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Clinical characteristics of neurogenic dysphagia in adult patients with Chiari malfor-
mation type I
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ABSTRACT Objective: To investigate changes of swallowing function and associated symptoms in Chiari
malformation type I (CMI ) patients with and without dysphagia by the analysis of their clinical and
high-resolution manometry (HRM) parameters. Methods: A total of 42 patients diagnosed with symp-
tomatic CMI without atlantoaxial dislocations which were confirmed by clinical manifestations and magne-
tic resonance imaging( MRI) findings between January 2010 and July 2015 at Peking University Third
Hospital were included in this study. Twenty patients had a history of various dysphagia symptoms, or re-
ported symptoms of choking, coughing after eating or drinking, while the other 22 patients denied symp-
toms of dysphagia. The data collected from the medical records of these patients included the patient’ s
age, sex, date of diagnosis, duration of illness, symptoms, results of MRI and HRM, and date of sur-
gery. Results: (1) Dysphagia group had 14 female patients, and no-dysphagia group had 8 female pa-
tients. Dysphagia usually occurred in female patients, and in addition to dysphagia, we recorded other
symptoms and signs in the CM [ patients, including numbness, hypoesthesia, limb weakness, neck
pain, muscle atrophy, ataxia, hoarseness, symptoms caused by posterior cranial nerve damage, pharyn-
geal reflex, uvula deviation, and pyramidal signs. A higher percentage of the CMI patients with dyspha-
gia (15/20) had symptoms of posterior cranial nerve damage compared with the control group (5/22;
P=0.01). (2)HRM showed a significant difference in upper esophageal sphincter (UES) relax ratio
measurement (75.3% wvs. 63.1% , P =0.023) and UES proximal margin (17.2 cm »s. 15.7 cm, P =
0.005) between the two groups. (3) The percentage of syringomyelia affecting the bulbar or upper cervi-
cal region on MRI was significantly higher in the dysphagia group (17/20 vs. 7/22, P =0.001). Con-
clusion; CM] was usually accompanied by symptoms caused by posterior cranial nerve damage, ataxia,
and positive pyramidal signs. Location of the syringomyelia affecting specifically the bulbar or upper cer-
vical region was associated with dysphagia in CM] patients. These findings suggest that the mechanism of
dysphagia in CMI may be due to a dysfunction in the neurological pathway of pharyngeal muscle move-
ment. Dysphagia etiology work-up should include CM] in the differential diagnosis.
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Chiari malformation type I (CMI ) is defined as
cerebellar tonsillar herniation greater than 5 mm infe-
rior to the foramen magnum''’. Anatomically, this herni-
ation is also associated with decreased posterior fossa
volume, decreased cerebro-spinal fluid ( CSF) in the
posterior fossa, and variable skull base dysplasia'”>™*'.
Epidemiological studies of CMT suggest that approxi-
mately 0.56% —0.97% of the population shows > 5
mm tonsillar herniation on MRI imaging'*™®'. Either
explicit or vague neurological symptoms attributable to
hindbrain herniation is present in 63% —69% of pa-
tients with radiologically proven CM] . Presenting
symptoms are highly variable and include headache
syndromes, brainstem and/or cerebellar dysfunction,

neck pain, and spinal cord dysfunction'”’. Classically,

these symptoms are nonspecific, but can progress, re-
sulting in the need for surgical management weeks to
months after development of the first symptom'’ .
Clinical presentation also varies with age. Several
authors believe that young children tend to present with
oropharyngeal symptoms, while older patients tend to
present with headaches and progressive sensory or mo-
tor findings"® "',

we found that 26. 9% of the adult patients (34/126)

with CM] without atlantoaxial dislocations suffered

However, in our study population,

from varying severity of swallowing dysfunction. The

incidence of dysphagia ranged from 8% to 28% ac-

cording to large CMI case series'” "', However,
there only existed a few case reports of CMI patients

with swallowing dysfunction''® ™"’ Paulig'"”’ and Achi-
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! reported two CM1 cases with severe dys-

ron et al'
phagia. The marked improvement in dysphagia after
neurosurgical posterior fossa decompression suggested
that CMI was the principle cause of dysphagia. The
prevalence of this type of neurogenic dysphagia in adult
CMI] patients was not as rare as previously thought.

