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Abstract

Objective: Lung ultrasonography (LUS) is a safe, quick, and portable diagnostic tool, which can accurately detect
postoperative pulmonary complications, postsurgically, without ionizing radiation. The aim of this scoping review was
to map the evidence base regarding the use of LUS to assess cardiac surgery patients.

Materials and Methods: The |Bl methodology was used to conduct this particular scoping review.

Results: In total, 90 publications were identified and of those, 73 were research studies, six were narrative reviews,
and || were narrative, opinion, and text articles. The studies that were included were predominantly observational
cohorts and aimed to determine or compare LUS diagnostic ability, prognostic ability, or both. The LUS methods used
with patients were heterogeneous and variably reported.

Conclusion: Despite an increasing number of studies since 2014, standardized protocols for the use of LUS are
yet to be widely adopted and remain an important area for further work. Future research should consider exploring
perceptions and experiences of LUS, the use of LUS in treatment outcome measurement, and use by nonphysician

health care professionals.

Keywords

Lung ultrasonography, chest ultrasound, thoracic ultrasound, point-of-care ultrasound, POCUS, postoperative
pulmonary complications, cardiac surgery, cardiothoracic surgery, and scoping review

Patients undergoing cardiac surgery are subjected to pro-
longed anesthesia, supine position, ventilation, and com-
pression, which increases their susceptibility to
developing postoperative pulmonary complications
(PPCs), such as atelectasis, pleural effusion, and pneumo-
thorax."* Up to 30% of patients who develop PPCs die
within 30 days of major surgery, a considerably higher
mortality rate than those without such complications
(0.2%-3.0%).> Consequently, timely identification of
PPCs is crucial for effective management and improved
patient outcomes.

A chest radiograph (CXR) and auscultation are com-
monly used to assess for PPCs following cardiac surgery,
yet these common diagnostic assessment tools have limi-
tations. For instance, while an erect CXR has a sensitivity
of 92% for pneumothorax, a supine CXR (which is com-
mon postoperatively) has only 50% sensitivity.’
Furthermore, a “white-out” on a CXR could indicate
pleural effusion or one of 15 other causes.® Studies indi-
cate that the intrarater reliability of auscultation can be as
low as 28%.7 Using CXR, auscultation, or both,

to differentiate between pulmonary pathologies can be
difficult and result in misdiagnosis. This can decrease
confidence in the management plan and may result in
delayed recovery.

In recent years, point-of-care ultrasound (PoCUS) has
become increasingly popular due to its high accuracy, porta-
bility, and lack of radiation emissions.>®° Lung ultrasonog-
raphy (LUS) is a type of PoCUS, which focuses on the
pleura and parenchyma, and has been studied globally in the
medical field. Lung ultrasonography has the ability to detect
common pulmonary pathologies, such as pneumothorax,
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pleural effusion, lung consolidation, atelectasis, and pneu-
monia,>'*!" making it a valuable tool to identify PPCs.
Lung ultrasonography compares well with the standard
tools used in the cardiac surgery population. Senniappan
et al'? found LUS to be comparable with CXR both imme-
diately postoperatively (kK = 0.652) and 1-day postopera-
tively (k = 0.740) with a near-perfect agreement for
pneumothorax (k = 0.931). Several other studies have
tested the sensitivity and specificity of LUS against com-
puted tomography (CT), the gold standard for identifying
pulmonary pathology, and demonstrated high sensitivity,
specificity, and diagnostic accuracy of LUS.!3"13

There is a growing body of evidence on the use of LUS
within cardiac surgery patients. Lung ultrasonography’s
comparability to both CXR and CT in addition to its lack of
ionizing radiation has made it a diagnostic tool of interest,
within cardiac surgery research. It will be useful to both the
clinical and research community to map that body of evi-
dence, to identify what is currently known about LUS,
when used with cardiac patients, and to guide future
research investment in the field. A preliminary search of the
International Prospective Register of Systematic Reviews
(PROSPERO), Open Science Framework (OSF), the
Cochrane Database of Systematic Reviews, JBI Evidence
Synthesis, Medline, and the Cumulative Index to Nursing
and Allied Health Literature (CINAHL) was conducted,
and no planned, underway, or completed systematic reviews
or scoping reviews on the topic were identified. Systematic
and scoping reviews conduct a more comprehensive search
of the literature than literature reviews, using a systematic
approach. While systematic reviews have a more focused
research question and are explanatory or analytical in
nature, scoping reviews broaden the research question and
are more exploratory or descriptive in nature. Scoping
reviews aim to assess and understand the extent of the
knowledge in an emerging field, often identifying, map-
ping, reporting, or discussing literature characteristics using
a systematic and methodologic approach.'®

