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Body composition (muscle and fat mass) is an impor-
tant marker of overall health in people with chronic dis-
ease [1]. The presence of low muscle mass or high-fat
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Computed tomography (CT) is gaining increased recognition in the assess-
ment of body composition in lung transplant (LTx) candidates as a prog-
nostic marker of post-transplant outcomes. This systematic review was
conducted to describe the methodology of CT measures of body composi-
tion used in LTx patients and its association with post-transplant out-
comes. Six databases were searched (inception-April 2020) for studies of
adult LTx patients with thoracic or abdominal CT measures [muscle cross-
sectional area (CSA) and/or adiposity]. Thirteen articles were included
with 1911 LTx candidates, 58% males, mean age range (48—61 years) and
body mass index of 21.0-26.1 kg/m?. Several methods were utilized using
thoracic or abdominal CT scans to assess skeletal muscle (n = 11) and adi-
posity (n = 4) at various anatomic locations (carina, thoracic, and lumbar
vertebrae), differing muscle groups, and adipose tissue compartments. Low
muscle mass was associated with adverse outcomes in 6/11 studies, includ-
ing longer mechanical ventilation days (n = 2), intensive care (n = 2) and
hospital stay (n =2), and mortality (n = 4). Greater subcutaneous and
mediastinal fat were associated with increased risk of primary graft dys-
function (n = 2), but implications of adiposity on survival were variable
across four studies. Further standardization of CT body composition
assessments is needed to assess the prognostic utility of these measures on
LTx outcomes.
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mass has been shown to be associated with poor clinical
outcomes in various chronic diseases [2,3]. In the solid
organ transplant population, low muscle mass and sar-
copenic obesity (combination of low muscle mass and
high-fat mass) have been associated with greater
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hospital length of stay (LOS), waitlist mortality, and
post-transplant survival [4-7]. Thus, the evaluation of
body composition is an important part of the overall
assessment of patients undergoing solid organ trans-
plantation.

There are several standard methods of evaluating
body composition, including dual X-ray absorptiometry
(D-XA), bioelectrical impedance analysis (BIA), whole
body computed tomography (CT), and magnetic reso-
nance imaging (MRI) [8]. However, these methods have
limited availability in the clinical setting due to the time
and cost associated with these procedures. There is a
growing body of literature utilizing CT scans that are
collected for clinical purposes as a method of evaluating
muscle cross-sectional area (CSA) and various regions
of adiposity (subcutaneous and visceral adipose depots)
[9,10]. Single-slice abdominal CT scans have been used
widely in chronic disease populations such as cancer
and liver cirrhosis to evaluate psoas muscle area, and
also visceral and subcutaneous fat depots [11,12].
Abdominal CT scans have also been validated against
whole body measures of body composition [13]. In peo-
ple with lung disease, there is limited availability of CT
scans that allow visualization of the abdominal region
[14,15]. However, thoracic CT scans are routinely per-
formed clinically in chronic lung disease patients, so
methods to evaluate muscle size from thoracic CT have
also been developed [16,17].

The literature on CT-based body composition in
lung transplantation shows that various landmarks
from thoracic and lumbar CT scans have been used
to evaluate body composition. Investigators have eval-
uated muscle CSA of single muscles, such as the pec-
[16,18] or multiple muscles of the chest
[19,20], whereas only a few studies have examined
adipose depots from thoracic CT [21,22]. Also, several
studies have evaluated the relationship of pretrans-
plant muscle CSA from CT scans and their relation-
ship with post-transplant outcomes, such as days of
mechanical ventilation (MV), hospital LOS, and mor-
tality [19,20,23]. The associations with post-transplant
outcomes have been variable, which may be due to
differences in methodologies applied for evaluating
body composition, transplant center practices, or the
variety of assessed clinical outcomes.

Given the growing body of literature using CT body
composition measures in LTx patients, this systematic
review was undertaken with the following two objec-
tives: (i) To describe the methodology of CT-based
measures of body composition used in LTx patients. (ii)
To describe the association of CT-based measures of
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body composition with early and late post-transplant
clinical outcomes.

