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basilar impression might be a frequently found symptom
of NS. Although the relationship between the positions
of the cervical vertebrae and the hyoid bone has not been
reported in TS, it has been investigated in healthy subjects
(Moore and Dalley, 1999; Standring, 2008). We found
that in the control group using the horizontal line, C3
was significantly superior to the hyoid bone, whereas C4
was significantly inferior to the hyoid bone. In a previous
study using CT images and the FH plane as a reference,
the centre of the body of the hyoid bone was most often at
the level of C4, despite the hyoid bone being consistently
described in contemporary anatomy textbooks as being
level with C3 (Mirjalili er a/., 2012). The authors postulated
that this disparity might relate to the use, by anatomy
textbooks, of both the body and greater horn of the hyoid
bone to describe its vertebral level, whereas they measured
only from the centre of the body of the hyoid bone. The
authors also pointed out that the vertebral level of the body
of the hyoid bone seen in tracings of the lateral cervical
radiograph varies depending on which reference plane is
used (Figure 6). We measured the orientation of a horizontal
reference line and FH plane in the control group according
to Madsen’s method (Madsen et o/, 2008) and confirmed

N
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Figure 6 The vertebral level of structures in the neck depends in part on
the choice of the reference plane. The solid line parallel to the Frankfort
horizontal (FH) plane is not identical to the dashed line based on the incli-
nation of the hyoid bone. The dashed-dotted lines show the FH plane and
the reference line perpendicular to this originating in the sella turcica.
Abbreviations: S, Sella; C3, the most antero-inferior point of the third cer-
vical vertebra; C4, the most antero-inferior point of the fourth cervical ver-
tebra; H, the most antero-superior point of the hyoid bone.
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that the average orientation was —3.28 £4.01 degrees similar
to that reported in Madsen ef al (—4.82+4.63 degrees in that
study). In agreement with the Mirjalili study, there was no
difference in the statistical results when the FH plane was
used instead (data not shown) or in the centres of both the
hyoid bone and C4 as references, the reference point H in
eight control subjects was located approximately level with
the fourth cervical vertebra (data not shown). However,
because in the present study we used alternative reference
points for C3 and C4 (i.e. their most antero-inferior points)
and the hyoid bone (i.e. its most antero-superior point)
(Figure 6), the reference point of H was located significantly
superior to the reference point in C4, despite the anatomy
being demonstrably normal and in agreement with previous
studies. We believe that this accounts for any discrepancy
between our data and previous studies.

In this study, the number of subjects was small. However,
it is difficult to recruit sufficient numbers of NS and TS
subjects because they are rare syndromes. Further studies
should investigate the results found here in a larger number
of NS subjects. However, most previous studies listing cer-
vical spine malformations commonly found in a variety of
syndromes (Vastardis and Evans, 1996; Soni et al., 2008)
did not include NS in their analysis, depriving clinicians of
an easy reference for recognizing and diagnosing NS in rela-
tion to other conditions affecting the cervical vertebrae. Our
findings may help orthodontists recognize NS through the
detection of basilar impression, a frequently found symp-
tom of this syndrome, using cephalograms when patients
attend orthodontic clinics for correction of malocclusion.

Conclusion

In the current study, we found that the odontoid tip extended
significantly further past McGregor’s line in the NS group
compared with the TS and control groups, and that the posi-
tions of the third and the fourth cervical vertebrae in the
NS group were significantly superior to those in the TS and
control groups. Together, these data support a conclusion
that basilar impression may be found frequently as a char-
acteristic feature of NS.
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CASE REPORT

Surgical Treatment for Scoliosis in Patients
With Shprintzen-Goldberg Syndrome
Kota Watanabe, MD,* ¥ Eijiro Okada, MD,{ Kenjiro Kosaki, MD,}

Takashi Tsuji, MD,t Ken Ishii, MD,+ Masaya Nakamura, MD,T
Kazuhiro Chiba, MD,{ Yoshiaki Toyama, MD,{ and Morio Matsumoto, MD T

Background: Shprintzen-Goldberg syndrome (SGS) is charac-
terized by craniosynostosis and marfanoid habitus. The clinical
findings of SGS include neurological, cardiovascular, connective
tissue, and skeletal abnormalities. Among these skeletal findings,
developmental scoliosis is recognized in half of all patients with
SGS. However, no earlier reports have described the surgical
treatment of scoliosis associated with SGS.

Methods: Four patients (2 boys and 2 girls; mean age at the time
of surgery, 7.3 +4.4y) with SGS who underwent surgical
treatment for progressive scoliosis were reviewed. The radiologic
findings, operative findings, and perioperative complications
were evaluated.

