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Abstract

Purpose: Chilaiditi’s sign (CS), hepatodiaphragmatic interposition of the intestine, was caused by
morphological abnormalities such as diaphragmatic atrophy, intestinal dilation, and liver atrophy. The
sign is potentially important due to associations with clinically recurrent abdominal pain or even colonic
volvulus. In general, neuromuscular disease (NMD) could have the high prevalence of CS because of
widened hepatodiaphragmatic space, following diaphragmatic atrophy. Particularly, in late-onset Pompe
disease (LOPD), glycogen accumulation in smooth muscle of intestine could lead to the abnormal
dilation of intestine. Though the prevalence of CS in LOPD could be high because of developing two main
factors of CS, no studies have evaluated the prevalence of CS in LOPD.

Our aim was to investigate the prevalence of CS in LOPD, and to identify the risk factors of CS in LOPD
patients.

Methods: Medical records of genetically confirmed patients of Pompe disease at the National Center
Hospital, National Center of Neurology and Psychiatry were retrospectively reviewed. We evaluated CS
using chest X-ray (CXR) and abdominal CT and assessed the prevalence of CS in LOPD patients. We also
divided the patients into two groups, CS and non-CS group, and evaluated the factor associated with CS
compared to clinical variables between groups.

Results: Three of seven (43%) were detected in CS. CS group (P5-7) and non-CS group (P1-4) were
obtained. In comparison of clinical variables, the severity of atrophy in right diaphragms was significantly
higher in CS than non-CS groups (p =0.029). Also, the frequency of abnormal position of right diaphragm
and liver, and abnormally dilated bowel was seen in all of CS patients, but none of non-CS patient (p =
0.029, each).

Conclusion: In LOPD patients, the prevalence of CS was much higher of 43%, compared to healthy
groups, or even in similarly respiratory muscle impaired neuromuscular diseases such as Duchenne
muscular dystrophy (DMD) or Myotonic dystrophy type 1 (DM1). The anatomically abnormal position of
diaphragm and liver, atrophy and fat infiltration of diaphragms, and abnormally dilated bowel were
significantly associated with CS in LOPD. Since CS can cause intestinal symptoms or even contribute to
sudden-death of intestinal volvulus, we should pay more attention to CXR or abdominal CT as follow up
in LOPD patients.

1. Introduction

Late-onset Pompe disease (LOPD) is an autosomal recessive, lysosomal storage disorder caused by
complete or partial deficiency of acid a-glucosidase (GAA) (OMIN#232300)". The residual GAA activity
causes gradual accumulation of glycogen in skeletal muscles, leading to progressive myopathy and
respiratory failure.
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Although evidence has been growing for the involvement of smooth muscle in LOPD patients, with
reports of vascular morphological abnormalities such as basilar artery dilation or aortic aneurysms??,
manifestations in the gastrointestinal tract (GIT), which shows close functional and anatomical
associations with smooth muscle, remain poorly understood. In addition, autopsy data from patients with
LOPD have shown accumulation of glycogen in the GIT and dysfunction of smooth muscle in the small

intestine*”.

Chilaiditi's sign (CS), defined as hepatodiaphragmatic interposition of the intestine, is a rare anatomical
abnormality®. The sign is often not associated with symptoms, but is potentially important due to
associations with clinically recurrent abdominal pain or even colonic volvulus, following compression of
the gastric outlet by the abnormally placed colon in CS®. The cause of CS has been considered to involve
morphological abnormality of the right diaphragm, liver, and intestine, such as diaphragmatic weakness,
liver cirrhosis, and abnormal gas accumulation due to aerophagia’®.

Patients with neuromuscular disease (NMD) can easily develop this sign because of diaphragmatic
weakness. In particular, patients with LOPD may have a tendency to develop CS because of the presence
of two main factors: diaphragmatic factors and bowel factors. No previous reports have described CS in
LOPD.

Our aim was to investigate the prevalence of CS in LOPD, and to identify risk factors for CS in LOPD
patients to compare clinical variables between CS and non-CS groups. We discussed the importance of
adding CS to the list of intestinal complications in LOPD, and suggested using chest X-ray (CXR) and
abdominal CT to screen patients with LOPD for CS.

2. Methods
2.1 Patients

Medical records of patients with genetically confirmed Pompe disease at the National Center Hospital,
National Center of Neurology and Psychiatry were retrospectively reviewed. Seven patients with LOPD (2
males; median age, 58 years) were enlisted. All study protocols were approved by the National Center
Hospital Ethics Committee (approval no. A2018-024).

