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Overview

* Context: the experience on the frontlines
* Acute ventilator shortages

* Avoiding a replay of New York
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Spring in New York

| have never seen war,

but | imagine it much like New York today:
a perpetual plunge

into panic, hyperarousal, and dismay.



Streets are empty. Stores are shuttered.
Subway’s desolate. Broadway’s dark.
Field hospitals best the spring bloom
for‘the eye ‘s attention in city parks



We care for critical colleagues
unconscious and near death,

who may forebode our shared fate
in their last agonal breaths.




Face the fragility of our flesh
- not together, but alone,
= — oha )
-~ for families we’ll never
~ stories -_b \ ‘
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- %7 Hospital, Manhattan
(Image: NY Post)
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too many for the moi'gues SO
bodies pile in refrigerated
trucks outside the wards.




~and alone because they mu
'__Eo stop spread of the contagion
- as our protective gear exhaust.
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Outside Jacobi Hospital, _
Bronx (Image: NY Post) .=
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Overall COVID+, ICU, Vent Utilization

Total COVID+inICU Total COVID+ Inpatients

Total COVID+ on Ventilator
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Our hospital network
normally has:

» ~2600 inpatient beds
e ~350 ICU beds

(across 9 hospitals)

NYP-Columbia’s main hospital:

* Normal ICU capacity: ~110 beds

* Peak Covid ICU census: >230
patients

* Intubated Covid-ARDS patients in:

Operating rooms

Cardiac cath lab

Newly converted stepdown beds
Adjacent children’s hospital
Field hospital

ER converted to ICU

COLUMBIA UNIVERSITY
AL/ MEDICAL CENTER

First SARS-CoV-2 case in all of NYS was identified on March 1
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COVID19-Positive Admissions through May 10

m Total Admits Total Disch Total Deaths % Deaths of Admits

NYP Allen 22.0%
NYP Brooklyn Methodist 1,453 1,298 385 26.5%
NYP Columbia Univ 2,045 1,765 443 21.7%
NYP Hudson Valley 352 324 97 27.6%
NYP Lawrence 595 533 120 20.2%
NYP Lower Manhattan 384 360 74 19.3%
NYP Morgan Stanley Children’s 241 216 1 0.4%
NYP Queens 2,232 2,084 577 25.9%
NYP Weill Cornell 1,447 1,181 222 15.3%
NYP-WD 60 44 0 0%
UL (L AN 9,626 8,561 2,099 21.8%

* Data through May 10, 2020. Deaths may lag due to delayed reporting.



Shifting Standards of Care with Covid Surge

Best Practice

Crisis Standards

The best you can do given the
resources, staff, & context
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March 23, 2020
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No. 202.10

Continuing Temporary Suspension and Modification of Laws
) Relating to the Disaster Emergency

Subdivision (2) of section 6527, Section 6545, and Subdivision (1) of Section 6909 of the Education
Law, to the extent necessary to provide that all physicians, physician assistants, specialist assistants,
nurse practitioners, licensed registered professional nurses and licensed practical nurses shall be immune
from civil liability for any injury or death alleged to have been sustained directly as a result of an act or
omission by such medical professional in the course of providing medical services in support of the
State’s response to the COVID-19 outbreak, unless it is established that such injury or death was caused
by the gross negligence of such medical professional;



Oversees 60 patients

ﬁ in four pods
|

A A
A A
—
“ICU Lead” 15 =4

15p=]  15}=4
Non-ICU Physician/ICU APP
Respiratory Therapists/APPs* EXpClnded.nlur.nber of
Anesthesiologists non-ICU clinicians who
Nurse Anesthetists can safely operate a
ventilator

ICU RNs®

“Oversight Intensivist”
Intensive Care-Trained Physician

A

Can also help care
for non-COVID-19
ICU patients

Non-ICU RNs or APPs

15 j=4
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. nsiderations:
Ventilator Shortages oS  Lhalation valve
* Monitoring  CO,
 Alarms * Staffing
Full-feature ICU * PEEP » Contact isolation

Anesthesia machine
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Context...