Results: The mean preoperative Cobb angle was 102.8 + 16.9
degrees. The curve patterns were a double curve in 2 cases and a
triple curve in 2 cases. Local kyphosis at the thoracolumbar area
was recognized in all the cases with a mean kyphosis angle of
49 + 16 degrees. Growing rod procedures were performed in 2
patients, and posterior correction and fusion were performed in
2 patients. The mean correction rate was 45% in the patients
who underwent the growing rod procedures at the time of
growing rod placement and 51% in the patients who underwent
posterior correction and fusion. Dislodgement of the proximal
anchors occurred in 3 of the 4 patients. One patient developed
pseudoarthrosis. Two patients developed deep wound infec-
tions, and implant removal was necessary in 1 patient.
Conclusions: Surgical treatment for scoliosis in patients with SGS
was associated with a high incidence of perioperative and post-
operative complications including implant dislodgements and deep
wound infections attributable to poor bone quality and a thin
body habitus, which are characteristic clinical features of this
syndrome. Careful preoperative surgical planning and postopera-
tive care are critical for the surgical treatment of scoliosis
associated with SGS, especially in infants requiring multiple
surgeries.
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hprintzen-Goldberg syndrome (SGS), which is char-

acterized by craniosynostosis and marfanoid habitus,
was first reported by Shprintzen and Goldberg! in 1982.
To date, approximately 40 cases of SGS have been
reported.>> An abnormality in the FBNI gene, which
is related to Marfan syndrome,® is regarded as 1 of
susceptible genes for SGS,”° although this remains to be
clarified in further genetic studies.”!®!! The clinical
features of SGS include neurological, cardiovascular,
connective tissue, and skeletal abnormalities. The skeletal
features of SGS, such as a tall stature, arachnodactyly,
foot deformity, joint hypermobility, and developmental
scoliosis are similar to those of Marfan syndrome. The
characteristic features that distinguish SGS from Marfan
syndrome are craniofacial anomalies such as hypertelor-
ism, downward-slanting palpebral fissures, a high-arched
palate, micrognathia, low-set and posteriorly rotated ears,
dolichocephaly, and a high prominent forehead caused by
craniosynostosis.>> Among these skeletal findings, devel-
opmental scoliosis is recognized in 50% of all patients
reported with SGS.* However, to the authors’ knowledge,
the surgical treatment of scoliosis in patients with SGS
has not been reported to date. In this study, we report 4
patients with SGS who underwent surgical treatments for
progressive scoliosis.

METHODS

Four patients (2 male and 2 female; mean age at
time of surgery, 7.3 +4.4y) who underwent surgical
treatments for severe scoliosis were included in this study.
The diagnoses of SGS were made by a pediatrician
specializing in genetic diseases based on the combinations
of specific, earlier reported clinical features.>*> In 1 of the
4 patients (patient 2), a missense mutation in the FBNI
gene was identified using a polymerase chain reaction
analysis. The patients were followed for 4.4 & 1.5 years
(range, 2.5 to 6y) after their first surgeries. The medical
charts and radiographs of all the patients were reviewed
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retrospectively, and the preoperative treatment, preo-
perative clinical findings, radiographic findings, surgical
treatment, and perioperative and postoperative complica-
tions were investigated.

RESULTS

The clinical findings, radiologic findings, clinical
courses, and surgical outcomes of the patients are
summarized in Tables 1, 2, and 3. In 3 of the 4 patients,
trunk deformities were recognized soon after the child
began to sit or stand (patients 1, 2, and 3). However, one
patient (patient 2) did not visit a pediatrician until the
age of 4 years, and another patient (patient 1) was not ref-
erred to an orthopaedic surgeon until the age of 3 years, at
which time the deformity had deteriorated to an extremely
severe condition. The parents of patient 3 refused any
treatment for scoliosis, although the patient was seen by a
plastic surgeon until the age of years. Thus, none of the
patients received brace treatment before surgery, and the
Cobb angles at the time of the first recognition of the
deformities could not be evaluated. In the radiographic
evaluations, a double major curve pattern and a triple
major curve pattern were recognized in 2 patients each

