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Learning Objectives

* Review the latest information on how the COVID virus affects the
lungs

* Discuss known problems related to ventilating patients diagnosed
with COVID-19

* Describe therapeutic interventions and ventilator strategies to
improve outcomes of the COVID-19 patient population



THE CORONAVIRUS WHISPERED IN TRE RESPIRATORY THERAPISTS
AR CYOU'RE NOT STRONG ENOUCH TO WITHSTAND THE STORM.®
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Moment of Silence

As of today, the AARC is aware of 13
respiratory therapists who have died of
COVID-19 in the line of service. To honor
their sacrifice, the Executive Committee of
the AARC Board of Directors has authorized
monies to be made available to the surviving
families of licensed respiratory therapists
who died while caring for patients with
COVID-19.
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Chinese Wet Market?




Animal to Human Transmission
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COVID

19 Virus Anatomy




— ~ Clinical Presentation of COVID-19

" Fever
" Dyspnea
* Dry spasmodic cough
* Secondary symptoms
* Headache
* Diarrhea
 Blueish toe/fingers

e Confusion
e Stroke



CORONAVIRUS DISEASE
2019 (covip-19)

« Cough

« Shortness of breath

* Symptoms may appear 2-14 days
after exposure. If you have been in
China within the past 2 weeks and
develop symptoms, call your doctor.




il CORONAVIRUS
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NO
SYMPTOMS

5.1 day 3, according
o the study

- ll.yh1h.u
days, with cuthbers
of I7 days

Tracking corona in humans

A look at the toll the virus takes on the body and how it progresses
through a body, according to a study published in The Lancet

DAY 1-3
ONSET OF SYMPTOMS

» Sars-CoV- 7 virus may start with : 0.
UDEET NeSpEItony Symptoms i (+]
after the iInCL2ATION penod i

= Fever generaly appears 15t day | patients just
= Upper respiratony symploems
such a5 cough and sooe Theoat i symptoms
may appear by Day 3
e
IN THE LUNGS

u The cisease may reach the longs [+)
ymhere Detween 3 1o 4 days (+]
= Labouwsed breathing may start by | of those

&th to Sth day | infected

= Inflammation & the lungs may l experience
lead 10 acute respiranory SRstress | these severe
Tous can happen between Day 815 | symptoms

————
DAY 8-15
IN THE BLOOD
= From the Jungs_ the infecbon 0
My mowe to the blood l 5 /°
= Segnry & Me-threatenng i
compiication, may develop | of those
by the end of the first | infected meed
week, the stody ssd i KU care

e

BY 3 WEEKS crucAL PERIOD

Covid-19 may last, on an average, for 21 days with people
either dying or being discharged by the end of the third week

FOR DEATHS FOR DISCHARGE

People studied generally People were discharged
died between Day 15-22 between Day 18-2%5 from
froen onset of symptoms the onset of symptoms

SOURCE: A retrospective study on clinical course and risk Tactors for soctality in 191 aduit patients
from Jirwy intam MHospital and Wuban Peimonary Mospital published in The Lancet




HOW DOES IT AFFECT YOU?
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"~ Immune Response: Cytokine Storm

Stage | Stage Stage Il
(Early Infection) (Pulmonary Phase) (Hyperinflammation Phase)
|
1A " e

Host inflammatory response phase

Severity of lliness

1
I

1
Time course

Mild constitutional symptoms
ezt 30X Mgl
<300mmMg
Dry Cough, diarrhes R

Elevated inflammatory markers
({CRP, LDH, IL-6, D-dimer, ferritin)

Troponin, NT-proBNP elevatson

Abnormal chest imaging

Trars it
Low-normal procalcitonin

[ Remdesivir, chlorogquine, hydroxychloroquine, convalescent plasma transfusions
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COVD-19
Patient

3-5 days after
developing
respiratory
symptoms






Barotrauma

G

AP ERECT PORT




PORT ERECT

End-stage
COVID



COVID-19 Patient
Cat-scan




Progression of Disease
3-14 days
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¥ g Berlin P/F Ratio Criteria