High-resolution manometry ( HRM) is a promising
technique for the evaluation of esophageal motor func-
tion. There are two main types of HRM recording sys-
tems—those that use intraluminal solid-state transdu-
cers, and those that use perfused assemblies connected
to external transducers. Water-perfusion manometry
(WPM) allows recording of multiple pressure channels
from one catheter and is relatively inexpensive. To date
HRM data about CMI patients are very rare.

In this study, we report the clinical and high-
resolution manometry characteristics of dysphagia in

CMI patients.
1 Materials and Methods

1.1 Patients and study design

A total of 42 patients who were diagnosed with
symptomatic CM [ without atlantoaxial dislocations at
Peking University Third Hospital between January 2010
and July 2015, were included in this study. The age
range was from 16 — 70 years . Twenty of the patients
reported a history of dysphagia, while the other 22 pa-
tients denied symptoms of dysphagia. All the patients
suffered from numbness, hypoesthesia, limb weakness,
neck pain, muscle atrophy, ataxia, hoarseness, symp-
toms caused by posterior cranial nerve damage ( such
as decreased sweating or hypoesthesia on the affected
side of the face) , pharyngeal reflex, uvula deviation,
and pyramidal signs. The data collected from the me-
dical records of these patients included the patient’s
age, sex, date of diagnosis, duration of illness,
symptoms, results of MRI and HRM, and date of
surgery.

The treatments for CM I were surgery and ma-
nagement of symptoms, based on the occurrence of
clinical symptoms rather than the radiological findings.
All the patients underwent decompressive surgery,
which involved removing the lamina of the first and
sometimes the second cervical vertebrae and part of the

occipital bone of the skull to relieve pressure. This sur-

gery involved the opening of the dura mater and the ex-
pansion of the space beneath, a dural graft was usually
applied to cover the expanded posterior fossa.

The improvement of dysphagia was evaluated with-
in 7 days after surgery by the patient’ s self-evaluation.

All the patients gave informed consent in writing
before commencement of the study.
1.2 HRM

All the patients underwent HRM. The water-
perfused high resolution manometry system ( Medical
Measurement Systems, Enschede, Netherlands) was
equipped with a catheter composed of 22 thin polyvinyl
tubes (channel P1 —P22). All the patients underwent
esophageal manometry according to the standard clini-
cal protocol of the gastrointestinal motility center of
Peking University Third Hospital. During the manome-
try process, the subjects lay supine and the catheter
was passed transnasally into the stomach. After recor-
ding the lower esophageal sphincter (LES) and upper
esophageal sphincter (UES) rest pressure and length
motility function analysis was performed using a series
of 10 wet swallows with 5 mL water, each separated by
30 seconds. For each esophageal procedure, the
parameters captured included the proximal LES and
UES margins, rest pressure, relax ratio, contraction
front velocity (CFV) , distal contractile index (DCI).
1.3 Statistical analysis

The statistical analysis was designed to determine
the degree of dysphagia associated with CMI . The
quantitative data that followed a normal distribution
were expressed as mean + standard deviation (SD).
The quantitative data of nonnormal distribution were
presented as medians ( quartile range ) . Categorical va-
riables were expressed as numbers of cases. We com-
pared the characteristics and HRM variables between
the groups using a two-sided Fisher’s exact test as ap-
propriate. The count data were tested using the Chi-
squared test. Statistical analysis was performed with
the use of SPSS software, version 19.0 ( SPSS Inc. ,
Chicago, 1L, USA). The P value < 0.05 was consi-