Study design

This was a systematic review of studies utilizing thoracic
or abdominal CT to assess skeletal muscle size or adi-
posity in LTx patients. This review was performed in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guideli-
nes [24]. No ethics approval was required given this
was a systematic review.

Search strategy

A comprehensive search strategy was developed by a
medical librarian (A.O-C), in collaboration with the
team, to identify published English language literature
on chronic respiratory diseases, CT, and skeletal muscle
size and adiposity. The following databases were
searched from inception through April 27, 2020 (last
update): Ovid MEDLINE, MEDLINE In-Process &
Other Non-Indexed Citations, EMBASE, Cochrane
Database of Systematic Reviews, Cochrane Central
Register of Controlled Clinical Trials, CINAHL, and
PubMed for non-Medline records. The search was cus-
tomized for each database and details are provided for
Ovid MEDLINE (Table S1). Limits were applied for
human and adult populations. Books and conference
materials were excluded from EMBASE. References from
included articles were also reviewed.

Eligibility criteria

Full-text articles were included of adult participants
(>18 years old) with chronic lung disease (lung par-
enchyma, airways, and pulmonary vasculature) that
required lung transplantation. For study inclusion, par-
ticipants had to have thoracic or abdominal CT body
composition measure (muscle CSA or adiposity mea-
sure) pretransplant and the association of pretransplant
body composition evaluated with at least one-post LTx
outcome (mechanical ventilation days, intensive care
unit (ICU), primary graft dysfunction (PGD), hospital
LOS, discharge disposition, post-transplant exercise
capacity, or survival within any time period reported).
Both prospective and retrospective cohort studies, ran-
domized and nonrandomized controlled trials were eli-
gible for study inclusion. Case series or reports were
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excluded. Full-text articles were limited to English lan-
guage only.

Study selection

Two assessors (D.R. and CE.O.) independently reviewed
all abstracts obtained from the search. The full text of
the article was reviewed if at least one reviewer felt that
the eligibility criteria was met. A third investigator
(S.M.) reviewed any articles where consensus was not
reached after full-text review.

Data extraction and synthesis

A standardized form was used for data extraction,
which was performed independently by two reviewers
(S.N. and CE.O. or K.C.). Demographic characteristics,
lung function, disease severity measures and confirma-
tion of LTx candidacy (active on the waiting list) [25]
were ascertained from the articles. Details on CT mea-
sures (anatomic location, muscles and adiposity com-
partments, and number of axial slices) were abstracted.
We abstracted the terminology and cutoffs used for
low muscle mass in the papers, as we anticipated that
publications may use the term “sarcopenia” to repre-
sent low muscle mass, given the definition of sarcope-
nia has evolved to
physical function [26]. Associations with CT-based
measures of body composition with early LTx out-
comes such as MV days, intensive care unit (ICU),
PGD, hospital LOS, discharge disposition, and late
post-transplant outcomes being exercise capacity and
survival were abstracted.

We determined a meta-analysis would not be feasible
at the time of formal screening for article inclusion
given significant heterogeneity in the methodology used
to evaluate CT body composition measures. Descriptive
statistics and ranges were used to describe the demo-
graphic characteristics and disease severity measures in
LTx candidates across studies.

include low muscle mass and

Quality assessment

Quality appraisal for the included articles was assessed
using the National Heart, Lung, and Blood Institute
Quality Assessment Tool for Observational Cohort and
[27]. We also utilized the
RoBANS tool to assess risk of bias across six domains:
participation selection, confounding, exposure, blinding
of assessments, data completion, and reporting of out-
comes, which has shown promising validity in its use in

Cross-Sectional Studies
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nonrandomized studies [28]. Two reviewers (S.N. and
CE.O./K.C) independently reviewed the quality of the
studies with disagreements resolved by consensus.

