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Computed tomography (CT)-derived body metrics such as skeletal muscle index (SMI), psoas muscle index (PMI), and sub-
cutaneous fat area index (ScFI) are measurable components of sarcopenia, frailty, and nutrition. While these body metrics are
advocated in adults for predicting postoperative outcomes after liver transplantation (LT), little is known about their value
in pediatric populations. This study assessed the relation between preoperative CT-based body metrics and postoperative
short-term outcomes in pediatric LT recipients. Patients aged 0-18 years who underwent a primary LT were retrospectively
included (n = 101; median age 0.5 years; range 0.2-17.1). SMI, PMI, and ScFI were derived from preoperative axial CT slices.
Postoperative outcomes and complications within 90 days were correlated with the CT-based body metrics. To classify post-
operative infections, the Clavien-Dindo (CD) classification was used. Subgroup analyses were performed for age groups (<1,
1-10, and >10 years old). An optimal threshold for test performance was defined using Youden’s J-statistic and receiver oper-
ating characteristic curve as appropriate. ScFI was significantly (P = 0.001) correlated with moderate to severe postoperative
infections (CD grade 3-5) in children aged <1 year, with the optimal ScFI threshold being <27.1 cm?/m? (sensitivity 80.4%
and specificity 77.8%). A weak negative correlation between SMI and the total duration of hospital stay (R = -0.3; P = 0.01)
and intensive care unit (ICU) stay (R = -0.3; P = 0.01) was observed in children aged <1 year. No other associations between
CT-based body metrics and postoperative outcomes were shown. In children aged <1 year with cirrhotic liver disease under-
going LT, preoperative CT-based body metrics were correlated with moderate to severe postoperative infections (ScFI) and
with longer duration of hospital and ICU stay (SMI), and thus can be considered important tools for pre-LT risk assessment.
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Children requiring a liver transplantation (L'T') are gen-
erally chronically ill and have end-stage liver disease.
Because of altered nutrient absorption and processing,
higher metabolism, and reduced intake, many children suf-
fer from malnutrition.>¥ Malnutrition is independently

Abbreviations: AFI, total abdominal fat index; BMI, body mass index;
CD, Clavien-Dindo; CSMA, cross-sectional skeletal muscle area; CT,
computed tomography; DDLT, deceased donor liver transplantation;
DICOM, Digital Imaging and Communications in Medicine; ICU,
intensive care unit; IR, interquartile range; LDLT, living donor
liver transplantation; LT, liver transplantation; MELD, Model for
End-Stage Liver Disease; MUAC, mid-upper arm circumference;
PELD, Pediatric End—Stage Liver Disease; PMI, psoas muscle
index; ScFI, subcutaneous fat area index; SMI, skeletal muscle index;

associated with a higher rate of severe postoperative infec-
tions and with longer hospital stay in children undergoing
LT.®® Necessity for nasogastric tube feeding or paren-
teral feeding, often along with growth failure, is also an
important indicator for poorer outcome.”-

Children waiting for L'I' may also suffer from frailty,
which consists of multisystemic physiological decline and
increased vulnerability to stressors associated with chronic
illness, and is closely related to malnutrition.?) Sarcopenia
is considered a measurable component of frailty, defined
as low muscle quality and quantity, low strength, and poor
physical performance caused by chronic illness, malnutri-
tion, or aging.1% Although measurement of sarcopenia is
clinically often performed by determining the mid-upper
arm circumference (MUAC), computed tomography

ORIGINAL ARTICLE | 1779


https://orcid.org/0000-0001-9804-5781
mailto:﻿
https://orcid.org/0000-0002-5542-0286
http://crossmark.crossref.org/dialog/?doi=10.1002%2Flt.26205&domain=pdf&date_stamp=2021-08-01

VERHAGEN ET AL.

