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Preamble

This document describes the implementation of a shared (also referred to herein as split)
ventilator protocol for the Mount Sinai Health System (MSHS). It would be utilized when
enacting Crisis Standards of Care at hospitals within the MSHS, when rescuable patients who
require mechanical ventilation would otherwise be denied ventilation due to lack of available
ventilators. This protocol poses significant risks to both patients sharing a single ventilator
and does not in any way reflect the normal standard of care within the MSHS. It has been
developed in response to the unique situation caused by the COVID-19 Crisis in New York City.
Each patient should be mechanically ventilated individually, unless the supply of ventilators is
completely exhausted and the patient would otherwise be expected to die.

Intended Use

Allow one standard mechanical ventilator to be used to ventilate two patients simultaneously
during the COVID-19 pandemic, with individual adjustment of volume and pressure for each
patient.

DISCLAIMER

This shared ventilator protocol has been trialed in only a limited number of patients. The
protocol was designed and tested in the Mount Sinai Department of Anesthesiology,
Perioperative and Pain Medicine’s high-fidelity human patient simulator laboratory using
two CAE HPS Anesthesia Simulator Mannequin Systems (CAE Healthcare, Sarasota,
Florida). The parameters were determined experimentally. Initial testing with fully
consented human subjects confirmed the valves perform as expected.

Patient selection

Criteria for split ventilation will likely be adaptive given the emergent circumstances, but if
possible the following criteria should be satisfied:
1. Both patients are COVID-19 positive.
2. Patients should have initial similar lung compliances and levels of ventilatory support.
3. Patients should require similar levels of positive end-expiratory pressure (PEEP).
4. Patients should be predicted to require mechanical ventilation with paralysis for > 72
hours.

Version 2.0.1 2020-04-17 4
MOUNT SINAI CONFIDENTIAL INFORMATION



Mount
Sinai

Design Overview

The ventilator breathing circuit is split using standard T-pieces and connectors. Attached to
either end of the T-piece is an adjustable flow valve (similar to commercially available plumbing
equipment), followed by a unidirectional valve, and then the inspiratory limb of the breathing
circuit. Near the patient, a standard spirometry sensor is placed in-line between the endotracheal
tube (ETT) elbow and the wye connector of the breathing circuit. The sensor is connected to the
gas analyzer-spirometry module of a physiologic monitoring system. At the start of each
expiratory limb, one unidirectional valve is placed between the circuit wye connection and the
tubing. The end of the expiratory limbs are joined with a T-piece. Due to the nature of the
COVID pandemic, bacterial/viral (B/V) filters are placed between the elbow and the
endotracheal tube, and additional B/V filters are placed between the circuit and the inspiratory
and expiratory connection ports on the ventilator.

Improvements over other solutions

1. Adjustable flow valves allow the pressure and volume delivered to each patient to be
customized and titrated to account for the potentially different lung compliance (stiffness)
of each patient.

2. The use of appropriately-placed spirometry sensors enables more accurate measurement
of the delivered tidal volume and pressures for each patient individually. Spirometry and
gas analysis data can be displayed on a wall-mounted or portable monitor, provided that a
spirometry-gas analyzer module can be installed in the physiologic monitoring system.

3. The unidirectional valves in both the inspiratory and expiratory limbs prevent reverse
flow of gas in the circuits.
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Parts List

1.

7.
8.
9.

2x adjustable flow valves, such as:

a. % ID lead-free brass gate valves with “sweat” or “solder” connections for the
inspiratory limbs. These should be available from Home Depot, Lowes, or any
plumbing supply store.

b. %” PVC plumbing valves

c. Custom-made, 3D printed, adjustable valves, pictured below

4x in-line, unidirectional (“check™) valves for inspiratory and expiratory limbs
(Mallinckrodt One-way valve, 22mm F x 22mm M). These can be replaced with a 3D
printed check valve, specifications are on GitHub:
https://github.com/acoastalfog/sinai-ventilator-components

2x T-pieces, 15mm ID/22mm OD to 2x 19mm ID/22mm OD (Hudson RCI Trache Tee
Oxygenator)

2x 22mm ID female-to-female adapter (clear Mallinckrodt Universal Cuff Adapter).