There Aren’t Enough Ventilators to Cope

With the Coronavirus
Mar 18, 2020~ New York Times N.Y. May Need 18,000 Ventilators Very

Soon. It Is Far Short of That.

The task force found that in 2015, there were about 7,250 ventilators
in New York hospitals and about 1,900 in nursing homes. But the
vast majority of them were already being used. Even with the
state’s own emergency stockpile, the group found there were only
2,800 available. Mar 17, 2020 — New York Times

New York has only six days’ worth of ventilators left.

The governor said that there were 2,200 ventilators in the state’s
stockpile and that about 350 new patients a day need them. At that

ace, he said, “2,200 disappears very quickly.” = , )
9 i PRSI COLUMBIA UNIVERSITY

April 2, 2020 — New York Times AL/ MEDICAL CENTER
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What Happens When No Ventilators are Left?

... and you still have multiple potentially rescuable patients?

Color Code and Level of Access Assessment of Mortality Risk/

&’% Organ Failure
VENTILATOR ALLOCATION GUIDELINES

New York State Task Force on Life and the Law Yellow SOFA S 11
New York State Department of Health Infermediate
Use ventilators as available

November 2015




What Happens When No Ventilators are Left?

... and you still have multiple potentially rescuable patients?

Ehe New Hork Eimes

March 26, 2020

‘The Other Option Is Death’: New York
Starts Sharing of Ventilators

To keep coronavirus patients breathing, hospitals are pioneering a
little-tested method.

Gb COLUMBIA UNIVERSITY
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Joint Statement on Multiple Patients Per Ventilator

March 26, 2020
12:00 p.m.

The Society of Critical Care Medicine (SCCM), American Association for Respiratory Care (AARC), -
American Society of Anesthesiologists (ASA), Anesthesia Patient Safety Foundation (ASPF), orotocol
American Association of Critical-Care Nurses (AACN), and American College of Chest Physicians gsth.
(CHEST) issue this consensus statement on the concept of placing multiple patients on a single ine
mechanical ventilator.

The above-named organizations advise clinicians that sharing mechanical ventilators should not
be attempted because it cannot be done safely with current equipment. The physiology of
patients with COVID-19-onset acute respiratory distress syndrome (ARDS) is complex. Even in
ideal circumstances, ventilating a single patient with ARDS and nonhomogenous lung disease is
difficult and is associated with a 40%-60% mortality rate. Attempting to ventilate multiple
patients with COVID-19, given the issues described here, could lead to poor outcomes and high
mortality rates for all patients cohorted. In accordance with the exceedingly difficult, but not
uncommon, triage decisions often made in medical crises, it is better to purpose the ventilator
to the patient most likely to benefit than fail to prevent, or even cause, the demise of multiple
patients.



U.S. PUBLIC HEALTH SERVICE COMMISSIONED CORPS

March 31, 2020

Optimizing Ventilator Use during the COVID-19 Pandemic

In addition to these measures, a possible crisis standard of care strategy, currently contemplated
by several centers, is the ventilation of two patients with a single mechanical ventilator. As
pointed out by six organization including the Society of Critical Care Medicine and the
American Society of Anesthesiologists, there are significant technical challenges that must be
overcome (Appendix B); and such a strategy should only be considered as an absolute last resort,
judged against the alternatives of long term “hand bagging” or death. These decisions must be
made on an individual institution, care-provider, and patient level. However, we do know that
many institutions are evaluating this practice, and protocols are being developed and tested, and
in some places, preliminarily implemented.
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Because this is a real discussion by many clinicians, the intent here is to provide additional
information to support patient-provider decision making during times of crisis standards of care.

Therefore, attached are technical documents developed by academic leaders assembled at

FEMA, in order to provide an example of the type of circuits, setups, and anticipated problems
that one might face if this strategy is employed - in a crisis care, life-or-death, situation

(Appendix C). In addition, we are attaching a protocol developed by Columbia University as an 2
additional example for your review (Appendix D). In addition, we wanted to provide comments
from the FDA and CDC related to the circuits and materials used in Appendix C.

