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Abstract: In this article, we discuss the emerging role of lung point-of-care
ultrasonography for regional anesthesiologists and pain management special-
ists. Lung ultrasonography is a well-established clinical tool that is used on
a routine basis in emergency rooms and critical care units internationally
to evaluate patients with respiratory distress; however, its benefits to the
regional anesthesiologist and pain specialist are not as well known and are
practiced less frequently. This review article covers the clinical evidence in
support of lung point-of-care ultrasonography as a rapid and superior tool
to traditional imaging modalities such as chest radiography and fluoroscopy.
As anesthesiologists routinely perform nerve blocks that put patients at
potential risk of complications such as pneumothorax or diaphragmatic pare-
sis, it is important to understand how to use lung ultrasonography to evaluate
for these conditions, as well as to differentiate between other potential causes
of respiratory distress, such as interstitial syndrome and pleural effusions.
This article describes the normal and pathological findings that can be used
to quickly and confidently evaluate a patient for these conditions.

(Reg Anesth Pain Med 2017;42: 289-298)

Regional anesthesiologists and pain management specialists
routinely use ultrasound (US) to perform peripheral nerve

blocks (PNBs), and as a result,
As UGRA

has become a fundamental skill for the regional anesthesiologist,
US machines have become a ubiquitous tool in our practice. Be-
cause of our specialty's familiarity and routine use of US, there is
momentum to expand this practice base and take advantage of
the other countless applications for US. Although lung US (LUS)
is not a common skill for the regional anesthesiologist, there is a
long history dating back to its use to describe diaphragmatic paresis
following interscalene block approximately 25 years ago.! In this
first of several articles on the emerging role of point-of-care US,
we will discuss the role of LUS for the regional anesthesiologist
and acute pain management specialist performing PNBs.

Despite the known benefits of LUS and a well-established
track record in the emergency medicine and critical care literature,
there has been limited incorporation into our specialty. Lung US
is an essential part of modern trauma assessment in the form of

the gXtended=focused assessment with sonography in fratima
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examination (E2EAST),” which includes evaluating for pleural effu-
Si6nStas well as evaluating for a phiumothorax (PTX) in trauma

patients. Critical care professionals have also embraced LUS for
the initial and ongoing assessment of goatients admitted to the in-
tensive care unit in respiratory distress.” Clinical research has made
a strong case for LUS, as it is clear that LUS has significant ben-
efits when compared with conventional methods such as chest
radiography, fluoroscopy, and computed tomography scans. These
advantages include rapid assessment at the bedside to obtain high-
yield information while limiting radiation exposure to the patient.

Major advances in LUS have resulted from the determination
that AFfacts, such as FIUAZTOCKEL? feverberation artifacts that are
troublesome when scanning solid or fluid-filled organs, are quite
iseful in BUS. The interpretation of these artifacts led to the de-
velopment of standardized protocols to evaluate the lung, such
as the BBUE (Bedside LUS in Emergency) protocol* and the
FAEES (Fluid Administration Limited by Lung Sonography) proto-
col,” which led to widespread adaptation. These protocols provided
a means to rapidly narrow the differential diagnosis of patients with
acute respiratory failure. For example, the BLUE protocol describes
specific profiles for phicumonia (PNA), congestive heart failure
(CHF), chronic obstructive pulmonary disease (COPD), asthma, pul-
monary embolism, and PTX. The profiles are highly sensitive and
specific in all the conditions except PNA, in which it is only specific.
The FALLS protocol is an adaption of the BLUE protocol to evaluate
for acute circulatory failure that is outside the scope of this review.

Ultimately, the strongest argument for the regional anesthesi-
ologist practicing LUS is the ability to differentiate between respira-
tory distress related to a complication of a PNB and another form of
pulmonary pathology. There are several common nerve blocks per-
formed near the pleura or vascular structures, such as paravertebral,
intercostal, interscalene, supraclavicular, and infraclavicular blocks.
In addition, transient phrenic nerve paralysis is a known common
occurrence with interscalene and supraclavicular blocks.! Lung
US allows the regional anesthesiologist to differentiate between
complications, such as PTX,® hemothorax,” and phrenic nerve
paralysis,® and other underlying pulmonary pathologies, such as
interstitial syndrome and pleural effusions.” For example, delayed
respiratory distress following a supraclavicular block could be
related to a PTX, hemothorax,” or phrenic nerve paralysis.'® The
next portion of this article describes the normal and pathological
findings needed to evaluate for these conditions rapidly.

Identifying the PI€tifa

The fifst step to assessing the lung is to identif§j the pleura
confidently. When scanning, place the US probe on the afitetion
chest Wall (Fig. 1A) perpendicular to the ribs in the sagittal (or
longitudinal) plane. This probe placement facilitates identification
of 2 fib§ (noted by their dafkifib’Shadowing) and highlights the
pleura, a bright hiyperechoic line deep to and wedged in between
the fib§ (Fig. 2A). The pafietal chest wall @ls6 has several bright
lines; however, the plétifal line will be the brightest and will have
a shimmery, Shifly, hiypérechoi¢ appearance.
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Positioning and Probe
Placement for PTX Evaluation

A B

Lung Zones for
Interstitial Syndrome

'
Positioning and Probe
Placement for Pleural Effusion Evaluation

C

FIGURE 1. Patient position and probe placement. A, Evaluation for a PTX with optimal positioning (supine), [probe selection (lafgeé footprint

uvilingar), and probe placement (§GoMd to fouth

intercostal space at the midclavicular line). Always ensure thorough evaluation for [UfRg

sliding. B, Thorough and systematic evaluation of interstitial processes including CHF, ARDS, and PNA require assessment of each of the
8 distinct lung zones. C, Evaluation for pleural effusion in multiple positions with the large footprint curvilinear probe. Sitting (bottom) and
supine (upper left) and lateral (upper right) with slight elevation of the head of the bed. AAL indicates anterior axillary line; PAL, posterior

axillary line.

