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Current and Projected Workforce Requirements for Care \N|/
of the Critically lIl and Patients With Pulmonary Disease:
Can We Meet the Requirements of an Aging Population? / \
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BN CARING FOR THE
CRITICALLY ILL PATIENT

ONLINE FIRST

Hospital Mortality, Length of Stay, and
Preventable Complications Among Critically
lll Patients Before and After Tele-ICU

Reengineering of Critical Care Processes
JAMA. 2011;305(21):2175-2183.

WE3e77 % © HiIA & BT

FZRI5AT @ 71CU (3 A, 3 44 EL, 1 1EIRSR)

HAfE] - 2005~2007

BE AR 16260 Tele-ICUM A%R: 4761 A
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Tele-ICUEAICL D7 A b JILDESFE

elCU (n =4,761)
o Icu? (n =1,529)

Rates of best practice adherence
% of eligible patients

A bLREEFH M%
DVTF 992
85
99
80
N 0% 25 B & fi 52
KD FBH 33

Adjusted OR! P value
(95% Cl)

457 (3.91-577) <0.001

154 (11.3-21.1)  <0.001

30.7(19.3492)  <0.001

220(1.79-270)  <0.001

RAFIZVZANT FZIT4ZAD LoDV ITONI-ENFREZHREI LT,
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ICUICEITSEFEICDOWNT elCU (n = 4,761)

Complication rates ~l IcU" (n=1,529)
% of all patients

. . 16

Venhlator_—assouated 0.15(0.09-023) <0.001
pneumonia 13

Catheter-related 06

bloodstream infection 1 0.50(0.27-0.33)  0.005
Acute kidney injury 12 100(0.71-169) 0.38

12

Tele-ICUBAIZ £ 1), ATHREmRmAH413% 1 51.6% 1254 L7,
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Impact on mortality

elCU (n = 4,761)

ICU mortality rate
%% (n)

Adjusted OR Icu? (n =1,529)
(95% CI)?

elCuU 8.6 (410) 0.37 (0.31-0.52)

ou 0107059 o yarue Tele-ICUD A A B4 % L8

e 0.005

IZIL_:?E{’?'_:’ 7
_ _ ICUZETE
Hospital mortality rate

Y% ()

Adjusted OR NG 10.7 % N A 8-6 % 1B
elCu | 11.8(562) ;:j;.ala(;l.;1_0'52) B;%W%t%‘z
ICU L13-6 E200) i
G13%> 0-003 aAe 13.6 % Ak 11.8 % o

Tele-ICUEAIZ K Y . BEFETE, ICUETEHIUE
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Impact on average length of stay

elCU (n=4,761)
icu average (mean) Iength of stay

Days (Sfandard Deviaition) |(_\,U‘I (n - 11529)
Adjusted HR
{95° =1)“

elCuU 4.5 (6.7)) 1.26 (1.17-1.36) o,
Tele-ICUD N ARI# % LLER

ICu L_‘ 6.4 (77) P value

-v:—sa% <0.001
Hosp!tal average (mean} length of stay |CU;E‘E E y&
Days (Sftandard Devwviation)

Adjusted HR A 6.48 Ha 4.5H 1cmm

o 7o 144 (1:33-1.56) i b 1E H 24X
Icu L 13.3(77.7) P value

26% mAs13.3H nAak 9.8H e
Tele-ICUEANIC K Y, ICUFEHZ, &kt wit H#H &
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Location of care after hospital discharge elCU (n — 4,761 )

% of patients (# of patients)

53

+7.5

46 percentage
points

Home Long term care? Nursing care? Other Died

™ 1IcuU’ (n = 1,529)

e-ICUD I AIZ
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WD ABTBE DILTERCICUTHTE H#B & LLER

« 20K E HRDICUAERE DFRTCERDEHLWE
IO & 16.1% vs. HH 11.5% p=0.01

Tele-ICUN A% © #&E 12.7% vs. B+ 11.1% p=0.11
» 2005 LARE D ICU N ZE B3 D fmbeinE B #PICUHTE B D iE

B B E: NMART 14.38 vs. Tele-ICUMM A 12.4H p=0.04

ICUSSTERE: NART7.78 vs. Tele-ICUIT AT 5.5H p<0.001

Tele-ICUBAICL Y, EEIABFD YR 2508 > 7=,
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Tele-AcutelZ & A O X FEIERHE