(CT)-based body metrics may be superior in reflecting
body composition and nutritional status.11-1

A recent study showed that psoas muscle index (PMI),
skeletal muscle index (SMI), and fat indices could be
reliably determined even in young children (median age,
4.6 months) with biliary atresia.!3) Recent pediatric
studies have also shown potential clinical application for
PMI and total psoas muscle surface area (tPMSA) but
did not investigate SMI or fat indices.1*1”) In adults
undergoing LI, sarcopenia diagnosed by CT-based
body metrics is advocated as an independent predictor
of higher waitlist and posttransplantation mortality and
higher perioperative complication rates.('®1% However,
because of differences in body composition, findings
from adult studies cannot be readily extrapolated to chil-
dren, and thus, further pediatric studies are needed.

Therefore, this study aimed to determine the rela-
tion between preoperative CT-based body metrics and
postoperative short-term clinical outcomes in pediatric
LT recipients with cirrhotic liver disease.

Patients and Methods

PATIENTS

This study was approved by the local research ethics
committee (registry number 201800080), and in-

formed consent was waived.

STROBE, Strengthening the Reporting of Observational Studies in
Epidemiology; tPMSA, total psoas muscle surface area; TSFT, triceps
skinfold thickness; VFI, visceral fat area index.
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All pediatric (<18 years old) LT recipients, treated
between 2003 and 2019 in our national pediatric LT
center, were eligible for the study (n = 265). Patients
were excluded in 2 phases; first, if a portal venous phase
abdominal CT scan was not available (n = 75), the CT
scan was performed >6 months before LT (n = 60),
CT slice thickness was >3 mm (n = 0), or in case of a
previous LT (n = 12). Second, children with noncir-
rhotic liver disease (eg, acute hepatic failure, hepato-
blastoma) were also excluded (n = 16). In total, 101
patients were included. The flowchart of the study
population can be found in Fig. 1. Data collection and
reporting of analysis were performed according to the
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines.??)

DATA COLLECTION AND
POSTOPERATIVE SHORT-TERM
CLINICAL OUTCOMES

Data were collected from our prospectively maintained
institutional database and retrospectively analyzed.
Collected demographic and anthropometric data at the
time of the preoperative CT included age, sex, weight,
length, growth failure (<-2 z score length or weight for
age and sex,®") body mass index (BMI), primary dis-
ease requiring LT, Pediatric End-Stage Liver Disease
(PELD) score (aged under 12 years) and Model for
End-Stage Liver Disease (MELD) score (all ages), in-
ternational normalized ratio, bilirubin level (umol/L),
albumin level (g/L), creatinine level (pmol/L), living
donor or deceased donor liver transplantation (LDLT
or DDLT), and type of LT (full size or split liver).
Data were available and complete for all patients, with
the exception of the MELD score in 4 patients.

General postoperative outcomes and complications
retrieved from the medical records concerned length
of total postoperative hospital stay, length of intensive
care unit (ICU) stay, death <90 days after LT, and graft
failure or acute rejection <90 days after LT (necessitat-
ing re-LT] increase of immunosuppressive treatment,
or resulting in death).

Surgical postoperative complications comprised bil-
iary leakage or anastomotic stenosis <90 days after LT’
(requiring surgery or percutaneous transhepatic cholangi-
ography with balloon dilatation or stenting), and vascular
anastomotic stenosis or thrombosis (hepatic artery, portal
vein, liver veins) <90 days after LT requiring treatment.

Postoperative infection severity <90 days after LT
was classified according to the Clavien-Dindo (CD)
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and 2019 (n = 265)

Children undergoing LT between 2003

v

Excluded (n = 148)

No pre-LT CT (n =76)

Time between CT and LT >6
months (n = 60)

Repeat LT (n =12)

v

Subsequently excluded (n = 16)

Noncirrhotic liver disease (n = 16)

v

group A

Cirrhotic liver disease (n = 101; 100%),

Biliary atresia (n = 69; 68%),
group B

FIG. 1. Flowchart of the study population.

classification.?? CD grades were clustered for CD 0-2
(no or low-grade infection) and CD 3-5 (moderate to
severe infection or death).

