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« ZMBEEMNN B N1 EEIE (catheters, tubes, lines)
KBRS ZE (barotrauma)
e fli7K & (cardiogenic pulmonary edema vs ARDS)
« /K73 Z5¥1E (fluid status evaluation)
» [ 35FE (lung atelectasis)

e fl#2ZE (pulmonary embolism)



ICU CXR Z 45

* Portable

* Supine

* AP view

* Poor inspiration (Hypoinflation), effects of MV (Hyperinfation)
e Catheters, tubes, lines...



Supine vs Upright

« N5 & Hair-fluid level

e Pleural effusion & pneumothorax ZZ3&ZIEAE - BRA
210

e FinEy 7 MEREERTE EH (cephalization)
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Hypo- or Hyper- inflation
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Catheters, Tubes, Lines

BEES =g AZEE * Nasogastric tube
=k /E/J\/L:\n$'fE HUEER/ * Endotracheal tube
IEHE - A —FFé fiE - » Tracheostomy tube

* Central venous catheter

-

* Esophageal temperature probe
 Hemo-cath

* Pulmonary artery catheter

* Chest tube

* Pigtail drain tube

* Pacemaker

* |ABP

e ECMO



Gastric
bubble
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* Acute cardiopulmonary disease
* |nvasive mechanical ventilation
* Arterial catheter (PAC, IABP...)
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Catheters & Tubes & Lines



Endotracheal Tube

- The position of the tip of the endotracheal tube can vary
with neck position (see next page)

- Neck extension causes a 2-cm ascent of the tip

- Neck flexion causes a 2-cm descent of the tip

- When head and neck are in the neutral position, the tip of
the ET tube should rest at about 5 cm above the carina and
at least 3 cm distal to the vocal cords (American College of
Radiology)

- The carina is located on radiographs at the 4th rib or the
T4-T5 interspace.



Endotracheal Tube
* Using the MANDIBLE as a guide

* Neck extension (inf. border of mandible above C4)
* Tip of tube: 7+ 2 cm from carina

* Neutral (inferior border of mandible at C5-6)
* Tip:5£2cm

* Neck flexion (inf. border of mandible below T1)
* Tip:3 £ 2cm

 Width: 1/2 - 2/3 of trachea
e Cuff:

* Inflate to occlude the trachea but do not exceed the diameter of trachea. Balloon of
1.5X the diameter of trachea will cause tracheal injury.



Endotracheal Tube

* Complications:

* One lung intubation (usually right main)

* Hyperinflation of right lung
- emphysema, pneumothorax

* Atelectasis of left lung
* Esophageal intubation

e E-T tube not in the trachea

e Gastric distention
* Tracheal rupture (usually within 7 cm of the carina)

* Pneumomediastinum, pneumonthorax, subcutaneous emphysema..
 Aspiration (pneumonitis)/ Infection (pneumonia)












Tracheostomy Tube

*Tip: 1/2 — 2/3 between stoma & carina

nner diameter: 2/3 of tracheal lumen
ong axis: parallel to tracheal wall

Distal end: Do not abut tracheal wall



Percutaneous Dilational Tracheostomy

* Complications:

* Malposition of tracheostomy tube (false lumen)
Tracheal rupture -> pneumomediastinum
Subcutaneous emphysema, pneumothorax

Bleeding
Over-inflation of cuff
Infection (pneumonia)






Central Venous Catheter

* In SVC
* Tip:

* below right brachiocephalic v. (anterior
first rib) and slightly above the right
atrium

 at the level of or slightly above the
azygos vein

* As many as 30% of CVP catheters
are initially placed incorrectly.