LUS to Evaluate for PTX

All regional anesthesiologists must know the fundamental
LUS skill of ruling out or diagnosing a PTX as a result of an inad-
vertent violation of the pleura following PNB. The use of LUS to
evaluate for PTX is one of the most commonly studied, clinically
relevant, and practically Sifaplg skills. Lung US is Supetior to Chest
fadiegraphy in both sensitivity and specificity (sensitivity, 88% vs
52%; specificity, 100% vs 99%).'" The following section de-
scribes the relevant steps to evaluate for a PTX using LUS.

Patient Positioning and Probe Selection
When evaluating for a PIX, the optimal patient positioning

is §apine. This position allows &if to fiS€ into the @AfETIOLr portion
of the chest wall, typically between the §€€omnd and fourth iftereos-

tal space at the midclaviculai lii€é (Fig. 1A). However, when
dealing with a patient in respiratory @iStfess, it might not be

possible to lay the patient completely flat. In such case, a §eated
position can be utilized. Scanning afound the Elavicle to view
the @peX of the lung can be challenging, but as is the case with

the supraclavicular block, the Iifig can be Fisualized around the

Normal Lung Window. B-Line = No PTX

A B

FIGURE 2. Nerfmalliifglimaging—-2-dimensional and M-mode. A,

The bright hyperechoic pleura is highlighted beneath 2 ribs|
dark fib acoustic shadowing). The presence of the feVerberationiartifact. \Bzlif€ indicates AGRTXIis present. B, The use of M-mode

demonstrates the “seashore sign,” which indicates no PTX.
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firstiFib. Although a small PTX might be missed, a large PTX
causing respiratory distress should be obvious.

Probe selection is also important when evaluating for a PTX.
Although visualization of “IURZSIAIAE can be seen with any US
probe, a high=frequency lifiear probe is optimal because it will
provide Shafpei femporal fesolution of the pleural movement.
An additional benefit is that this probe is commonly used by most
regional anesthesiologists. The[Smallefeurvilin€ariprobe can also
be used, which has the advantage of fiffifig neatly in between 2
fil spaces to facilitate identification of the pleura. However, the

probe (Fig. 1A) is often used in
protocols such as the e-FAST examination to EXpedife evaluation
of both Shallow structures (such as the pléura) and @€&p structures
(such as the diaphtagii) with 1 probe. In this case, depth and gain
adjustment are necessary.

Normal Lung Findings to Rule Out a PTX

Several fundamental normal US findings allow for a PTX to

beffuledGit, including lung §lidifig, lung pulse,/BlAES, and the

sea-shore sign with M-mode.

Normal Lung Window with M-Mode. Seashore Sign = No PTX

(noted by their
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Lung Ultrasound

Lung Sliding
The first and oSt fmportant finding is lung sliding. Lung
sliding occurs when a patient is breathing, and sonographically,
the lung has a backsand=forth or ‘
movement. Lung sliding demonstrates the lung's dynamic visceral
pleura (adherent to the lung parenchyma) sliding along the chest
wall's static parietal pleura (Supplemental Digital Content 1, Lung
Sliding, http://links.lww.com/AAP/A200). With a PTX, air s€pat
fatesthe 2 pleurallayers, and attenuation of the US waves prevents
visualization of the dynamic visceral pleura causing lungJSlidifig
A relevant example demonstrating the
effect of US attenuation with air is how a small volume of air
injected into the field while performing a US-guided block ob-
scures the sonoanatomy below the air. This same principle applies

to a PTX. Therefore, the absenceiof lungsliding should signifi-
cantly increase Suspicion for a PTX.

Lung Pulse

Lung pulse is most often seen in apneic patients; however, for
a regional anesthesiologist not routinely inducing general anesthe-
sia, it would more commonly be seen during a respiratory pause at
end-inspiration/expiration or in sections of the poorly aerated lung
(ie, consolidations). Instead of seeing an active back-and-forth
movement between the pleural layers, there is a passive vibration
as a result of the cardiac cycle. This pulsatile movement is more
prominent in the left hemithorax and corresponds with the heart-
beat. Although similar in appearance to lung sliding, lung pulse
can be seen only when lung sliding is absent. Visualization of lung
pulse confirms that there is no air separating the parietal and vis-
ceral pleural layers, and therefore, it can be used to rule out a PTX
(Supplemental Digital Content 2, Lung Pulse Video, http://links.
Iww.com/AAP/A201).

B-lines arc bright, hyperechoic US ieverberation artifacts
that appear as “fOEKetS” originating from the plétifa lifi€ and ffavd
Elingrallthevay o the edgeof thelSeieei (Figs. 2A and 3). The

B-line artifact is the result of an fififeraction between the aerated
lufig and fifnterstitial fliid and emerges fiom the visceral pléura.
Because it originates from the visceral pleura, FiStalizationiieans
EhereNiS o air bEfWeCHIhe 2 PICUFAINAYEIS. Therefore, a Single
BEfECAATUIEOUTAPTX. B-lines are normal in dependent areas
of'the lung (eg, the base of the lung), and it is normal to see up to 3
B-lines on the US screen (Fig. 3A). If moreithan'3"Balifies are

present, this indicates ificteased ifterstitial fliid as seen in CHEF,
acute respiratory distress syndrome (ARDS), or acute lung

injury (ALI) (Fig. 3B). A sufficiently aéfated lang will appear
gray, whereas a patient with an ffiesstifial process will have a

).

M-Mode—Seashore Sign

M-mode is an important modality for LUS, particularly for
PTX assessment. MEM0de is available on most modern point-of-

care ultrasonography machines and represents a [I=diffiensional
GO e 2-eASionA AGE) 1mode shows the depthof

that “slice” of tissue in the y axis and plots how that “slice” moves
over time in the x axis.