CT-BASED BODY METRICS
ASSESSMENT

All CT scans were performed according to a stan-
dard clinical protocol with acquisition parameters
adjusted to patient weight. CT images were obtained
from our Picture Archiving and Communication
System, anonymized, and stored in DICOM (Digital
Imaging and Communications in Medicine) for-
mat. Measurements included tPMSA (cm?), cross-
sectional skeletal muscle area (CSMA; cm?), total
abdominal fat area (cm?), visceral fat area (cm?), and
subcutaneous fat area (cm?) on 3-mm axial slices at
vertebral level L3, in accordance with previous pub-
lications,?32%) using in-house developed software

(Sarcomeas version 0.56; Supporting Fig. 1). This
software automatically delineated the geometric re-
gions of interest using Hounsfield units, followed by
manual correction of any inconsistencies by a pediat-
ric radiologist (M.V.V., 5 years of dedicated pediatric
radiology experience). All geometric regions of inter-
est were subsequently checked by a musculoskeletal
radiologist (A.R.V., 8 years of dedicated musculo-
skeletal radiology experience, and corrected in con-
sensus with ML.V.V).

tPMSA (cm?) was converted to PMI using the for-
mula PMI (cm?/m?) = tPMSA (cm?)/(patient length
[m])2. This allowed for interpatient comparison cor-
rected for patient length as a measure of body propor-
tions.2®) CSMA, total abdominal fat area, visceral, and
subcutaneous fat areas were corrected similarly, result-
ing in SMI (cm?/m?), total abdominal fat index (AFIL;
cm?/m?), visceral fat area index (VFI; cm?/m?), and
subcutaneous fat area index (ScFI; cm?/m?).
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ANALYSIS

Because mesenteric and retroperitoneal fat measure-
ments were frequently impaired by fat stranding, we as-
sessed the significance of this fat stranding. Therefore,
CT slices were categorized into a 5-point visual scale
and graded as follows: 1) not affected; 2) mild (<50%
mesenteric fat stranding); 3) moderate (>50% mes-
enteric but not retroperitoneal edema); 4) significant
(mesenteric and retroperitoneal fat stranding); and 5)
severe fat stranding. If the percentage of patients with
moderate or severe fat stranding was above 25%, we
considered these data not suitable for further analysis.

Assessment of the relation between preoperative
CT-based body metrics (PMI, SMI, AFI, VFI, ScFI)
and postoperative short-term clinical outcomes was
performed for all children with cirrhotic liver dis-
ease (group A) and for those with biliary atresia alone
(group B).

Because body metrics vary according to age, analyses
were performed in 3 age groups: <1-year old (babies
and infants), 1-10 years old (mobilizing toddlers and
prepubertal children), and >10 years old (peri/postpu-
bertal children).

CT-based body metrics were also analyzed accord-
ing to type of LT and growth failure (-2 standard devi-
ation for age). Correlation between CT-based body
metrics and MELD scores was determined using pre-
viously published MELD score divisions: <15, 15-20,
and >20.27

STATISTICS

Statistics were performed using SPSS for Windows
(version 26; IBM, New York, NY). The level of sig-
nificance was set at a < 0.05. Continuous variables
were summarized using median and interquartile range
(IQR).

To assess whether subgroups needed to be made
because of potential variations of body metrics during
the time interval between CT and LT, a goodness-of-
fit linear regression was performed for all body metrics,
and body metrics were compared between 0-3 months’
and 4-6 months’ interval time.

In case of 2 groups with non-normally distributed
continuous data, the Mann-Whitney U test was used.
Specifically, postoperative complications were ana-
lyzed for dependence on indexed body metrics using
the Mann-Whitney U test. Spearman’s rank correla-
tion test was performed to determine correlations
between CT-based body metrics and continuous

1782 | ORIGINAL ARTICLE

LIVER TRANSPLANTATION, December 2021

postoperative variables. This was also done for BMI
and z score for height and weight compared with the
body metrics.

A receiver operating characteristic curve was con-
structed and an area under the curve was calculated for
significant findings related to postoperative infection
(CD 0-2 versus 3-5). When significant, the optimal
threshold for test performance was assessed using
Youden’s J-statistic to predict severe postoperative
infection based on body metrics.

The z scores for sarcopenia were determined for
children aged 1-16 years, based on the available ref-
erence values provided by Lurz et al.,®% with sarco-
penia defined as a z score of <-2. Reference z scores
for children aged <1 year or >16 years are currently
not available. Postoperative outcomes were compared
between the subsequent sarcopenic and nonsarcope-
nic groups.