BX 1 Tele-Acute BAGIED 7O MHLEL

Ei9mbraERZ (H) 3.96 3.30
BEULYOERE (KIL) 6,161 5,166
FWHS ICUADA | 24 BSRILIP 0.9 0.8
ZE %) 24 BERILARE 1.1 06
BRIRZER (%) BTCHEWLEKRRAER 27 2.0

BE 84.1 86.5
Banner Health#t L W Eh /-7 —2(C LD

Tele-Acuted |Z. ICUZRE L /-EBEZOFESHHOEEEBAYR— b3 5H 0D,
BEEYTED LY 7= ENPAFEGKRE L > TEET 3,
ABEiRDiEHE. EEEDHIR. ARETERDRES. BEERIFO LA
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BRI7. AFRITISIT D Tele—ICUE A TSV T XD LS RBENH DI LEBEXEIH? LIFDOL 26
B. DO LELYTCITEDILE S BLDOE 1B 3 DA TFEL,

0% 10% 20% 30% 40% 50% 60% 70%

1. Tele—ICUZEIEE § SEPIEHRE 37%
DERRASTEIFLY 0
2. BEIEIHIF/ RO AIRETE 27%

3. ICUEHAS TEEIR I DI EI=FH T

o
BHEBFEITSA/IN —DEE 25%

4. A 7SI HIMDOXE 51%

5 Tele—ICURFZVZITxtd D A4 25%

5 IRIJFRF v TETele- ICURE VT E
DB IRIEDIESE

A B E D ERTE AN <BAFE =

64%

7. BEE=(XAELN 0%

8. T (BHHEHIZEEHE) 9%

JSEPTIC 724 —h554658: Tele-ICU. 2015.10%E i
[BEEFBELG THELCLEE>TIENEDNED,
BEEEESITHDOIN ? ERBOEFTABRENEEILNAEVOESOHLET RETAHL,
EEEEEDRETLTRVER, LOT7IMALBYBRNERNET,
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Fig. 2 Correlation between intensive care beds per 100,000 population
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and hospital mortality for intensive care patients (modified
from Wunsch et al, Crit Care Med 2008:36:2787-93)3)
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“Standard of Care” &[E ?
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Local Physician

Tele-Intensivist

VS.

Kn
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9, A\
., \ 1
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(X5 X EIRELBWLWRIW] ] [ ZZARZ =+, b

Virtual Mentor, American Medical Association of Ethics. 2014:12:969-975
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Hackers shut down Hollywood Presbyterian Medical Center IT

systems, demand $3.6M ransom
Written by Max Green | February 15, 2016

« Ny H—DEEDO AT LA SR L T,
. mkzic $ 3.6 million FV4EM) =3k

L 7=,
« BEFERED—BLRIE. A DIRITICIHE I 17,

T RTF LD vy bE T LTEEBROIIS I
SHDEETH 5,
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BN CARING FOR THE
CRITICALLY ILL PATIENT

Association of Telemedicine for Remote Monitoring
of Intensive Care Patients With Mortality,
Complications, and Length of Stay

_ N RS JAMA 2009:302(24)*x2671-2678
e | B = B 24

2235 P - 6 ICU (3 REL, 1 45, 2 F1f) closed ICU:2 Open ICU: 2
HAME] - 2003~2006

B INAEI - 2034 N Tele-ICUS N ATR: 2108 A
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Closed ICU Open ICU
Tele-ICUIC X B f5/~EI%  ([El/H) 5.3 18.5
SELIA (%) 7% 26%

SELNAN T A= FT7— - WIRSGRERTE - BIRBERDZEE~ DG

NG Tele-ICUMN A
BRIETER (%) 12.0 (10.6-13.5) 9.9 (8.6-11.2)  RR:0.85 (0.71-1.03)
ICUZEE (%) 9.2 (8.0-10.5) 7.8 (6.7-9.00)  RR:0.88 (0.71-1.08)
ICUGBHE (%) 17.9 (16.3-19.6) 19.2 (17.5-20.9) p < 0.15
e HEK (days) 9.8 (9.4-10.2)  10.7 (10.2-11.1) p =0.10
ICUH7E B £ (days) 4.3 (4.0-4.5) 4.6 (4.3-4.9) p=0.13

