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Koncept bedside CUS a echokardiografie
- LV function and determination of LVEDP/LAP, mitral valve

- Differentiation of ARDS vs. cardiogenic lung edema

- RV dysfunction and assessment of pulmonary hypertension

- Detection of intracardiac shunts

- Preload

- Pleural pathology and lung parenchyma

- Diaphragm

- Ventilation strategy, pleural drainages….

- Indication to bronchoscopy

- Patient positioning, proning, semiproning…..

- Indication to ECMO (TTE+LUS….) 2
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Echo a CUS in a respiratory failure
What is LVEDP and LAP ? 

Improvement in preload, 
contractility, afterload and heart
rate/rhythm ?  

Cardiac failure, could the symptoms
be relieved by mechanical
ventilation ? 

RV/RA function to tolerate IPPV ? 
Is the lung recruitable ? How to set a 

ventilator ? 
Patient´s position ? Is the pleural

drainage feasible ? Is a fibreoptic
bronchoscopy indicated ? 

Is there an indication to ECLS ? What
type of ECLS and what
cannulation ? An optimal IPPV 
during ECLS ?   
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Systematic approach to chest US: 12 zones

4

Right: 
Upper: Ant – Lat – Post
Lower: Ant – Lat – Post
Left: 
Upper: Ant – Lat – Post
Lower: Ant – Lat – Post

(Via G, et al: Minerva 
Anestesiol 2012)
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Sequential interpretation of chest US
(Via G, et al: Minerva Anestesiol 2012; 78: 1282-96)
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Detection of pleura, pulse, sliding, A a B 
lines

A line: reverberation of pleural
line

B line: interlobular septa, >3…. 
accumulate fluid, 25-28% 
above diaphragm on IPPV

• ALI, ARDS
• card. lung edema
• pneumonia
• chronic interst. process

Heralds X-ray edema
(Badgett RG 1996,     
Lichtenstein 2005, 2007) 

Intersticial syndrome - grading
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4 degrees of lung consolidation

I (N) – A lines, aerated
lung, a comet, Z lines 
acceptable

7

III (B2) – B lines 
3 mm to 
coalescent

II (B1) - B lines, up to 
B4-7 mm, A line 
absent

Recruitability II and III, seldom IV anterior, lateral
Never IV basal and caudal ! (Bouhemad B: AJRCCM 2011)
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Kumulace tekutiny, recruitabilita a preload

Daniel Lichtenstein: Chest 2009

- ARDS: correlate (weak) with EVLW (Baldi G: Intens Care Med 2013)

- No correlation to oxygenation (Haddam M, Intensive Care Med 2016)

- Monitoring of proning and positioning (Tsubo T: Crit Care Med 2004)

- Monitoring of ATB and th of VAP (Bouhemad B, Crit Care Med 2010)

- Prediction of SBT failure (T-piece in intubated)
- Derecruitment anterior, lateral, posterior (Soummer A: Crit Care Med 2012)
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Crit Care 2020

- CUS je přesnější než RTG pro dg. respir. insufficience
- B linie, ztluštění pleury, subpleur konsolidace
- Konsolidace s bronchogramem hlavně u superinfekcí
- Bilat. A pattern vylučuje Covid19 pneumonii
- Integrace s klinikou a lab. dg. je kruciální pro správnou interpretaci9

2 round Delphi, 
voting on PICO in 9 
domains
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Porovnání LUS 
a CT u Covid-19 

- Problém v definici: Kolik B linií a jakou hustotu potřebujete ke 
korelátu s ground glass opacities ? …..coalescent B linies, gr.3 !
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Důležitost 
illness severity
pro dg. 
přesnost LUS

- 4 centra, 100 pts, LUS score ve 12 regionech: 0-36 (12x 0-1-2-3)
- AUC 0.78 (CI 95%, 0.68-0.87, p˂0.0001), AUC 0.92 pro pac na UPV
- LUS˃23 predikce CT pneumonie se spec ˃90%, PPV 70%
- LUS˂13 vylučuje CT pneumonii se spec ˃90%, NPV 92%
- 38% inkonkluzivní, 
skore 13-23…možná
indikace k CT 
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4 různí Covid-19 pacienti: Závažnost CT nálezu 
a korelace mezi LUS a CT 
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02 maskou
NIV

IPPV, VV-ECMO IPPV, VV-ECMO
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CT není automatickou součástí diagnostiky 
těžkých intersticiálních plicních procesů

