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Abstract

Purpose: One major consequence of lung transplantation is the development of oro-
pharyngeal dysphagia. This systematic review aims to appraise and synthesize the
available evidence of the use of instrumental assessments to outline the characteris-
tics of post-lung transplant dysphagia.

Methods: Following the identification of appropriate search terms for the question, a
literature search was conducted in PubMed, Scopus, and the Health and Medical Col-
lection of Proquest Research Library and included records between inception and
September 14, 2023. Search strategies included the use of text words and subject
headings (e.g., MeSH and Index terms) related to (1) dysphagia or swallowing (swal-
low*, deglutition disorder™), (2) lung transplant (lung transplant™, post-operative, post-
lung), and (3) complications (adverse effects, *complications, treatment outcome).
Results: The literature search strategy yielded a total of 883 studies from the elec-
tronic database search, with no additional records identified through other sources.
After the removal of duplicates (n = 96), a total of 787 studies were screened
through title and abstracts which eliminated 775 studies. Six studies were ultimately
included in the systematic review. The selected articles included patients who under-
went lung transplantation and all but one study utilized a retrospective design. A lack
of transparency regarding instrumental evaluation protocols (videofluoroscopic
[VFSS] and Flexible Endoscopic Evaluation of Swallowing [FEES]) including the num-
ber and bolus types used during the instrumental evaluations appeared as a theme in
the studies included. The Penetration-Aspiration Scale (PAS) was systematically uti-
lized to measure dysphagia safety outcome. Handling of the PAS scale was not con-
sistent across studies, however penetration or aspiration ranged from 52.4% up to
100%. Additionally, silent aspiration rates ranged from 14.2% to 61.9%.
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1 | INTRODUCTION
Lung disease affects 26 million people in the United States, with an
annual mortality rate of 156,979 people.’> More recent data esti-
mates as of January 2024 were reported by the U.S. Organ Procure-
ment and Transplantation Network and the Scientific Registry of
Transplant Recipients, revealing 3026 lung transplants (LTs) occurred
in the US alone in 2023.3 LTs are considered a critical and life-saving
treatment for those with end-stage lung disease, which may develop
from a number of respiratory diseases.*> Postoperative LT complica-
tions that have been known to include primary graft dysfunction,
chronic allograft dysfunction, pleural complications, and nerve
injury.®” These complications often result from damage to the neuro-
anatomic pathways during surgery, which may result in altered sensa-
tion, motor programming, coordination, and airway protection.?
During LTs, the phrenic nerve and the recurrent laryngeal branch
(RLN) of the vagus nerve are exposed and susceptible to dam-
age.®'%11 Following repeat or prolongated endotracheal intubations,
the superior laryngeal branch (SLN) of the vagus nerve and RLN are
susceptible to compression injury.}? The RLN provides motor control
to essential intrinsic laryngeal muscles, which allow for closure and
protection of the airway, expiratory force generation, and vocal fold
adduction, in addition to sensory innervation to the larynx below the
level of the true vocal folds.*®** Damage to this nerve reduces respi-
ratory capacity, which may compromise one's ability to clear or dis-
lodge aspirate material from the airway. Perhaps even more
concerning for this immunocompromised patient group are the poten-
tial for damage to the vagus nerve to lead to silent aspiration.”*®
Instrumental evaluations are considered the gold standard assessment
methods (Videofluoroscopic Swallow Studies [VFSS] and Fiberoptic
Endoscopic Evaluation of Swallowing [FEES]) for identifying dysphagia
as they allow for direct visualization of the swallow mechanism to
determine impairments in function and physiology that resulting in
safety concerns (e.g., silent aspiration) and efficiency concerns
(e.g., post-swallow residue).’®'” In human LT recipients, sensory
recovery of the cough reflex has been noted at 12 months or more

Conclusions: This review sought to describe the post-operative swallowing function
and its physiological parameters following lung transplantation. We examined the
results reported and the methods utilized in obtaining these results in the existing lit-
erature. Limited reporting practices for physiological parameters were found, how-
ever the airway invasion was reported in all studies with variation in degrees of
swallowing safety related deficits, with PAS being the most widely used scale to
describe airway invasion depth and response. Future studies exploring dysphagia out-
comes post-lung transplant should comment on the altered physiological mechanisms
of the swallow to further expand on the physiological deficits observed following
transplantation in this group and allow for treatment planning.