This study was conducted according to the ethi-
cal standards established by the 1964 Declaration of
Helsinki and later amendments and prevailing national
regulations and guidelines.

Results

BASELINE CHARACTERISTICS

Group A—all children with cirrhotic liver disease—
consisted of 101 children (male-to-female ratio, 42:59;
median age, 0.5 years; IQR, 5.3, range, 0.2-17.1 years)
and group B—biliary atresia—consisted of 69 children
(median age, 0.4 years). Further baseline characteris-
tics are presented in Table 1. The distribution of spe-
cific liver diseases can be found in Supporting Table 1.

The median time interval between CT and LT was
2.9 months (IQR, 2.5 months). The goodness-of-fit
linear regression for the time interval between CT and
LT was R? < 0.02 for all indices. In addition, there
were no differences between CT-based body metrics
in the interval time group 0-3 months compared with
4-6 months, regardless of age groups. Therefore, no
turther subgroups were made regarding the time inter-

val between CT and LT.

INTRA-ABDOMINAL FAT
STRANDING

Intra-abdominal fat stranding occurred in >25% of

the total study population (Supporting Table 2), and
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TABLE 1. Demographic Data and CT-Based Body Metrics
of Patients with Cirrhotic Liver Disease and the Biliary

Atresia Subgroup
Patients With Patients With
Cirrhosis Biliary Afresia
Demographics and Metrics (Group A) (Group B)
Age at CT, years 0.50 (5.3) 0.39(0.2)
Number 101 69
Sex, male:female 42:59 22:47
PMSA, cm? 3.4(2.7) 3.2(0.9)
PMI, cm?/m? 5.9(2.9) 6.7 (2.5)
CSMA, cm? 25.9 (25.9) 24.10 (5.6)
SMI, cm%/m? 48.0 (16.6) 51.4(12.2)
Subcutaneous fat area, cm? 17.7 (13.7) 15.9 (11.1)
ScFl, cm%/m? 31.4(22.5) 35.0 (22.9)
MELD 19(7) 18.5(7)
MELD subgroups (<15, 15-20, 23,39, 25,4 13,34, 21,1
>20, missing)

PELD 10 (9.8) 10 (9.5)
Bilirubin, pmol/L 146 (181.5) 141.5 (129.5)
Infernational normalized ratio 1.3 (0.4) 1.3 (0.4)
Albumin, g/L 34 (8) 34 (6)
Creatinine, pmol/L 18 (12.8) 16 (7)
Growth failure* 23/87 (26.4) 17/60 (28.3)
Body mass index 16.1 (3.4) 17.6 (3.2)
LDLT 52 43
DDLT 49 26
Full size 21 8
Split liver 80 61

NOTE: Data are presented as n, n/all (%), or median (IQR).
*Missing data not included.

therefore, AFI and VFI were excluded from sub-
sequent analyses. Moderate and higher grades of
intra-abdominal fat stranding were significantly more
frequent in children aged <1 year (P < 0.001). In none
of the patients subcutaneous fat stranding was ob-
served, and thus, ScFI was included for further analysis.

CT-BASED BODY METRICS
ASSESSMENT

tPMSA, PMI, CSMA, SMI, subcutaneous fat area,
and ScFI for groups A and B are given in Table 1.
PMI, SMI, and ScFI were significantly higher in
children aged <1 year (P < 0.001) compared with the
other age subgroups (Table 2 provides the CT-based
body metrics for group A according to age subgroups).
No significant differences were observed when

comparing body metrics between DDLT and LDLT,
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tull size and split liver, and children with or without
growth failure, neither in group A or B, nor in age-
dependent subanalyses.

PMI did not correlate with z score for weight, z score
tor height, or BMI. SMI showed a weak negative cor-
relation with z score for height (R = 0.3; P=0.002), but
not for z score for weight or BMI. ScFI correlated mod-
erately with BMI (R = 0.4; P < 0.001) and had a weak
correlation with z score for weight (R = 0.3; P = 0.004);
there was no correlation with z score for height.