CDC Statement: The infection control implications of co-venting are not firmly l,
established, since it would not meet general established standards for infection
control for ventilated patients. However, with the criteria specified and if done
with currently established infection control interventions to reduce healthcare-
associated infections, including ventilator associated infections, any additional
risk is likely to be small and would likely be appropriate in a crisis standard of
care.

FDA Statement: FDA does not object to the creation and use of the T-connector
that meets specifications described in the instructions provided to us for use in
placing more than one patient on mechanical ventilation when the number of
patients who need invasive mechanical ventilation exceeds the supply of available
ventilators and the usual medical standards of care has been changed to crisis care
in the interest of preserving life. The FDA’s no objection applies during the
duration of the declared COVID-19 emergency.

During this crisis, we need to have open and transparent communication of best practices and
lessons learned. We will provide updates as they become available. We stand with you, our
professional colleagues, as we move forward to fully engage this crisis in our ICUs and ORs,
hospitals, hospital ships, and alternative care facilities.

21
Test protocol

on anesth.
machine

28
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imminent city-
wide ventilator
rationing

can be done safely
but will explore.”

16 17 18 5 : 2€ 21
Call re: Develop |V|U|tl-SOCIety Test protocol
feasibility strategy at condemnation but on anesth.
. machine
bench HHS private support
23 24 25 26 27 28
NYS+ethics Vent-sharing Protocol public EHR scale-up
approval, open  |aunch via GNYHA
OR-as-ICU
30 31 Aprl 2 3 4
Leadership: HHS wide Building more OR-as-ICU space
ready toscale  dissemination = Multiple academic centers around US adopt protocol
6 7 8 9 10 11
Local ventilator supply starts to improve Surge peaks

next week



Public Health Initiative

Before proceeding...

* New York Governor executive order
Initiative directed by hospital leadership
Hospital ethics committee approval

Hospital IRB concurrence that not research
* Consent: obtained with explicit acknowledgement that it would benefit society but
not directly benefit the patient until/unless ventilator supply exhausted
Rationale: Gain some experience in controlled setting...
* To determine if a realistic option
* To permit rapid scaling when necessary
* To plan movement of patients & ventilators throughout city

4 —
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Ventilator Sharing: Dual-Patient Ventilation with a Single Mechanical

Ventilator for Use during Critical Ventilator Shortages

Jeremy R. Beitler, MD, MPH
Richard Kallet, MSc, RRT2
Robert Kacmarek, PhD, RRT3
Richard Branson, MSc, RRT4
Daniel Brodie, MD1

Aaron M. Mittel, MD5

Murray Olson, RRT®

Laureen L. Hill, MD, MBAS
Dean Hess, PhD, RRT?3

B. Taylor Thompson, MD?

Full protocol online at:
protocols.nyp.org
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SUMMARY OF KEY PROTOCOL RISKS & SAFETY FEATURES .........cooiiiiiies 3
EQUIPMENT & SUPPLIES ..o e sasae s aae e e 4
SETTING UP SHARED VENTILATOR ..ottt e s e s e 5
VENTILATOR/CIRCUIT'SAFETY TEST ccvnmnnnnimimmmsssiiniisinimisiiririrssrsnnssas s i 8
INITIAL PATIENT COMPATIBILITY ASSESSMENT ....cccviiiiiiiiiiiiiiiiiiiiiiii s e aae s 9
STEPWISE APPROACH TO MATCHING VENTILATOR SETTINGS......cccviiiiiiiiiiiiiiiii e 10
RECOMMENDED INITIAL VENTILATOR ALARM SETTINGS .....coutiiiiiiieiiieieiiieeieceeeeeeeeeeaeeeeeee s e e s e aeesss s e neees 11
INITIATING VENTILATOR SHARING .....ooiiiiiiiiiiiiiiiiiii i e 12
MONITORING & SUPPORT DURING VENTILATOR SHARING ........oooiiiiiiiiiiiieiniii s 13
CARING FOR PATIENTS ON SHARED VENTILATOR ....oitiiiiiiiiiiiiiiiieiee et e e ee e e e ae s e 14
VENTILATOR MANAGEMENT ON SHARED VENTILATOR ....eui e 15
WEANING STRATEGY ...ttt et e e s e e s e e e e e ee e e e e e e e e s e s e s s sres 16
TRANSITION FROM SHARED TO SINGLE-PATIENT VENTILATOR ..ot 16
VENTILATOR ALLOCATION SCHEMA FOR HOSPITAL ...t 17
REGIONAL COORDINATION OF VENTILATORS .....ocoiiiiiiiie ittt e 17
ADMINISTRATIVE AND ETHICAL CONSIDERATIONS ...t 18
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Ventilator Sharing