Level of evidence: Level 1.

dysphagia, lung transplant, oropharynx

following transplantation, which emphasizes the need to conduct
repeated instrumental assessments that allow for direct visualization
of the swallow.®

1.1 explored the fre-

A previous systematic review by Black et a
quency and characteristics for the development of oropharyngeal dys-
phagia and laryngeal dysfunction after heart and/or LTs. The review
explored the incidence and characteristics of voice and swallowing
function following these procedures along with the risk factors lead-
ing to these complications. Despite the review reporting these find-
ings, no comment was made on the mechanistic parameters of the
swallow that may lead to the presentation of dysphagia in this patient
population. The goal of this systematic review is to scrutinize the
available evidence regarding the pathophysiological presentation of
dysphagia following LT alone in studies that utilized instrumental eval-

uations of swallowing. Questions we aim to explore include:

1. What pathophysiological parameters are reported and how do
they characterize the swallow of this patient population?

2. Which validated outcome measures are used to quantify patho-
physiology post-LT dysphagia?

2 | METHODS

The development and methodology of this systematic review study
was conducted and reported in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA)

statement.'?

21 | Search strategy

A reference and instruction librarian at The George Washington Uni-
versity Health Sciences Library assisted by providing guidance in
building and conducting a comprehensive systematic search of the
available literature in three online databases (PubMed, Scopus, and
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the Health and Medical Collection of Proquest Research Library)
and included records between inception and September 14, 2023.
Search strategies included the use of truncated text words (root word
followed by an asterisk) and subject headings (e.g., MeSH and Index
terms) related to (1) dysphagia or swallowing (swallow*, deglutition
disorder*), (2) lung transplant (lung transplant®, post-operative, post-
lung), and (3) complications (adverse effects, *complications, treat-
ment outcome). See Appendix S1 for full search strategies for all

databases.

2.2 | Eligibility criteria

The systematic review focus was to identify studies that met the fol-
lowing criteria: (1) Population: involved adult patients (>18 years of
age) who underwent either single or double LT procedures, (2) Expo-
sure: had an instrumental swallowing assessment completed which
involved either a VFSS or a FEES (3) Outcome: discussed swallow
physiology related to oral or pharyngeal dysphagia. As such, studies
that were: (1) animal studies, (2) involved a pediatric population,
(3) did not assess oropharyngeal swallowing, (4) did not assess swal-
lowing using either VFSS or FEES, and (5) reported solely on esopha-
geal dysphagia were excluded. Additionally, we excluded studies that
were case studies and case series in their design, tutorials, educational
reports, other systematic reviews, book chapters, and gray literature
(conference abstracts, proceedings, and dissertations).

2.3 | Study selection

The search was then inputted into the Covidence, a web-based collab-
oration software platform and systematic review management sys-
tem.2° Any duplicate studies from the initial search yield were
removed using the software. Dyads of members of the study team
then independently reviewed titles and abstracts, excluding studies
that did not meet the inclusion criteria of the systematic review. Per-
cent agreement were calculated for each dyad in the study team at
the title and abstract screening level Any disagreements or discrepan-
cies in judgments led to the study being retained for full text review
to ensure accuracy of inclusion of the appropriate studies. The full
texts of all studies that were included was then reviewed indepen-
dently and in duplicate to determine whether any further studies were
to be excluded. A reason for rejection was provided for any article
that was excluded at the full text review. Cohen's Kappa was calcu-
lated to evaluate inter-rater agreement between both raters at the full
text review level. Any conflicts in rating following full text review of

studies were ultimately resolved by a third reviewer.

