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SEVERE ACUTE CARDIOGENIC
PULMONARY EDEMA




CardiogenicPulmory Edema:Introduction

* Cardiogenic Pulmonary edema is a common and
potentially fatal cause of acute heart and respiratory
failure.

* The clinical presentation is characterized by the
development of dyspnea associated with rapid
accumulation of fluid within the lung’s interstitial
and/or alveolar spaces, which is the result of acutely
elevated cardiac filling pressures.

* “Flash” pulmonary edema is a term that is used to
describe a particulary dramatic form of cardiogenic
alveolar pulmonary edema.

Often,”’flash” pulmonary edema is related to a sudden
rise in left-sided intracardiac filling pressures in the
setting of hypertensive emergency, acute ischemia,
new onset tachyarrhithmia, or obstructive valvular
disease.



Figure 1: Clinical Presentations of Acute Heart Failure
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Figure 3: Precipitating Causes of Acute Heart Failure
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Schematic diagrams of causes of acute mitral

regurgitation
Normal Endocarditis Papillary muscle rupture
»Vagetation * Regional wall motion
= Leaflet prolapse abnormality
= Leaflet perforation » Rupturad PM head

Ischemic Iatrogenic Takotsubo cardiomyopathy
+Regional wall motion +Tethered or ruptured + Apical ballooning

abnormality chordae by tangled = Hyperkinetic basal LV
»Leaflet tethering guidewire/catheter - SAM

MR: mitral regurgitation; PM: papillary muscle; LV: left ventricle; SAM:
systolic antericr motion.

Reproduced with permission from: Watanabe N. Acute mitral regurgitation. Heart 2019;
105(9):671-677. Copyright © 2018 BMJ Publishing Group Lid.
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“BLACK" “BLACK AND WHITE"

Mild/moderate Consolidation
interstitial edema interstitial edema/
alveolar edema

. The American Journal of the Medical Sciences @
Cardiogenic Pulmonary Edema - The American Journal of the Medical Sciences




Starling forces involved in APE

ALVEOLUS

Alveolar Surface

ic | pressure tension i
INTERSTITIUM Lymphatic Lymphatic
drainage 1 T drainage
CAPILLARY Hydrostatic Oncotic

pressure pressure
.

8-10 mmHg 25 mmHg



Increased lymphatic Increased lymphatic
drainage drainage
Peribronchovascular Peribronchovascular

edema fluid

Ware L. N Engl J Med 2005



Ertiology of acute respiratory distress sy mol roe e
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Figure 2: Pathophysiology of CPO
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Pulmonary extravascular water, m|
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Murral JF- Int J Tuberc Lung Dis 2011
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Differentiation of noncardiogenic from cardiogenic pulmonary
edema based on clinical data

Noncardiogenic

History

Underiying disease (=g, pancreatitis,
sepsis)

Cardiogenic

Acute cardiac event (eg, myocardial
infarction)

Physical examimnation

Warm periphaery
Bounding pulses
MNormal-sized heart
Mormal WP

=53 absent

Mo murnmurs other than innocent flow
MUrmurs

Cool, mottled periphery
Small-wvolurme pulss
Cardiomegaly

Elevated 1IwP

S3 present

Systolic and diastolic murmurs

ECG

ECS usually normmal

ECGS signs of myocardial
infarction/ischemia

Chest radiograph filrm

Peripheral infiltrates

Perihilar infiltrates

Laboratory test

BMNP <100 mgsrmbl

BMNP =100 mgsSrmil

Wentilatory neaeds

Prolonged need for wventilatory support
with high Fio s and PEEP to oxygasnatse

Short duration of need for ventilatory
SUppOort

IWP: jugular vaenous pressure; S2: third heart scund; ECG: electrocardicgram; BEMNP: brain
natriuretic peptide; FiO: fraction of inspired oxygen; PEEP: positive end-expiratory
pressure.