* The greatest danger lies in the simplicity of the configuration.

* The plumbing is simple. Safe execution requires careful patient selection
& management by intensivists with appropriate expertise adhering to a
pre-planned protocol.



Key Safety Measures

* Pressure-control: Mechanical change in 1 patient doesn’t affect other

* Paralytics: Prevent patient triggering & between-patient pendelluft

* Patient-specific inline monitors & alarms

* Medical-grade supplies

* Redundant safety checks throughout protocol

* Infection control: multiple antimicrobial filters, pathogen-matched
 Compatibility criteria: ensure both patients fully supported with settings

... and many others



Table 1: Recommended initial patient compatibility criteria. If patients do not meet all of these criteria,
pairing them on a single ventilator is not recommended.

Initial

Parameter

Acceptable Difference
Between Patients
(patient A — patient B)

Compatibility

Acceptable Limit in Either Patient

Anticipated time needing invasive
ventilation

Criteria

72 hours or higher

Tidal wlume

4-8 mL/kg PBW

Driving pressure
(AP = plateau pressure — PEEP)

5-16 cmH20 0-6 cmH202

Respiratory rate

12-30 breaths/min 0-8 breaths/min

PEEP 5-18 cmH20 0-5 cmH20
FiO2 21-60%

pH 7.30 or higher

Oxygen saturation 92-100%

Ventilator titration No reeeat maj;:(l)irnic;:rﬁlr;/ ges &s judged

Neuromuscular blockade

No contraindication to initiation
if not already receiving

Respiratory infectious status

Both patients have same respiratory
pathogen

Asthma or COPD

No sewere baseline disease nor
current exacerbation

COLUMBIA UNIVERSITY

Hemodynamic stability

No rapid vasopressor increase

MEDICAL CENTER

Center for Acute Respiratory Failure



Match Ventilator Settings Before Sharing

* Once a potentially compatible pair identified:
* Deep sedation & paralysis
* Initiate PCV in each patient
* Match patients on PEEP & FiO,
e Match driving pressure, inspiratory time, & RR

 Safety checks at several steps
* Minute-volume within % 2 liters/min of baseline
* Auto-PEEP <5cm H,0
* SpO, and ABG within specified ranges

 Set ventilator to be shared to same settings with test lungs to confirm circuit
function before transitioning patients



Table 2. Characteristics of Patients undergoing Ventilator Sharing

Characteristic Patient 1A | Patient 1B | Patient 2A | Patient 2B Patient 3A Patient 3B
Age, yr 62 74 58 73 43 59
Sex Female Male Female Female Male Male
Height, cm 162-6 182-9 157-5 175-0 1651 190-5
Weight, kg 68-0 98-9 122-5 85-0 80-0 105-9
Body mass index, kg/m> 257 29-6 49-4 27-8 29-3 29-2
ll:;edmd body weight, 548 778 501 661 616 847
Vasopressor—depe_n dent Yes Yes Yes Yes Yes Yes
shock before sharing