Review Questions

The objective of this scoping review was to map the evi-

dence base on the use of LUS within cardiac surgery

patients. The primary review question was: What has been

reported on the use of LUS within cardiac surgery patients?
The following sub-questions were explored:

e What types of studies have been published on LUS
and cardiac surgery?

e How and why has LUS been used with cardiac sur-
gery patients?

e What anatomic structures and artifacts have been
investigated with LUS with cardiac surgery
patients?

e  Which professionals are reportedly using LUS
with cardiac surgery patients?

e What LUS protocols are reportedly being used by
professionals undertaking LUS with cardiac sur-
gery patients?

Inclusion Criteria

This scoping review considered literature including or
concerning both adult and pediatric patients undergoing
cardiac surgery irrespective of participants’ demographic
profile. Types of cardiac surgery included, but were not
limited to:

Coronary artery bypass grafting
Heart valve repair or replacement
Coronary angioplasty and stenting
Atherectomy

Cardiomyoplasty

Heart transplant

Catheter ablation

Literature that included a mixed demographic was con-
sidered if cardiac surgery patients contributed 75% or
more of the total cohort or the cardiac surgery patient out-
comes could be extracted separately.

Concept

This scoping review considered literature concerning LUS
use by any qualified health care professional on a cardiac
surgery patient. Lung ultrasonography could have been
used as a diagnostic assessment tool, outcome measure,
during treatment, or for any other purpose. For this review,
LUS is defined as a tool for investigating the pleura and
parenchyma ultrasonically. For this reason, literature
sources investigating the diaphragm were excluded.

Context

This scoping review considered literature from any health
care setting where cardiac surgery is conducted. Studies
were not limited by geographical location. Non-English
records were considered if they could be reliably trans-
lated using Google Translate.

Type of Sources

This scoping review considered: primary research of any
type (e.g., qualitative, quantitative, case reports); litera-
ture reviews of any type (e.g., systematic, narrative); nar-
rative, opinion and text (e.g., editorials, opinion pieces,
commentaries); and conference abstracts reporting any of
these types. Trial registrations and protocols were
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excluded; however, they were retrieved to identify addi-
tional published studies from their reference lists.

Materials and Methods

This scoping review was conducted in accordance with
JBI methodology for scoping reviews!” and followed an
a priori open access protocol registered on OSF in
March 2022.'® This methodology was chosen as the
research team has expertise in and experience with the
methodology. JBI, a global organization, supports and
promotes evidence-based health care decision-making,
which considers feasibility, appropriateness, meaning-
fulness, and effectiveness.!® The JBI methodology is a
well-known and accepted methodology within health
care.

Search Strategy and Information Sources

The search strategy aimed to locate both published and
unpublished studies. An initial limited search of Medline
and CINAHL (EBSCOhost) was undertaken using the
keywords (TX lung ultrasound) AND (TX cardiac surgery)
to identify articles on the topic. The text words contained
in the titles and abstracts of relevant articles, and the index
terms used to describe the articles were used to develop a
full search strategy for Medline. The search strategy,
including all identified keywords and index terms, was
adapted for each included database and information source
(See Supplemental Appendix 1). A second search for all
databases was undertaken on April 6, 2022 and for gray
and unpublished literature on August 3, 2022.

The databases searched included: Medline and
CINAHL (via EBSCOhost), Embase (via Ovid),
Cochrane Reviews and Trials, Scopus, and Web of
Science. Sources of unpublished studies and gray litera-
ture included: Google Scholar and university reposito-
ries. The full search strategy including the search terms
and hits from each database and gray literature source are
provided in Supplemental Appendix 1.

The reference list of all included reports was then
searched for additional eligible reports.

Source of Evidence Selection

Following the searches, all identified records were col-
lated and uploaded into the reference manager Zotero
(v6.0.13; Roy Rosenzweig Center for History and New
Media, Fairfax, VA, USA) and duplicates removed.
Remaining records were uploaded into Covidence
(Veritas Health Innovation, Melbourne, Australia) with
further duplicates detected and removed. Titles and
abstracts were initially screened independently by two
reviewers (two of CF, CW, KC) against the inclusion

criteria for the scoping review. Excellent agreement
(90%) was demonstrated after 10% of title and abstract
screening, and as this scoping review formed part of an
unfunded doctoral research program, one reviewer (CF)
conducted the remainder of title and abstract screening,
with regular review and discussion with members of the
review team (CW and KC). This process was repeated for
full-text screening, with 90% agreement following
screening of 20% full texts.