Adapted
practical aporoach to cfime

from: Sibbald |

Crirrmringfharm DR, CRin D

Non-cardiac or cardiac pulfmonary» ederma > A
! adifferentiatiorn i critically Y patients. Chest 1983, S35 2.
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Acute respiratory distress syndrome

Chest radiograph showing diffuse, bilateral, alveolar infiltrates
without cardicmegaly in a patient with ARDS.

ARDS: acute respiratory distress syndrome.

Courtesy of Steven E Weinberger, MD.
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Electrocardiogram in a patient with flash
pulmonary edema

The ECG tracing reveals left ventricular hypertrophy (LVH) assoicated
with ST segment depression and T wave inversicns; these ST-T wave
changes (arrows) may also represent subendocardial ischemia, which
along with the LVH may be responsible for the episode of flash
pulmonary edema.
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Clinical profiles in acute decompensated heart
failure

CONGESTION (-) CONGESTION (+)
Pulmonary edema
Peripheral edema
Jugular venous distension
Hepatomegaly
Ascites

HYPOPERFUSION (-) Warm — Dry Warm — Wet

HYPOPERFUSION (+)
Cold sweaty extramities
Oligunia

Mental confusion
Dizziness

Diminished pulse pressure

Cold — Wet

Adapted from:

1. Nohrig A, Tsang SW, Fang JC, ef al. Clinical assessment identifies
hemodynamic profiles that predict outcomes in patients admitted with heart
failure. 7 Am Coll Cardiol 2003; 41:1797.

. Thomas 55 and Nohria A. Hemodynamic classifications of acute heart failure
and their clinical application: an update. Circ 1 2012; 76:278.

a

Copyrights apply



CLINICAL DECISION
MAKING TOOLKIT

Acute Cardiovascular
Care Association

Instant quidance
2018 edition for diagnosis, risk management
and treatment

@ESC

Ewropean Society
ol Cardigloqy
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DYSPNEA: Diferential diagnosis

P9
50% have 2 2 diagnoses, which may result in acute respiratory failure*!
Basic measures Criteria for transfer to ICU
* BP, HR, respiratory rate, Sp0; & temperature (Pasme Sxaa v for 20 es)
« Start oxygen to target Sp0; 94-98% * Respiratory rate >35/min  * SBP <50 mmHg
» Start i.v. fine & monitor patient * Sp0z <B5% * HR >120 bpm
Investigations: *ECG * Chest X-ray » Blood count scTn
*BNP * Venous BG » D-dimers if suspicion of PE
[
v v v ¥ v
Acute heart p i Exacerbated COPD Pulmonary Other causes, including
faiture ' or other chronic embolism 3 2;“‘"“ ,
Acute corenary lung disease % Iu:: Sepss
syndrome * Pneumothorax
» Pleural effusion/ascites:
* Definad as 21 crtesion: * Anxiety disorder
* Respiratory rate 225/min * Anemia
+Pa0; S75 mmHg * Bronchitis
*Sp0, $92% in ambient air * Metabolic acidosis
* PaC0: 245 mmBg with arterial pH £7.35 * Neurologic disease

g respiroiody fnlure In 182 elgerly SOy, emetQency SaJnosis &

arefsOuor W 35




DYSPNEA: Acute heart failure (see chapter 4.1) m

P.10
» iImmediate 12-lead ECG, cardiac monitor, BP, respiratory rate, * Chest X-ray (lung ultrasound)
pulse oximetry » Echocardiogram

» Clinical findings During admission (earfier if decompensated

Most commonly: lower extremity edema, jugular venous aortic stenosis or endocarditis are suspected)

distension, rales, work up for underlying cardiac disease and triggers » Coronary angiography
» Laboratory findings Emergent in patients with ACS; delayed in

Complete blood count, chemistries, cardiac enzymes, BNP, patients with suspected coronary artery disease