Tele-ICUBEAIZCL Y . FEROUFIZR oNLHh -7,
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e Tele-ICUE A (C EBERELTOFERENRIZR NG -7,
e Tele-ICUEBAIZL Y. EfEEE (SAPS Il scores = 39)ICEAL TIEFEAHEL 7-,

BNGRERNE LD > B2 R
« Tele-ICUDBFNERMN SN TWED > 7,
FIZD DI E2ZHTele-ICUDEE I+ E T ULED > 7o
.+ Tele-ICUTOZENAN., WIGFEEHLEFINATL
R > TAIREED 8 B
« Tele-ICUIC & V) BHRICER AR DERBTAVE A FZRIBEME D
. R FEEE BHERADFEIBT L H—HL 4Ly,
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Tele-ICUB AR D BEL

Reactive VS. Proactive

Thomas,et.al: JAMA 2009

Tele-ICUZZEA L 7=hH'. Tele-ICU
O;ERAI’RNTHTH Y., FHRIEL
BEonmh -7z,

Lilly.et.al : JAMA 2011
Tele-ICUDE A (2 & V) . FERA 7
BEINAZEITL, FERUBEDNEAD
EI\O*L%CO

A

Tele-ICUZEAT /17 TlE. MRERTTTH S,
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FiG_ 17 Asia Pacific tele-ICU market, 2013 — 2024 (USD Million)
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FOTFTBARELZCANSOTHETHY . 41 F, FE. BHALAZFOXE,
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Rapid Deployment of International Tele—Intensive Care Unit Services in

War-Torn Syria
Anas Moughrabieh™?! and Craig Weinert®
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The NEW ENGLAND JOURNAL of MEDICINE

SPECIAL ARTICLE

Nighttime Intensivist Staffing and Mortality
among Critically 11l Patients

David J. Wallace, M.D., M.P.H., Derek C. Angus, M.D., M.P.H.,
Amber E. Barnato, M.D., M.P.H., Andrew A. Kramer, Ph.D_,
and Jeremy M. Kahn, M.D.

N Engl J Med 2012;366:2093-101.
o Tpm~T7am(ZICUICAZE L 7=EBE % HRICETZ1T > 7=,

e 25¥EFE. 49 ICU. 65,752 A\ % I %R,
12 ICU %[ EfhEEK 14,424 (22%)

37 ICU % EREEEATE 51,328 (78%)
« RRIDEREEEDTFENFFRICKELZEZ D510,
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| CHEST Original Research

CRITICAL CARE

The Costs of Critical Care Telemedicine
Programs

A Systematic Review and Analysis

Gaurav Kumar, MD; Derik M. Falk, MD; Robert S. Bonello, MD; Jeremy M. Kahn, MD;
Eli Perencevich, MD; and Peter Cram, MD, MBA

CHEST 2013; 143(1):19-29

e 1990 " 2011 F(ZEhrE N T-Tele-ICUDARNZEET A 8DDH/IXDLE 21—
o Tele-ICUDZEAIZIL, INyRFH =Y 7005 ~870FDERNMNMIS,
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Table 1—Cost Categories for Tele-1CU

Cost Category Details

- Telemedicine program
Technology Costs to purchase, install, and maintain
Hardware: computers, bedside monitors, audio-visual equipment, upgraded systems

7 O% Software and licenses: electronic health records, clinical information systems, tele-ICU software
Equipment and networking: servers, scanner, Internet hubs and firewalls, phones, miscellaneous office equipment
Technical support
Communications: Internet service fees, telephony fees

Staffing Costs pertaining to the central monitoring site staff: travel, training, salaries and benefits
Staff: physician, critical care nurse or nurse practitioner, administrative, secretarial, janitorial, information technology

3 00/ support technician
0 Real estate Real estate: rental property, space leasing, or facility owned property
Cost: design, construction, or remodeling of space; architecture fees; contractor fees; furniture, utilities, property
taxes, supplies, loss of used space, lease or rental agreement fee

1. Technology: YT —9 B AT L, BRIV AT L
2. Staffing: Tele-ICUEERXAVT7ND ANHE

3. Real Estate: Tele-ICU 23— &I E-EEEH
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B REVIEW ARTICLE
A Business Case for Tele-Intensive Care Units

Alberto Coustasse, DrPH, MD, MBA, MPH; Stacie Deslich, MA, MS;
Deanna Bailey, MS; Alesia Hairston, MS; David Paul, DDS, PhD Perm J 2014 Fall;18(4):76-84

http://dx.doi.org/10.7812/TPP/14-004

Abstract

Objectives: A tele-intensive care unit (tele-ICU) uses telemedicine in an intensive
care unit (ICU) setting, applying technology to provide care to critically ill patients by
off-site clinical resources. The purpose of this review was to examine the implementation,
adoption, and utilization of tele-ICU systems by hospitals to determine their efficiency
and efficacy as identified by cost savings and patient outcomes.