2.4 | Data extraction process

Data extraction was completed independently and in duplicate by two

of the three members of the review team for the articles that met the

inclusion criteria. Data was extracted directly into Covidence and
included the following information: (1) study design, (2) patient demo-
graphics (sex; preliminary diagnoses; sample size; age range; type of
transplant), (3) type of instrumental swallowing assessment conducted
(VFSS, FEES, both VFSS and FEES, mix of clinical bedside and instru-
mental assessment), and (4) swallowing data reported/outcome mea-
sure (penetration/aspiration status, residue, any other physiological
parameters reported). Further scrutiny of the details of instrumental
assessment were then extracted including: type of assessment
(e.g., FEES or VFSS) and number of patients who underwent instru-
mental assessment, protocol of assessment (number of boluses pre-
sented, consistency of bolus, volume, order of presentation, etc.),
evaluation outcomes (presence of airway invasion, degree of invasion,
etc.), analysis procedure used (rating of swallows, number of raters,
etc.), post hoc review of instrumental assessment (recording and
review of imaging for confirmation of findings as opposed to real-time
review), definitions for aspiration and penetration (definitions authors
used to categorize aspiration and penetration), and their reported dis-
tributions (number of patients presenting with airway invasion com-

pared to total number of patients included in the study).

2.5 | Risk of bias (quality) assessment

To evaluate the quality of the extracted studies, two reviewers inde-
pendently assessed the design and reporting methods of the included
articles and explored their risk of bias. Various tools were used to
assess and record the risk of bias using multiple means of assessing
bias. First, we used Cochrane Collaboration's Tool for Assessing Risk of
Bias.?! The criteria assessed using the tool were bias in the domains
of selection, performance, detection, attrition, and reporting. An over-
all bias rating was also provided for each study. We then used a swal-
lowing disorders specific research tool to reexamine the risk of bias in
the reporting rigor and transparency of swallowing related informa-
tion using the Framework for Rigor and Transparency in Research on
Swallowing (FRONTIERS).?? This framework is used for dysphagia-
related research and asks vital questions about study design and
reporting in a number of domains, however only the universally appli-
cable questions and the instrumental assessment domains (video-
fluoroscopic swallow study and flexible endoscopic evaluation of

swallowing) were used.?®

3 | RESULTS

3.1 | Study selection

The literature search strategy yielded a total of 883 studies from
the electronic database search, with no additional records identi-
fied through other sources. After the removal of duplicates
(n = 96), a total of 787 studies were screened through title and
abstracts which eliminated 775 studies. Percentage agreement at

the title and abstract review level was 94.3%. The remaining
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FIGURE 1

12 studies underwent full text review by two raters and an addi-
tional 6 studies were excluded. At the full text review level,
Cohen's Kappa was calculated to be 0.71 indicating substantial
agreement between raters.?* Exclusion at the full text level was for
the following reasons: (1) did not assess oropharyngeal swallowing
(n = 4), (2) involved a pediatric population (n = 1), and (3) used the
same patient group with no new physiological outcome data
reported (n = 1).2° Ultimately a total of six articles met the eligibil-
ity criteria and were included. Details regarding study screening
and selection for inclusion can be found in the PRISMA flow dia-

gram presented in Figure 1.

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers, and other sources.

3.2 | Study characteristics

Table 1 provides a summary of the six studies included in the system-
atic review,2°=3! with the authors and titles of the studies, study
types, and patient population specific data (sample size, transplant
type, underlying diagnosis leading to transplantation, and age). Addi-
tionally, all but one study utilized a retrospective design. The highest
number of participants for any single study included was 297. The
majority of studies included a higher proportion of patients that
underwent bilateral/double lung transplantation compared to single

lung transplants.
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TABLE 1 Overview of study populations.