= Mild
* P/F <300>200
* Mortality 24%
* Moderate
» P/F <200>100
* Mortality 34%
= Severe
* P/IF <100
* Mortality 44%
» COVID-19 >50% China/ltaly
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= | Pathophysiology

* The injured lung goes through 3 phases:

Edema
= Reparative

Fibrotic



Edema Phase
= Occurs in the first week after onset
of respiratory failure

* Inflammatory cells migrate into the
lungs and release substances to
cause capillary leakage

* Type | pneumocytes swell and
detach from basement membrane

* Increased pulmonary vascular
permeability

= Alveolar collapse




Homogeneous and Heterogeneous Alveolar Ventilation

Schiller et al. Crit Care Med. 2001;29:1049

Normal Lung ARDS Lung



Uninjured Alveoli

Permission granted from Gary Neiman



s Injured Alveoli

Permission granted from Gary Neiman



Normal Lung
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Consolidated Lung




Reparative Phase

May begin as early as 3" day, but usually
prominent in 2" and 3¢ week after onset

Type |l cells proliferate and reline membrane

Fibroblast infiltration — migration through
breaks in membrane forming granulation
tissue

Surfactant abnormalities occur — damage to
Type |l and alveolar flooding destabilize the
surfactant layer- Marked by poor gas
diffusion
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Fibrotic Phase

May begin as early as two weeks after
injury

Extensive remodeling by collagenous
tissue

Alveolar duct fibrosis

Elastic collagen replaced by rigid
collagen — resulting in stiff lung

Extent of fibrosis correlates with mortality

VD/VT>60% Large amount of wasted
ventilation good predictor of mortality




Structural Changes

Damage to type | alveolar epithelial cells
Increase edema influx

Loss of surfactant

Poor fluid clearance mechanism
Development of a hyaline membrane
Reduction in gas exchange

Pulmonary Fibrosis development

“Liver” lung appearance
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Post-mortem Findings

Dense infiltration with leukocytes and
proteinaceous material

Wet, heavy, congested lungs with collapsed
alveoli

Pneumonia revealed in up to 75 % of cases
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Dependent hemorrhagic
injury










Clinical Manifestations

* Dyspnea

* Tachypnea ( rapid, shallow breathing)

= Severe Hypoxemia — refractory to O2 therapy

* Intercostal and suprasternal retraction on inspiration

* CXR reveals diffuse bilateral infiltrates (not always a
reliable study) CAT SCAN Better!!



WOB
Associated with
ARDS
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Notch retraction
Intercestal retraction




Luciano Gattinoni
Department of
Anesthesiology and
Intensive Care,
Medical University of
Gottingen



At the beginning, COVID-19 pneumonia presents with the

following characteristics:

* Low elastance: the nearly normal compliance indicates that

the amount of gas in the lung is nearly normal CLT>30cm

e Low ventilation to perfusion (VA/Q) ratio: since the gas volume
! is nearly normal, hypoxemia may be best explained by the loss of

regulation of perfusion and by I\iss of hypoxic vasoconstriction.

Accopdﬁély, at tl:lis,{tage, the pulmonary artery pressure, should
be near normal

: Qund- lass densities are present on CT
Ibpleurally and along the lung fissures.

610-402-CARE  LVHN.org

d Lehigh Valley
Health Network



— Treatment of Phenotype L

* Higher threshold for intubation
= Early prone

* High FIO2 administered >70%
* Lower PEEP




* High elastance: The decrease of gas volume due to increased
edema accounts for the increased lung elastance. CLT<30cm
e High right-to-left shunt: This is due to the fraction of cardiac
output perfusing the non-aerated tissue which develops in the
dependent lung regions due to the increased edema and
superimposed pressure.
e High lung weight: Quantitaﬁ&e analysis of the CT scan shows
a remarkable increase in lung weight (> 1.5 kg), on the order of
magnitud severe ARDS e HiFh lung recruitability: The
_increas “v@q» n-aerated tissue is associated, as in