The ICU Book



Central Venous Catheter

* Complications:
* Malposition: up to 40%
* |In pleural space or In mediastinum

* Vessel perforation
* Pleural effusion or widening of mediastinum

* |n other veins

* Too distal (inadequately advanced) [T & )=]
* The proximal port will not beyond venous valves

e Tip beyond azygos vein [ A %]

* SVC become intrapericardial, vessel rupture will result in pericardial effusion or even
temponade



Central Venous Catheter

* Complications:

* Malposition (Cont.):
* InRA
* Arrhythmia, cardiac perforation

* Catheter tip directed against the wall of SVC
* Easy vessel perforation

* Pneumothorax: up to 5%
e Obtain a portable CXR even after a failed attempt to place a central line
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Esophageal temperature probe

* Place in the lower third of the esophagus






Pulmonary Artery Catheter

e Swan-Ganz Catheter
* Tip: in RPA or LPA

e The tip should never be lodged beyond a major pulmonary artery (RPA, LPA or
proximal interlobar artery)

e Within 2 cm from hilum



Pulmonary Artery Catheter

* Complications:
* Malposition: 24%

* Pulmonary infarction
* Pulmonary artery rupture
* Pulmonary hemorrhage

* PA pseudoaneurysm
* May present as a new solitary pulmonary nodule months after discharge from ICU






|ABP (intra-aortic balloon pump)

* Inflate in diastole; deflate in systole
* The balloon is in thoracic aorta

*Tip is ideally located in the descending aorta, 2 cm
distal to the origin of left subclavian a. (just caudal to
the aortic arch)



|ABP (intra-aortic balloon pump)

* Complications: 8-36%
* Proximal migration of tip:
e Cerebral, vertebral, subclavian a. obstruction
* Distal migration of tip:
* Mesenteric and renal a. obstruction
e Other complications:
* Aortic dissection
e Balloon rupture with gas embolization
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Distal mi

IABP: deflated ==——pp-

Feeding tube kinging




Chest Tube

* To drain air (pneumothorax) or fluid (pleural effusion or
empyema). Air will be collected anteriomedially,
fluid will be collected posteriorly

* Insertion site: the 4th intercostal space (about the level of
nipple) at ant- or mid- axillary line

* The tip should ideally be aimed aAoicaIIy, except for
drainage of loculated pleural fluid.

* The side holes should be always positioned medial to the
inner margin of ribs



Chest Tube

* Complications:

* Lung, mediastinum penetration

* Liver, spleen, and diaphragm trauma
Chest tube In the fissure

Chest tube in the subcutaneous tissue
Side hole in the subcutaneous tissue
Subcutaneous emphysema
Hemorrhage



Spontaneous resolution of
left side pneumothorax







Barotrauma



Barotrauma

* \Ventilator associated lung injury:
 (Oxygen toxicity)
* Volumetrauma
* Atelectrauma
* Biotrauma
e Barotrauma: Presence of extra-alveolar air




Barotrauma

* High airway pressures can cause gross injury manifest as air leaks

* Air get access into the interstitial tissues = track along the bronchovascular sheath
- into mediastinum

* Manifestations: (extra-alveolar air)
* Pulmonary interstitial emphysema
* Pneumomediastinum

Subcutaneous emphysema

Pneumothorax

Pneumopericardium,

Pneumoretroperitoneum,

Systemic embolism






Supine Sit







Pneumopericardium




Subcutaneous Emphysema




imoretroperitoneu




Pulmonary edema

Cardiogenic pulmonary edema

Non-cardiogenic pulmonary edema (ARDS)



Pulmonary Edema

* Mechanism:
* Elevated pulmonary venous pressure
* Increased permeability of alveolar-capillary membrane
* Decreased plasma oncotic pressure
* Lymphatic insufficiency
* Unknown



Pulmonary Edema

* Cardiogenic:

* Noncardiogenic:
* Adult Respiratory Distress Syndrome
* Neurogenic
* Re-expansion
* Upper airway obstruction
* High altitude
* Drug (Heroin)
* Hantavirus pulmonary syndrome



Cardiogenic Pulmonary Edema

* Increased LVEDP
— increased LA pressure
— increased PV pressure
— increased PCWP pressure
- capillary leak
* Cause of cardiogenic pulmonary edema:
* Heart failure: CHF, AMI, VHD...