POSTOPERATIVE OUTCOMES AND
COMPLICATIONS

In group A, among children aged <1 year, a significant
but weak negative correlation was observed between
SMI and the total length of hospital stay (R = -0.3;
P =0.01) and ICU stay (R = -0.3; P = 0.01), indicat-
ing that lower SMI correlated with longer hospital and
ICU stay. No correlations between SMI and hospital or
ICU stay were demonstrated in other age groups, and
no correlations were demonstrated for PMI or ScFI.

No differences in PMI, SMI, or ScFI were demon-
strated for general and surgical postoperative outcomes
and (noninfectious) complications, neither in group A
or B, nor in the age-based subgroups (Table 3).

Distribution of severity of postoperative infections
in group A according to the CD classification is pre-
sented in Table 4. The majority of children had no or
low-grade infection (84.2%; CD 0-2). Moderate to
severe postoperative infections (CD 3-4) were present
in 15.8% of children. No children died from infection
(CD 5) during the first 90 postoperative days.

Table 5 lists the differences in body metrics for CD
0-2 compared with CD 3-5 in group A for all ages and
in age subgroups. ScFI in group A was significantly
(P = 0.001) higher in children aged <1 year for CD
0-2 compared with CD 3-5, and a similar result was
observed when combining all ages (P = 0.02). In group
B, ScFIwas also significantly higher in children aged <1
year (P = 0.001), and for all ages together (P = 0.01),
when comparing CD 0-2 with CD 3-5. No associa-
tions between CD and PMI or SMI were observed.

The area under the curve for ScFI in children aged
<1 year (group A) stratified according to postoperative
infection severity (CD 0-2 versus CD 3-5) was 0.9.
Based on Youden’s J-statistic of 0.6, an ScFI thresh-
old of £27.1 cm?/m? yielded a sensitivity of 80.4% and
specificity of 77.8% for the prediction of severe postop-
erative infections (CD grade 3-5).
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TABLE 2. CT-Based Body Metrics in Patients With Cirrhotic Liver Disease (Group A) Categorized According to Age
Subgroups

1-10 Years (n = 28) >10Years (n=14)

Metrics <1 Year (n = 59)
Age at CT, years 0.4 (0.2)
Sex, male:female 21:38
Growth failure* 14/51 (27.5)
Interval between CT and LT, months 3.2 (2.3)
tPMSA, cm? 31(1.0)
PMI, cm?/m? 7.1 0t
CSMA, cm? 23.4(3.9)
SMI, cm?/m? 532 (11.nf
Subcutaneous fat area, cm? 156.5(9.3)
ScFl, cm%/m? 36.3 (21.8)f

NOTE: Data are presented as n/all (%) or median (IQR).
*Defined as -2 standard deviation weight and/or length for age.

3.9 (5.5) 12.4 (5.6)
13:15 8:6
4/23 (17.4) 5/13 (38.5)
2.7 (2.5) 23(3.1)
5.1(2.9) 9.9 (5.7)
4.8(1.4) 4.7 (2.6)
42.1 (26.6) 77.5 (31.7)
40.4 (11.4) 38.5(9.9)
22.9(18.7) 58.4 (40.3)
28.6 (22.9) 23.6 (25.6)

fSignificant at P < 0.001: index higher compared with other age subgroups.

TABLE 3. CT-Based Body Metrics in Patients With Cirrhotic Liver Disease (Group A) Categorized According to Postoperative
Outcomes for Both All Ages and Children Aged <1 Year

All Ages Aged <1 Year

Mefrics n PMI, cm%m2  SMI, cm?/m?  ScFl, cm%/m? n PMI, cmZm2  SMI, cm%m?2  ScFl, cm?/m?
Death

Yes 5 . 49.5(11.8) 26.4 (14.1) 4 6.6(1.3) 55.6 (11.3) 30.0(13.3)

No 96 1(2.0) 49.4 (12.4) 33.6(18.9) 55 7.0(1.9) 54.0(7.2) 37.7(19.9)
Graft failure or rejection

Yes 9 55(1.1) 47.5(10.4) 42.4 (35.0) 4 5.8(1.3) 51.6 (6.0) 58.4 (42.2)