Similar to lung sliding, the fS€aShoteSigh] is a fiofmal finding
when assessing the lung with M-mode (Fig. 2B). When scanning
through the chest wall, pleura, and lung parenchyma, the M-mode
image appears like a seashore. In the near field (upper part of the
image), minimal movement of the chest wall tissue appears as
straight lines, which look like ocean waves. The bright pleura
line dividing the chest wall and the lung parenchyma appears like
a shoreline. The lung parenchyma, deep to the pleura, appears

granular and sandy like a beach. Therefore, -

Abnermal Lung Findings to Diagnose a PTX

Lung Point

Thefmostsignificant finding to diagnose a PTX is [Gfig point.
Visualization of [ang poift is approximately [l00% diaghostic for
PIX.%!! Lung point represents the Bdg8 of the BIX where, in the
same view, one can visualize the normal interaction between the
pleural layers and the presence of air between the layers. With
US, this appears as a transition poifit between an @bSence of [Ung

sliding and the presence of lung Sliding that is due to

and contraction of the lung with the respiratory cycle (Fig. 4A).
The optimal way to identify lung point is to SCanithelanterior
Chestwallionalstipine patient. If there is an @BSEAEE of normal
lung signs (lung sliding, lung pulse, seashore sign), then §lide the
probe laterally and posteriorly along the chest wall to the “poift”
where lung Slidiig fefuins (Lung Point Video, Supplemental
Digital Content 3, http:/links.lww.com/AAP/A202).

M-Mode—Stratosphere or Barcode Sign

Lung point can also be seen on M-mode as a “stratosphere
sign” or [Barcodersigh.” When a PTX obliterates lung sliding,
then the lung parenchyma mirrors the chest wall tissue in sono-
graphic appearance. Therefore, the straight lines of the “ocean

Normal Lung Tissue: [-3 B-Lines

A

Interstitial Syndrome: >3 B-Lines

FIGURE 3. Interstitial syndrome. The presence of the [IURGIFOEKEE*]US artifact B-line can be a Agfmalifinding when BioFl€ssare visible on the
screen. The presence of forethan3'Balines suggests and ifterstitial process:

© 2017 American Society of Regional Anesthesia and Pain Medicine

| 291

Copyright © 2017 American Society of Regional Anesthesia and Pain Medicine. Unauthorized reproduction of this article is prohibited.


http://links.lww.com/AAP/A200






































































































































































http://links.lww.com/AAP/A201
http://links.lww.com/AAP/A201
http://links.lww.com/AAP/A202

Haskins et al

Regional Anesthesia and Pain Medicine e Volume 42, Number 3, May-June 2017

Chest wall
Soft Tissue ™

CHEST
WaLi

CHEST
= WaLi

PLEURA

LUNC

PLEURA

Lung Point (2D) - Alternating Presence
And Absence of Lung Sliding

A B

Lung Point (M-Mode) -
Alternating Seashore Sign and Barcode Sign

FIGURE 4. Phetimothorax—2-dimensional and M-mode. A, Using 25difiénsional imaging, lUAg poift, as demonstrated by any alteration
between the presence of lung Slidifig and @BSEREE of lung sliding on the screen, is @iagnostic of a PTX. B, Lung point, as seen on
M-mode, results in an alternation between the normal “seashore sign” and the pathological “barcode” or “stratosphere” sign.

waves” in the near field extend to the bottom of the screen and
take on the appearance of a “bareode” (like that on the back of a
book) or the “stratospheres” of our atmosphere. Lung point on
M-mode is seen as an alteration between the “seashore sign”
and “barcode sign” (Fig. 4B). Figure 5 describes a systematic
algorithm to use when evaluating a patient in respiratory distress
due to a suspected PTX.

Common Pitfalls—PTX

A fassive PTX occupying the entire chest wall may not have
a lung point, in which case the [aék of fiofimal US findings and
high clinical suspicion should drive assessment and management.
Although lung point is diagnostic of a PTX, the stratosphere
sign or barcode sign can be caused by improper positioning of the
probe or inadequate depth; therefore, the barcode sign should not

be considered diagnostic unless other normal US findings are
also missing.

Patients with pleural adhiesions (cg, following pleurodesis)
will [a6K lung SHdiAg.

LUS for Intérstitial Syndrome

As regional anesthesiologists routinely manage patients with
multiple cardiac and pulmonary comorbidities, it is essential to
differentiate between the wide range of pathologies that can cause
respiratory distress. A systematic evaluation of the lung not only
takes into consideration pathology that is a result of our interven-
tions (eg, PTX or diaphragmatic paresis), but it should also in-
volve assessment for interstitial processes such as fluid overload
resulting in pulmonary edema/CHF, PNA, or ARDS.

Pneumothorax Flow Chart

Yes

NO Pneumothorax

Yes

Lung Sliding

~

Possible Pneumothorax

|

Yes .
€&——————— B-Lines

No 3
Pneumothorax |

Lung Pulse

¢N° Yes

Seashore Sign

lNo

Lung Point

FIGURE 5. Phetimothoraxflowehart. The presence of any of the following normal findings will flle6UtaPTX: [aagsliding, B-lines, lung pulse,
and seashore sign. First evaluate for lung sliding, then look for other US findings if lung sliding is not present. When @ll of the figfmal findings

are fiSSiAG, then the presence of a lung poift will diaghose a PTX.
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Lung Ultrasound

Patient Positioning and Probe Selection

Patient positioning is necessary to ensure a thorough assess-
ment of @ll I6b&§ of the lung, as well as differentiating betweenldifd
processes. If possible, having a patient in the

seated position allows for complete evaluation of the anterior, lat-
eral, and posterior chest wall. However, when this is not possible,
a supine position assessment of the @fifefior and latefal chest wall
in the[8idistinctlungzones will suffice for most major pathologies
(Fig. 1B). As is the case with evaluating for a PTX, FiSualization
however, a high-

lifi€at probe provides Shagpet resolution of the BElifie§

and is readily available for most regional anesthesiologists.