- CT jako možný indikátor ICU při příjmu (nebo standard ?) – ne prvních 48h
- neexistuje korelát mezi CT/RTG plicního parenchymu a funkčním stavem 
- Tzv. procentuální výpočet zasažení plicního parenchymu nekoreluje s 

virovou náloží = neurčuje virostatickou léčbu
- Rutinní CT zatěžuje pacienta, RDG a ICU personál, pojišťovací systém 

(indukovaná léčba pro ICU…), spotřeby ochranných pomůcek….
(ACR Recommendations for the use of Chest Radiography and Computed Tomography (CT) for 
Suspected COVID-19 Infection, www.acr.org)
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CUS: lokalizace 
konsolidované plíce pro 
dosažení maximálního 
benefitu polohování a 
pronace
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Indication to bronchoscopy
- FOB 24/7 managed by intensivists
- Indication supported by imaging including ultrasonography
- Absence of dynamic bronchogram has 94% specificity for

atelectasis (Lichtenstein D: Chest 2009)
- Positioning, proning, physiotherapy

15

+36h

Immediately after FOB
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Fluidothorax: Kvalitativní zhodnocení
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Fluidothorax and favourable impact of drainage
on oxygenation and weaning of IPPV  

- 19 studies in metaanalysis of 
Goligher et al (Crit Care 2011): 
paO2/FiO2 increase by 18% 
after drainage

- Impact on LOS IPPV and 
mortality

- …positive, without stat sig. 
(Fartoukh et al: Chest 2002, 
Adenigbagbe A: Chest 2007)  

- …larger effusion with larger benefit 
(Talmor et al: Surgery 1998)  

17

- Quantification, therapeutic tap: 
˃350-400 ml

- Time factor (PH, cardiac failure..)
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Remerand, et al: Intensive Care Med 2010
V [ml] = Area [cm2] x Length [cm]

Area

Length

Distribution of pleural fluid: bi-conical shape, 
common base
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- Volume = L sep[mm] * 17 + 540 
(prediction error 129 ml)

- Volume = separation [mm] * 20
(prediction error 150 ml)
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What is the LVEDP pre-
drainage of large enough
fluidothorax ?

LVEDP 26 mmHg on TTE: 800 ml of 
transudate evacuated without neg. 
pressure….

…resulting in pulmonary edema with a 
need for rising PEEP, FiO2 and 
addition of Dobutamine 5.0 ug/kg.min
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CUS a drenáž: Poloha hrudního drenu jako 5. 
příznak vylučující pneumothorax ? 

- Význam ventroapikálně – omezený sliding
- Malpozice HD až 30% (Remerand F, Anesthesiology 2007)
- Riziko okultního ventrálního PNO ! ……

22

Malý M, et al: Interpleural location of chest drain on ultrasound excludes 
pneumothorax and associates with a low degree of chest drain 
foreshortening on the anteroposterior chest X-ray, under review 2022
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Kontrola polohy drenu a drenáže: RTG a CUS

- U drenáže PNO:  
„vlaštovkovité 
zalomení“ v místě 
přitištění drenu plicí
pod hrudní stěnu.

- Cm na drenu by 
měly odpovídat 
průběhu v AP 
projekci (10cm = 10 
cm + 5 cm)

- Tortuosita HD 
zvýšená:  ventrálně 
nebo dorsálně 
zavedený dren v AP 
postavení – v plíci !!!
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Weaning: diaphragm as major respiratory
muscle

24

ZOA

Zone of aposition
(ZOA): caudal
movement
chest wall
ventral and 
lateral

Diaphragmatic
amplitude (DIA)

DIA
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ZOA: Zltušťování bránice (TF min 20-25%)

25
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Diafragmatická amplituda: DIA min 1.0-1.5 cm

26
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DIA: Pareza bránice (AMM)
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Airway: CUS před tracheostomií
• Infra or supraisthmic

dissection expected ? 
• Depth of trachea from not 

compressed skin: Portex or
Rusch/Mallincrodt ?

• Size of trachea ? 
• ET pulled out under US 

control
• Vessel structures ? 
• Infectious issues –

elimination of soiling from
trachea
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Limitace CUS 

29
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Děkuji za pozornost !
Komplexní kardiovaskulární centrum
KARIM VFN a 1.LF UK 

U nemocnice 2; 128 08 Praha 2
T: +420 224 963 366
F: +420 224 967 125
martin.balik@vfn.cz
www.karim-vfn.cz
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