dered a statistically significant difference.
2 Results

2.1 Clinical characteristics of dysphagia in patients

with CM]
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Almost half of CM] patients (20/42) included in
this study had symptoms of dysphagia, choking, or
coughing after eating or drinking. As shown in Table
1, dysphagia group had 14 female patients. And no-
dysphagia group had 8 female patients. The difference
was significant. The median age was 47.6 ( range:
24 -58) years in the dysphagia group and 48.9
(range 16 —70) years in the non-dysphagia group.
The time between the first symptom onset and diagnosis
of CMI was 78.6 (24 —240) months in the dysphagia
group and 107. 6 (1 - 240) in the non-dysphagia
group. No association was noted between the incidence
of dysphagia and age, or the median time from the
symptom onset to the diagnosis of CM] .

2.2 Associated symptoms

In addition to dysphagia, we recorded other symp-
toms and signs in the CMI patients, including numb-
ness, hypoesthesia, limb weakness, neck pain, mus-
cle atrophy, ataxia, hoarseness, symptoms caused by
posterior cranial nerve damage ( such as decreased

sweating or hypoesthesia on the affected side of the

face ), pharyngeal reflex, uvula deviation, and pyra-
midal signs. A higher percentage of the CM] patients
with dysphagia (15/20) had symptoms caused by pos-
terior cranial nerve damage compared with the control
group (5/22, P =0.01). The ratio of those with
hoarseness, ataxia and positive pyramidal signs in the
dysphagia group (4,20, 9/20, 9/20, respectively )
was also higher than in the non-dysphagia group ( 0/
20,3/20, 3/20, respectively) , which was significant-
ly different (P < 0. 05). Other associated symptoms
were not statistically significant between the two groups
(Table 1).

Postoperatively ,10/12 patients reported that hea-
dache/neck pain improved in dysphagia group, while
14/16 patients improved in non-dysphagia group. Four
patients (2 patients in each group ) reported no
change. In dysphagia group, 11/15 patients who suf-
fered from symptoms caused by posterior cranial nerve
damage improved after surgery, while 3/5 improved in
non-dysphagia group. Pyramidal signs improved in 6/9
patients in dysphagia group while 1/3 in control group.

Table 1 Characteristics of Chiari | malformation patients with and without dysphagia

Characteristic Dysphagia No dysphagia Total P value®
Patients/n 20 22 42
Female/n 14 8 22 0.029
Median age (range)/year 47.6(24 -58) 48.9(16 -70) 48.3(16 -70) 0.774
o r‘;‘rf;})’e}‘:ﬁiiﬁympt"m onset and diagnosis of 78.6(24 ~240) 107.6(1 -240) 93.8(1 -240) 0.234
Associated symptoms
Numbness/n 15 17 32 0.863
Hypoesthesia/n 17 17 34 0.527
Limb weakness/n 15 14 29 0.426
Neck pain/headache/n 12 16 28 0.382
Muscle atrophy/n 9 7 16 0.380
Hoarseness/n 4 0 4 0.027
Symptoms caused by posterior cranial nerve damage/n 15 5 20 0.010
Ataxia/n 9 3 12 0.025
Pharyngeal reflex abnormality/n 1 9 20 0.361
Uvula deviation/n 13 8 21 0.068
Pyramidal signs/n 9 3 12 0.025

a, P value were the results of dysphagia group vs. no dysphagia group.

2.3 HRM
Table 2 shows the main motility measurements of

CM] patients with or without dysphagia. There were

significant differences in UES relax ratio measurement
(75.3% wvs. 63.1% , P=0.023) and UES proximal
margins (17.2 c¢m vs. 15.7 c¢cm, P =0.005) be-
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tween the two groups. Although the average UES rest
pressures differed (64.3 mmHg wvs. 55.4 mmHg,
1 mmHg =0. 133 kPa), this was not significant (P =

0.18). No statistical significance was shown in LES
proximal margins, rest pressure, relax ratio, DCI or

CFV.