Underlying Lung transplant type Age (years)
diagnosis leading E—
to lung
Study Title transplantation SLTx DLTx Other Study type N (Males) Mean SD
Atkins Assessing oropharyngeal COPD NR NR NA Retrospective 149 (76) 49.0 NR
et al.2¢ dysphagia after lung Bronchiectasis
transplantation: altered
swallowing mechanisms and IPF
increased morbidity PPH
Other
Baumann  Postoperative swallowing Not reported 40 247 DLTx with Retrospective 297 (165) 56.2 NR
etal.?’ assessment after lung other
transplantation cardiothoracic
surgery (10)
Dallal- Incidence, risk factors, and Restrictive lung 12 193 NA Retrospective 205 (104) 59.8 12.4
York sequelae of dysphagia mediated disease
28 . . .
et al. aspiration folllowmg lung Obstructive lung
transplantation disease
Cystic fibrosis or
immunodeficiency
disorder
Pulmonary
vascular disease
Other
Dallal- A prospective examination of Restrictive lung 4 41 NA Prospective 45 (33) 60.1 10.8
York swallow and cough dysfunction disease
etal.?’ after lung transplantation. Coronavirus
disease 2019
Obstructive lung
disease
Cystic fibrosis of
immunodeficiency
disorder
Congenital
malformation
Miles Dysphagia and medicine regimes COPD 0 101 NA Retrospective 101 (48) 50.4 12.9
30 : . .
et al. in patients following lung Cystic fibrosis
transplant surgery: a retrospective .
review. Interstitial lung
Disease/IPF
Bronchiectasis
Pulmonary
hypertension
Scleroderma
Other
Reedy Characterizing swallowing Cystic fibrosis 2 40 NA Retrospective 42 (22) 58.4 9.94
31 . . .
et al. impairment in a post-lung COPD
transplant population.
Idiopathic

pulmonary fibrosis

Interstitial lung
disease

Sarcoidosis

Abbreviations: COPD, chronic obstructive pulmonary disease; DLTx, double lung transplant; IPF, interstitial pulmonary fibrosis; M, mean; NR, not reported;
PPH, primary pulmonary hypertension; SD, standard deviation; SLTx, single lung transplant.
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TABLE 3 Penetration-aspiration definitions.
Safe/normal Penetration or aspiration
swallowing grouping Aspiration Silent aspiration
Reported Reported
Study Definition Definition (Y/N) Definition (Y/N) Definition
Atkins et al 2% Normal Laryngeal penetration or Y Gross aspiration Y Silent episodes without
swallowing frank tracheal aspiration alone protective mechanism such as
reflex cough
Baumann et al.?” Normal Deep laryngeal penetration Y Absent sensory N NR
or aspiration response
Dallal-York et al.?®  Safe (PAS1-  Unsafe (PAS 3-8) Y Aspirators (PAS N NR
2) 6-8)
Dallal-York et al.?? NR Aspirators (PAS: 6-8) Y Non-silent Y Silent aspirators (PAS 8)
aspirators (PAS
6-7)
Miles et al.3° NR NR Y Aspiration (PAS Y Silent aspiration (PAS 5 and 8)
4-8)
Reedy et al.> Typical (PAS  Atypical (PAS 3-8) Y NR Y Silent aspiration (PAS 8)
1-2)

Abbreviations: NR, not reported; PAS, penetration-aspiration scale.

TABLE 4 Swallowing safety distributions.
Penetration or aspiration Penetration alone Aspiration alone Silent aspiration
PenOrASP/total Pen/total Asp/total Silent Asp/total
Study cohort % cohort % cohort % cohort %
Atkins et al.?¢ 105/149 705 NR NR 67/149 449 52/149 34.8
Baumann et al.?” 198/297 66.6 NR NR  NR NR  184/297 61.9
Dallal-York et al.?®
1. Underwent pre- and post- 142/170% 83.5% 66/170 38.8 PAS6-8: 44,7 PAS 8:36/170 211
operative VFSS 76/170
2. Underwent postoperative VFSS 164/205% 80.0° 82/205 400 PAS6-8: 400 NR NR
only 82/205
Dallal-York et al.?? 45/45° 100° 27/45 60.0 PAS 6-8: 40.0 PAS8:13/45 28.8°
18/45
Miles et al.%° NR NR NR NR PAS 4-8: 75.0 PAS5&8:31/65 47.0
49/65
Reedy et al.>* 22/42 524  14/42° 333" PAS6-8: 19.0 PAS 8: 6/42 14.2°
8/42

Abbreviation: NR, not reported.