e Fluid overload
 Renal failure



Cardiogenic Pulmonary Edema

* Signs of raised pulmonary venous pressure:

« IFE ZUATICXR - MAmEF 200 E@QJ:HFEE%ZEH = I Ak B2
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* Vessels in the first intercostal space should not exceed 3 mm in
diameter

 The ratio of PA and bronchus



Vascular Redistribution and Cephalization




Pul Artery / Bronchus




Cardiogenic Pulmonary Edema

* Normally, the pulmonary interstitium and alveoli are
relatively dry.

* Increased pulmoary venous pressure = increased
interstitial fluid = increase lymphatic drainage

* Once the capacity of lymphatic drainage is exceeded,
interstitial edema results. When fluid spills into the
air space, alveolar edema results.



Interstitial Pulmonary Edema

* Septal lines: Kerley’s A line, Kerley’s B line

* Bronchial wall thickening (peribronchial cuffing)

* Interlobar septal thickening

* Pleural effusion

* Hilar haze: loss of definition of large pulmonary vessels
* Diffuse reticular pattern resembling interstitial fibrosis
* Increased density of the lung parenchyma

* Enlarged mediastinal LN and mediastinal fat
opacification



Interstitial Pulmonary Edema

Septal Lines: Kerley’s B Lines




Interstitial Pulmonary Edema

Cardiomegaly

Increased density of
lung parenchyma

Hilar haze

Kerley’s
B line




Interstitial Pulmonary Edema

Cephalization

Thicken Minor
Fissure

Engorged Pul
Artery

Kerley’s A
line

Hilar Haze




Alveolar Pulmonary Edema

* Air-space filling
* ill-defined, tends to coalesce
* Air bronchograms or air alveolograms

* Distribution
e Patchy and widespread

e Usually bilateral, occasionally unilateral (R’t lung), rarely lobar
(MR—>RUL)

e Central or Perihilar distribution: “Bat’s wing” or “Butterfly” pattern.



Alveolar Pulmonary Edema

g

 Butterfly pattern:

e Perihilar distribution of
air-space filling, leaving an
aerated outer “cortex”.
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> 1 A case of AMI with Acute MR



Alveolar Pulmonary Edema

* Rapid change on films over
short intervals

* Change of distribution several
hours after patients change their
position

* Rapid clearing suggest
cardiogenic pulmonary edema




Uremia After
HD

6/12/73

Interstitial and alveolar edema

. One day later
Bilateral pleural effusion y



Cardiogenic Pulmonary Edema
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Interstitial edema Alveolar edema



Non-cardiogenic Pulmonary Edema

Acute Respiratory Distress Syndrome (ARDS)
Diagnostic Criteria (1994 AECC Definition):

1. Acute onset
usually within 24 hours, most within 72 hours

2. Bilateral infiltrates on CXR

3. Pa02/FiO2 of 200 or less
Pa02/FiO2 of 300 or less = Acute Lung Injury (ALI)

4. PCWP of 18 mmHg or less, or no clinical signs of left atrial hypertension
No clinical evidence of fluid overload or cardiogenic pulmonary edema



Non-cardiogenic Pulmonary Edema

Acute Respiratory Distress Syndrome (ARDS)

Diagnostic Criteria (2012 Berlin Definition):
1. SHEE (REHA)

2. R pEEs (% =2 10w Al B 2R A 3 AR

3. BARORISELES R IBZ R ENKIE

4. E5F{E (FECPAPELPEEP = 5 cm H20 | P/F ratio < 300)
P/F 200-300 > Mild ARDS
P/F 100-200 - Moderate ARDS
P/F < 100 = Severe ARDS




Increased lymphatic
drainage

Increased lymphatic
drainage

Peribronchovascular
edema fluid

Peribronchovascular
edema fluid

Fluid-filled
interstitium

Fluid-filled

interstitium

Alveolar flooding due
~ Alveolar 5 i"e::::b‘i’lfi’t“h elis
" flooding by 4 bt/

Neutrophil

Disrupted endothelial
barrier

Ware LB el al. NEJM, 2005



CXR of ARDS

* Bilateral, widespread, patchy, ill-defined air-space
filling.