TSH, ABG as needed

* Positioning Keep head of bed elevated above level of legs
* Oxygen Up to 12 I/min via rebreather mask, titrate oxygen saturation to 94%
» Nitroglycerin  1-2 SL tablets or 2-3 patches 10 mg (1* choice). In pulmonary edema with severe shortness
of breath: NTG drip 0.05% (100 mg in 200 mi)
- Start with 25 pg/min = 3 mi/h, check BP after 5 and 10 min
- Increase dose by 25 pg/min at a time as long as SBP »90 mmHg
- Additional BP check 5 and 10 min after each increase in dosing
- Check BP every 20 min once a steady drip rate is reached
» Furosemide 40-120 mgq i.v. (adjust based on kidney function and clinical findings; monitor creatinine)
* Morphine 2 mq iv. (preceeded by 10 mg i.v. metoclopramide PRN) if patient is in severe dyspnoea
» Consider digoxin 0.5 (-1.0) mqg iv. in patients with atrial fibrillation
* Anticoaqulation Therapeutic dosing in ACS and atrial fibrillation: Enoxaparin 1 mg/kq body weight as 1 dose

Copyrights apply



Clinical profiles of patients with acute heart failure

Clinical profiles of patients with acute heart failure
based on the presence/absence of congestion and/or hypoperfusion

CONGESTION () CONGESTION ()
Pulmonary congestion, orthopnoea/paroxismal,
nocturnal dyspnoaa, peripheral {bilateral) cedema,
jugular venous dilatation, congested hepatomegaly,
qut congestion, ascites, hepatojuqular redlux

HYPOPERFUSION (-) WARM-WET
HYPOPERFUSION (+)
Cold sweaty extremities, Qliguria, COLD-DRY COLD-WET

Mental coafusion, Dizziness,
Narrow pulse pressure

Hypoperfusion is not synonymous with hypotension, but often hypoperfusion is accompanied by hypotension.

Reference: Fonibowsul P ot al. Eur 2 Heart Fail, 2015, 18(2 L8975 DO 30,1002 /ejhl. 592

Copyr



ACUTE HEART FAILURE: Airway (A) and breathing (B) m
Oxygen therapy and ventilatory support in acute heart failure

| Upcight position PS5
Pre-hospital or
emergency room RESPIRATORY DISTRESS?
Sp0z €908, RRI2S, gasiaaslonsy’
t Work of breathing, arthopnea '
Conventional oxygen therapy ;
Intudation
in hospital No "PERSISTENT" RESPIRATORY DISTRESS?
| Venous/Arterial blood gases :
SIGNIFICANT HYPERCAPNIA NORMAL pH ;
AND ACIDOSIS AND pCO, :
v :
Conventional Intokesance :
oxygen therapy |e 3
| | Intubation
After Weaning ' v 1
60-90 min v SUCCESS FAILURE
Room air

Reference adapled from Mebazsa A et al. Cur J Heart Fail {2015); 1T:54458



ACUTE HEART FAILURE: Initial diagnosis (CDE) m
P.56

C - CIRCULATION’

HR (bradycardia [<60/min], normal [60-100/min), tachycardia [>100/min]), rhythm (reqular, irrequiar), SBP (very low
(<90 mmHg], low, normal [110-140 mmHg], high [>140 mmHg]), and elevated jugular pressure should be checked.

INSTRUMENTATION & INVESTIGATIONS: ACTIONS:
Intravenous line (peripheral/central) and BP monitoring (arterial line in shock
and severe ventilatory/gas-exchange disturbances) Rule infout
Laboratory measures acute heart fallure
« Cardlac markers (troponin, BNP/NT-proBNP/MR-proANP) as cause of symptoms
* Complete blood count, electrolytes, creatinine, urea, glucose, and signs
inflammation, TSH
» Consider arterial or venous blood gases, lactate, D-dimer Determine
(suspicion of acute pulmonary embolism) clinical profile
Standard 12-lead ECG
* Rhythm, rate, conduction times? Start as soon as
* Signs of ischemia/myocardial infarction? Hypertrophy? possible treatment of
Echocardiography both heart fallure and
a) Immediately in haemodynamically unstable patients the factors Identified
b) Within 48 hours when cardiac structure and function are either not known or as triggers

may have changed since previous studies

Establish cause
Ventricular function (systolic and diastolic)? Estimated left-and right-side filling
pressures? Lung ultrasound? Presence of valve dysfunction (severe stenosis/

insufficiency)? Pericardial tamponade?