Data Extraction

A data extraction form was constructed prior to database
searching'® based on the Covidence Data Extraction
Form 2.0 and extraction from 10% of reports was piloted
independently by two reviewers (CF and KC). Minor
amendments were made to the data extraction form to
focus more on LUS methods and characteristics. After
good agreement was reached on independent screening
by two reviewers (85%), one reviewer (CF) extracted
data from the remaining reports, with regular review and
discussion with the review team (CW and KC). Data
were extracted on the aim, study design, setting, partici-
pant characteristics, and key findings. LUS methods were
also extracted regarding the profession of the operator,
the number of operators, the reason for use, time of use in
relation to surgery, anatomic features or artifacts of inter-
est, LUS findings, and any protocols used.

Results

Study Inclusion

Initial screening of databases retrieved 10806 records, with
an additional 172 records identified from other sources.
After the removal of duplicates, 9626 records remained for
title and abstract screening. Three hundred and seventeen
records proceeded to full-text screening. Ninety reports met
the inclusion criteria and were included in the review. The
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram (See Figure 1)
illustrates the number of records and reports at each of these
stages and the distribution of reasons for exclusion.

Characteristics of Included Reports

A summary of general characteristics of all included
reports is reported in Table 1. The scoping review
included 90 reports: 73 research studies, six narrative
reviews, and 11 narrative, opinion and text. The reports
were published between 1994 and 2022, with a sharp
increase in publication rates from 2014, peaking in 2020
(n = 16) (See Figure 2). Reports were published in 27
different countries but most originated from Italy (n =
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29, 32.6%) followed by China (n = 7, 7.9%). Five reports
were translated successfully by Google Translate.!>2%23

Empirical Research Studies

Most of the included literature in this scoping review
comprised empirical research (n = 73, 81.1%). This
included 64 observational studies (71.1%), six random-
ized controlled trials (RCTs) (6.7%), and three secondary
analyses (3.3%). Of the observational studies, the most
common sub-type was cohort study (n = 43, 67.2%).
Twenty of the studies were in the form of conference
abstracts (22.2%). The most common setting that studies
were conducted in was intensive care (n = 48, 88.9%).
All studies included patients, with a large range in sample
size (n = 1-351). Age was well-balanced between pedi-
atric (n = 34, 51.5%) and adult patients (n = 32, 48.5%).
Of the 55 primary studies that reported patients’ sex, 38
included mostly male patients (52%) while seven studies
included only males (12.7%). Many primary studies
included a mixed surgical population. Of the 55 primary
studies, which reported type of surgery, the most common
were congenital cardiac surgery (n = 31, 56.4%) fol-
lowed by coronary artery bypass grafts (n = 19, 34.5%)
and valve repairs or replacements (n = 19, 34.5%).

Narrative Reviews

This review included six narrative reviews (6.7%). All
narrative reviews aimed to summarize LUS applications
in cardiac surgery, with half focusing on the pediatric pop-
ulation (3.3%). The specific focus of the reviews varied
from improving awareness of LUS among other special-
ists”® to discussing the need for a new LUS protocol®® to
highlighting the role of LUS in weaning and extubation in
pediatric cardiac patients.'” The earliest narrative review
was published in 2016.> Countries of origin included
Italy>°>°* (n = 3), Russia®® (n = 1), Mexico” (n = 1), and
Saudi Arabia'® (n = 1).

Narrative, Opinion and Text

Other evidence types (n = 11, 12.2%) included in the scop-
ing review consisted of letters to the editor (n = 6, 6.7%),
editorials (n = 3, 3.3%), editorial commentary (n = 1,
1.1%), and a scientific letter (n = 1, 1.1%). Some reports
underlined cases in which LUS played an important role in
pathology identification and treatment.”!-*>!2 Other reports
carried a discussion between researchers regarding studies
conducted using LUS,?*1% including one letter to the edi-
tor'™ in which use of LUS in another included study®® was

questioned.
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Number of reports published

1994 2005 2010 2011 2012 2014 2015 2016 2017 2018 2019 2020 2021 2022

Year of publication

Figure 2. A graph of the publications by year, based on all
included 90 reports.