Modified S.OF:& score 10 10 12 13 10 1
before sharing

!)ays hQSpltallzed before 1.0 31 11 10 10 61
intubation

Days intubated before 56 25 07 79 18 36
ventilator sharing

COLUMBIA UNIVERSITY
WAL/ MEDICAL CENTER

Center for Acute Respiratory Failure



Table 2. Characteristics of Patients undergoing Ventilator Sharing

Characteristic Patient 1A | Patient 1B | Patient 2A | Patient 2B Patient 3A Patient 3B
Age, yr 62 74 58 73 43 59
Sex Female Male Female Female Male Male
Height, cm 162-6 182-9 157-5 175-0 165-1 190-5
Weight, kg 68-0 98-9 122-5 85-0 80-0 105-9
Body mass index, kg/m? 257 29-6 49-4 27-8 29-3 29-2
11::‘11“5" body weight, 548 778 501 66-1 616 84-7
Vasopressor-dependent Yes Yes Yes Yes Yes Yes
shock before sharing
Modified S.OFHA score 10 10 12 13 10 11
before sharing
!Jays h'ospltahzed before 1.0 31 11 1-0 1-0 6-1
intubation
Days mtubateq before 5.6 2.5 07 7.9 1-8 3.6
ventilator sharing
Respiratory parameters
prior to Matching
Tidal volume, mL . . . . . .
(mL/kg PBW) 330 (6:0) 480 (6-2) 400 (8-0) 490 (7-4) 375(6:'1) 370 (4-4)
Driving pressure, cm 14 16 24 22 19 20
H.O
Peak inspiratory 3] 25 30 34 37 30
pressure, cm H2O
Plateau pressure, cm 28 24 34 32 31 30
H.O
Respiratory rate,
breaths/min 26 19 24 25 26 28
PEEP, cm H.O 14 8 10 10 12 10
Fi0O2 0-5 0-6 0-7 0-5 0-3 0-6
Respiratory system
compliance, mL/cm . . . . . .
H20 (mL/kg PBW/cm 24 (0-43) 30 (0:39) 17 (0:33) 22 (0-34) 20 (0-32) 19 (0-22)
H20)
Minute volume, L/min 86 9-1 9:6 12-3 9-8 10-4
Pa0,/FiO;" 148 152 76 110 180 266
Duration of sharing, 4825 47-5 470

hours

COLUMBIA UNIVERSITY
MALS MEDICAL CENTER

Center for Acute Respiratory Failure



Table 2. Characteristics of Patients undergoing Ventilator Sharing

Characteristic Patient 1A | Patient 1B | Patient 2A | Patient 2B Patient 3A Patient 3B
Age, yr 62 74 58 73 43 59
Sex Female Male Female Female Male Male
Height, cm 162-6 182-9 157-5 175-0 165-1 190-5
Weight, kg 68-0 98-9 122-5 85-0 80-0 105-9
Body mass index, kg/m? 257 29-6 49-4 27-8 29-3 29-2
E;edmd body weight, 548 778 501 661 616 84-7
Vasopressor-dependent Yes Yes Yes Yes Yes Yes
shock before sharing
Modified S.OFHA score 10 10 12 13 10 11
before sharing
!Jays h'ospltahzed before 1.0 341 111 1-0 1-0 61
intubation
Days mtubateq before 5.6 2.5 07 7.9 1-8 3.6
ventilator sharing
Respiratory parameters
prior to Matching
Tidal volume, mL ; . . L . .
(mL/kg PBW) 330 (6:0) 480 (6-2) 400 (8-0) 490 (7-4) 375 (6:1) 370 (4-4)
Driving pressure, cm 14 16 24 22 19 20
H.O
Peak inspiratory 3] 25 30 34 37 30
pressure, cm H2O
Plateau pressure, cm 28 24 34 32 31 30
H20
Respiratory rate,
breaths/min 26 19 24 25 26 28
PEEP, cm H.O 14 8 10 10 12 10
FiO2 0-5 0-6 0-7 0-5 0-3 0-6
Respiratory system
compliance, mL/cm . . . . . o
Hz0 (mL/kg PBW/cm 24 (0-43) 30 (0:39) 17 (0:33) 22 (0-34) 20 (0-32) 19 (0-22)
H>0)
Minute volume, L/min 8-6 9-1 9-6 12-3 9-8 10-4
Pa0,/FiO;" 148 152 76 110 180 266
Duration of sharing, 48-25 475 47-0
hours