No 92 6.1(2.0) 49.4 (12.4) 32.3(16.0) 55 7.1(1.9) 552 (11.4) 35.3(16.2)
Biliary complications

Yes 17 6.6(2.1) 50.3 (8.7) 38.6(14.9) 12 7.2 (2.3) 52.9 (8.3) 39.6 (8.8)

No 84 5.9 (1.9) 49.1 (12.8) 32.1(19.0) 47 6.9 (1.8) 55.5(11.8) 36.2 (21.2)
Vascular complications

Yes 20 6.5(1.4) 51.3(7.5) 40.3 (24.5) 17 6.6(1.3) 51.7 (5.5) 40.9 (23.9)

No 81 5.9 (2.1) 48.8 (13.1) 31.4(16.3) 42 7.1 (2.0 56.3 (12.6) 35.2(17.2)
Total 101 59

NOTE: Data are presented as mean (standard deviation).

SARCOPENIA AT AGES 1-16 YEARS

When applying the reference values for z scores pro-
vided by Lurz et al.?* to group A, 19 (55.6%) chil-
dren aged 1-16 years (n = 34) had a tPMSA <-2 2
score, indicating sarcopenia. There were no signifi-
cant differences in postoperative outcomes between
the resulting sarcopenic and nonsarcopenic groups.

MELD AND PELD SCORES

CT-based body metrics did not differ significantly be-
tween different MELD score categories. In addition,
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there was no significant correlation between CT-
based body metrics and the MELD or PELD score
(Supporting Table 3).

Discussion

This study aimed to determine the relation between
body metrics (PMI and SMI as measurements of sar-
copenia, and ScFI as a measurement of subcutaneous
fat storage) derived from preoperative abdominal CT
scans and postoperative short-term clinical outcomes
and complications in children with cirrhotic liver



LIVER TRANSPLANTATION, Vol. 27, No. 12, 2021

disease undergoing L'T. While these body metrics are
advocated in adults for predicting postoperative out-
comes, 10 studies on tPMSA and PMI in children
have shown varying results, and SMI and ScFI have
not been previously studied.('417) In the current study,
in children <1 year ScFI emerged as a useful marker
to identify the risk of moderate to severe postopera-
tive infections, and in these children a high SMI cor-
related with a shorter hospital and ICU stay. However,
PMI and SMI were of no other apparent value in
predicting other short-term postoperative outcomes.
Nevertheless, these results suggest an additional value
of CT-derived body metrics in pre-LT risk assessment.

A possible hypothesis for the association between
low ScFT and infections could be that low amounts of
subcutaneous fat represent malnutrition. It is imper-
ative to diagnose and treat malnutrition in children
undergoing LT, both because of the established asso-
ciation between malnutrition and immunological
alterations leading to infection,®® and because of the
poor growth and recurrent hospitalization after LT.?)
Our suggested ScFI cutoff value of <27.1 cm?/m?
in children aged under 1 year for assessing postoper-
ative infection risk illustrates how body metrics may

TABLE 4. Postoperative Infections Within 90 Days Stratified
According to the Clavien-Dindo Classification, Group A

Age Groups AllAges  <1Year 1-10Years  >10Years
Clavien-Dindo

grade
0 30(29.7) 14(23.3)  11(39.3) 5(35.7)
12 55(54.5) 36 (61.0)  14(50.0) 5(35.7)
3-4 16(15.8)  9(15.0) 43(10.7) 4 (28.6)
5 0(0) 0(0) 0 (0) 0(0)
Total 101 59 28 14

NOTE: Data are presented as n (%).

VERHAGEN ET AL.

aid in individualizing nutritional strategies before LT.
Besides, it further underlines the importance of recog-
nizing preoperative malnutrition.

SMI, PMI, and ScFI were higher in children aged
<1 year. This could be the result of a better nutritional
status, but could also be age dependent. Age-dependent
differences of body metrics have been reported previ-
ously. In one pediatric study investigating percentual
body fat mass, this peaked in infancy between 0.5 and
3-6 months in a multicomponent model,??) whereas
in another study for triceps skinfold thickness (TSFT)
measurements a bimodal peak at age <1 year and
12 years was demonstrated.®?) In terms of sarcope-
nia body metrics, Mangus et al.’®) found that healthy
children below 5 years and older than 12 years had a
higher PMI compared with those aged 5-12 years, and
ScFI was higher at ages 0-12 years compared with 13-
18 years. Thus, age-dependent variations of CT-based
body metrics are evident, and for each body metric
normal values are needed.