Study selection and patient characteristics

A total of 8589 unique abstracts were identified with 68
full-text articles reviewed for eligibility and 13 articles
included in the systemic review (Fig. 1). Selected studies
were published between January 2016 and January 2020.
A total of 1911 participants listed for lung transplanta-
tion were included. The most common indications for
transplant  listing  were lung disease
(n = 1033, 54%), chronic obstructive pulmonary disease
(n =400, 21%), cystic fibrosis (n =217, 11%), pul-
monary arterial hypertension (n = 48, 3%), and other
(n =213, 11%). Participants in the selected studies
comprised 58% males, with a mean or median age
range of 49-61 years, and a mean body mass index
(BMI) range of 21.0-26.1 kg/m” across studies. The
majority of studies (n = 8) were from North America,
but other included centers were Korea (n = 3), Ger-
many (n = 1), and Spain (n = 1). In addition, LTx can-
didates generally had their thoracic or abdominal CT
scan 3- to 12-month pretransplantation that was used
for body composition evaluation (Tables 2 and 3).

interstitial

Quality assessment of studies

Twelve studies were retrospective, single-center studies,
whereas one study was prospective and multi-centered.
The overall quality of the cohort studies had a broad
range [poor (n = 2), fair (n = 5), and good (n = 6)], as
shown in Table S2. Many of the studies were missing
sample size justifications (n = 11), the exposure was not
assessed at multiple time points (n = 12) and outcome
assessors performing the image analysis were not blinded
(including not reported) to the exposure status of partici-
pants (n =6). Common strengths among all studies
included a clearly stated objective, recruitment of subjects
from a defined population, and the exposure of interest
being measured prior to the post-transplant outcomes.
Based on the RoBANS domains (Table S3), the highest
risk of bias was in the selection of participants (n = 5)
and lack of blinding for outcome assessments (1 = 6).
The bias was generally low for body composition mea-
surements (exposure, n = 10), adjustment for confound-
ing variables (n = 10), incomplete outcome data (n = 9),
and selective outcome reporting (n = 13).
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Records identified through database
searching (n = 8589)
MEDLINE 1213; Epub Ahead of Print and
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In-Process & Other Non-Indexed
Citations MEDLINE 347; EMBASE 5881;
CDSR 167; Central 249; CINAHL 687;
PubMed (supplemental) 45

Additional records identified
through other sources
(n=0)

(n=7507)

Records after duplicates removed

A 4

(n=7507)

Records screened

Records excluded
(n=7439)

A 4

A 4

for eligibility
(n=68)

Full-text articles assessed

Full-text articles excluded,
> with reasons
(n=55)

A 4

- Chronic Lung Disease but
No Post-Transplant

(n=13)

Studies included in
qualitative synthesis

Outcomes (n = 48)

- Non-chronic lung disease
population (n =4)

- No Thoracic or Abdominal

CSA measures (n = 3)

Figure 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of the literature search [24].

Methodological evaluation of skeletal muscle mass

Skeletal muscle CSA with CT was evaluated in eleven
studies, with most using the Slice-O-Matic (n = 5)
software to quantify skeletal muscle tissue. Other
processing  softwares also  employed,
including one study that assessed psoas muscle com-
position using three-dimensional (3D) imaging with a
Synapse visualization software [29]. Pectoralis muscle
for chest CT (n = 3) [18-20], the psoas muscle from
abdominal CT (n=6) [14,15,23,29-31], and para-
spinal muscles from chest or abdominal CT (n =5)
[19-22,31] were the most common muscles included
among the selected studies, in comparison to the
intercostals (n =3) [19,20,22], serratus anterior
(n=1) [19] and latissimus dorsi muscles (n = 2)
[19,22], as shown in Table 1. The majority of studies
utilized one axial slice (n =7) [18,20-23,30,31] with
several studies taking the average of two to three
slices [14,15,19]. Despite some similarities between
studies, there was significant heterogeneity in the ver-
tebral level analyzed and the Hounsfield Unit range
identifying the

image were

for skeletal muscle across studies
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(Table 1). Moreover, three studies conducted reliabil-
ity analysis [14,19,23], reporting excellent inter-rater
agreement  (>0.97) skeletal
obtained at different vertebrae locations (Table 1).