Ultrasound Findings—Interstitial Syndrome

As mentioned earlier, the ESSeftialiartifacttolassessianifter
Stitial process s the BElifie) Figs. 2A and 3). B-lines are fiotmal in
dependent areas of the lungs such as the basg (Fig. 3A); however,
multiplé B-lines are indicative of a [pathological interstiftial
syndrome (Fig. 3B).* Interstitial syndrome is most commonly

caused by puliionary €déma, which may be secondary to fluid
overload, CHF, ALI, or ARDS. However, interstitial PNA, as
well as lung — must be €omsidered, depending on the
clinical scenario. ~ In general, fi€fore!B=lifies in an intercostal
window, the _ the disease process.

When coming up with a differential diagnosis on a patient
with prominent B-lines, use the following guidelines (Fig. 6):

1. [Phi€8 or féwet B-lines: fiofmal lung parenchyma.
2. Diffiisg bilateral Bflines with g than B per ififercostal Window:
indicative of an [ftefstitial Syndfome. Evaluate for [Gfng Sliding

(note that the BLUE protocol recommends evaluating for lung
sliding before evaluating for B-lines). If lung SlidiAg is S€&i, puil-
monary edéma is most likely. If lung Sliding is abolished, consider
bilateral PNA or ARDS. Note the presence of Belifies fules out
a PTX.

3. ocalized or umilateral Bilines: evaluate for the presence of
lung Sliding. If present, consider a focal imterstitial process,
such as a lung contusion. [f absént, consider PNA.

4. Differentiaing between Cardiovasculat versus petmeability-related
gdema. In general, a more thorough examination is necessary;
however, there are some hielpfiil fips. B-lines appear Syimimetti-
gally in a latéral fashion in patients with Gardiogenic edema and

progress anteriorly as the disease becomes fiore severe. With
AW, B-lines appear in aSymmefiical fashion in dependent
areas of the lung posterioely and caudally.

In summary, an iffipottaint way to différentiate betwectlifiters
Stitial Synidromestis by assessing for either a fo@al or @iffiis€ pres-
ence of B-lines and whether the Bilines are gravity dependent.
Both ARDS and CHE are @iffiis¢ (present throughout both lungs)
in nature; however, CHE is gfavity dependent. This gravity-
dependent nature is Siffilat to hearing [Gfg Erackles at the base
where the lungs are “wet” from congestion. Acute respiratory dis-
tress syndrome/Al, on the other hand, has diffiisé heterogeneous
B-lines. In addition, ARDS/ALI and PNA often result in plétifal
inflammatory adherences, causing fhickening of the pleural line
and |68§ of lung Slidifig. F6¢al PNA can manifest B-lines in only
[INIGbE where the ifflammatory process is causing an interstitial
manifestation. For example, a patient with aspifation PNA will
have diffiseBalifies with a [a€k of lung SlidiAg in the Fight Gpper
lobe but fiay have Eleat left-sided lung parenchyima. See Table 1

for an example of how to use B-lines to differentiate between
interstitial processes.

Common Pitfalls —Interstiial Syndrome

Deépendeit regions of the lung typically have a highef number
of BElifi€s because of their alveolar/arterial pressure gradients. It is
important to f6t€ patient POSitioNIAg (seated, supine, or lateral)
when scanning to assess for fiofimal versus pathological presence
of B-lines. Eldéfl§ patients have a highet number of B=lifie§ pres-
ent in fi6fmal lung tissue and are at fiSK of falS€-posifive diagnosis
for interstitial syndrome.'> When scanning in the [ft [ower chest
(Aniterior axillary linc) iMfSHoH to the diaphrag, the &if-flid inter-
face present in the §tofiach and §pléefi may produce significant

LUS to Evaluate for Diaphragmatic Paresis

As a regional anesthesiologist, it is important to be able to
assess for diaphragmatic function. The phrenic nerve, which con-
trols diaphragmatic movement and contraction, can often be anes-
thetized following brachial plexus blocks (eg, interscalene block).
Several imaging techniques have been used to monitor diaphrag-
matic function, including fluoroscopy, magnetic resonance imaging,
plethysmography, and US.

__Lung Sliding
_/-’_’_‘_ o -_\—"‘\_
- T
Yes No
‘
Bilateral B-lines B-lines
Yes 0 /\
I\i - Yes I*:o
Pulmonary Edema  Unilateral B-Lines i .
Pneumonia Lung Point
s
1\10 Yes No
PTX Probable PTX

Consolidation Posteriorly

No Yes
COPD or Asthma

FIGURE 6. Bedside

LUS in Emergency protocol algorithm to différéntiaté between causes of fespiratory distress including PTX, pulmonary

Eedema, pneumonia, and @sthima/COPD. €OPD indicates chronic obstructive pulmonary disease.
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TABLE 1. Differential Diagnosis of [fitestitial SyRdrome Based on the Présence of BALiRES

B-Lines Present  Lung Slidifig Location Notes
Pneumonia Yes May be abolished Focal Absence of lung sliding with a@ntefior B-lines is Very sensitive
and specific for anterior PNA
Posterior PNA is more difficult to diagnose
CHF Yes Present Diffuse B-lines appear late in mild exacerbations
As disease state Worsens, B-lines progress anteriorly
ARDS/ALI Yes Present Diffuse B-lines are hieterogeneously distributed
They are f0Sfly in the POSerior lung
Effusions and consolidations are typical for ARDS
Pulmonary fibosis Yes May be abolished Diffuse, varied Examine for abnormalities in pleural sliding

Unlike ARDS and CHF, the number of B-lines does not correlate
with severity of disease