D 3 '\r ruitability .
€ 2 0% of patients in our series, fully fits
ypoxemia P/F<100 torr

.A:

A PASSION FOR BETTER MEDICINE™

h Valley
Health Network



e =38 R = e Vel R ST Y M E A L T n

L

~ Treatment of Phenotype H

Early intubation

High PEEP

Paralytic

Prone inhaled pulmonary Vasodilators
?ECMO




The research, which was published online in the American Journal of
Respiratory and Critical Care Medicine, studies the electronic health records
of 85 COVID-19 patients who died between Jan 9 and Feb 15, 2020 after
treatment at two Wuhan hospitals.

Some of the clinical characteristics of the patient fatalities included:

*65.8 median age

*72.9 % were men

*Most common symptoms: fever, dyspnea, and fatigue

*Most common comorbidities: hypertension, diabetes, and coronary heart
disease

*80%+ of patients had very low counts of eosinophils on admission
*Complications included: respiratory failure, shock, ARDS and cardiac
arrhythmia

*Most patients received antibiotics, antivirals and glucocorticoids

*Some were given intravenous immunoglobulin or interferon alpha-2b
*The majority of patients studied died from multiple organ failure

COVID-19 Fatalities Shared
These Characteristics



Hegh- fow sl aeygen Meghe prevent or delry the need for intubation
Tidal volume Use 6 mLkg per predicted bodyweight
(can reduce 2o & mL/kg per prodicted bodyweghe)
Matoss seway prevere Musintain at <30 o H,0 if posible
Postive end expiratory pressre Consder modesate to high levels if needed
Racnatment manceuvres Litthe value
Newromencular blockade For vertilator dyssyrcheomy, incremed alrway pressuse, bypakaemia
Prone positioning For worsening inyposaemia, P20, 10, <100-150 mm Mg
trhaled NO Use 5-20 ppm
Fhovd nanagement Abm for negative fluid batance of 0.5-1.0 L per day
Vel replacement ther apy For obguri renal faduse, acid-buie management, negative fuid balince
Antibiotis For secondary bacterial infections
Craoxortucach Nee recosmended
Exteacorposeal membrane avpgenation | Use EOUIA trial critesia?

Clinical Management
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= Paralytic

* Pulmonary vasodilators
* PEEP

* Prone

~ Clinical management @ LVHN:
The 4 PS



Paralytic Administration

* To minimize ventilator asynchrony
* To reduce oxygen consumption from fever severing
* Promote higher levels of PEEP and prone positioning






* Administered Veletri 20mcg/8ml or inhaled NO 20-40ppm

* Improve perfusion to patent alveoli
* Improves oxygenation

* Reduces pulmonary resistance
* Reduces pulmonary artery pressure
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-Increase SpO2 or P/F ratio by
20%.

-Reduction in Pulmonary
Artery Pressure by 15%.
-Improvement of
hemodynamics post intra-
operative pump.



Optimizing PEEP

* Mean PEEP requirement was 14cm (8cm-28cm)

= Utilize P/V tool and/or transpulmonary monitoring to
determine lower inflection point and transpE pressure
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Setting PEEP Correctly

* Pressure/volume tool
* Decremental PEEP trial
» Start at 30cm PEEP and reduce by 2cm until best compliance
* Incremental PEEP trial
» Start at 5cm PEEP and increase by 2cm until best compliance
* Transpulmonary monitoring
PEEP/FIO2 table
= Stress Index
* Observe pressure/time curve
* Electrical Impedance Tomography
» Chest wall imagery



Volume

PV Curve to determine

PEEP

Upper
Inflectio
n Point

PIP

Alveolar

Overdistention

Tidal Volume

Alveolar

Optimal Range

7
/ Pressure

Alveolar

Collapse
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{ff;anspulmonary Monitoring: Clinical Rationale

* The measurement of esophageal pressure, used as a surrogate for pleural
pressure, allows calculation of the pressure required to distend the lung and
the chest wall. The distending force applied to the lung, called the
transpulmonary pressure, is the pressure difference between the alveoli and

the esophagus.