ACUTE HEART FAILURE: Management of patients with acute heart
failure based on clinical profile during an early phase

P.58

|

Bedside assassment to identily haemodynamic profiles

PRESENCE OF CONGESTION"?

Yes « » Neo
(95% of all ANF patients) (5% of all AT patients)
, v
"WET" patient "DRY™ patient
ADEQUATE PERIPHERAL PERFUSION?
"DRY™ and "WARM" "DRY"™ and "COLD"
"WET" and "WARM" Adeguately perfused Hypepertusad, hypovolemic
patient (typicaly slevated No = Compensated
or moemal systolic bicod '
pressure) Y Corsider 11 chabenge
Adust oral theragy Corgider inotropic agent if still Mypoperfused




P.59
> "WET" and "COLD" patient
! ¥ Systolic blood pressure 90 makg
Vascular type-flid Cardiac type-this Yol oo
redistribution accumulation
Hypertension predominates Congestion predominates R agent « Vasodiators
+ Consider vasopressor * Diuretics
in refractory cases « Consider inotropic agent
» Vasodilator » Diuretic * Diuretic In refractory cases
» Diuretic * Vasodilator (when perfusion corrected)
» URratiRration « Consider machanical clrodatory
(consider if diuratic resistance) suppert ¥ no response to drugs

*Symptoms/fsigns of congestiorc orthopnoea, paroxysmal nocturnal dyspnoes, breathlessness, bisbasilar rales, sdnormal blood pressure response to the
Valsalva maneuver (eft-sided); symptoms of gut congestion, jugular venous distension, hepatojuguiar refiur, hepatomegaly, ascites, and peripheral
oedema (right=sided).

For more information on individual drug doses and indications

SEECHAPTERS DRUGS USEDIN ACUTE CARDIOVASCULAR CARE

Doferesce: Ponikowskl T eleal Eur 2 Meart Fail. 2014 18088 OICTS DO 101002 /einf 592,




ACUTEHEART FAILURE: Management of acute heart failure

P.60

§ No acute heart failure Confirmed acute heart failure
:
bt MONITORING TREATMENT OBJECTIVES to mnnt dysfunction:
S Dyspnea (VAS, RR), BP, Sp0;, HR and Improve symptoms, maintain SBP »30 mmHg andpemhml
< rhythm, urine cutput, peripheral perfusion perfusion, mantain Sp0,>90% (see tatle in pages 63-64)
3 |

v 8 REASSESSMENT

Clinical, biological and psycheosocial parameters by trained nurses

led
& , . ,.
3 Observation unit (<24h) Ward (cardiology, internal ICu/ccu
=3 ” i : medicine, geriatrics) -
2 Risk ﬁflﬂﬂ“ﬁ@ ansure patient .
= is a1 low fish betors direct discharge
A |
é Discharge home

v v . , '

Visit to cardiologist Rehabilitation Palliative care
<1-2 weeks program hospitals

Seference sdapted from Mebazoa A et al, Eur J Meart Fail, (20155 17: 54458 ang Mo O et al, Ann Intérn Med (2017); 167698705,



2021 ESC Guidelines for
the diagnosis and

treatment of acute and
chronic heart failure




Initial management of
acute heart failure

MCS = mechanical circulatory support.

aAcute mechanical cause: myocardial rupture
complicating acute coronary syndrome (free wall |
ventricular septal defect, acute mitral regurgitatio
chest trauma or cardiac intervention, acute native
prosthetic valve incompetence secondary to endo
aortic dissection or thrombosis.

bSee previous slides for specific treatments accord

. @ ESC_, different clinical presentations.

di ideli 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic hea
rdio.org/guidelines (European Heart Journal 2021 — doi:10.1093/eurheartj/e



Ommie Management of pulmonary
é oedema

MCS=mechanical circulatory support; RRT=renal replacement therz
SBP=systolic blood pressure.