Patients 1, 2, 4, 6 and 7 have been previously reported 11714,

We collected information including age at clinical onset, diagnosis, enzyme replacement therapy started,

mechanical ventilation started, phenotype of gene mutation, and cause of death, if the patient died, from

medical records. We also collected whether subjects needed mechanical ventilatory support, and whether
invasive or non-invasive ventilation was applied.

2.2 CS evaluation
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All patients repeatedly underwent chest and abdominal CT to evaluate respiratory muscles, including the
diaphragm. CT examinations were performed using a Somatom Definition AS scanner (Siemens Medical
Solutions, Forchheim, Germany).

CS was defined as interposition of the small intestine or colon into the hepatodiaphragmatic space on
abdominal CT, regardless of whether the case was symptomatic or asymptomatic in the present study?®.

Findings from abdominal CT and CXR were also compared (Figure 1).

2.2.1 Diaphragm factor

The right diaphragm was evaluated regarding the severity of atrophy and fat infiltration on abdominal CT
and height on CXR. The severity of diaphragm atrophy was evaluated according to the Mercuri score’®~
16 as the grading of muscle appearance in NMD on CT. This score shows the severity of muscle atrophy
and fat infiltration, as follows; score 0: right and left diaphragm pillars are visible and do not show fatty
replacement; score 3: unilateral pillars are visible or even partially infiltrated, whereas the other is absent;

and score 4: diaphragm pillars are fully replaced on both sides (Figure 2).

The position of the right diaphragm was considered abnormal when the height of the right diaphragm
was more than 2 cm higher compared to the height of the left diaphragm”, according to findings of
hemi-diaphragms differing even within one rib intercostal space height (approximately -2 cm) of each
other on frontal inspiratory CXR'8.

2.2.2 Liver factor

The size and shape of the liver was evaluated. Normally, the liver was higher than the left diaphragm on
CXR. When the upper border of the liver was detected under the left diaphragm, the position of liver was

considered abnormally higher'®.

2.2.3 Bowel factor

Dysphagia was defined as difficulty with swallowing food or drink, and a need to devise food
modifications. All patients had been evaluated for swallowing function by videofluorography or
videoendoscopy, and adequate food modifications (including gastrostomy) had been provided before the
study.

Aerophagia was defined as diffuse gastric, small bowel and colonic distension without signs of
obstruction with uncomfortable gastrointestinal symptoms, such as abdominal distension, bloating,

belching, and flatulence?®. This finding could be caused by excessive and repetitive air swallowing,
particularly during non-invasive positive pressure ventilation (NPPV), by imbalances in supportive

inspiratory and spontaneous expiratory phases?'.
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We also detected the maximum caliber of dilated bowel on chest or abdominal X-ray. The small bowel
was defined as abnormally dilated if the caliber was more than 30 mm 22, and the large bowel was

defined as dilated if the caliber was more than 60 mm?3.

2.3 Body component measurement

All patients underwent body composition measurement including lean body mass (LBM), total fat weight
(TFW), and body mass index (BMI) using dual-energy X-ray absorptiometry (Discovery Bone

Densitometer; Hologic, Bedford, MA)%4.

The duration between body component measurements and evaluation of CS was <2 weeks.

2.4 Statistical analysis

We divided subjects into a CS group and a non-CS group, and compared clinical variables between
groups to extract factors associated with CS.

Baseline characteristics and radiological findings were compared between CS and non-CS groups.
Numerical values are reported as medians and interquartile ranges. Data were statistically analyzed using
the chi-square test for categorical variables, and the Mann-Whitney Utest for nonparametric analyses.
Two-sided p-values less than 0.05 were considered significant. All data were analyzed using R statistical
software (version 4.1.0).

3. Results
3.1 Case presentation (Table 1)

We have previously reported the clinical presentations of Patients 1,2, 4, 6,and 7' 14,
Patient 3 developed difficulty climbing stairs at 25 years old.

As proximal limb weakness gradually progressed, she visited us at 30 years old, at which time a slight
elevation of serum creatine kinase of 256 U/l (normal range: 45-163 IU/I) was detected. Muscle biopsy
and reduced GAA activity led to a diagnosis of LOPD.

Although the patient could walk without any support, progressive ventilatory defects were already
apparent on spirometry. She developed sudden respiratory distress at 35 years old, necessitating
mechanical ventilatory support with tracheostomy during day and night. Enzyme replacement therapy
(ERT) was initiated at 56 years old.

Patients 5 first developed dyspnea climbing stairs at 35 years old. As proximal muscle weakness
gradually developed, she visited us at 58 years old, and was diagnosed with LOPD based on muscle
biopsy and GAA activity. At 65 years old, she complained of morning headache. Hypercapnia was
revealed and mechanical ventilation support was started during day and night.
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ERT was initiated at 76 years old, requiring admission to our hospital every 2 weeks for administration.

