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The intraoperative period has become
safer...

XX Wake Forest*
School of Medicine

The postoperative period ...(not yet)?

‘ Death due to diseases of the heart (CDC)
‘ Death due to malignant neoplasms (CDC) /

Death within 30 days of admission for surgery (NIS)

J Death due to cerebrovascular diseases (CDC)

- O Wake Forest®
Bartels, et al. Anesthesiology 2013 X0 School of Medicine
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Postoperative complications occur on
the general care floor

» Ward hypotension and hypoxemia
» Common, profound, and prolonged
» Cannot be reliably predicted

 Acute respiratory events
* In-hospital mortality of approximately 40%

» Heart attacks occur postoperatively
* 94% within two days
* 50% of deaths during initial hospitalization

. XX Wake Forest*
Andersen, et al. Resuscitation 2016 School of Medicine

Postoperative hypoxemia
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Postoperative hypoxemia — common,
undetected & difficult to predict (long vs short
acting opioids)
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The heart is not too far away from the
lungs...
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Postoperative Hypotension Matters!!

Intraoperative Remainder day-of-surgery
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Postoperative Hypotension Matters!!
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Episodes of Hypotension (MAP<65mmHg) by Phase of Care
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Postoperative Hypotension & adverse events

Khanna AK et al. (Unpublished data) T
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The ‘4am
phenomenon’...

What (really)
happens prior

to a “CODE
BLUE"?

; XX Wake Forest®
Khanna AK et al. Crit Care 2019 School of M&dicine

XD Wake Forest®
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How about monitoring?

» 60% patients had at least 100;
one abnormal vital sign 1- 4 90- l
hours before S I
. . b 804 I
cardiorespiratory arrest =
£ 70 I
g
. . . 60 -
* Step-wise increase in
mortality with increasing B 5 2 5301 2 S
number of abnormal vital Abnormal Severely Abnormal

Signs Number of Pre-Arrest Abnormal Vital Sign

XX Wake Forest*

Andersen, et al. Resuscitation 2016 School of Medicine

Better (smarter) monitoring may be an

answer ?
PANMEDIONE |

Postoperative Opioid-induced Respiratory Depression

A Closed Claims Analysis

Lom A, Lee, M.D., Robert A. Caplan, M.D,, Linda S. Stephens, Ph.D., Karen L. Posner, Ph.D,,
Gregory W. Terman, M.D,, Ph.D,, Terri Voepel-Lewds, Ph.D., RN., Karen B, Domino, M.D., M.PH

v/ 97% preventable — better monitoring and response
v 42% - 2hr of last check

v Multiple prescribers

v Non-opioid sedatives

QX Wake Forest®
School of Medicine
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Monitoring and survival

Total icu ~ Monitored Ward Unmonitored Ward PValue*
No. of hospitals 445 445 445 445
Unadjusted event rate, mean (SD) 0.580 (0.325) 0.337 (0.219) 0.109 (0.079) 0.134 (0.098) <0.0001
Unadjusted survival rate, mean (SD) 0.173 (0.079) 0.162 (0.096) 0.231 (0.171) 0.141 (0.122) <0.0001
Adjusted survival rate, mean (SD) 0.144 (0.032) 0.140 (0.037) 0.193 (0.074) 0.106 (0.037) <0.0001

Adjusted survival rate

Monitored | "/
ICU Ward Ward

0.140 0.193 0.106

Perman, et al. JAHA 2016

XX Wake Forest*
School of Medicine

Khanna AK et al. Crit Care 2019




10/16/19

Continuous (smarter) monitoring for all?

*Better monitoring?
*Who to monitor?
*What to monitor?
* How to monitor?
*Data reliability/validity?
« Alarm fatigue

* Convert GCF ->ICU?

e Terabytes of data
* Handling alarms
* Prediction of risk

XX Wake Forest*
19 School of Medicine

Parameter Alarms/ Patient/ Day
Sp02 117
Cardiac Rate 0.31
Resp Rate 0.87
Continuous BP 0.67
TOTAL 3.04

10
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Patients © | > ; minutes
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Postoperative Hypotension —
common & undetected
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Postoperative Hypertension —
common & undetected
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Preventing Respiratory Depression
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Can we predict risk of respiratory
depression?

o = Exavpim Weart attack” AND Tos Angelen
ClinicalTrials.gov Seanet o sindios
A sirnon of T U S Nasosel Instosies of Heatn Adearced Search  Mep  Skaces by 1
Try Our bata bes! site

Find Studies Aboue Clinkcal Studbes Sebmr Statkes Resowurces Abount This Ste

Mome > Find S8aces > Seerch Results » Shudy Record Detad

Tral meced 1l 0 e PRODIGY
Sy | ReaumioUst | Net Sy »

PRediction of Oplold-induced Respiratory Depression in Patients Monitored by capnoGraphY (PRODIGY)

XD Wake Forest®
24 School of Medicine
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PRODIGY Model Derivation —
Multivariate Predictors

Clinical Characteristic Estimate Standard Error OR

AGE (<60) ref . .

AGE (260 - <70) 0.797 0.145 2.218
AGE (270 - <80) 1.237 0.180 3.445
AGE (280) 1.552 0.363 4.719
Sex (M) 0.772 0.128 2.163
Opioid Naive 0.290 0.165 1.337
Sleep Disorders 0.461 0.199 1.585
Heart Failure 0.735 0.401 2.085

619 patients with at least one RD
episode ( 44.8% )

Pr> |t]

<.001
<.001
<.001
<.001
.079
.021
.067

Points if Clinical Characteristic =

‘Yes’

0
8
12
16
8
3
5

7

Sum = PRODIGY Score

XX Wake Forest*

School of Medicine

PRODIGY Model Derivation —
Multivariate Predictors

Low Risk
PRODIGY Score <8 points
Pts in Risk Category 359
Pts with RD in Risk Category 84
% Pts with RD in Risk Category 23%
Sensitivity
Specificity

OR, =2.29

OR (95% Cl, P value) (1.69-3.11, P<.001)

ORy, = 5.74 (4.22-7.82, P<.001)

619 patients with at least one RD
episode ( 44.8% )

Intermediate Risk
8 — 14 points

474
195

41%

0.85
0.38

ORyy = 2.5 (1.99-3.26, P<.001)

High Risk
215 points

471
300

64%

0.52
0.76

p value

<.001

QX Wake Forest®

School of Medicine
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PRODIGY Model Accuracy

ROC Curve for GLIMMIX model

Calibration Plot by Deciles

Area Under the Curve = 07679
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*Statistical significance may be linked to other medical characteristics

All about pattern detection!
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J-L Vincent, et al. EJA 2018
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All about pattern detection!

XX Wake Forest*
29 School of Medicine
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For ambutatory To measure RR,
patients 1R, 50,

WEARABLE | | ACCURATE | | ROBUST |

‘ WIRELESS [ AFFORDABLE | ' RELIABLE

Fer patient’s comfort &
case of use
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Ward central station

o] °¢9)
prastryod EEEQE Pager/phone
More requent 5

N v g8o

spot-checks

Hospital admission Continuous monitoring

wireless & wearable sensors

Difficult to predict
Smart monitoring

Continuous
monitoring

Hosgital wasd
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Scoring systems
Proactive RRT

Alarm fatigue &
artifact

Central platforms
& Al

Culture change

XX Wake Forest®
School ogsMedicine
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Several
‘critical big
data points’
at home?
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XXX Wake Forest®
School ofMedicine
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Continuous
smarter
parenting!

OO Wake Forest®
School of Medicine
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