Table 2. The reported LUS methods.

Profession of LUS operator (n = 24)

Medical consultant 16
Anesthesiologist 10
Physiotherapist 5
Medical resident 2
Nurse 2
Ultrasonographer 2
Anesthetist 2
Radiographer |
NR 66

LUS protocols (n = 54)

Previously reported protocols (n = 25)
Volpicelli 2012'%7
The BLUE-protocoll®
Acosta 2014'08
Lichtenstein 2012'%°
Cantinotti 2018%
Monastesse 2017''°
Bouhemad 2015'"!
Volpicelli 2006''2
Lichtenstein 2004''3
Coiro 2015'*
Targhetta 1994''
The FALLS protocol®
Cattarossi 2013''¢
Picano 2006'"7
CCROSS”
eFAST!''®
FAST''®
Author-modified protocols (n = 26)
12 regions
6 regions
8 regions
28 regions
4 regions 3
NR 36

e S RN V-1

~N >

N W

(continued)

Table 2. (continued)

Reason for using LUS (n = 90)

Compare diagnostic ability 30
Feasibility of a new prognostic tool 22
Monitor pathology progression 18
Assess a deteriorating patient 16
Confirm or rule out suspected pathology 16
Feasibility of new protocol 13
Standard protocol 12
Prognostic tool 10
Outcome measure 8
Question diagnostic ability |
NA |

Number of LUS operators in primary studies (n = 25)

| operator 19
2 operators 2
3 operators 3
NR 51
NA 14

Time windows in relation to cardiac surgery (n = 86)

Preoperative 21
Perioperative 4
Immediately after surgery 6
Postoperative not specified 28
On admission 4
Postoperative day 0 44
Postoperative day | 18
Postoperative day 2 I
Postoperative day 3 7
Postoperative day 4 3
Postoperative day 5 5
Postoperative day 6 2
Postoperative day 7 4
Before/after intervention 6
Before discharge 7
Other I
NR 4

Abbreviations: LUS, lung ultrasonography; NA, not applicable; NR,
not reported; FALLS, fluid administration limited by lung sonography;
CROSS, Cardiac, cerebral, renal, optic nerve, and lung ultrasound
study; eFAST, extended Focused Assessment with Sonography for
Trauma; FAST, Focused Assessment with Sonography for Trauma.
This tables shows the number of reports which reported certain
aspects of the LUS methods. Some reports have reported more than
one type within each category.

How and Why has LUS Been Used With
Cardiac Surgery Patients?

Ten reasons for using or discussing LUS were identified
from included reports (Table 2). Primary studies most
commonly aimed to compare or determine the diagnostic
(n = 27, 37%) or prognostic (n = 22, 30.1%) ability of
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Pre-operative 21
Peri-operative [ 4

Post-operative not specified ] 28

Day 0 Post-operative a4
Day 1 Post-operative ] 18
Day 2 Post-operative [ 1
Day 3 Post-operative [ 7
Day 6 Post-operative Wl 2
Day 7 Post-operative N 4
Before D/C NN 7

Scanning window in relation to surgery

Number of reports

Figure 3. The scanning windows, used for lung
ultrasonographer, in relation to cardiac surgery from
preoperative to | week and D/C. D/C, discharge.
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Figure 4. The anatomic features and artifacts found or
sought, using lung ultrasonography (LUS), across all included 90
reports. EVLVWV, extravascular lung water; NR, not reported.

LUS. In narrative reviews and within narrative, opinion,
and text, LUS was most commonly suggested to be a prog-
nostic tool (n = 8, 47.1%) or used as a standard protocol (n
= 8, 47.1%) for cardiac surgery patients. Other suggested
reasons for use across all included reports were using LUS
to monitor pathology progression (n = 18, 20.2%), to
assess a deteriorating patient (n = 16, 18%), and either to
confirm or rule out a suspected pathology (n = 16, 18%).

Within primary studies, LUS was most commonly per-
formed on postoperative day (POD) 0 (n = 40, 55.6%) fol-
lowed by preoperatively (n = 20, 27.8%), POD1 (n = 17,
23.6%) and POD2 (n = 10, 13.9%). In the narrative reviews
and narrative, opinion, and text, most reports suggested that
LUS should be used postoperatively, but did not specify a
day or time (n = 9, 64.3%). The frequency of scanning win-
dows for up to POD7 and discharge can be seen in Figure 3
while a more extensive list can be seen in Table 2.