We have previously reported the clinical course of Patient 7'4, but have provided additional information
here on clinical complications possibly associated with CS. He first suffered dyspnea climbing stairs at
36 years old. At 47 years old, he visited a physician due to morning headache and severe dyspnea. He
presented with pneumonia and CO, narcosis, and nocturnal oxygen therapy was initiated after recovery.
Muscle biopsy led to the diagnosis of LOPD. The patient became unable to walk unaided during
hospitalization. He visited us at 50 years old and nocturnal NPPV was started. ERT was initiated at 55
years old. Abdominal CT revealed gradual appearance of CS over the clinical course and progressive
atrophy of the diaphragm (Figure 3).

At 74 years old, the patient suddenly died of bowel obstruction without any evident risk factors such as
history of surgery or intestinal cancer, suggesting that CS may have been associated with the cause of
his death, given previous reports of CS as an uncovered cause of intestinal volvulus or obstruction?®.

3.2 Baseline characteristics of all patients (Tables 1, 2)

Median age at disease onset, considered as the time of first symptom onset, was 25 years (range, 22-36
years). Median age at diagnosis was 39 years (range, 26-46 years). ERT and mechanical ventilation were
started at median ages of 54 years (range, 40-61 years) and 36 years (range, 34—54 years), respectively.
All our cases required mechanical ventilation, five on NPPV alone during the night, and two on
tracheostomy positive-pressure ventilation (TPPV) throughout the day and night. The phenotype of

genetic mutation in all cases was reported as a variant of the GAA gene?®.

Three cases were dead as of the start of the present study.

3.3 Comparison of clinical variables between CS and non-
CS groups

Three of seven patients (43%) showed CS. Characteristics of the CS group (Patients 5-7) and non-CS
group (Patients 1-4) are shown in Table 2.

In a comparison of clinical variables, sex, age at clinical onset, diagnosis, at CT evaluations of respiratory
muscles, time of starting ERT, and time of starting mechanical ventilation did not differ significantly
between groups. Similarly, no significant differences were seen between groups in duration from clinical
onset to start of ERT, of ERT, or mechanical ventilation support.

In terms of body component measurements, LBM, TFW, and BMI all tended to be higher in the CS group
than in the non-CS group, but these differences were not statistically significant (Table2).

In the evaluation of well-known risk factors of CS, severity of atrophy and fat infiltration in the right
diaphragms were significantly higher in the CS group than in the non-CS group (CS vs. non-CS: median
grade 3, range 3-4 vs. median grade 0, range 0—3, p = 0.029) (Table 3).
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In addition, abnormal position of the right diaphragm, liver under the left diaphragm, and abnormally
dilated bowel were seen in all CS patients, but none of non-CS patients (CS vs. non-CS, 100% vs. 0%, p =
0.029, each).

Other well-established risk factors such as the frequency of using NPPV, dysphagia, gastrostomy,
aerophagia, and liver atrophy did not differ significantly between groups.

4. Discussion

In 1990, Chilaiditi first reported the abnormal sign of the transverse colon interposed between the liver
and right diaphragm using early roentgenology, and this phenomenon was therefore named

eponymously®. In the present study, CS was seen in three of the seven cases of LOPD (43%), much higher
than the frequency of approximately 0.25-0.28% in the general population?”.

Although diaphragm weakness, one of the major risk factors of CS, was usually detected in NMD,
especially in the advanced phase, few studies have evaluated the prevalence of CS in NMD. Our search
only revealed investigations of CS in Duchenne muscular dystrophy (DMD), with a prevalence of 6.2%28,

and myotonic dystrophy type 1 (DM1), with a prevalence of 12.5%2°. The prevalence of NPPV use was
not mentioned in either of those studies.

The reason for the prevalence of CS being much higher in LOPD than in healthy groups, or even in NMD
with similarly impaired respiratory muscles, remains unclear because we did not compare CS between
LOPD and other NMDs. One possible reason is that the intestine in patients with LOPD may be more
easily interposed into the hepatodiaphragmatic space because of the increased elasticity of the
intestines, following a gradual accumulation of glycogen in the smooth muscles of the intestines*©.
Also, considering the diaphragm was usually more severely affected in DMD than in LOPD, the high
prevalence of CS in LOPD in the present study may be associated with the higher severity of the enrolled
patients.

Causes of CS are mainly classified as follows30731:
Bowel factor

i) huge colon or abnormally increased intestinal gas; or ii) floating colon;

Diaphragmatic factor: i) high diaphragmatic position due to muscle atrophy or degeneration; ii)
diaphragmatic paresis due to diaphragmatic nerve distress; or iii) changing pressure in the thorax or
dilation of the inferior thoracic aperture; and

Hepatic factor

i) dropping liver; ii) liver atrophy; iii) ligament weakness; or iv) adhesion of the liver.
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CS can thus be caused by abnormalities of the liver, colon or right hemidiaphragm.