Methods: This literature review examined a large number of studies of implementa-
tion of tele-ICU systems in hospitals.

Results: The evidence supporting cost savings was mixed. Implementation of a tele-
ICU system was associated with cost savings, shorter lengths of stay, and decreased
mortality. However, two studies suggested increased hospital cost after implementa-
tion of tele-ICUs is initially expensive but eventually results in cost savings and better
clinical outcomes.

Conclusions: Intensivists working these systems are able to more effectively treat ICU
patients, providing better clinical outcomes for patients at lower costs compared with
hospitals without a tele-ICU.

Tele-ICUB AIZKY ., POMOLDHELIRMIBARINSEHREL TS,
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Table 5. Studies addressing tele-ICU implementation and utilization

Author, year Study design Outcome
Aamonson et 3. 2006° Literature review Hagher rates of ICU St adnerence 1D CTICA Care DeSt Pracaces
| Bagai et 2, 2010 of IeleiCU Higher rates of ICU sta¥ D CAlical care Dest praclices
B3aIm anc , 2006% PO of ile-iCU Hgher rates of ICU S Jgnefence 10 CTICII Care Dest pracaces
o 3 2009" Literture review Imgroved patent care
Bresiow ef i, 20047 PO of tele-CU mpi ac0ss several | Improved hospital fnancal performance mproved ICU Anancial
rosprats PeOManCce, Mproved patient care
Chu-Wesninger ef al, 2010° PO of tele-ICU and Improved 1EITWON JN0Or safety Cimae
in 3 1ICUs
Colets & 31, 2008 Cross-5ecsondl survey of residents n ICU IMproved BITWON JN0NOr safety Cimate
and teie-iCUs
Oxcxnaus, 2006 of mie-iCU am Lower ICU LOS

1 3 mutsle hOSpAI S ysiem

Giessel and Leedom, 2007 P of tete-ICU imp ang Higher r31es of ICU S agnerence 1 CHHCH Care Dest pracices

Groves o al, 2008 Literature review Lower ICU LOS

Howed # al, 2007 POSTESt Of tele-iCU mp ang Lower ICU LOS

Howed o al, 2008 of hele-CU and Lower ICU LOS

Weda 3l 2009 po" Of tebe-CU mple ang Lower ICU LOS

Ko et 3, 2007 of tele-ICU and Lower ICU LOS

Kod @t 3, 2007 po" of teie-CU mpi ang Improved ICU fnancai p , lower ICU LOS

Ko et 3, 2012" of ele-CU and Lower ICU LOS

Kumar ot 3, 2015 Lneratre review Improved ICU RNanca pr

Khunieriit and Carayon, 2013" | Qualiative study wih semstuciuned mierview Imgroved ICU staff adherence 10 evidence-based profocols for
of iie-ICU st 56PS6. VENNLINN-I5500IE] PREUMONIa, ang DIOod TansAssion

Uiy et &, 20117 of ele-CU mpi ang Hgher rates of ICU Sa¥ agherence 10 CTHCII Cane DeST Pracaices,
lower ICU LOS, improved patent care
MOT # 3l 20077 Survey of resIOeMS praciong N tee-ICUS Improved patent care
Norman e al, 2009° Literature review and mel-analyss Improved ICU nanca p
Pa & al, 2007 po! Of eée-iCU ang Hgher r3tes of ICU S Janerence 10 O Care DSt prachces.
Of 6 lede-iCUS loser ICU LOS

Rincon et al, 2007

Hgher rates of ICU S Jdherence 1 CICI Care Dest pracaces.
+ AMIDIOLC JOMAISTII0N NCREIsed oM 55% © Td%
* Serum Dciate measurement noreased fom 50% 1o 66%