in muscle measures

Methodological evaluation of adiposity with
computed tomography

There were four studies that assessed adiposity, Table 3
[21,22,32,33]. Pienta et al. [21] evaluated thoracic sub-
cutaneous and visceral adiposity (SAT and VAT) using
a single slice at the level of the ninth thoracic vertebrae
(T9), whereas Anderson et al. [32] had quantified both
SAT and VAT on chest (T7-T8) and abdominal scans
(L4-L5). Cho et al. [22] used thoracic CT scans (at T12
level) to assess subcutaneous fat with a single slice,
adjusted for several height and weight indices. Gonzalez
et al. [33] was the only study to utilize anterior medi-
astinal fat (AMF) volumes. Reliability measurements of
thoracic adipose tissue quantification between raters
were excellent (intra-class correlation >0.97 for VAT
and SAT) [32] and mediastinal adiposity (r > 0.94
across all axes) [33].
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Associations of skeletal muscle mass with clinical
outcomes

Mechanical ventilation and intensive care unit course

Nine studies described the association between pretrans-
plant skeletal muscle mass and MV days post-transplant
(Table 2) [14,15,18-20,21,22,23,29]. Weig et al. [23]
observed that in 103 consecutive LTx patients, lean
psoas area had an independent, inverse association with
MV days [B = 0.65; 95% CI (0.44-0.96); P = 0.03], per
1 standard deviation (SD) in lean psoas area. Cho et al.
[22], observed a similar outcome in their study, as the
muscle-height index and muscle-weight index was
shown to have a negative correlation with MV duration
(r=-033, P=0.021 and r=—-0.54, P <0.001),
respectively. However, the majority of studies (7 out of
9) demonstrated no association between skeletal muscle
CSA and days of MV [14,15,18-20,29].

Eight studies evaluated the relationship between
skeletal muscle CSA and ICU LOS post-transplantation
[14,15,18-20,22,23,29]. A lower skeletal muscle CSA was
associated with a longer ICU LOS observed in two of
the studies [22,23]. Weig et al. had shown that in addi-
tion to MV days, ICU LOS was longer as well
[B = 0.75; 95% CI (0.59-0.95) days; P = 0.02, per 1 SD
reduction in lean psoas muscle area]. Cho et al. [22]
reported similar findings in those with low muscle area
at the lumbar level having a longer ICU LOS compared
to those with normal muscle area (43.2 + 39.4 vs.
149 + 10.5 days, P = 0.03). However, Hoang et al.
[18] observed that ICU LOS was shorter in those with
low pectoralis muscle index stratified by sex compared
to those with a high muscle index [Ql = 6.5 IQR (4-
13.5) vs. Q4 = 14 (8-29) days, P = 0.02], contrary to
other studies.

Primary graft dysfunction at 72 h

Primary Graft Dysfunction (PGD) at 72-h post-trans-
plant was evaluated in four studies [14,19,21,29], with
no significant association observed between CT muscle
mass measures and PGD.

Hospital length of stay and discharge disposition

Hospital LOS was evaluated in nine studies [14,15,18—
22,29,31], but only two studies reported having signifi-
cant inverse associations between pretransplant muscle
CSA and post-transplant hospital LOS [14,19]. Rozen-
berg et al. [19] evaluated total muscle CSA at the level
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of the carina and reported that greater muscle CSA was
associated with decreased hospital LOS [ = —0.7; 95%
(0.2-1.3) median days per 10 cm® of muscle CSA;
P = 0.04], independent of age, sex, height-squared, and
six-minute walking distance (6MWD). Similarly, Kelm
et al. [14] observed a longer hospital LOS by 7.2 days
(P = 0.01) in those with low muscle index (lowest 25th
percentile) at the L2-L3 interspace, adjusted for age and
sex, compared to those with a higher muscle index.

The association of skeletal muscle mass with dis-
charge disposition was described in only two studies
[19,31]. Rozenberg et al. [19] showed that an increase
in muscle CSA (for every 10 cm?) was associated with a
17% lower chance in discharge to inpatient rehabilita-
tion versus home (P = 0.03), adjusted for age, sex, and
diagnosis, but this relationship was no longer significant
after adjustment for pretransplant exercise capacity
(P = 0.07). Halpern et al. [31] observed no association
between muscle mass and discharge to rehabilitation
facility post-transplant (P = 0.89).