TABLE 1. Clinical Findings of 4 Cases
Casel Case2 Case3 Cased

Sex Female Male Female Male
Weight at operation 12.4kg 11.5kg 33kg 44kg
Centile —14SD —1.1 SD —-0.1 SD0.1 SD
Hight at operation 103cm 98cm  146cm  164cm
Centile 1.6SD 15SD 1.6SD 198D
Craniofacial
Dolichocephaly + + + +
Fine/sparse hair +
High/prominent forehead + + + +
Ocular proptosis + + + +
Hypertelorism + + + +
Downslanting palpebral fissures + -+ + +
Strabismus + +
High, narrow palatal arch -+ e
Dental malocclusion + + + +
Micrognathia + +
Skeletal
Arachnodactyly + + + -+
Camptodactyly + + +
Foot deformity + + +
Pectus carinatum +
Joint hypermobility + + +
Craniosynostosis + + + +
Scoliosis + + + +
Cardiovascular
Aortic root dilation + -+
Mireal prolapse +
Mitral regurgitation +
Arterial septal defect +
Tricuspid regurgitation +
Neurological
Mental retardation + + +
Other
Minimal subcutaneous fat + + + +
Skin hyperelasticity + + + +
Myopia + astigmatism + -+

SD indicates standard deviation.

© 2011 Lippincott Williams & Wilkins
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TABLE 2. Radiological Findings of 4 Cases

Dural Ectasiat
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Curves (%)*
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Major Curve (°)

Sagittal
Alignment

Age at Postoperative Curve
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Surgery*

Age at Recognition
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Case

Not known
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TABLE 3. Surgical Results of 4 Cases

Correction

Estimated
Time Blood
(Min)* Loss (g)*

Operative
Age at
Surgery*

Operative

Case  Sex Method

Rate of

Main

Thoracic

Curve
)

Present

Complication Treatment

1 F 3y 7mo  Growing rod 235 30

4y 10mo  Growing rod 325 168

Posterior 300 660
correction

and fusion

10y

12y Posterior 298 1080

correction
and fusion

67 Implant failure at cranial anchors
after first rod elongation
Fourth replacements of distal
anchors performed
Deep wound infection that was
successfully treated
Proximal junctional kyphosis of 74
degrees
55 Intraoperative left facet hook
dislodgement at TS
Deep wound infection after first rod
elongation
Distal anchor removal because of
persistent infection
Distal implants removal after revision
of distal anchors because of recurrence
of infection
59 Reduction of motor evoked
potentials during
the curve correction
Pseudarthrosis at distal end (L3/4), which was
treated by posterior intervertebral fusion at
L3/4 and L4/5
89 Intraoperative bilateral T1
transverse processes hook dislodgements
with fracture
Reduction of motor evoked potentials
during the curve correction
Revision surgery of replacing dislodged
hooks with pedicle screws at cranial
ends 6 mo after initial surgery
Respiratory insufficiency that required
reintubation for 3d
Distal junctional kyphosis of 13degrees
at L4/5

Growing rod

Brace

Brace

*Initial surgery for growing rod placement in case 1 and 2.

tCorrection rates were calculated as a percentage change from the preoperative measurements.

F indicates female; M, male.

(Table 2). The magnitudes of the preoperative main curves
were severe, with a mean Cobb angle of 102.8 &+ 16.9
degrees (range, 78 to 113 degrees). The mean flexibility of
the main curve evaluated using supine side-bending films
was 41 + 16% (range, 25% to 72%). Kyphosis at the
thoracolumbar area was recognized in all the patients, with
a mean kyphosis angle of 49 &+ 16 degrees (29 to 66
degrees). Dural ectasias were recognized in 3 patients.
Surgical treatments using a growing rod system were
performed in 2 patients (patients 1 and 2), and posterior
correction and fusion surgeries were performed in 2 patients
(patients 3 and 4) (Table 3). The mean correction rate of the
main curve at the time of the initial surgery was 47 £ 15%
(range, 44% to 51%). The thoracolumbar kyphosis
corrections during the initial surgeries were satisfactory
except in patient 3, who experienced a dislodgement of the
cranial anchor during kyphosis correction. Cefazolin (20 to
40mg/kg) was administrated intravenously as a prophylac-

188 | www.pedorthopaedics.com

tic antibiotic in all the cases at 30 minutes before the start of
the operation, 3 hours after incision, soon after the
operation, and 12, 24, 36, or 48 hours after operation.
Regarding complications, intraoperative implant dis-
lodgement occurred in 2 cases because of fractures of the
facets and transverse process (patients 1 and 4). Post-
operative implant dislodgement occurred in 2 patients
" (patients 2 and 4). One patient developed pseudoarthrosis
at distal end of the fusion area (L3/4) with a correction loss
of 14 degrees and a symptom of severe low back pain at 2
years after surgery (patient 3). She underwent revision
surgery of posterior intervertebral fusion at L3/4 and L4/5.
Deep wound infections occurred in 2 patients (patients 1
and 2), and eventually resulted in implant removal in 1
patient (patient 2). Staphylococcus epidermidis was isolated
from patient 1, and Methicillin-susceptible Staphylococcus
aureus was isolated from patient 2. Postoperative respira-
tory insufficiency requiring reintubation and ventilator

© 2011 Lippincott Williams & Wilkins
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control for 3 days occurred in 1 patient (patient 4). Distal
junctional kyphosis at L4/5 without any clinical symptoms
was recognized in 1 case 4 years after the initial surgery
(patient 4). An apparent increase in kyphosis from 10
degrees before surgery to 74 degrees at 6 years after surgery
was recognized in the upper thoracic area (T1-T6) in I
patient (patient 1).