Defining body composition and malnutrition in chil-
dren may be challenging. BMI does not differentiate
between fat-free mass and fat mass; therefore, large nutri-
tional deficits may be missed when children lose muscle
mass and gain fat at the same time.1231) We showed
an absence of correlation between BMI and PMI/SMI
and only moderate correlation with ScFI. This further
underlines the notion that BMI is not suitable for the
assessment of muscle mass and fat stores. Subcutaneous
fat measurements by determining the MUAC and
TSFT are conventionally used to measure body com-
position and nutritional status,1? but edema and hypo-
albuminemia may bias these measurements.1? Thus,
CT-based body metric assessment seems a logical next
step. Although our study only demonstrated a limited
correlation between CT-based sarcopenia body metrics
and postoperative outcomes, it may still be beneficial

TABLE 5. Differences in Body Metrics According to Severity of Postoperative Infections <90 Days After Liver Transplantation,

Group A

All Ages <1 Year 1-10 Years >10 Years
Clavien-Dindo 0-2 3-5 0-2 3-5 0-2 3-5 0-2 3-5
PMI 6226 5533 7120 7439 49 (1.5) 46(1.0) 3.9 (2.5) 5.6 (3.4)
SMi 501 (16.9) 456(12.6) 538(9.6) 480(10.6)  40.8(122)  389(143) 37.2(7.1)  43.4(28.7)
ScFl 332(207) 167 (274 383(192) 133214  283(207)  405(37.3) 27.0(242) 165 (48.5)
NOTE: Data are presented as median (IQR).
*Significant at P = 0.017.
fSignificant at P = 0.001.
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to combine CT-based body metrics with MUAC and
TSFT to ultimately provide a multifactorial model of
frailty, body composition, and malnutrition. In addition,
CT-based body metrics suggesting sarcopenia despite
extensive attempts to improve nutritional status in chil-
dren requiring an LT could be used in optimizing LT
waitlist placement or LDLT planning.

A possible concern regarding the structural imple-
mentation of CT-based body metrics is the associated
radiation exposure. In this study measurements were
done on CT studies performed as part of the pre-LT
workup, and no additional radiation exposure occurred.
However, if repeated indices are necessary during fol-
low-up or surveillance, the radiation burden of repeat
abdominal CTs could become substantial. In this sce-
nario, 2-mm single-slice CT may provide accurate
measurements,®? while significantly decreasing the
radiation dose. Alternatively, measurement may also
be feasible on MRI,1¥ albeit more costly than CT.
Last, ultrasound measurements of the psoas muscles
have shown moderate to good correlation with PMI in
adults,® although SMI and ScFI could not be mea-
sured, and this requires further research in children.

The primary limitation of this study was the lack of
reference values for body metrics in healthy children
in the literature. Available studies providing some nor-
mal values consistently lack children under the age of
1 year because they are based on children with acute
pathology (eg, appendicitis>>42)). tPMSA reference
values for children aged 1-16 years are available,?
but validated reference values for other (indexed) body
metrics, and at all ages, are needed.

A second limitation was the lack of availability
of MUAC and TSFT in our study. Boster et al.(1¥
showed a moderate correlation between MUAC and
tPMSA; however, further research is necessary to bet-
ter understand the differences and complementary
value of MUAC and TSFT compared with CT-based
body metrics.

In conclusion, low ScFI derived from transverse
abdominal CT slices is significantly associated with
moderate to severe postoperative infections in children
aged <1 year undergoing LT for cirrhotic liver disease,
and in children undergoing LT ScFI seems to be the
only reliable CT-based body fat marker. In addition,
a high SMI in children aged <1 year is significantly
correlated with a shorter hospital stay. Thus, CT-based
body metrics provide important information to esti-
mate body composition before LT and can be used to
assess the risk of post-LI' moderate to severe infection.
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