Ultrasound is considered one of the most attractive options,
regarding imaging techniques, as it can provide a noninvasive
way to assess diaphragmatic function and is more accurate than
other portable modalities, such as fluoroscopy.'*'® Through
various B- and M-mode US techniques,'®'® diaphragmatic activ-
ity and lung motion can be visualized in a real-time, portable, and
bedside manner. Traditionally, one of the most commonly used
US scanning methods has relied on the ability to identify and
image the right and left hemidiaphragm through the acoustic
windows of the liver and spleen, respectively, and then record
diaphragmatic movement in M-mode (Fig. 7). However, this
method has questionable clinical utility as it is often difficult
and time consuming to obtain an adequate acoustic view in a rel-
atively deep plane, especially on the splenic (left) side. Recently,
other studies have demonstrated that diaphragmatic function can
be alternatively assessed by observing diaphragm muscle thicken-
ing during the respiratory cycle via intercostal windows (8th and
10th spaces) at the zone of apposition.'®!'? The zone of apposition
is defined as the area of the diaphragm that is nestled closely to the

inner aspect of the lower rib cage where the diaphragm also begins
to peel away from the rib cage.

Comparison of the changes in the diaphragm thickening ratio
[(thickness at inspiration — thickness at expiration) / thickness at
expiration] reveals changes in muscle contraction effort (28%—
96% changes in healthy patients vs —35% to 5% change in those
with diaphragmatic paresis).>*?! Despite the fact that the dia-
phragm can be readily observed via the use of superficial intercos-
tal views using a high-frequency probe, this is rarely practiced by
anesthesiologists because of their unfamiliarity with the method
and the challenge of quickly recalling how to locate the scanning
position. Recently, the simple mnemonic “ABCDE” has been sug-
gested in aiding one to recall and locate the scanning rate for eval-
uating the diaphragm via these intercostal windows (Fig. 8). This
mnemonic method simply uses step-by-step landmarking of readily
recognizable features such as lung sliding, to facilitate the identify-
ing diaphragmatic muscle and reach typical scanning site.*?

Although the use of intercostal windows has been well
described and avoids the challenges associated with utilizing

Right (liver acoustic window)

Left (spleen acoustic window)

FIGURE 7. M-mode US image of the diaphragm using the conventional method with the sniff test. Schematic of the technique demonstrated
by probe placement (middle). Diaphragm typically appears as a thin white line via acoustic windows of the liver (right) and spleen (left). Red
arrows indicate the downward and inward deflection of the diaphragm muscle upon sniffing. White arrows indicate the starting of the sniff test
on M-mode and a brief descent (ie, toward the probe) of the diaphragm when the patient sniffs reflected by an upward spike in M-mode.
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Lung Ultrasound

M-Mode

&

o

W
one of
apposition

Right (intercostal acoustic window)

’ ABC Diaphragm Evaluation

Axillary line
Breathing and scan
Caudally and perform

Diaphragm

l Evaluation

Left (intercostal acoustic window)

FIGURE 8. M-mode US image of the diaphragm using the ABCDE method. Schematic of the technique demonstrated by probe placement
and movement (middle). D indicates diaphragm; IM, intercostal muscle. Arrows indicate the border of the diaphragm. Diaphragm
musculature can be readily seen via intercostal windows for both right and left. White arrows indicate the starting of the sniff test and a brief
descent (ie, away from the probe) of the diaphragm when the patient sniffs reflected by a downward spike in M- mode.

the hepatic or splenic acoustic window methods (such as poor
reproduction and dependence on operator experience), it is im-
portant to point out that there are no published data or evidence
comparing the effectiveness of the 2 approaches.?® Thus, fur-
ther well-designed clinical studies will be needed to determine
the superiority and clinical merit of these techniques.

In the following sections of this article, we briefly highlight 2
separate approaches to viewing the diaphragm using different
acoustic windows. However, we refer the reader to more in-depth
articles'®'*> to obtain a further understanding of the complex
3-dimensional anatomy of the diaphragmatic curvature and its
movement, as well as to appreciate how to effectively place and
manipulate the probe and interpret the images and movements.

Patient Positioning and Probe Selection

Using Hepatic or Splenic Acoustic Windows

A low-frequency probe (eg, cardiac or abdominal of 2-5 MHz)
is placed between the midclavicular and anterior axillary lines in the
subcostal region. Through either the hepatic or splenic acoustic
window, a hyperechoic line of the diaphragm can be seen moving
toward and away from the probe, in B-mode, during respiration.

Using Intercostal Windows

A high-frequency probe (eg, >10 MHz) is placed at the
midaxillary line between the 8th and 10th intercostal spaces (ie,
just below the costophrenic sinus) at the zone of apposition. One
can use the mnemonic “ABCDE” to aid in locating this site by
placing a high-frequency linear probe at the anterior axillary line,
watching for breathing, then moving the probe caudally to identify
the diaphragm for evaluation. By placing the probe at the anterior
axillary line just below the nipple level, one can easily observe
sliding of the lungs and pleura through the intercostal muscle
between the ribs during the respiratory cycle. As the probe is
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moved in a caudal direction along the axillary line, the diaphragm
becomes easily visualized when it is no longer obscured by the
pleura between the 8th and 10th intercostal spaces. As pointed
out in this ABCDE technical article, however, there is no evidence
that degree of lung sliding has any relationship to spontaneous di-
aphragmatic function and contraction.?*~2°

Ultrasound Findings—Diaphragmatic Function

When using the hepatic or splenic acoustic windows, the di-
aphragmatic function can be assessed by measuring diaphrag-
matic inspiratory excursion (reference range, 1.34 £ 0.18 cm) in
M-mode.?’ In a patient with unilateral diaphragmatic paresis, a
contralateral mediastinal shift during inspiration leads to a para-
doxical upward motion of the diaphragm. This motion can be elic-
ited by a quick nasal inspiration with a closed mouth (ie, sniff test)
under US M-mode assessment.”®