Patient 1

A female patient was found to have scoliosis at the
age of 6 months. Although she was followed by a
pediatrician for an arterial septal defect, she was not
referred to an orthopaedic surgeon until the age of 3 years,
at which time her scoliosis had deteriorated to 80 degrees.
She was referred to our department at the age of 3 years
and 6 months; at presentation, she weighed 12.4kg (— 1.4
SD) and was 103cm tall (1.6 SD). X-ray films showed a
triple major curve pattern with a Cobb angle of 53 degrees
at T1-T7, 103 degrees at T7-L1, and 60 degrees at L1-5. The
kyphosis angle at the thoracolumbar area (T9-L3) was 57
degrees. Surgical treatment using a growing rod system was
begun at the age of 3 years and 7 months. Claw hooks were
placed at T2 and T3 as proximal anchors, and pedicle
screws were placed at L3 and L4 as distal anchors. Four
months after the surgery, soon after the first rod lengthen-
ing, the bilateral proximal anchors were dislodged as a
result of fractures of the transverse processes. Despite
repeated proximal anchor replacements, the hooks dis-
lodged 3 times and the pedicle screws dislodged once.
Finally, the patient is treated by growing rod system with

hooks at 3 levels of T1-3 as proximal anchors. However, the
proximal thoracic kyphosis (T1-7) gradually increased to 74
degrees at 5 years after surgery. Thus, a brace treatment
that regulated neck flexion was applied to prevent the
progression of proximal thoracic kyphosis beginning 3
years after the first operation. The patient also suffered a
deep wound infection at the proximal anchor site, which
healed successfully after debridement and irrigation at 3
years and 6 months after surgery. S. epidermidis was
isolated from the wound.

Patient 2

A male patient was observed by his mother to have a
trunk deformity when he first stood up at the age of
10 months. However, he did not visit a pediatrician to
receive treatment for his deteriorating trunk deformity until
the age of 4 years and 1 month. He was diagnosed as
having SGS and was referred to our department at the age
of 4 years and 3 months for the treatment of his spinal
deformity. His weight was 11.5kg (— 1.1 SD) and his height
was 98cm (1.5 SD). He presented with the characteristic
features of SGS, listed in Table 1 (Fig. 1). A missense
mutation in the FBNI gene was identified using a poly-
merase chain reaction analysis. X-ray films showed a
double major curve pattern with a Cobb angle of 79 degrees
at T4-T11 and 100 degrees at T11-L4 (Fig. 2A). A kyphosis
of 66 degrees was recognized at the thoracolumbar area
(T11-L3) (Fig. 2B). Surgical treatment using a growing rod
system was started at the age of 4 years and 10 months.
During the first surgery, claw hooks were placed at T4 and

FIGURE 1. Clinical features of patient 2. The patient was a 4-year-old boy with a weight of 12.4kg (- 1.1 SD) and a height of

103 cm (1.5 SD).

© 2011 Lippincott Williams & Wilkins
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FIGURE 2. Preoperative radiographs of Patient 2. A double curve pattern with Cobb angles of 79 and 100 degrees (A) and local
kyphosis of 66 degrees at the thoracolumbar junction are shown (B).

TS as the proximal anchors and pedicle screws were placed
only at L4 as distal anchors, as the patient was too thin to
accommodate multiple screws. However, the hooks at T5
dislodged with fractures of the facets, possibly because of
the poor bone quality, at the time of kyphosis correction
using the cantilever technique. Postoperatively, the curves
were corrected to 49 degrees at T4-T11 and 57 degrees at
T11-L4, with correction rates of 38% and 45%, respectively
(Fig. 3A). The kyphosis at the thoracolumbar area was
corrected to 42 degrees (Fig. 3B). Five months after the
surgery, the discharge of pus was recognized from a skin
sore in the lumbar area just above the pedicle screws. As the
infection did not subside after 2 surgical debridements, the
distal anchors were removed at 9 months after the first
surgery. Six months after their removal, growing rod
treatment was restarted by placing distal anchors at L5.
However, the deep wound infection recurred, and the
implants were finally removed at 22 months after the first
operation. At present, 6 years after the first surgery, the
patient is being treated with a brace, and the Cobb angle of
the main curve is 87 degrees (Fig. 3C) with a kyphosis of
125 degrees (Fig. 3D).

