in digital patient record technology

» Need to think outside traditional silos - with both clinical & procurement
processes

» Translational clinical informatics offers an approach for development and
demonstration of better digital records with clinicians in the driving seat
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