Table 2 High-resolution manometry parameters of Chiari malformation type [ patients with and without dysphagia

Characteristic Dysphagia No dysphagia P value
UES proximal margin/cm 17.2(13.7-19.6) 15.7(15.2-18.4) 0.005
UES rest pressure/mmHg 64.3(18.8 -151.2) 55.4(11.6 -166.2) 0.180
UES relax ratio/ % 75.3(6.0-92.0) 63.1(16.0-97.0) 0.023
LES proximal margin /em 39.3(35.50 -47.20) 43.2(37.2-45.0) 0.136
LES rest pressure /cm 14.8(4.4 -37.40) 14.9(6.1-27.6) 0.872
LES relax ratio /% 52.6(34.1-93.0) 40.2(17.0-95.3) 0.576
DCI/(mmHg « s + ¢cm) 711.0(350.0 -2 456.0) 603.1(222.0-2235.0) 0.655
CFV/(em/s) 7.1(2.9-14.4) 17.8(3.5-100.0) 0.758

1 mmHg =0. 133 kPa; UES, upper esophageal sphincter; LES, lower esop
velocity.

2.4 MRI

All the patients underwent MRI as a gold standard
diagnosis for CM] . Seventeen patients in the dyspha-
gia group and 19 patients in the non-dysphagia group
had MRI findings of syringomyelia. There were no sig-
nificant differences in diameter of syringomyelia (8.7
cm vs. 9.6 cm) or involved segments (12 vs. 11) be-

tween the two groups . However, the percentage of sy-

hageal sphincter; DCI, distal contractile integral ; CFV, contractile front

ringomyelia affecting the bulbar or upper cervical re-
gion was significantly higher in the dysphagia group
(15/17 vs. 7/19, P =0.001). Posterior pharyngeal
wall thickness was also measured between the two
groups, which was not shown to be significantly dif-
ferent (3.45 mmws. 3.11 mm, P =0.572, Table 3).
Postoperative improvement of syringomyelia was found

for all the 36 patients with syrinx.

Table 3 Magnetic resonance imaging characteristics of Chiari malformation type [ patients with and without dysphagia preoperation

Characteristic Dysphagia No dysphagia Total P value*
Syringomyelia/n 17 19 36 0.900
Diameter (range) /mm 8.7(4-19) 9.6(4-14) 8.9(4-19) 0.335
Involved segments (range)/cm 12(4-17) 11(4-15) 12(4 -17) 0.521
Affecting bulbar or upper cervical region/n 15 7 24 0.001
Thickness of posterior pharyngeal wall/mm 3.45(1.74 -4.42) 3.11(2.10-3.60) 3.35(1.74 -4.42) 0.572

a, P value were the results of dysphagia group vs. no dysphagia group.

3 Discussion

The most common presenting symptoms of CM |
include cervical neck pain, occipital headache, move-
ment dysfunction, paresthesia, muscle atrophy, or un-
steady gait. Comparatively, symptoms of cranial neu-
ropathies, such as hoarseness, choking, and swallo-
wing difficulty can often be ignored by patients and
even neurosurgeons. In previous study, we reviewed
the medical records of 140 CM] patients from January
2002 to September 2006 in our hospital. There were
only 15 cases (10.7% ) which reported having “diffi-

culty in swallowing” , or “choking while drinking” ,
while 72 cases (51.4% ) reported “no difficulty in
The remaining 53 cases (37.6% ) did

not clearly indicate presence or absence of dysphagia.

. ”
swallowing” .

In order to study changes of swallowing function in
CM] patients, we surveyed swallowing function of 126
CMI patients in our hospital from January 2007 to July
2010"*"". In the study, 34 cases (26.9% ) clearly re-
ported dysphagia of varying severity. Most patients ad-
mitted difficulty in swallowing or choking while drin-
king after careful history taking. The average interval

between the onset of symptoms and the diagnosis was
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(7.3 £1.8) years, while the onset of dysphagia and
choking was only (2.5 +0.9) years. Dysphagia oc-
curred more often in advanced CMT , but was frequent-
ly overlooked by clinical practitioners.