Which Anatomic Structures, Artifacts, and
Pathologies Were Investigated?
The included reports found, sought, or discussed several

anatomic structures, artifacts, and pathologies that can be
investigated with LUS with many reporting more than one
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Figure 5. The pulmonary pathologies found or sought,
using lung ultrasonography (LUS), across all included 90
reports. ARDS, acute respiratory distress syndrome; NR,
not reported; PLAPS, posterolateral alveolar and/or pleural
syndrome.

of each. Across all reports, B-lines were the most identi-
fied and sought artifact (n = 45, 81.8%) followed by lung
sliding (n = 23, 41.8%) and A-lines (n = 18, 32.7%) (See
Figure 4). Narrative reviews and narrative, opinion, and
text discussed using B-lines to assess for extravascular
lung water (EVLW) (n = 7, 63.6%). Eight primary studies
used B-lines for this purpose (18.2%). Of the 82 reports,
which reported pulmonary pathologies (91%), the most
common pathologies of focus were pleural effusion (n =
42, 51.2%), atelectasis (n = 33, 40.2%), pneumothorax (n
= 28, 34.1%), pulmonary edema (n = 23, 28%), and con-
solidation (n = 21, 25.6%) (See Figure 5).

Who is Conducting LUS?

The profession of the LUS operators in primary studies
was underreported with only 23 studies reporting a profes-
sion (31.5%). Of those 23 studies, the most common pro-
fessions were anesthesiologists (n = 9, 39.1%) and medical
consultants (n = 9, 39.1%). In the narrative reviews (n =
4, 4.4%) and editorials (n = 2, 2.2%), which discussed
operator profession, physiotherapists (n = 3, 50%), and
nurses (n = 2, 33.3%) were the most common nonphysi-
cian health care professions. Nonphysician LUS operators
were first identified in an editorial in 2017,°7 with the first
primary study involving a nonphysician LUS operator
being published in 2019 and featuring a physiotherapist in
a single patient case study.*” An observational cross-sec-
tional study included a physiotherapist as one of the two
LUS operators along with a cardiologist in a study the fol-
lowing year.** Of the 25 primary studies that reported the
number of LUS operators, it was most common to have
one LUS operator for the study (n = 19, 76%). There were
never more than three operators involved.
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What LUS Methods Were Utilized?

There was a lack of reporting regarding LUS methods and
protocols. Only 25 of all reports, where applicable, reported
how many LUS operators were involved (43%), only 24
reports (26.7%) mentioned the profession of the LUS oper-
ator, and only 25 (27.8%) reported a previously reported
LUS protocol. Of the primary studies, only 20 reported
using a previously reported LUS protocol (27.4%).

There was a large variety of protocols used or discussed
across all reports; a total of 18 different previously reported
protocols were mentioned. Twenty-five primary studies
used an author-modified protocol—a protocol which
involved scanning either 4, 6, 8 12, or 28 regions of the
chest, but did not cite a protocol previously reported
(34.2%). The specific regions scanned varied across all
author-modified protocols. The most commonly reported
protocol was the international evidence-based recommen-
dations for LUS by Volpicelli et al'”” (n = 7, 35%) followed
by Acosta et al'® (n = 4, 20%)) for the pediatric population.
Protocols were infrequently discussed in narrative reviews
or narrative, opinion, and text (n = 5, 29.4%). Nonetheless,
the most commonly reported protocol in these five reports
was the BLUE-protocol® (n = 3, 60%).

This review also found a wide variety and combina-
tions of scanning windows. While it was most common
for patients to be scanned in the combination of preopera-
tively and PODO (n = 6, 6.7%), there were a total of 69
unique combinations for when LUS was performed in
relation to cardiac surgery. The most common scanning
windows have been synthesized and reported individu-
ally by number of reports in Table 2 with several unique
time windows grouped as “other,” for example, after 1
week of birth, before or after imaging, or POD18.

Discussion

In this scoping review, literature concerning the use of
LUS with cardiac surgery patients was identified and
explored, providing a comprehensive map of the evi-
dence base to date. Lung ultrasonography has gained sig-
nificant traction over the last decade, with a growing
number of publications since 2014 exploring its use in
this patient group. The reporting of LUS methods, how-
ever, was found to be inconsistent; this needs to be
addressed in future research to better interpret and gener-
alize findings to be applied in clinical practice.