Inference/recalculation made based on other reported numbers in the article.

3.3 | Swallowing biomechanics

Instrumental assessments to describe swallowing physiology included
videofluorosocopic swallowing studies alone in two studies, flexible
endoscopic evaluation of swallowing alone in two studies, and a mix
of VFSS and FEES in the remaining three studies. As can be noted in
Table 2, administration protocol information provided for the instru-
mental evaluations that were reported in only two studies.??** The
remainder of the studies failed to report administration protocols
(e.g., number of trials presented and bolus consistencies, volumes, and

presentation methods: including contrast material, type of barium

sulfate and/or food dye along with concentrations and brand), image
acquisition rates (VFSS), or noted a lack of standardization in the pro-
cess of rating described relative to time of the study (e.g., real-time or

post-hoc).

3.4 | Swallowing outcomes
Analysis procedures of the instrumental assessments lacked rigor and
transparency in their reporting, with many studies reporting results

grading airway safety alone using descriptors or the 8-point
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TABLE 5 Cochrane risk of bias tool.
Study Selection bias Performance bias Detection bias Attrition bias Reporting bias Overall
Atkins et al.?® + ? - + High
Baumann et al.?’ % + + _ i High
Dallal-York et al.?® + + + - - High
Dallal-York et al.?? + + — — - Unclear
Miles et al.* + + + - 4 High
Reedy et al.®* 4+ . = = Unclear

Note: “+” Yes to susceptibility of bias; “—" not susceptible to bias; “?”" unsure/could not determine appropriate rating.

FIGURE 2 Cochrane tool for risk Risk of bias

of bias.

DI | b2 | p3 | D4 | D5 | D6 | D7 |Overall

Atkins et al.*®

Baumann et al.”’

Miles et al.®

Study

Dallal-York et al.”®

29

Dallal-York et al.

Reedy et al.”'

Penetration Aspiration Score scale®? without clearly indicating how a
final score was selected (worst score or most occurring score). A cate-
gorical grouping of “normal” versus “penetration” versus “aspiration”
or a dichotomized grouping of “safe versus unsafe” or “normal versus
abnormal” was attempted, along with a further classification of sen-
sory response in the abnormal swallows to indicate presence or
absence of sensory response to aspirant. Despite similar methodolo-
gies in terms of number of groups, the definitions for which scores fell
into the corresponding dichotomized categories differed across stud-
ies (Table 3). For example, one study®® grouped PAS scores from 4 to
8 into the aspirator category while scores of 5&8 fell into the silent
aspiration category which varied significantly from other studies

where scores of 1-5 were considered non-aspirators2®2?

and only
PAS 8 fell into the silent aspiration category. Finally, it was impossible
to determine the exact meaning of some descriptors used in the
remaining studies.?®?’” For example, “gross aspiration” and “deep
laryngeal penetration” do not demarcate the exact boundary in which
a selection would be made which hinders the assigning of a PAS score
that would allow for comparisons with other studies.

Ultimately, despite not using the PAS scale to describe airway
invasion (penetration or aspiration), studies did indicate penetration

and/or aspiration status and mostly specified when silent aspiration

900060
00066
90006 ®
CO00 08
L
©ee®00 0
OOOOOO
©CO0O00®

D1: Random sequence generation Judgement
D2: Allocation concealment '

Da3: Blinding of participants and personnel . High
D4: Blinding of outcome assessment - Unclear