- Central ine pacements increased fom 33% © $0%
Scales e al, 2011 Literature review Higher rales of ICU sta¥ adherence 1 CbCal Care Desi praciices
Thomas et 3. 2007 Pre/postest of ieie-iCU MEIN0N and UBIZINON | IMProved IITMON 0N Safety Cmane
Vespa et ai, 2007 of tele-iCU am Improved ICU fnancial pesformance, lower ICU LOS, improved
patent care
Wikco ang Anikan, 2012 MED-INIYSS of 11 Sdies Lower ICU LOS
Wilimitch ot 3, 2012% postiest of tete-CU and Lower ICU LOS
“’E
Youn, 2006* Literature review ang mel-analyss Higher rates of ICU S0 aaherence 1 CHICIH Care Dest pracices
Young et a, 2011" MeG-InaySs of 11 Studes Lower ICU LOS
Zawada et al, 20067 Hgher rates of ICU sta¥ adherence 10 CtCal Cane Dest pracices,

Survey of PhySICans Prachcing in 1emote aneas usng
ee-CU

lower ICU LOS

Zawada e al, 2007 of iele-ICU and Improved ICU Enancial pesformance, lower ICU LOS

Zawaca et ai, 2008™ of tele-iCU ana n | Higher rates of ICU staff adherence 10 CINC3l Care Dest Praciices,
3 FUrE NIt Care Sysiem Improved ICU §nancial perommance

Zawada ang Herw, 2008 P of iie-CU impi am IMEroved patent care

Zawada o al, 2009 of tete-ICU mph and Improved hospral fnancal performance

ICU = miermrve care ok, LOS = length of sy
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Table 1. Tele-intensive care unit cases studied, implementation costs, and outcomes
Implementation costs
Institution Setting (US dollars) Major results/outcomes
Sentara Healthcare Sentara Healthcare,* academic tertiary care 1 million Decreased ICU LOS by 17%; decreased
medical center with 5 ICUs, 103 critical care beds hospital mortality by 26 4%
New England Healthcare | University of Massachusetts Memorial Medical 7.12 million Decreased ICU LOS (from 13.310 9.8
Insfitute and Massachusetts | Center, academic hospital with 5 aduit ICUs, days); decreased mortality from 13.6% to
Technology Collaborative | 130 beds, 7000 ICU patients 11.8%; recovered costs of implementation;
lowered rates of complications™
Resurrection Health Care | Community hospitals with 14 ICUs, 182 critical 7 million 6 months after implementation: 38%
care beds decrease in ICU LOS, approximately
Pre- and postimplementation design: $3 million in cost savings™*®
preimplementation: n = 2034 patients;
postimplementation: n = 2134

* Includes both Sentara Norfolk General Hospital and Sentara Hampton General Hospital.
ICU = intensive care unit; LOS = length of stay.

« Tele-ICUDRERIZKRUHEROIX b LT, I~TRADERAN D 5,
« T RALELT, Tele-ICUDEAIZK Y, ICUBEHE DM, EEREDRIRZRDT,
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S $2,400,000
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$1,190,000 $1,100,000
$1,000,000 I .
g L )
Support center Tele-ICU Tele-ICU N
build outand  licensing and equipment n
sefvers implementation costs
fees

L = /\ r— Ig =L 1-
S TDTele-ICU3
= DA IS ele AX A E
$7,120,000
$1,230,000
$260,000 $470,000 370,000 l &
80,000 20,000
|| s = || -
etwork and Software ICU facility Patent Project Misc Total capital
frastructure costs costs (cabling,  monitoring management (marketing, costs
coslts electrical) sysiem and consultant  travel expenses,
upgrade costs costs supplies)

Figure 2. Univers

ICU = intensive care unit; Misc = miscellaneous.
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$3.000,000

$2,270,000
$2.500,000

$2.000,000

$1,500,000

$1.000,000

$630,000

. .

$500,000

$20,000

S
Tele-ICU MD, NP Software license Nondnical tele-ICU Tele-ICU office Total operating
and PA salary and fees staff salary and supplies, telephone, costs
benefits benefits copier, lease

Figure 3. University of Massachusetts Memorial Medical Center ongoing operating
costs, 2010.3¢
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Fig. 1 Correlation between hospital beds and intensive care beds per
100,000 population (modified from Wunsch et al, Crit Care Med
2008;36:2787-93)3)
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