Types of Sources

A total of 90 reports were included, none of which were
systematic reviews. The reporting of LUS methods in pri-
mary studies, however, was variable and heterogeneous,
which makes formal synthesis of the current evidence
base challenging. Evidence syntheses are valuable

resources for clinicians and are used to inform clinical
practice guidelines. Therefore, there is a need for further
high-quality research to be conducted and adequately
reported to better facilitate future synthesis of the evi-
dence base to provide robust practice recommendations.
Moreover, no qualitative studies were identified with the
search strategy, highlighting the need for further research
to investigate the facilitators, barriers, and perspectives of
patients and clinicians regarding the use of LUS in the car-
diac surgery population. While it is vital to conduct quan-
titative research, it is equally valuable to investigate how
best to integrate LUS into practice through qualitative
exploration of patients’ and clinicians’ experiences.

The Pediatric Population

Just over half of the reports were centered on the pediatric
patients, with the most prevalent surgery type being con-
genital cardiac surgery. Lung ultrasonography has become
popular in this patient group, due to its noninvasive and non-
ionizing nature and is being used more often for the diagno-
sis and surveillance of pediatric pulmonary conditions.'"

The Uses of LUS

The use of LUS as a diagnostic tool has been extensively
studied in both cardiac surgery patients and other groups.
Lung ultrasonography use to identify PPCs has been seen
in this review as monitoring pathology progression, assess-
ing deteriorating patients, and confirming or ruling out sus-
pected pathologies. Furthermore, LUS has also gained
popularity as a prognostic tool. Pulmonary edema became
a pathology of interest within the included reports in
2012,% and in 2014, B-lines began to be used to assess for
EVLW to predict and diagnose pulmonary edema.”
Another way LUS is used as a prognostic tool is using a
LUS score to attempt to predict a variety of conditions.
Lung ultrasonography score can be used to predict death,
intensive care unit (ICU) admission, endotracheal intuba-
tion, and weaning failure with moderate accuracy.'?’ Some
authors have described the potential for LUS to go beyond
its role as a diagnostic tool, specifically as a way of mea-
suring the effectiveness of recruitment maneuvers. 2122
Only eight studies in this review (8.9%) explored using
LUS as an outcome measure for intervention. This poten-
tial ability of LUS therefore requires more exploration
through further high-quality research.

The Use of LUS by Nonphysician Health Care
Professions
The evidence base regarding nonphysician health care

professionals using LUS, with cardiac surgery patients is
limited. Studies with noncardiac patients have explored
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this concept: Le Neindre et al'?® explored the influence of
LUS on physiotherapists; for example, clinical decision-
making when managing critical care patients. Further
studies have begun to assess the ability of nurses to oper-
ate traditional'>*'>> and handheld LUS'?* following sur-
gery or to assess cardiogenic dyspnoea. In addition,
several narrative reviews have discussed the potential for
nonphysician health care professionals to use LUS within
their scope of practice.'%'?” Considering the rate of mor-
tality in postcardiac surgery patients, it is important to
detect PPCs early on; Increasing the accessibility of LUS
for other professions within the multidisciplinary team
may aid in detecting PPCs earlier and allow for more
appropriate treatment sooner. Further primary research
involving these professional groups is required if this
potential is to be realized.

LUS Techniques and Methods

This review found a lack of reporting regarding LUS
techniques and methods. This is consistent with other
LUS evidence syntheses: Heldeweg et al'?® raised the
same concern for methodological inconsistencies in a
systematic review evaluating the impact of LUS on
clinical decision-making in the emergency department,
intensive care, and in the general ward; Hayward and
Janssen'? found it difficult to compare studies with the
numerous different scanning techniques in their scop-
ing review exploring the use of thoracic ultrasound by
physiotherapists; new international recommendations
by Demi et al'3° suggest extensive studies to define the
optimal imaging settings for LUS. At most, only nine
reports cited the same previously reported protocol.
This could be attributed to the lack of available proto-
cols to replicate in research. The protocols most cited,
Volpicelli et al'”’ international recommendations and
the BLUE-protocol,® were not introduced until 2012
and 2014, respectively. The first instance of a protocol
cited in the included primary studies was in 2014 with
the BLUE-protocol.>® It is possible the sudden rise in
the popularity of LUS has not allowed time for more stan-
dardized protocols to be developed and evaluated, which
may be contributing to the inconsistent reporting.