Post-transplant exercise capacity

One study examined the relationship between muscle
CSA and post-transplant exercise capacity [23]. Weig
et al. [23] observed that greater lean psoas muscle area
pretransplantation was associated with greater improve-
ment in 6MWD post-transplant with pulmonary reha-
bilitation. For every SD in lean psoas muscle area, the
6MWD increased by 43 m [95% CI (7-79)], adjusted
for age, sex, diagnosis, transplant type and peri-opera-
tive course, and independent of pulmonary rehabilita-
tion duration.

Overall survival

Survival outcomes were commonly measured at 1-year
post-transplant [14,15,18-23,29] with several studies
reporting survival up to 3-year [14,21,29,30] and 4-year
post-transplant [31], and another study evaluating sur-
vival 7- to 76-month post-transplant [22]. Kelm et al.
[14], reported that LTx recipients with low muscle
index (lowest 25th percentile) had increased risk of
mortality [HR = 3.1, 95% CI (1.0-9.2), P =0.04] by
3 years. Similarly, Hsu et al. [30] observed that survival
was lower by 3-year post-transplant for those with sar-
copenia (35.9%) versus those without sarcopenia
(76.8%), P < 0.01. Cho et al. [22] observed that LTx
recipients who died (median follow-up of 32 months)
were more likely to have a lower muscle-height index
(26.0 £ 5.1 vs. 30.1 + 4.9 cm*/m? P =0.042) than
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those who survived. However, the majority of studies
did not observe a significant association with post-
transplant survival (Table 2) [15,18-21,23,29,31]. Risk
factors for mortality were generally not described except
for one study [30]. Hsu ef al. [30] reported that the risk
of graft failure (comprised of re-transplantation or
death as a result of PGD, acute rejection, chronic rejec-
tion, or respiratory failure) was much greater in those
with low psoas muscle CSA [HR 12.8; 95% CI (3.3—
48.8); P = 0.01] compared to those without low CSA.

Associations of adiposity with clinical outcomes

Four studies evaluated associations with regional adi-
posity using CT and post-transplant outcomes (Table 3)
[21,22,32,33]. Increased SAT and AMF volume were
shown to be associated with PGD [32,33]. Pienta et al.
[21] observed that increased SAT on chest CT (vertebral
level T9) was associated with improved survival up to
three-year postlung transplantation [HR = 0.60; 95% CI
(0.45-0.81); P = 0.001]. This is in contrast with Gonza-
lez et al. [33] who observed a worse 3-year survival with
high AMF. No association was observed with CT adi-
posity measures and post-transplant survival in the
other two studies [22,32].

Considerations of CT muscle mass and adiposity
measures with post-transplant outcomes

As shown in Tables 2 and 3, there was significant vari-
ability in the statistical analysis performed for post-
transplant hospital-based outcomes and survival. The
measure of exposure for muscle mass and adiposity was
different across all 13 studies including timing of CT
scans pretransplant, adjustment for important con-
founders not performed in 3 (23%) of studies, and tim-
ing of CT scans relative to post-transplant outcomes
was not factored into the statistical analysis. Transplant
type was only considered in the multivariable modelling
in only 5/10 (50%) of studies that had included both
single and double LTx recipients [18,21,23,31,32]. In
three of the studies reporting associations with trans-
plant procedure and post-transplant outcomes, single
LTx was associated with shorter MV and ICU days
[23], hospital LOS [21], but not with survival [21,31].

This systematic review of CT body composition mea-
sures highlights the methodological variability of muscle
mass and adiposity measures in LTx patients using both

Transplant International 2020; 33: 1610-1625
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thoracic and abdominal CT. In approximately 1,900
LTx candidates, skeletal muscle mass was more com-
monly evaluated compared to adiposity measures using
varying anatomic locations, muscle groups, and adipose
tissue compartments. Despite heterogeneity in CT mea-
sures, low muscle mass was associated with at least one
adverse early or late post-transplant outcome in over
one-half of the studies. The implications of CT adipos-
ity were variable across the four studies with respect to
post-transplant survival. Further standardization of CT
body composition is needed to assess the clinical utility
of these measures on LTx outcomes.