@esc—

di ideli 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic hea
rdio.org/guidelines (European Heart Journal 2021 — doi:10.1093/eurheartj/e



nendations for the initial treatment of acute heart failure (1)

endations Class Le
Ind ventilatory support
s recommended in patients with SpO, <90% or PaO, <60 mmHg to

ypoxaemia. | (
n is recommended for progressive respiratory failure persisting in spite of I (
dministration or non-invasive ventilation.

sive positive pressure ventilation should be considered in patients with

ry distress (respiratory rate >25 breaths/min, SpO, <90%) and started as lla E

0ssible in order to decrease respiratory distress and reduce the rate of
al endotracheal intubation.

ssure of oxygen; SpO, =transcutaneous oxygen saturation.

di ideli 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic hea
r |o.org/gu| elines (European Heart Journal 2021 — doi:10.1093/eurheartj/e



nendations for the initial treatment of acute heart failure (2)

endations Class Le

)us loop diuretics are recommended for all patients with AHF admitted
s/symptoms of fluid overload to improve symptoms.

tion of a loop diuretic with thiazidetype diuretic should be considered in
vith resistant oedema who do not respond to an increase in loop diuretic lla L

Lors
ts with AHF and SBP >110 mmHg, i.v. vasodilators may be considered as
rapy to improve symptoms and reducecongestion.

failure; i.v. = intravenous; SBP = systolic blood pressure.

Ilb E

di ideli 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic hea
r |o.org/gu| elines (European Heart Journal 2021 — doi:10.1093/eurheartj/e



Diuretic therapy
(furosemide) in acute
heart failure

i.v.=intravenous.

aThe maximal daily dose for i.v. loop diuretics is ge
considered furosemide 400—600 mg though up to
mg may be considered in patients with severely in
kidney function.

bCombination therapy is the addition to the loop ¢
of a diuretic with a different site of action, e.g. thi:
or metolazone or acetazolamide.

@ESC—

di ideli 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic hea
rdio.org/guidelines (European Heart Journal 2021 — doi:10.1093/eurheartj/e
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Heart failure action plan - page 1

Every morning, when you get up, check how you are doing. Lock for:

Changes in breathing

Ask yourself:
= Can I breathe as well as I usually can?
= Am I getting out of breath doing things I can normally do
without a problem?
= Am I coughing more than usual?
= Did I use more pillows than usual to sleep last night?

Changes in weight

Weigh yourself every moming after unnating but before eating.
Write down your weight on a calendar. Then ask yourself:
= Has my weight gone up or gone down compared to yesterday?
If 50, by how many pounds?
= Has my weight gone up or gone down compared to a week ago?
If 50, by how many pounds?

New or worse swelling

Ask yourself:
= Are my ankles more swollen than usual?
= Do my socks or shoes feel tighter?
= Do my clothes feel tighter at the waist?
= Do my rings fit more snugly?

Changes in your ability to do everyday things

Ask yourself:
= Can I do all the things I normally do, such as get dressed on
my own, make meals, or go for walks?
= Do I feel dizzy or more tired than usual?
= Do I have any new symptoms, like pressure or pain in my chest?
= Does my heartbeat feel strange or irregular?
= Do I feel like I might pass out?

See the next page to find out what you should do if any of these changes occur.
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Heart failure action plan - page 2

Symptom Action

Best weight: I:l Your symptoms are under control.

If you have: = Keep taking your medications

= No trouble breathing every day, as ordered

= No chest pain = Keep weighing yourself every day

= No weight change overnight or over and writing down your weight
the last week = Keep all your medical

= The usual amount of ankle swelling appointments

= No change in ability to be active

If you: y
You might need to take extra

= Need more pillows than usual to sleep i
medicine.