* This helps the clinical team to determine has much ventilator pressure (peak
airway pressure) is actually going into the lung.

= Also helps to determine where to set the PEEP level.



Transpulmonary Monitoring

PIP=RAW!/total CLT 41cm
PLT=Thoracic/pulmonary CLT 32cm
Transpl=pulmonary CLT 19cm

Transpl=what pressure the lung is
receiving



Post esophageal balloon
placement. § e

15:4542

[ Patient [ Additions [
Peak airway pressure minus
esophageal pressure equals:
Transpulmonary pressure
(pressure the lung is receiving)
Goal<25cm

Note peak airway pressure is 42c
Esophageal pressure 21cm thus
transpulmonary pressure

(the lung receiving)

only 19cm

PEEP set at 14cm
Based on PtransE
Between -2 to +2cm



Prone Positioning

* Improves Ventilation/perfusion matching in ARDS

* Helps reduce chest wall and abdominal impedance

* Facilitates secretion removal

* Prone 66% of all ventilated patients for>16 hrs. >3 days
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Prone Positioning

* |Improved oxygenation when turned to the
prone position

* Prone positioning may promote alveolar
recruitment in some patients and improves
oxygenation in many patients

= 2001 study reported no survival benefit from
the use of prone positioning in ARDS
patients™
~ *Gattinoni N Engl J Med 2001;345(8):568-573

— 2009 Meta-analysis reviews have demonstrated
improved survival in those patients who’s P/F
ratio was <100 torr
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Results

= Significantly lower mortality in the prone group at day 28 compared to supine
group (16% vs 32.8% respectively). This persisted at 90 days (23.6% vs

41%).
* 18 hrs. minimum of being in prone position






Proning team

= 2 Physical Therapists



‘£ Y84
B— | | '\Hr .

¢ .,‘.wf .;‘n_rw,mz

!




Anatomical
Considerations

Occurrences in Pulmonary Compromised Patients

Supine Position:

*Weight of heart upon lungs

*Dorsal lung compression

*Abdominal contents press upward on diaphragm
*Limited lung compliance

=\entilation/Perfusion - V/Q mismatch
*Facilitates hypoxemia



Prone Position

* Increases perfusion to apical and ventral lung units which
are less inflamed and patent

* Oxygenation improves secondary improved V/Q matching
* Minimal 16 hrs. per prone session



Results

SO W Group1

Group 2
|

20 }J

Therapy Unit Days Ventilation Days

Group 1: 12 Hr of proning / 24 hr/ 2 hr intervals

Group 2: 19:30 hrs proning / 24 hrs / :45 m supine vs. 3:15
hr prone

24.2 23.7

ICU Length of Stay Ventilation Days of

Survivors

Sachin Sud et al. Effect of prone positioning during
mechanical ventilation on mortality among patients with
acute respiratory distress syndrome: a systematic review
and meta-analysis. CMAJ July 8, 2014 vol. 186 no. 10.



http://www.cmaj.ca/content/186/10/E381.full

Ventilatory Management During Prone Positioning

* Pre-Prone: The Respiratory Therapist will:

-Increase FIO2 to 100%

-Ensure proper transpulmonary reading/placement

-Ensure Endotracheal/tracheostomy tube is properly secured
-Ensure adequate ventilator circuit length

-Perform complete ventilator assessment



Use of Prone Prior to Intubation

= Any COVID pt. placed on oxygen> 4lpm

= Utilized in medical surgical patient population
= Utilized in all high flow oxygen pts.

* Recommended self-proning

* Reduced ICU intubation in >50%
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Why Do V-V ECMO?