Low muscle mass was associated with adverse LTx
outcomes in six of the eleven studies. This is consistent
with other major surgical procedures and transplant
populations, including liver and renal transplant, that
have highlighted adverse postoperative outcomes with
low muscle mass [34-37]. This can be partly explained
by the fact that low muscle mass represents a state of
catabolism with diminished physiological reserve, which
is important in order to combat critical illness and
infection [38,39]. However, there was substantial vari-
ability with respect to significant associations of low
muscle mass with MV days (n = 2), ICU (n = 3), hos-
pital LOS (n = 2), and survival (n = 4) across studies.
In fact, Hoang et al. [18] observed that LTx patients
with the highest muscle pectoralis CSA pretransplant
had experienced the longest ICU LOS unadjusted for
age or diagnosis, which was contrary to findings from
other studies. The differences in study cohorts, trans-
plant center experience, skeletal muscles measures, tim-
ing of CT scans pretransplant, and variable approaches
to statistical analysis may have contributed to some of
the heterogeneity observed across the studies. The main
source of heterogeneity in post-transplant outcomes
could have arisen from the fact that all studies defined
low muscle mass differently, driven by lack of estab-
lished cutoffs for low muscle mass in this population
using CT-based methods.

CT muscle mass may provide complementary infor-
mation to the assessment of physiological reserve (i.e.
frailty), in the evaluation of LTx candidates. Frailty is a
complex geriatric syndrome that is associated with
adverse pre and post-transplant LTx outcomes [40—42],
highlighting the importance of biologic over chrono-
logic age. Sarcopenia, defined as loss of muscle mass
and function [26], is an important element of frailty.
Even though CT muscle mass captures only one aspect
of the sarcopenia definition (low muscle mass), it
embodies several underlying mechanisms incorporating
elements such as protein catabolism, nutritional
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deficiencies, chronic inflammation (Interleukin-6,
Tumor Necrosis Factor-alpha), cell senescence, and
decreased physical function [43,44]. In addition, the
relationship between CT thorax and abdominal mea-
sures have shown moderate-strong correlations with
quadriceps size and strength [17], hand-grip strength
[45], and exercise capacity [16,19], which are known to
be important prognostic markers in advanced lung dis-
ease and transplantation [46—48]. Thus, CT muscle mass
allows for an opportunity to indirectly quantify one
aspect of biologic aging. Future studies exploring other
established measures of biologic aging such as telomere
shortening [49,50], increased markers of inflammation
[40,51,52], and immune cell senescence [53] may pro-
vide valuable insight into the relative contribution of
each of these measures to prognosis.

The analysis of CT morphometrics beyond muscle
mass measurements is gaining increased recognition, as
obesity has been shown to be associated with increased
levels of inflammation, adipokines, and cellular senes-
cence [54-56]. In the present review, four studies evalu-
ated the association of adiposity tissue with post-
transplant survival with heterogeneous results. Pienta
et al. [21] observed that increased SAT from a single
thoracic axial slice was associated with improved post-
transplant three-year survival, whereas Gonzalez et al
observed a lower three-year survival with increased
mediastinal fat volume, and no association was seen in
the other two studies evaluating SAT and VAT [22,56].
In two of the studies, increased SAT on abdominal CT
and increased mediastinal fat volumes were associated
with a higher risk of developing PGD [33,56]. This sup-
ports the notion that abdominal SAT and mediastinal
adipose tissue is associated with an increased inflamma-
tory milieu [57] characterized by increased reactive oxy-
gen species and decreased clearance of circulating fatty
acids, both risk factors for accumulation of ectopic adi-
posity and PGD [58,59]. However, our understanding
of the adipose tissue stores is evolving as abdominal
VAT has been conceptualized as the more metabolically
active tissue previously associated with increased cardio-
metabolic risk factors [60,61], increased frailty in LTx
candidates [56], and increased limb muscle adiposity
[62,63]. This accumulation of adiposity in the limb
muscles may result in diminished protein synthesis,
regenerative capacity, and decreased function [64-66].
Thus, a potential advantage of the CT morphometric
technique over whole body composition measures (BIA
or DXA) is their ability to quantify regional adiposity
compartments (SAT and VAT) [67], which may help
advance our understanding of the differing mechanisms
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underlying adiposity tissue stores and their effects on
pre and post-transplant LTx outcomes.