* Usually all lung zone are involved both centrally and
peripherally.

* Signs of interstitial edema may also be present, but
septal lines are rare.



CT Scan of ARDS

* Heterogenous

* Air-space consolidation and grounc
* The densely consolidated lung tenc

the dependent site

-glass opacity
s to locate on

* Interstitial thickening, fibrosis in late stage

*Cyst or
* Bilatera

Ou

P

lae formation
eural effusion



Exudative Phase Fibrosing-alveolitis Phase

Ware LB et al, NEJM, 2000



Sepsis-induced ARDS

A case of Vibrio infeton
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Paraquat Intoxication
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Neurogenic Pulmonary Edema

« Z e HXHead injury ~ ICH ~ Seizure
Brain tumors ZJ& A °

* Mechanism: unknown
O] SEFHR R BB SE R B EHIE -
SYinMrsiEn - mEikE EF -
j':'jf’\endothellal damage/NEHAE® -

* The heart is not enlarged.

e Can occur in a minute. The lung
usually clear within 24 to 48 hours




CXR: Cardiogenic pulmonary edema vs. ARDS

Cardiogenic
Pulmonary Edema
CXRZ R, HE N B A 3 A= AR H PR

Change on serial CXR Rapid Slow

Central distribution, More diffuse, both

Distribution Peripheral sparing centrally & peripherally

Cardiomegaly,
Cephalization

A o)

Septal lines e

’ />
Peribronchial Cuffing o R
Air bronchograms /DHE ==}
Pleural effusion =% =/



Fluid Status Evaluation



Evaluation of Fluid Status on CXR

e Signs of increased pulmonary venous pressure
* Signs of interstitial edema

* Signs of alveolar edema

* Heart size

* SVC and Azygos vein

* \Vascular Pedicle Width (VPW)



3 days later, after fluid
resuscitation of 8000 ml




SVC

Redistribution,
Cephalization
Axygos Vein
Right lower lobe \

ul arter
P y Vascular Pedicle
Width

Heart size



Vascular Pedicle Width

1. Aortic arcb_J:Ieft subclavian artery
NEZI MEER

2. SVCEright main bronchus Z 32 5%

e IF R upright CXR ZVPW =48 + 5
mm

* CTR>55%HVPW > 70 mm BIEE I
BB 7% EZPCWP > 18 mmHg
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http://www.chestjournal.org/content/vol121/issue3/images/large/cb0124396001.jpeg

Vascular Pedicle Width
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Atelectasis

* Direct sign: collapsed lung

* Indirect sign: volume reduction
— Trachea, heart, hilum, fissure, diaphragm, intercostal space






Left Lung Collapse




RUL Collapse




RML Collapse
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RLL Collapse




LUL Collapse




LLL Collapse




Segmental or Subsegmental
Atelectasis




Pulmonary Embolism

All the signs of PE have poor sensitivity and specificity.
The major role of CXR is to exclude other diagnoses.



CXR of Pulmonary Embolism

e Normal

* Westermark'’s sign:

* Oligemia of the lung beyond the occluded vessel

 Hampton’s hump:

* pleural-based, wedge-shape air-space consolidation. Caused by pulmonary
hemorrhage or infarction.

 Signs of right heart failure:

e cardiomegaly, engorged PA

* Pleural effusion:

* 50%, small amount, unilateral, transudate or exudate, may be bloody.



Westermark’s Sign
Marked decreased vascularity




Pulmonary Infarction

* |t takes several months to resolve

Hampton’s hump * Frequently leaves permanent
Lo | ‘ linear scar

e Cavitation is rare




Thank for your attention
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