Through the intercostal windows, the change in diaphrag-
matic muscle thickness during respiration is used as the measure
of diaphragmatic function when assessing the diaphragm. Also,
similar to its use in association with the hepatic and splenic win-
dows, performing a sniff test can easily provide further assessment
of diaphragmatic movement.>® With the probe directed cephalad,
one will detect a brief descent of the diaphragm when the patient
sniffs (reflected by a downward spike in M-mode) if the dia-
phragm is functioning normally. Because the technique allows
direct visualization of the muscular portion of the diaphragm via
a relatively superficial intercostal window, it eliminates most of
the impact that body habitus has on the difficulty of imaging,
allowing it to be used equally as effectively in obese adults and
small pediatric patients. In pediatric practice, the scanning view
provided by a standard linear probe is often large enough to view
multiple rib levels while enabling both lung sliding and diaphrag-
matic movement to be observed simultaneously and clearly in a
single image.*
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Common Pitfalls—Diaphragmatic Paresis

In the sitting position, patients with significant pleural effu-
sions can have paradoxical diaphragmatic motion, suggesting pa-
resis that will revert to normal motion when supine.

LUS for Pleural Effusions

A regional anesthesiologist must be able to systematically
and thoroughly approach respiratory distress in patients following
PNB. Although extremely rare, there has been a clinical case
report of massive hemothorax following supraclavicular block.’
In addition to causing respiratory compromise, a large pulmonary
effusion can have a significant impact on hemodynamics and cardiac
output. For the regional anesthesiologist assessing a hemodynami-
cally unstable patient, evaluation for pleural effusions in addition to
potential cardiac compromise is essential. More importantly, given
the comorbidities of our aging patient population at risk of CHE,
assessing for effusions can direct management and decision making
in the perioperative setting.

Evaluation of pleural effusions using EUS is SUperior to tra-
ditional modalities such as ¢hest fadiography and
because it is more sensitive in detection of volume®' and septations
within pleural effusions.*> Compared with chest radiography and
even computed tomography scan, US allows for @elineation

between BffiiSions and lung CoNSOlidations and is MO ACCUrae
at detecting pleural effusions when gompared with bedside chest

(93%NS47%).>>>* \Blfraseund visualization of adja-
cent structures during invasive procedures such as thoracentesis

has been shown to deécieaseé complications including PTX when

compared with clinically guided thoracentesis.>

Patient PoSitioning and Probe Selection

For pleural effusion assessment, optimal patient positioning
and Probg selection are important. In regard to patient positioning,
pleural EffiiSions—unless loculated—@accumulate in the dependent
areas of the lung; therefore, Sitfifig Gp is Opfimal for scanning for fluid
above the diaphragm (Fig. 1C). A §upifie position causes pleural
fluid to collect postefioly, which is difficulf to aSSes§ with the US
as the bed prevents accurate posterior scanning. However, in an
inensive gare unit, sitting may not be feasible, because the patient
may be attached to multiple devices or unable to sit up because of
either respiratory or hemodynamic disturbance. If possible, fufi
the patient to a laféral decubifus position coupled with Slight iead
glevation and §¢an in the PoSterior axillary lifg (Fig. 1C).

Probe selection is also important for the evaluation of pleural

effusions. One should use a loW=fiequency transducet, between

Diaphragm

A Solid Organ /

2

7

Lung

Normal Lung — No Pleural Effusion

A

FIGURE 9.
the right and Spl€én on the left) with the Bright

BiSiandiSAVIHZ. The gardiac phased-aitay and the Iage footprint
cutvilingat probes Wotk Well for scanning with the Siallét foot-
print of the Gardiac probe, facilitating Scanmning between the inter-
costal §paces. The high-fiequency lifiat probe should be avoided
by'novicelscanners as the depth and acoustic Window make an
Evaluation of diaphragiii and pleurd ChalleAging and may result

in [falS€ AEgatives. The Siall ACOUSHC Window of the Siall fooprint
probe also makes the evaluation for effusions more ChalleAgiAg.

Ultrasound Findings—Pleural Effusion

The presence of pleural fluid may be the result of a transudate,
exudate, or hemothorax. Ultimately, thoracentesis is necessary for
a definitive answer; however, the following characteristics are

required to defin€ a pleural gffuision:

1. There must be a blacK (AnEEhGic) Spacé within the thoracic
cavity visualized betweet the ifiSide of the chest Wall, the Surface
of the W8, and the diaphtagi (Fig. 9B).

2. Ifheterogeneous (Whitegranulat) cchogenic material is present,
then it is a COmpleX (nonseptated) Effision. If white fibrin
strands are floating inside the effusion, that is considered
a complex septated effusion. A Wedge-shaped hiypoechoic
lesion with an gif in the lung parenchyma sug-
gests a gonsolidation.  In general, the complex presentations
are more likely to suggest an exudative effusion. Of note, a
new effusion as a result of a hemothorax should not have a
complex presentation.

3. The gffision should fGVE with the fespiratory Eyele, the dia-
phragm, and the lung.

When evaluating a patient that is hemodynamically unstable,
a helpful resource is the FATE (Focus Assessed Transthoracic
Echocardiography) piotocol,”® which combines an echocardio-
graphic assessment of obvious cardiac pathology, quantitative
valvular and biventricular function, wall thickness, and chamber
dimensions, as well as assessment of the pleura on both sides.
Placed in a clinical context, this allows for dynamic evaluation
of the potential effect pleural fluid can have on hemodynamics
(Pleural Effusion Videos, Supplemental Digital Content 4 and
5, http://links.lww.com/AAP/A203, and http://links.lww.com/
AAP/A204).