Only necessary if using valves 1a) or 1b) above.

These can be replaced with a 3D printed 22mm ID adapter, specifications are on GitHub
labeled as adapter v1.3 largeFemaleFemale:
https://github.com/acoastalfog/sinai-ventilator-components

2x ventilator circuits

2x yellow spirometry sensor and tubing (GE D-lite++ patient spirometry set; GE part
number 2102497-002- 3 meter length tubing)

3x Bacterial/Viral (B/V) filters (placed near ETT and in expiratory limb)

2x Heat and Moisture Exchanger Filters (HME Filter)

Spirometry module/monitor (GE Carescape Respiratory Module)

10. Thread seal tape, such as Teflon plumbing tape, to improve the seal between connections

11. Electrical tape, to reinforce connections and help prevent circuit disconnects
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Figure 1A. 3D printed adjustable flow control valve. Part lc, listed above
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Figure 1B. Part #2 and #3, listed above.

Mallinckrodt™

Adaprer, Cuff, 22 mm 1D X 22 min ID

Figure 1C. Part #4, listed above.
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Figure 1E - Part #9, listed above. GE
Carescape Respiratory Module installed in a
GE transport monitor. This is a key feature for
any split ventilation design, as it allows for the
monitoring and titration of each patient’s

ventilation.
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EXPIRATORY
VENTILATOR
CONNECTION

INSPIRATORY
VENTILATOR
CONNECTION

Figure 2 - All assembled parts.
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Circuit Assembly

Preparation

(Tt

Figure 3A - The ventilator ends of the anesthesia breathing circuit.
At the end of the anesthesia circuits, detach and set aside the blue connectors and bacterial/viral
(B/V) filters.

Figure 3B - The end tidal CO, tubing included with the
anesthesia breathing circuit.
Detach and set aside this tubing.
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Inspiratory Limb

Ventilator inspiratory connection — Bacterial/Viral filter — 22mm ID female-to-female
adapter — 22mm T- piece. To each side of T piece: — adjustable flow valve — one way

valve — inspiratory limb of circuit — circuit wye connector

INSPIRATORY
LiIMB

Figure 4 - Components of the inspiratory limb. The filter (top center) attaches to the ventilator
inspiratory connection, while the one way valves (with blue arrows) connect to the inspiratory
limb of the breathing circuit.
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Figure 5 - Partially assembled inspiratory limb. The ventilator inspiratory port is connected to a
filter, then a 22mm ID connector, and then the T-piece.
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INSPIRATORY
LIMB

Figure 6 - Both adjustable flow valves have now been attached. One way valves have been
inserted between the adjustable flow valves and the inspiratory limb of each patient circuit. Note
that the blue arrows on the one way valves indicate air flow.
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Patient Connection

ETT — elbow connector — heat and moisture exchange filter (HMEF) — bacterial/viral
(BV) filter — yellow spirometry tubing — circuit wye — one way valve on expiratory
limb. Make one for each patient.

Figure 7A - The patient end of the
anesthesia breathing circuit.

Figure 7B - partly disassembled.
Separate the expiratory limb and
the HMEF from the circuit wye.

EXPIRATORY LIMB
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EXPIRATORY LIMB

Figure 7C - Fully disassembled and assembled patient connection with (left to right): elbow,
HMEF, B/V filter, spirometry tubing, circuit wye connector, and one-way valve on the
expiratory limb. One set of these is necessary for each patient. NOTE: the HMEF needs to be
most proximal to the patient. This prevents the viral filter from absorbing excessive moisture,
losing effectiveness, and causing obstruction.
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Expiratory Limb

Patient wye — one way valve — expiratory circuit tubing — T-piece — 22mm ID

female-to-female adapter — B/V filter — Vent expiratory return connection

EXPIRATORY ; EXPIRATORY
LI MB ‘. LIMB

Figure 8 - Components of the expiratory limb, one side only. NOTE: B/V filter is not needed if
the ventilator already has a B/V filter in place at the expiratory connection, such as with
the Puritan Bennett 840 ventilator.
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