= Have more trouble breathing when

you are active &_> Call your doctor's office to

= Have more coughing than usual find out what you should do.
= Increased shortness of breath with activity i

= Gain 2 to 3 pounds overnight, or Doctor name:
5 pounds in one week Phone #:
= Have more swelling than usual

If you:
= Have trouble breathing when you are You probably need to see a
resting, or you can't stop coughing doctor right away.
= Wheeze or feel chest tightness when
you are resting Call your doctor now.

= Wake up at night because you can't

breathe well Doctor name:
= Feel dizzy, very tired, or like you might fall
= Gain or lose more than 5 pounds Phone #:
compared to your normal weight
If you:
R

= Have trouble breathing that does not
get better no matter what you do

= Feel like you can't breathe, or start
to turn blue

= Cough up frothy or pink saliva

= Have pain or pressure in your chest, or 0 0
vou have other signs of a heart attack

= Have a fast or unaven heartbeat that

will not go away or makes you feel Call 9-1-1 for an ambulance
dizzy or lightheaded right away

= Feel very confused

= Faint

Adapted from: Heart faifure: Heart Failure Action Plan. The National Heart Foundation of New
Zealand. Available at: hitps://www.heartfoundation. org.nz/your-heart/ heart-conditions/heart-

failure.
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Time course of acute respiratory distress
syndrome (ARDS)

Exudative stage Proliferative stage

1.0 Edema Hyaline membranes | Interstitial inflammation

Interstitial fibrosis

0.5

Fraction of maximum

n 1 ] ”.T'I 1 L -] L ]

1 2 3 4 5 6 78 i0 12 14
Time following injury, days

Schematic representation of the time course of the acute
respiratory distress syndrome (ARDS). During the early (or
exudative) phase, the lesion is characterized by high
permeability pulmonary edema followed by the formation of
hyaline membranes. After seven to ten days, a proliferative
phase may develop, with marked interstitial inflasmmation,
fibrosis, and disordered healing.

Redrawn from Katzenstein AA, Askin FB. Surgical Pathology of Non-
neoplastic Lung Disease. Saunders, Philadelohia, 1982,
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Negative Pressure Pulmonary Edema: Pathophysiology

Authors:
Mackenze Gault

Reviewers:
. Arsalan Ahmad
s J ventilation to Airway Obstruction Xl
ypl lungs Involuntarily biting ET tube or laryngospasm most common * MD at time of publication
4
Patient tries to inspire forcefully against obstruction
Detected by 4
: g % ; Notes:
. peripheral Highly negative intrathoracic pressure EY taba: Eadowachial 1ibe
chemoreceptars ¥ | Laryngospasm: spasm of vocal
cords; may occur on extubation
l Acute T in systemic venous CXR: Chest X-Ray
return to nght heart
Sympathetic :g i
stimulation
i M pulmonary blood volume
I |
4
™ pulmonary arterial + capillary pressure J pulmonary interstitial pressure
| |
L]
T trans-capillary pressure gradient
+
Fluid pushed out of pulmonary capillaries into the interstitium
Negative Pressure Pulmonary Edema:
Fluid in lungs caused by highly negative intrathoracic pressure
l 4
. CXR: diffuse Pl G e If severe: pressure and fluid build-up il
bilateral infiltrates 1 damages capillary and alveolar walls WiSIEUMam
A PO; L diffusion of alveolar 0, Fluid & red blood cells from capillaries
L O, Sats into pulmonary capillaries enter alveoll and are coughed up Erothy pink sputum

Legend: Pathophysiology Mechanism  Sign/Symptom/Lab Finding

Complications | Published September 1, 2019 on www.thecalgaryguide.com  (cc) (R



Common and wecommoen precipitating factors assoclated with hospitalization for
ADHF
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