Common Pitfalls—Pleural Effusion

Miiror artifacts (a feflection of a false image most commonly
seen when scanning fhfough a hiyperechoic structure such as the

Diaphragm

Solid Organ

Pleural Effusion

B

(the liver on

noted in the E€phalad direction. A, In the absence of an effusion, the

hyperechoic diaphragm
|tng appears gray and granulat. B, With a pleural gfftision, the lung will be visible and Stffounded by a black aRechoic fluid collection.
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Lung Ultrasound

diaphragm) can result in the liVei/Spléeii tissue appeating in the
lung field and imicking 2 Consolidation. It is essential to Visual-
ize hiypoechoic fluid suffounding the [Ag tissue before increasing

suspicion for an effusion.

Putting It All Together

When a regional anesthesiologist is evaluating a patient in
respiratory distress following a PNB, a rapid and systematic
approach to rule out obvious and high-risk pathology should be
taken. Pneumothorax should be high on the differential diagnosis
following PNB near the pleura. Assessing the patient in supine
positioning whenever possible (Fig. 1A) will allow visualization
of normal LUS signs to rule out a PTX (Fig. 2) or lung point to
diagnose a PTX (Fig. 4). Simultaneous evaluation for interstitial
syndrome can also be done in this position, and a predominance
of B-lines in the anterior thoracic cavity (Fig. 3) will both rule
out a PTX and indicate an interstitial process as the source of
the respiratory distress. Once an interstitial process is of primary
concern, then a thorough assessment of each lung zone
(Fig. 1B) will differentiate between a diffuse process (such as
ARDS or CHF) or a focal process (such as PNA).

In the setting of an interscalene or supraclavicular block,
following evaluation for a PTX and interstitial syndrome, unilat-
eral diaphragmatic paresis should be assessed (Figs. 7 and 8).
While scanning at the base of the lung to assess diaphragmatic
function, the regionalist can also scan cephalad to the diaphragm
to evaluate for a pleural effusion (Fig. 9). Note that positioning
for an effusion may require a slight incline in the bed or a sitting
position (Fig. 1C).

CONCLUSIONS

Lung US is a powerful perioperative tool to rule out or diag-
nose potential complications caused by PNBs, as well as determine
differential diagnoses for patients with acute respiratory distress.
Because LUS is rapid and noninvasive and causes no harmful radi-
ation to patients, there is little downside to its utilization to evaluate
for potential pathology such as PTX, pleural effusions, interstitial
syndrome, and assessment of hemidiaphragmatic paresis. Appro-
priate patient positioning, probe selection, and a systematic
approach are essential to ensure accurate assessment of pathology.
As is always the case with patient care, it is essential for all clini-
cians to recognize that US is only 1 piece of the clinical puzzle
when it comes to assessing a patient in respiratory distress. The
entire clinical context should be considered before any action,
and no decisions should be made based solely on a US image.
Instead, management decisions should be made based on the sever-
ity of disease and impact on the respiratory status and hemodynam-
ics. For example, diagnosis of small PTX or pleural effusion without
hemodynamic changes does not indicate immediate decompression
or drainage.

As US machines continue to become more compact, porta-
ble, and affordable, there is an increasing role for US assessment
of patients with respiratory distress. Lung US is an essential skill
for regional anesthesiologists and acute pain management special-
ists who routinely practice UGRA, providing them with the ability
to assess patients with respiratory distress that may be the direct
result of a known complication from our regional blocks. As
LUS becomes more standard, future applications for the anesthe-
siologist will undoubtedly evolve and thereby drive future relevant
technological advances. In the meantime, these fundamental skills
will significantly enhance perioperative patient assessment and
management by the regional anesthesiologist and acute pain
management specialist.

© 2017 American Society of Regional Anesthesia and Pain Medicine

16.

17.

18.

20.

21.

REFERENCES

. Urmey WE, McDonald M. Hemidiaphragmatic paresis during interscalene

brachial plexus block: effects on pulmonary function and chest wall
mechanics. Anesth Analg. 1992;74:352-357.

. Montoya J, Stawicki SP, Evans DC, et al. From FAST to E-FAST: an

overview of the evolution of ultrasound-based traumatic injury assessment.
Eur J Trauma Emerg Surg. 2016;42:119-126.

. Volpicelli G, Elbarbary M, Blaivas M, et al. International evidence-based

recommendations for point-of-care lung ultrasound. Intensive Care Med.
2012;38:577-591.

. Lichtenstein DA, Meziére GA. Relevance of lung ultrasound in the

diagnosis of acute respiratory failure: the BLUE protocol. Chest. 2008;
134:117-125.

. Lichtenstein D. Fluid administration limited by lung sonography: the place

of lung ultrasound in assessment of acute circulatory failure (the
FALLS-protocol). Expert Rev Respir Med. 2012;6:155-162.

. Volpicelli G. Sonographic diagnosis of pneumothorax. Intensive Care Med.

2011;37:224-232.

. Prina E, Torres A, Carvalho CR. LUS in the evaluation of pleural effusion.

J Bras Pneumol. 2014;40:1-5.

. Lloyd T, Tang YM, Benson MD, et al. Diaphragmatic paralysis: the use

of M mode ultrasound for diagnosis in adults. Spinal Cord. 2006;44:
505-508.

. Singh SK, Katyal S, Kumar A, Kumar P. Massive hemothorax: a rare

complication after supraclavicular brachial plexus block. Anesth Essays
Res. 2014;8:410-412.

. Ding W, Shen Y, Yang J, He X, Zhang M. Diagnosis of pneumothorax by

radiography and ultrasonography: a meta-analysis. Chest. 2011;140:
859-866.

. Lichtenstein D, Meziére G, Biderman P, Gepner A. The “lung point”: an

ultrasound sign specific to pneumothorax. Intensive Care Med. 2000,
26:1434-1440.