= Veno-venous ECMO takes over the
ventilation and oxygenation properties of
the lung

= |t allows the ventilator to be set on “rest”
lung settings while the lung recovers
from the underlying iliness

= The goal is to oxygenate/ventilate the
patient with ECMO while avoiding



_Dual Lumen Cannula for VV ECMO

e L

o Owygonator genated blood reinfused

Drainage luhen "
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~ Oxygenated
4 blood directed
across TV



Single Catheter,
Double lumen
_Catheter - alon




AP SUPINE PORT*
0 degrees




L e EY S 1 e S Y VR RIS EY WitE CR L Fiim N E ¥V WO IR-R

How We Identify the Potential

ECMO Patient?
* P/F ratio
* Lung Compliance
= X-ray

* Ventilator settings
* Murray Score!!!



Points

PIF ratio (FI02 300 | 226:299 75224 100+174 <100
of 1) inmmHg

CXR quadrants | Normal ! 2 3 4

infilrated

PEEPinem | <5 68 911 1244 215
H20

Compliance in | 280 60-79 4059 2039 <19
milem K20

Score> 3.0=ARDS

Lehigh Valley
Health Network
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Points

2

3

PIF ratio (Fi02
of 1) inmmHg

»300

175:224

100174

CXR quadrants
infillrated

Nomal

2

PEEP in ¢m
H20

€8

911

Compliance In
milem H20

280

60-79

4059

4 + 3 +3+ 4+=14/4=Murray Score 3.5=Candidate for ECMO




Mechanical Ventilation
Goals During ECMO

Maintain lung recruitment
Minimize ventilator induced trauma

Assist with oxygenation and ventilation if necessary
during V-V cannulation

Provide mucokinesis

Poor Survival rate in COVID-19 pts.?



,{ﬁ;ronavirus survivor in U.S. receives double lung transplant

The patient, who is her 20s, was on a ventilator and heart-lung
machine for almost two months before her operation last Friday at
Northwestern Memorial Hospital.

The 10-hour procedure was challenging because the virus had left her
lungs full of holes and almost fused to the chest wall, Dr. Ankit Bharat,
who performed the operation, said Wednesday.

She was otherwise pretty healthy but her condition rapidly
deteriorated after she was hospitalized in late April. Doctors
waited six weeks for her body to clear the virus before
considering a transplant.




X-Rays Pre/Post Transplant

--




COVID-19 Ventilator Data
@LVHN




Outcomes

July 10

Site Total Ventilated Pt. Liberation Expired Still ventilated
Muhl 46 27 18 1

cC 80 49 32 1
LVH-H 23 12 10 1
LVH-P 34 19 15 0
LVH-S 6 3 3 0
Total 179 99 (53.7) 77 (43.2) 3(3.1%)




Ventilator Management@ LVHN

First ventilated patient March 14 2020 at LVH-M
Apex 46 ventilated COVID pts.
Currently 3 ventilated pts.
60% of patients placed in placed in prone position for > 48 hrs.
Mean starting PEEP:

« March-June 14.5cm (6cm-28cm)

» June-current 10.2 cm (5¢cm -20cm)
Mean ventilator LOS of surviving pts. 27.8
100% received paralytics
80% received inhaled pulmonary vasodilators
Early re-intubation (44%) rate especially in females
BMI 36.6
Males/Females 60%/40%

All received Remdesivir, dexamethasone, and convalescent plasma
once available
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e Rescue Therapies?

L

* High Frequency Percussive Ventilation
* 3/20 survival 15%

= ECMO
* 3/24 survival 12.5%






Early intubation vs late intubation
Utilize prone position early-oxygen therapy
Extubation vs. early tracheostomy

Balance between maximizing therapy and minimizing staff
exposure

Normalizing day to day operations

= Providing education for staff, students, fostering new
technologies

= |s there a magic bullet??



Summary

COVID ventilator management is very challenging and complex
Proving lung protective ventilation continues to be mandatory

The clinical management of the disease is evolving, as is the virus
The ICU mortality rate remains high

Is this the new norm?



Thanlk You For Everything You
Have Done During This Pandemicl|

Kenny Miller
kenneth.miller@lvhn.org
610-402-5772
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