In comparing risk factors between CS and non-CS groups of LOPD patients, the severity of atrophy and
fat infiltration in the right diaphragm, and the frequencies of an abnormal position of the right diaphragm,
liver under the left diaphragm, and abnormally dilated bowel were all significantly higher in patients with
CS. Those findings may indicate an elevated position of the right diaphragm and lowered position of the
liver could widen the hepatodiaphragmatic space, and the dilated intestinal bowel could be more easily
interposed into this space.

On the other hand, LBM, TFW, and BMI tended to be higher in the CS group than in the non-CS group,
although the differences were not significant. Accumulation of visceral fat around the liver widens the
hepatodiaphragmatic space, and may allow easier interposition of the intestine®2. In the present study, all
subjects showed advanced-stage disease and visceral fat accumulation in each group may have been
similar, contributing to the lack of significant difference between groups.

Interestingly, NPPV resulting in aerophagia did not differ significantly between groups, despite being a
known risk factor for CS 1. In terms of bowel dilation as a bowel factor for CS, NPPV was estimated to
more easily result in development of CS compared to TPPV, because of the continuous entry of airinto
the stomach 2'. In the present study, Patients 1 and 4, as non-CS patients with NPPV, suffered chronic
recurring spontaneous pneumothorax. The left chronic hemopneumothorax in Patient 1 and right non-
functional lung after recurrent pneumothorax in Patient 4 led to the mediastinum shifting rightward in
both cases (Figure 4). Mediastinal shift to the right led to decreased space between the right diaphragm
and liver, and may have thus prevented development of CS in these patients.

A number of limitations to this study should be considered. First, the number of subjects was quite small,
because of the low prevalence of LOPD. Second, CS was not compared with other NMDs in the present
study, and the high prevalence of CS in LOPD compared to other NMDs could have resulted from simple
differences in clinical stage. Further investigation to clarify the prevalence of CS in each NMD and
compare risk factors between diseases is warranted.

The routine evaluation of CXR should also play an important role in ruling out CS in patients with LOPD. If
CS is suspected, further delineation of the liver and diaphragm by CT and referral to a gastroenterologist
for further management and follow-up may be worth recommending. Preventing the risks associated with
CS requires physician awareness and screening using at least CXR and CT to detect patients with CS.

5. Conclusion

The prevalence of CS was much higher in LOPD patients (43%) than in healthy groups or even groups
with NMD resulting in similar respiratory muscle impairment, such as DMD and DMT1.

Anatomically abnormal positions of the diaphragm and liver, atrophy and fat infiltration of diaphragms,
and abnormally dilated bowel were all significantly associated with CS in LOPD.
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Since CS can cause intestinal symptoms or even contribute to sudden death due to intestinal volvulus,
CXR or abdominal CT require more attention as follow-up examinations in LOPD patients.
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Due to technical limitations, table 1-3 is only available as a download in the Supplemental Files section.

Page 11/15



Figures

Figure 1

The findings on CXR and abdominal CT in non-CS and CS patients. Patient 3 shows normal finding
except for severe atrophy of the diaphragm on abdominal CT and CXR (A), but Patient 6 shows
interposition of intestine into the hepatodiaphragmatic space on abdominal CT, representing Chilaiditi's
sign, and also possibly detected on CXR as air below the right diaphragm with visible haustra (B, arrows).
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Figure 2

Evaluation of diaphragm muscle based on Mercuri score. In Patient 2, diaphragm pillars are seen on both
sides (arrowheads; Mercuri score 0). In Patient 6, the right diaphragm pillar is visible, whereas the left
diaphragm pillar is absent (arrowheads; Mercuri score 3). In Patient 5, fully replaced pillars are observed
on both sides (arrowheads; Mercuri score 4).

Page 13/15



Figure 3

Temporal changes of abdominal CT findings in CS patient. In Patient 7, annual CT of the abdomen
reveals gradual appearance of CS (A-E, arrows). When the patient died, intestinal volvulus with severe,
gas-filled dilation corresponding to interposed intestine is revealed on abdominal CT (F, arrows).
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Figure 4

Marked right-side shift of the mediastinum on chest CT in two non-CS patients with NPPV. Patient 1 (A)
and Patient 4 (B) show marked right-side shift of the mediastinum, with chronic left-side
hemopneumothorax (A, arrowhead) and right non-functional lung after recurrent pneumothorax (B,
arrowhead), respectively.
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