D5: Incomplete outcome data
D6: Selective reporting
D7: Other sources of bias

‘ Low

@ No information

occurred. As can be seen in Table 4, varying degrees of airway safety
concerns following LT were found for either penetration or aspiration,
ranging from 52.4%°! to 100%.28 Penetration alone was reported in
three studies, where it ranged from 33.3%°! to 60%.2° Aspiration

alone was found to range between 19%3! and 75%.%°

3.5 | Swallowing efficiency and other parameters

Only one study included information about swallowing efficiency in
their descriptions of swallowing physiology.3! In their study, Reedy
and colleagues focused on safety as the primary outcome, however,
they reported that 59.52% (25/42 patients) presented with abnormal
post-swallow residue scores (MBSImp™ scores of 2 or more)*® for
component 16 (pharyngeal residue). Additionally, they were the only
study that provided information regarding other swallowing physiol-
ogy and biomechanics that may be contributing to the unsafe swal-
lowing presentation outside of the global safety measurement itself.
They note significant associations between unsafe airway protection
(PAS scores of 3 or higher) and impairments in laryngeal elevation,
epiglottic inversion, laryngeal vestibule closure, and the pharyngeal
mechanism that is

stripping wave. An additional physiological
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Framework for Rigor and Transparency in Research on

Swallowing
Universally Applicable Questions
Were the study location(s) and environmental settings described? Yes Yes Yes Yes | Yes | Yes
Was the data collection protocol(s) described in detail? Yes Yes Yes Yes Yes
IfYes™ then:
Were the bolus described (i.e., theology, IDDSI level, other validated measure)? N/A Yes Yes
Were bolus volumes described? NA Yes Yes
Were the number of trials per consistency and volume described? NA Yes Yes
Was the order of bolus described? N/A Yes
Were stimulus brand and details reported? N/A Yes Yes
Were methods of bolus administration described (e.g.. cup sip. spoon-delivered, straw, tube-
placed, self- vs clinician istered)? N/A Yes Yes
Were participant i described (e.g.. cucing)? N/A
Was the positioning of the participant described? NIA Yes Yes
‘Were participants blinded to task or treatment condition?
Were raters blinded to participant ID/group ass 3 Yes
‘Were raters blinded to ti dition?
‘Were the training and/or credentials of all individuals involved in data collection and/or analysis
reported? Yes Yes Yes Yes Yes Yes
‘Were the statistical tests/methods used appropriate for the type of data collected (e.g. categorical,
ordinal, continuous)? Yes Yes Yes Yes Yes Yes
Was data completeness and the handling of missing data described? Yes Yes Yes Yes Yes Yes
Vi ic Swallow Study (VFSS)

Were the following aspects of instrumentation-related positioning reported (select all that apply)?
Structures of interest (e.g.. lips. tongue, larynx. cervical esophagus. etc.)
Angles/Views (c.g. lateral, sagittal, ctc.)

Method/accessories to optimize positioning (e.g.. wedge, pillow, ec.) or measures (e.g., nose plugs)

Were the details of the cquipment reported including model and recording system?

Were details regarding recording scttings reported signal acquisition rate/frame ratc)?
Were the names and system of any analysis software described?
Were the methods for calibration of all i ion described?

Was barium or contrast material used?
IfYes" then:
Were details regarding name/brand/type of barium (or other contrast) reported?
Were details regarding barium (or other contrast) reported?
Was the same of barium used across trials?,
Were standard rating methods used and identified (c.g. MBSImP, DIGEST, ASPEKT)?
Were operational definitions for reported?
Was more than one rater included?
IfYes" then:
Was inter-rater reliability reported?
If"Yes" then:
Was the method for determining inter-rater reliability reported?
Was intra-rater reliability reported?
If~Yes” then:
Was the method for intra-rater reliability reported?
Were resolution processes described?
Was the process of rating described relative to time of exam (i, real-time and/or post-hoc)?
IFYes" then:
Were exams recorded and reviewed post-hoc?
Was a validated penetration-aspiration scale used for VFSS?
If a non-validated scale was utilized, were procedures described for reproducibility?
‘Was application of the safety rating scale described in a reproducible manner (i.c., bolus level, swallow
level, worst versus mean/median, etc.)?