Dysphagia may give rise to clinically relevant
complications. Aspiration occurs in 50% of patients
with oropharyngeal dysphagia, and is associated with a
mortality of up to 50% "**'. Additionally, new studies
show that dysphagia risk factor for low respiratory tract
infections ( LRTIs) and community-acquired pneumo-
nia (CAP) in the elderly.

We analyzed other associated symptoms’ relation-
ship to dysphagia in CM] patients. A higher percent-
age of CM | patients with dysphagia (15/20) ex-
perienced symptoms caused by posterior cranial nerve
damage , such as decreased sweating or hypoesthesia on
the affected side of the face, as compared with the con-
trol group (5/22, P =0.001). The ratios of those
with ataxia and positive pyramidal signs in the dyspha-
gia group (9/20, 9/20, respectively) were also higher
than those in the non-dysphagia group (3/22, 3/22,
respectively ) , and there were significant differences
(P=0.025). These associations suggest a patho-
physiological mechanism of dysphagia in CMT .

Manometry is a standard method of characterizing
oropharyngeal and esophageal motor function by provi-
ding measurements of pressures, peristalsis, and coor-
dination. There was a significant difference in UES
relax ratio measurement (75.3% wvs. 63.1% , P =
0.023). The UES normally prevents food reflux into
the pharynx. Surprisingly, the UES relax ratio was
higher in the dysphagia group,suggesting that excessive
relaxation of UES might cause food refluxing and
coughing. On the other hand, UES rest pressures in the
dysphagia group [ 64.3 (18.8 —151.2) mmHg ] were
higher than those in the non-dysphagia group [ 55. 4
(11.6 — 166. 2) mmHg ], though not significantly dif-
ferent (P =0.180). These findings suggest that dysphagia
in CM] patients may be a dysfunction in the neurological
pathway of pharyngeal muscle movement. Unfortunate-
ly, other parameters, including UES relaxation time,
cannot be measured using water-perfusion manometry,
which is an important parameter in estimating UES re-
laxation function. Solid-state manometry ( SSM) would

better measure UES pressure in future studies.

From a neurological point of view, swallowing
control is governed by three main elements; the
afferent system, the brain stem swallowing center and
the efferent system. Oropharyngeal afferents project to
supramedular structures and to the brain stem swallo-
wing center, in the medulla oblongata, to allow invo-
luntary onset of the pharyngeal swallow response and
modulate volitional swallowing. The afferent neurons
of the oropharynx and larynx involved in swallowing
are the maxillary branch of the trigeminal nerve ( vcra-
nial nerve) , the pharyngeal branch of the glossopha-
ryngeal nerve ( GPNph, IX cranial nerve) and two
branches of the vagus nerve ( X cranial nerve ) —the
pharyngeal branch and the superior laryngeal nerve
(SLN). These afferents are formed in part by non-
myelinated (type C) or thinly myelinated ( type A)
fibers, and are sensitive to mechanical stimuli ( pres-
sure, touch), temperature changes, and chemical
stimuli ( hydrogen ions, taste stimuli)'®'. As dys-
phagia associated with CMI is found to frequently be
associated with symptoms caused by posterior cranial
nerve damage and ataxia and pyramidal signs, this
suggests that the underlying pathophysiology is com-
prised of a set of sympathetic and parasympathetic
nerve fiber injuries.

In our study, we found that the location of syrin-
xon MRI was highly associated with the presence of
dysphagia symptoms, as the percentage of syringomye-
lia affecting the bulbar or upper cervical region was
significantly higher in the dysphagia group 15/20 wvs.
7/22, P=0.001). To our surprise, diameter and in-
volved segments of syringomyelia did not show the same
correlation. This may mean that injury of nerve fibers
passing specifically through the bulbar and upper cervi-
cal region is important in the pathogenesis of dyspha-
gia. Postoperative improvement of syringomyelia was
found for all the 36 patients with syrinx which was con-
sistent with mate analysis results made by Arnautovic et
al'® . In that study, the authors reviewed 145 English-
language reports of pediatric, adult, and combined
(adult and pediatric ) surgical series of patients with
CMT published from 1965 through August 31, 2013.
They concluded that 78% of the CM] patients who had
syringomyelia improved or resolved postoperatively.