The methodological inconsistency among studies
could have an impact on the advancement of LUS
research. For instance, the 27 primary studies assessing
the diagnostic ability of LUS contained a variety of eight
different protocols with a mix of previously reported
protocols and protocols unique to the study. The diver-
sity in scanning techniques and time windows may intro-
duce confounding variables, making it difficult to
generalize findings. In addition, this can pose challenges
to clinicians looking to incorporate evidence-based LUS
practice.

Furthermore, the protocols which have been previ-
ously reported and replicated vary in purpose and tech-
nique. The recommendations by Volpicelli et al'"’
include a variety of methods. While an eight-region LUS
examination is recommended for general patients with
interstitial syndrome, a two-region approach is recom-
mended for the critically ill. Other recommendations
suggest what region to begin scanning and which direc-
tion to travel in without specifying a number of zones,
for example, the technique for lung consolidation should
begin at the area of interest and progress to the entire
lung as needed. The BLUE-protocol?® is specifically for
patients with acute respiratory failure and consists of six
regions, or “points.” Literature in other populations sug-
gest otherwise: a prospective cohort study evaluating the
impact of different LUS protocols in the assessment of
lung lesions in COVID-19 patients found a 12-region
method to improve diagnostic power compared with a
10- or an eight-region method;'?' a retrospective cohort
found similar results in their secondary analysis finding
a 12-region method to be superior to an eight- or six-
region method.'*? The protocol used by Acosta et al'%®
does consist of a 12-region method for children with
anesthesia-induced atelectasis; this method was used
solely by studies with a pediatric population in this
review, but only two were assessing for atelectasis.?!*®

Challenges for Clinical Practice

With so many variations in protocols for varying patient
groups and pathologies, conducting research with consis-
tent LUS methods and selecting the most appropriate pro-
tocol to use clinically remains a challenge. Standardizing
protocols and methods will improve consistency in the
research, facilitating more effective evidence synthesis.
This, in turn, can improve generalization of diagnostic
findings to cardiac surgery patients. Once best practices
for LUS is established, future research can more effec-
tively investigate other queries, such as the indications
for LUS, effective scanning windows, alternative LUS
applications, and who may be able to use LUS in other
fields. Improving clinical practice and the ability to detect
PPCs in a timely and efficient manner begins with
improving consistency of LUS methods in the research.

Criticism

Despite its growing popularity, there is some remaining
doubt and skepticism regarding the use of LUS. One let-
ter to the editor by Sperandeo!* questioned the diagnos-
tic capability of LUS when using B-lines as a
pathognomonic marker of lung disease. Owing to the
growing interest in LUS over the past decade, there
remains a significant amount of research to be conducted
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on both its established and novel applications, making it
a challenging task to comprehensively investigate all
aspects of the tool. As further research is needed to fully
understand the potential of LUS, researchers and clini-
cians may continue to approach its use with caution and
in conjunction with other tools.

Recommendations

Standardizing LUS protocols would be advantageous
for future research, and qualitative studies could shed
light on the facilitators, barriers, and perspectives of
LUS operators in this population, as well as the experi-
ence of patients themselves. Once LUS best practice is
established, exploring alternative applications of LUS,
such as its potential as a measure of treatment effective-
ness, would be beneficial. Further investigation of the
use of LUS by other health care professionals, includ-
ing physiotherapists and nurses, is encouraged before
any recommendations for scope of practice can be
made.

Limitations

This review involved a comprehensive search strategy
and protocol which was developed by an experienced
review team. Despite the rigorous approach, it is possible
that some relevant articles may have been missed. This
scoping review was limited to records which were either
in English or could be translated by Google Translate.
Nonetheless, the five included reports translated using
Google may have a degree of inaccuracy. Illegible or
untranslatable reports were excluded; therefore, mapping
the entire evidence base was not possible. While the
methodological quality of the literature was not assessed,
this was in keeping with methodological guidance for
scoping reviews,'® which aim to map available literature
rather than assess the quality.