=
>

z <=
> B

=
>

=
S

=
5

Was the frequency of safety impairment during VESS acknowledged?
Was timing of safety impairment (i.c., before, during or after the swallow) acknowledged?
Was a validated residue scale used for VFSS?

If a non-validated scale was utilized, were procedures described for ibility?

=
>

=
>

‘Was application of residue rating scale described in a reproducible manner (i.e., bolus level, swallow
level, region, ete.)?
Fiberoptic Endoscopic Evaluation of Swallowing (FEES)
Were the details of the equipment reported including scope model and recording system?
Were the names and system of any analysis software described?
Were the methods for calibration of all described?
Was dye used in the study?
IFYes" then:
Was coloring method for bolus trials described for reproducible preparation (i.e., color type, brand,
mixture method, amount, etc.)?
Were the following aspects of lubrication and/or nasal decongestant described (selectall that apply)?
Type (e.2. water-based. petroleum-based. ctc.)
Brand of
< -
Quantity
‘Application process
No lubrication or nasal were utilized
Were the following aspects of topical anesthetic described (select all that apply)?
Type (c... water-based. petroleum-based. ctc)
Brand of
< -

=
>

5

5

5

B

<

HE :%H I

5

5

Quantity
‘Application process
No topical anesthetic was utilized
Were operational definitions for reported?
Was more than one rater included?
IFYes" then:
Was inter-rater reliability reported?
1f “Yes™, then:
Was the method for determining inter-rater reliability reported?
Was intra-rater reliability reported?
If"Yes" then:
Was the method for intra-rater reliability reported?
Were resolution processes described?
Was the process of rating described relative to time of exam (i, real-time and/or post-hoc)?
IfYes" then:
Were exams recorded and reviewed posi-hoc?
Were sceretions scored in the study?

Was a validated secretion scale used?
If*No". then:
‘Was application of non-validated secretion scale described in ‘manner?
Was the protocol for describing anatomical abnormalities reported?
Was safety of swallowing (i.c. penctration-aspiration) evaluated in the study?
If*Yes™ then:
Was a validated penetration-aspiration scale used for FEES?
If a non-validated scale was utilized, were procedures described for reproducibility?
‘Was application of the safety rating scale described in a reproducible manner (i.c., bolus level,
swallow level, worst verse mean, etc.)?
Was timing of safety impairment (ic.. before, during or after the swallow) acknowledged?
Was efficiency (i.c. residue) evaluated in the study?
IfYes™ then:
Was a validated residue scale used for FEES?
If a non-validated scale was utilized, were procedures described for ibility?
‘Was application of residue rating scale described in a reproducible manner (i.e., bolus level,
swallow level, region, etc.)? NA

FIGURE 3 Framework for
rigor and transparency in research
on swallowing.
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discussed is esophageal pathophysiology (abnormal esophageal clear-
ance from obstruction or reflux/retrograde flow) which presented in
more than half of their sample (57.1%) and may contribute to post-

prandial aspiration, a well-documented risk in this patient group.

3.6 | Quality assessment

Using the Cochrane Risk of Bias Tool (Table 5), we found that all of
the included studies were susceptible to bias in the domains of selec-
tion and performance. In terms of detection bias, only one study
reported blinding of raters,?’ whereas the remaining studies lacked
sufficient information to make a clear decision or were deemed sus-
ceptible to bias. The overall of the included studies thus demonstrates
a pattern of high bias in most of the studies included in the review
(Figure 2).

The FRONTIERS tool?? was utilized to determine rigor and trans-
parency of the studies included in this review. Most of the studies
were retrospective in nature and failed to adequately blind/duplicate
rating of instrumental evaluations (Figure 3). Additionally, all but one
study failed to transparently report the full assessment protocol
(including bolus consistencies, volumes, and order or presentation)
used to probe for impairments in the swallowing mechanism. This crit-
ical appraisal tool demonstrates huge gaps in the reporting practices
of the studies published in the post-LT dysphagia literature, which
increases their risk of bias.