. Hasan AA, Makhlouf HA. B-lines: Transthoracic chest ultrasound signs

useful in assessment of interstitial lung diseases. Ann Thorac Med. 2014;9:
99-103.

. Ciccarese F, Chiesa AM, Feletti F, et al. The senile lung as a possible source

of pitfalls on chest ultrasonography and computed tomography.
Respiration. 2015;90:56-62.

. Houston JG, Fleet M, Cowan MD, McMillan NC. Comparison of

ultrasound with fluoroscopy in the assessment of suspected
hemidiaphragmatic movement abnormality. Clin Radiol. 1995;
50:95-98.

. Houston JG, Morris AD, Howie CA, Reid JL, McMillan N. Technical

report: quantitative assessment of diaphragmatic movement—a
reproducible method using ultrasound. Clin Radiol. 1992;46:405-407.

Matamis D, Soilemezi E, Tsagourias M, et al. Sonographic evaluation of
the diaphragm in critically ill patients. Technique and clinical applications.
Intensive Care Med. 2013;39:801-810.

Testa A, Soldati G, Giannuzzi R, et al. Ultrasound M-mode assessment of
diaphragmatic kinetics by anterior transverse scanning in healthy subjects.
Ultrasound Med Biol. 2011;37:44-52.

Sarwal A, Walker FO, Cartwright MS. Neuromuscular ultrasound for
evaluation of the diaphragm. Muscle Nerve. 2013;47:319-329.

. Zambon M, Cabrini L, Beccaria P, Zangrillo A, Colombo S. Ultrasound

in critically ill patients: focus on diaphragm. Intensive Care Med. 2013;
39:986.

Vivier E, Mekontso Dessap A, Dimassi S, et al. Diaphragm
ultrasonography to estimate the work of breathing during non-invasive
ventilation. Intensive Care Med. 2012;38:796-803.

Gottesman E, McCool FD. Ultrasound evaluation of the paralyzed
diaphragm. Am J Respir Crit Care Med. 1997;155:1570-1574.

| 297

Copyright © 2017 American Society of Regional Anesthesia and Pain Medicine. Unauthorized reproduction of this article is prohibited.



























Haskins et al

Regional Anesthesia and Pain Medicine e Volume 42, Number 3, May-June 2017

22.

23.

24.

25.

26.

27.

28.

Tsui JJ, Tsui BC. A novel systematic ABC approach to diaphragmatic
evaluation (ABCDE). Can J Anaesth. 2016;63:636-637.

Zambon M, Greco M, Bocchino S, Cabrini L, Beccaria PF, Zangrillo A.
Assessment of diaphragmatic dysfunction in the critically ill patient
with ultrasound: a systematic review. Intensive Care Med.
2017;43:29-38.

Halliday S, Horne S, Tsui BC. Diaphragm thickness and its relationship
to lung sliding using the ABC approach to diaphragmatic evaluation:
a feasibility study in patients undergoing ultrasound-guided

brachial plexus blocks. Spring 2016 abstract titles: ASRA 41st Annual
Regional Anesthesiology and Acute Pain Medicine Meeting

March 31-April 2, 2016, New Orleans, LA. Reg Anesth Pain Med.
2016;41:632652.

Mead J. Functional significance of the area of apposition of diaphragm to
rib cage [proceedings]. 4m Rev Respir Dis. 1979;119:31-32.

Reber A, Nylund U, Hedenstierna G. Position and shape of the
diaphragm: implications for atelectasis formation. Anaesthesia. 1998;
53:1054-1061.

Boussuges A, Gole Y, Blanc P. Diaphragmatic motion studied by m-mode
ultrasonography: methods, reproducibility, and normal values. Chest. 2009;
135:391-400.

Gerscovich EO, Cronan M, McGahan JP, Jain K, Jones CD, McDonald C.
Ultrasonographic evaluation of diaphragmatic motion. J Ultrasound Med.
2001;20:597-604.

298

29.

30.

31

32.

33.

34,

36.

Naik LY, Sondekoppam RV, Jenkin Tsui J, Tsui BC. An ultrasound-guided
ABCDE approach with a sniff test to evaluate diaphragmatic function
without acoustic windows. Can J Anaesth. 2016;63:1199-1200.

Tsui BC, Tsui J. ABC diaphragmatic evaluation for neonates. Paediatr
Anaesth. 2016;26:768-769.

Remérand F, Dellamonica J, Mao Z, et al. Multiplane ultrasound approach
to quantify pleural effusion at the bedside. Intensive Care Med. 2010;36:
656—664.

Esmadi M, Lone N, Ahmad DS, Onoftrio J, Brush RG. Multiloculated
pleural effusion detected by ultrasound only in a critically-ill patient. 4m J
Case Rep. 2013;14:63-66.

Yu CJ, Yang PC, Wu HD, Chang DB, Kuo SH, Luh KT. Ultrasound study
in unilateral hemithorax opacification. Image comparison with computed
tomography. Am Rev Respir Dis. 1993;147:430-434.

Lichtenstein D, Goldstein I, Mourgeon E, Cluzel P, Grenier P, Rouby JJ.
Comparative diagnostic performances of auscultation, chest radiography,
and lung ultrasonography in acute respiratory distress syndrome.
Anesthesiology. 2004;100:9-15.

. Mercaldi CJ, Lanes SF. Ultrasound guidance decreases complications and

improves the cost of care among patients undergoing thoracentesis and
paracentesis. Chest. 2013;143:532-538.

Holm JH, Frederiksen CA, Juhl-Olsen P, Sloth E. Perioperative use
of focus assessed transthoracic echocardiography (FATE). Anesth Analg.
2012;115:1029-1032.

© 2017 American Society of Regional Anesthesia and Pain Medicine

Copyright © 2017 American Society of Regional Anesthesia and Pain Medicine. Unauthorized reproduction of this article is prohibited.