Conclusion

This scoping review has comprehensively mapped the
current literature exploring the use of LUS with cardiac
surgery patients. While LUS has garnered significant
attention in the field of cardiac surgery, this scoping
review has identified areas requiring further investigation
to fully harness its potential. Further research is needed to
establish best practices for LUS, including standardizing
methods, exploring its use by other professions, and con-
ducting qualitative studies. Lung ultrasonography has the
potential to improve patient outcomes by enabling early
identification of PPCs. With continued research, LUS
may prove to be a valuable tool for clinicians and
researchers to assess cardiac surgery patients.
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Appendix 1 Search Strategies

Medline (via EBSCOhost)

Search conducted April 6, 2022

Search Query

#1 (MH “Lung”) OR (TX “lung”) OR (MH “Lung Diseases”) OR (TX “lung
diseas*”’)

#2 (MH “Ultrasonography”) OR (TX “ultraso*”)

#3 #1 AND #2

#4 (TX “lung ultraso*”) OR (TX “chest ultraso*”) OR (TX “pulmonary ultraso*”)

#5 #3 OR #4

#6 (MH "Thoracic Surgery") OR (TX “thoracic surgery”) OR (TX "cardi*
surgery") OR (TX “heart surgery”’) OR (TX “Coronary artery bypass *”’) OR
(TX "CABG") OR (TX “Heart valve repair”’) OR (TX “Heart valve
replacement”) OR (TX “Coronary angioplasty””) OR (TX “Coronary stenting’)
OR (TX “Atherectomy”) OR (TX “Cardiomyoplasty””) OR (TX “Heart
transplant”) OR (TX “Catheter ablation”)

#7 #5 AND #6

Records Retrieved: 3,007

CINAHL (via EBSCOhost)

Search conducted April 6, 2022

Search Query

#1 (MH “Lung+”) OR (TX “lung”) OR (MH “Lung Diseases+’) OR (TX “lung
diseas*”’)

#2 (MH “Ultrasonography+”) OR (TX “ultraso*”)

#3 S1 AND S2

#4 (TX “lung ultraso™””) OR (TX “chest ultraso*”) OR (TX “pulmonary ultraso*”)

#5 S3 OR $4

#6 (MH “Surgery, Cardiovascular+”) OR (TX “cardi* surgery”) OR (MH “Heart
Surgery+”) OR (TX “heart surgery”) OR (TX "thoracic surgery") OR (TX
“Coronary artery bypass *”’) OR (TX "CABG") OR (TX “Heart valve repair”)
OR (TX “Heart valve replacement”) OR (TX “Coronary angioplasty”) OR (TX
“Coronary stenting”) OR (TX “Atherectomy”) OR (TX “Cardiomyoplasty”)
OR (TX “Heart transplant™) OR (TX “Catheter ablation™)

#7 S5 AND S6

Records Retrieved: 2,914




Web of Science

Search conducted April 6, 2022

Search

Query

#1

ALL=Lung OR ALL="Lung Diseases" OR (TI="Lung disease*" OR
AB="Lung diseas*") OR (TI=Lung OR AB=Lung)

#2

ALL=Ultrasonography OR (TI=ultraso* OR AB=ultraso*)

#3

#1 AND #2

#4

(TI="lung ultraso*" OR AB="lung ultraso*") OR (TI="chest ultraso*" OR
AB="chest ultraso*") OR (TI="pulmonary ultraso*" OR AB="pulmonary
ultraso*")

#5

#3 OR #4

#6

(TI="thoracic surgery" OR AB="thoracic surgery") OR (TI="cardi* surgery"
OR AB="cardi* surgery") OR (TI="heart surgery" OR AB="heart surgery")
OR (TI="coronary artery bypass *" OR AB="coronary artery bypass *") OR
(TI=cabg OR AB=cabg) OR (TI="heart valve repair" OR AB="heart valve
repair'") OR (TI="heart valve replacement" OR AB="heart valve replacement")
OR (TI="coronary angioplasty" OR AB="coronary angioplasty") OR
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#6 TITLE-ABS("thoracic surgery") OR TITLE-ABS("cardi* surgery") OR
TITLE-ABS("heart surgery") OR TITLE-ABS("coronary artery bypass *") OR
TITLE-ABS(cabg) OR TITLE-ABS("heart valve repair") OR TITLE-
ABS("heart valve replacement") OR TITLE-ABS("coronary angioplasty") OR
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#5 30R4

#6 thoracic surgery.tw. OR cardi* surgery.tw. OR heart surgery.tw. OR coronary
artery bypass *.tw. OR cabg.tw. OR heart valve repair.tw. OR heart valve
replacement.tw. OR coronary angioplasty.tw. OR coronary stenting.tw. OR
atherectomy.tw. OR cardiomyoplasty.tw. OR heart transplant.tw. OR catheter
ablation.tw.
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