4 | DISCUSSION

This review sought to describe the post-operative swallowing (patho)
physiology and its parameters following LTs. We provided scrutiny of
the results reported and the methods utilized in obtaining these
results in the existing literature. Due to the retrospective nature of
the majority of the studies included in the review, a lack of transpar-
ency regarding instrumental evaluation protocols including the num-
ber and bolus types used during the instrumental evaluations
appeared as a theme in the studies included.

Variations in approaches to summarizing patient performance
were evident in all studies despite the use of the Penetration-
Aspiration Scale in four of the six studies identified. The differences in
summarizing the data may be the reason why proportions of patients
varied in each category considered. For example, when considering
patients who presented with penetration alone, one study identified
60% of patients as penetrators.?’ This value is almost double the pro-
portion of penetrators reported by Reedy et al..>* which was 33%.
Similarly, the large percentage of aspirators reported in Miles et al.*°
for aspiration was defined as PAS scores of 4-8, compared to the
other studies where the more common classification was used (PAS
6-8).

The choice of VFSS or FEES as the preferred standard of care
assessment instrument may have led to the differences in results

reported. For example, it is well documented that the FEES exam

involves a period of whiteout at the height of the swallow due to the
blocking of the endoscope's light which may have impacted accuracy
of detecting airway invasion during the swallow. Perhaps even more
importantly, the live interpretation examinations in some studies may
have also impacted the difference in incidence that was reported in
the studies in this review, as some there is evidence in the literature
to suggest that reliability of PAS score rating was higher when
recorded and reviewed post-hoc as opposed to live interpretations.®*
On the contrary, no studies utilizing VFSS indicated live interpretation
of results.

The results point to wide differences in the presentation of
patients following LT which can likely be attributed to the different
underlying indications for LTs where dysphagia may have already
been present at baseline. In patient groups with chronic obstructive
lung disease for example, the well documented literature on
respiratory-swallow discoordination or reduced sensation to the phar-
ynx and larynx may predispose individuals to an undiagnosed pre-
operative dysphagia.>>=3” In the studies that met criteria for our
review, only one study?® explored pre-existing dysphagia prior to LT
surgery and found 17% of patients presenting with penetration or
aspiration (penetration: 10%; aspiration: 7%) at baseline.

Finally, we noted that the two most recent studies exploring swal-
lowing outcomes in patients following LT had the smallest sample
sizes. We hypothesize that a shift in the current reporting standards
in the dysphagia literature has guided the more systematic and rigor-
ous methodologies in these studies which may have ultimately led to

the inclusion of less patients.

5 | LIMITATIONS OF THE REVIEW

Despite this systematic review following PRISMA guidelines for best
practices in terms of database searching, inclusion/exclusion criteria,
data extraction, and reporting of findings, there are several limitations
that should be addressed. First, as we aimed to provide a comprehen-
sive and unbiased synthesis of the available evidence, we choose not
to include gray literature and case studies in the analyses due to gen-
eralizability, quality, and validity concerns. Second, we only examined
studies that reported oropharyngeal swallowing outcomes using
instrumental assessments. As esophageal dysphagia is a well-
documented post-operative occurrence, we acknowledge the impact
of post-prandial aspiration but did not systematically search for it due

to the different physiological presentation than prandial
aspiration.®8-42
6 | CONCLUSION

This systematic review aimed to explore the current available litera-
ture with regards to dysphagia outcomes following lung transplant as
measured using instrumental assessments. The studies included in this
review were heterogenous in their swallowing assessment protocols,

analysis procedures and practices and in the alignment with regards to
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their dichotomized grouping of patients. The degree of silent aspira-
tion found across the articles varied significantly, which was surprising
due to the aligned definitions used to describe silent aspiration.
Future studies exploring dysphagia outcomes post-lung transplant
should comment on the altered physiological mechanisms of the swal-
lows in order to support treatment planning targets for this group.
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