Presently, it is not possible to make a recommenda-
tion as to the optimal CT measurement technique to
apply for evaluation of low muscle mass and adiposity.
There remains lack of methodological standardization
across CT body composition assessments with most
studies using individual chest or abdominal axial slices
in LTx candidates at various anatomic locations, even
though these individual axial slices have shown strong
correlation with CT thoracic-abdominal muscle and
adiposity volumes [68,69], and with whole body com-
position measures (DXA, BIA) [70]. The CT body com-
position assessment seems to be driven by center
experience and the availability of abdominal or chest
scans given thoracic scans are more likely to be the
standard of care at most LTx centers [18-22]. Thus, to
allow for comparison between centers it would be help-
ful to establish CT normative values that could be
applied in the assessment of low muscle mass or adipos-
ity in this population. One consideration may be to uti-
lize an automated software for assessment of 3D
imaging as shown by Suh et al. [29] to help quantify
CT muscle and adiposity volumes to further establish
normative values. This may reduce some of the techni-
cal heterogeneity between patients and centers that may
be present using a single cross-sectional axial slice.

There are several limitations in this systematic review
that need to be highlighted. Firstly, there was significant
heterogeneity in CT muscle CSA and adiposity measure-
ments across studies, which prevented pooling of data
to perform a meta-analysis. Despite the heterogeneity
across the included studies, this was the first compre-
hensive review and descriptive synthesis of CT body
composition measures in LTx patients performed in
accordance with the PRISMA guidelines [24]. Secondly,
the studies included were all retrospective, single-center
studies with CT performed for clinical purposes, with
the exception of one prospective multi-centered study
[56]. Thirdly, it is difficult to extrapolate some of these
techniques across all pretransplant diagnoses as trans-
plant indications such as cystic fibrosis or pulmonary
hypertension were underrepresented across studies. In
addition, all studies reported associations of CT body
composition with post-transplant outcomes, but no
studies adjusted for timing of CT scan to transplanta-
tion in their multivariable modelling and only five stud-
ies factored in type of transplant, which may have
influenced early and late post-transplant outcomes.
Future work will need to explore whether CT body
composition measures changes in the pretransplant
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period as this was not reported in any of the studies.
Furthermore, it is important to highlight that CT body
composition measures are surrogate markers of whole
body composition shown to be stronger prognostic
markers than BMI [14,23], which is known for its poor
discriminatory ability for muscle mass or adiposity mea-
sures. However, it is important to highlight that CT
body composition measures may be relatively preserved
compared to the dynamic nature of lower extremity
limb muscle size or function [46,70] and may have a
differential effect on post-transplant outcomes. Future
study exploring associations of body composition with
functional measures, plasma biomarkers, and rehabilita-
tion response may provider greater insight into the clin-
ical utility of these body composition measures in lung
transplantation.

In conclusion, CT morphometric analysis evaluating
muscle mass and adiposity is an evolving measurement
modality that has shown heterogeneity in its association
with post-transplant outcomes (MV days, ICU and hos-
pital LOS, and survival). However, its important to high-
light the wvariability in body composition measures,
timing of CT scans, and statistical analysis may have
accounted for some of this heterogeneity. The optimal
CT measurement landmark (thoracic or abdominal)
remains unclear, and it may be reasonable to utilize
either landmark in the LTx population depending on
availability of scans at the transplant center. Furthermore,
the assessment of adiposity has only been evaluated in a
few studies to date, and its clinical utility requires further
exploration. Thus, CT morphometrics is emerging as a
potential surrogate measure of body composition and

1. Stephen WC, Janssen I. Sarcopenic-
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physiological reserve, but further standardization of CT
body composition assessments is needed to assess the
prognostic utility of these measures on LTx outcomes.
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