COLUMBIA UNIVERSITY
WAL/ MEDICAL CENTER

Center for Acute Respiratory Failure



Video at: https://www.atsjournals.org/doi/suppl/10.1164/rccm.202005-1586LE COLUMBIA UNIVERSITY
Beitler et al. Am J Respir Crit Care Med. 2020. In press. WAL/ MEDICAL CENTER

Center for Acute Respiratory Failure




15t Pair

Lessons Learned

* Anesthesia machine
* CO, absorbent
e Alarm limits

* Compliant
extension tubing

 Staff familiarity
e PCV with HMEF

Minute volume

pH

PaCO, (mm Hg)

Pa0,:Fi0, (mm Hg)

(L/min)

7.6 -
7.5-

7.4
7.3

7.2-

71
7.0

100
75
50
25

500

400 -

300

200 -

100

Before Sharing Shared Ventilator  After Sharing
Deadspace
added
Deadspace Patient 1a

B removed Patient 1b

7 Deadspace
added

-48 -24 24 48 72 96

Time (hours)

Tidal volume

Peak Airway
Pressure (cm H,0)

PEEP
(cm H,0)

Tidal volume (mL)

(mL/kg PBW)

50 -
40 -
30

20 -
10 -
20+
10

Before Sharing Shared Ventilator  After Sharing

HMEF saturation
required exchange

-48

24 0 24 48 72 96
Time (hours)



Before Sharing Shared Ventilator  After Sharing
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Before Sharing Shared Ventilator  After Sharing
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~  sharing eliminated dyssynchronous
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Before Sharing Shared Ventilator  After Sharing

Before Sharing Shared Ventilator  After Sharing
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Ventilator Allocation Schema

Ventilator Cluster Use

Transport ventilators (single-patient) e Transport patients throughout hospital

e Emergency department

e Continuous support as single-patient ventilators in less severe
cases as functionality and supply permit

Conwentional single-patient ventilators Need for individualized support:

Patient’s ventilator needs must be individualized (Table 1)
Patient ready for active weaning from ventilator

Repurposed anesthesia machine ¢ In operating room or designated areas where space and technical
wentilators (single-patient) expertise for anesthesia machine exist

Repurposed non-invasive entilators that | ¢  Patients with less severe disease for whom level of support from
can be adapted to invasive ventilation this device is adequate

(single-patient) e Ventilator weaning for patients near ready for extubation

Shared ventilators (dual-patient) e For carefully paired patients only when deemed appropriate and

necessary due to exhausted ventilator supply

Rescue ventilators (single-patient) e Rescue a patient undergoing ventilator sharing who needs to be
urgently placed back on single ventilator

m COLUMBIA UNIVERSITY
MEDICAL CENTER

Center for Acute Respiratory Failure
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From Many Healthcare Networks, One Health System?

e Coordinated movement

* Of patients to areas of resources
(local/regional)

* Of resources to areas of need

* Of HCWs to areas of need

e |Interstate collaboration
* Hospitals
* Professional societies

* NYS took a positive 15t step
* Daily bed & ventilator reporting to NYS

* Recurring calls among hospital & ICU
leaders

e ... butit’s not nearly enough

COLUMBIA UNIVERSITY
AL/ MEDICAL CENTER

Center for Acute Respiratory Failure



Conclusions

* Covid-19 surge put NYC healthcare system on brink of collapse
* PPE, physical space, ED/ICU staff, & ventilators

* Ventilator shortages can arise very quickly during epidemic wave

 Ventilator-sharing could be a stop-gap to buy time for relocating resources... if
done:

* in pre-planned fashion
* with well-matched patients
* in centers with appropriate expertise

* More coordination would save more lives



hank you.

Questions?

jrb2266@cumc.columbia.edu
Ventilator-sharing protocol & training video: protocols.nyp.org

Initial patient series: Beitler JR et al. Ventilator sharing during an acute shortage
caused by the Covid-19 pandemic. Am J Respir Crit Care Med. 2020. Epub ahead of print.
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