Consistent with our previous study'*’ | dysphagia
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was improved ( according to the patients’ self-
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Neurogenic dysphagia is thought to be a relatively
rare symptom in adult CM] patients without atlantoa-
xial dislocations. However, it may cause fatal compli-
cations. Dysphagia associated with CM 1 was usually
accompanied by symptoms caused by posterior cranial
nerve damage, ataxia, and positive pyramidal signs.
Location of the syringomyelia affecting specifically the
bulbar or upper cervical region was associated with
dysphagia in CM] patients. The difference of UES rest
pressure and relax ratio in dysphagia patients wversus
non-dysphagia patients suggests that the pathophysiolo-
gy of dysphagia may be a dysfunction in the neurologi-
cal pathway of pharyngeal muscle movement. Dyspha-
gia etiology work-up should include CM | in the dif-
ferential diagnosis. We hope that this study highlights
the importance of dysphagia in the CMI adult popula-
tion, and shows how it can be a meaningful index for
improvement in symptoms after posterior fossa decom-
pression. In the future, we hope to further characterize
mechanisms of dysphagia in CM] adult patients using
SSM in a larger patient population.
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Chiari a5 T & Il Pk 2 W ) e B i 15 PR 5 A

F oA, E ELE ®,% B0, Alice Chu Jiang' , LW, TR
(1. bRt R =R pep st dbae 1001915 2. Jb 5t R2#55 = BEBE LR, db st 1001915 3. Department of Internal Medi-
cine, Rush University Medical Center, Chicago, II. 60612, USA)

[# =] A & {4 Chiari BFJE I %I( chiari malformation type [ ,CMT ) £ 35 v 28 V5 75 W B 05 1) & A2 S8 51 A 20 DL, e IR I
FAH R T EE R WD E (high-resolution manometry , HRM ) £ AR X CM T 8 2 75 WA 2y BE A 4G i PEA 09 R 18 . A I 98 40058 3k
HRM AL PR CM T B3 MR8, w1540 R 2 M T R A T BEAH DG 2 S ML . & W« SR AJb R K243 = =B 2010
AF 1 %2015 47 AWUARR 42 1206 R MRIAEE RIS A G IFEAHEBLAL Y CMT B35 4 58 4 & W B A 4 20 51 F0
ANEFHAMEFERRLL 22 f, FTA BE 452 HRM K2, IR T A B33 G IR 2RS4 P RE A1 HRM WM S48, HMM S T4y
Bro #%: (1) AIHFMEESN M CMT B LB B & T A I A R4 (14720 vs. 8/22, P = 0.029) , FHARERS4 )5
2H PG 24500 18 AR IR (B4 75 3 0T A P e i R B ) TR Jn D S T 70 WA/ 5 ) O Ak R B I v TN 5 T
RREf X 41 (15/20 ws. 5/22, P=0.01), (2)HRM /R &AL & L3529 L (upper esophageal sphincter , UES) F5th L 5
TR ELH (75.3%vs. 63.1% ,P =0.023) ,UES FZ AR T IRZH(17.2 em 05.15.7 em, P =0.005) , (3) 7MW RS20 MRI #4%
AT B RS I L] s XS RRAH (17720 ws. 7722, P =0.001) . ## . CMI BE T2 5 5 A5
G505 LB SR IR BH A PR SRAE AR DG, HRM 88 7R SF-35 UES A th LU 19 25 5 785 W] e -5 LE T S8 195 B 23 e A 0%, CM
T A M A AR ML A P R p b 2 U M L3S 3l PR i 3 5, 5 P e A R 2 R A 36 ML T BT S 518 T
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