Patient 3
A female patient was found to have scoliosis at the
age of 10 months. Although her scoliosis was pointed out
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by a plastic surgeon, her parents refused brace or surgical
treatment for her. At the age of 11 years and 2 months, she
was referred to our department for severe spinal deformity.
She presented with the characteristic features of SGS, as
listed in Table 1 (Fig. 4). X-ray films showed a double
major curve pattern with a Cobb angle of 113 degrees at
T5-T11 and 105 degrees at T11-1L4 (Fig. 5A). A kyphosis of
44 degrees was recognized at the thoracolumbar area (T10-
L3) (Fig. 5B). The Risser sign was 0, and the triradiate
cartilages were closed. Posterior correction and fusion sur-
gery were performed at the age of 11 years and 4 months.
As her bone quality was poor, many segmental pedicle
screws as possible were used to avoid implant dislodgement.
Although an adequate number of pedicle screws were
placed, the dislodgement of a few pedicle screws was
observed on the concave side during curve correction.
Moreover, a reduction in the motor-evoked potentials,
which was restored after reversing the correction, was
recognized during the curve correction. Thus, the endeavor
to obtain a maximum correction was abandoned, and the
main curves were corrected to Cobb angles of 50 and 52
degrees, respectively (Fig. 5C). The kyphosis at the
thoracolumbar junction was corrected to 6 degrees (Fig.
5D). At 2 years after surgery, she developed pseudarthrosis
at distal end of the fusion area (1.3/4) with a correction loss
of 14 degrees and a symptom of severe low back pain. She

© 2011 Lippincott Williams & Wilkins
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FIGURE 3. Postoperative radiographs of Patient 2. Growing rod treatment was started at the age of 4 years and 10 months (A, B).
Postoperatively, the curves were corrected to 49 and 57 degrees (A). Kyphosis at the thoracolumbar area was corrected to 42
degrees (B). The distal anchors were finally removed due to deep wound infection at 22 months after the first operation. At
present, 5 years after the first surgery, the Cobb angle of the main curve is 87 degrees (C) and the kyphosis is 125 degrees (D).

underwent revision surgery of posterior intervertebral
fusion at L3/4 and L4/5. She was applied bed rest for
4 weeks and then trunk cast for 6 weeks after surgery.

Patient 4

A male patient was referred to our hospital at the
age of 12 years and 6 months with a weight of 44kg (0.1
SD) and a height of 164cm (1.9 SD). Although he had
been followed by a pediatrician for a cardiovascular
problem and scoliosis was pointed out at the age of 7

ey

FIGURE 4. Clinical features of Patient 3. The patient was a 10-year-old girl with a weight of 33kg (—0.1 SD) and a height of
146 cm (1.6 SD).

© 2011 Lippincott Williams & Wilkins

years, he was not referred to an orthopaedic surgeon until
the age of 12 years and 3 months; thus, no brace
treatment was performed preoperatively. X-ray films
showed a triple major curve pattern with a Cobb angle
of 64 degrees at T1-T7, 78 degrees at T7-L1, and 52
degrees at L1-L5. A kyphosis of 29 degrees was
recognized in the thoracolumbar area (T9-L3). The Risser
sign was 0, and the triradiate cartilages were closed.
Posterior correction and fusion surgery were performed at
the age of 12 years and 9 months. As his bone quality was
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FIGURE 5. Radiographical findings of Patient 3. A double curve pattern with Cobb angles of 113 and 105 degrees (A) and local
kyphosis of 44 degrees at the thoracolumbar junction are shown (B). Postoperatively, the main curves were corrected to Cobb
angles of 50 and 52 degrees (C), and the kyphosis was corrected to 6 degrees (D).

poor, segmental anchors (screws, hooks) were placed at as
many sites as possible to avoid implant dislodgement.
However, the hooks at T1 were dislodged because of
fractures of the transverse processes during curve correc-
tion. Ultrahigh molecular weight polyethylene fiber tapes
(Alfresa Pharma, Osaka, Japan) were used to fix the rods
to the T1 lamina, instead of using hooks. A reduction in
motor-evoked potentials, which was restored after rever-
sing the correction, was recognized during the curve
correction. Postoperatively, the patient developed re-
spiratory insufficiency requiring reintubation and assisted
respiration for 3 days. Six months after the surgery,
because of marked correction loss arising from the
dislodgement of the proximal anchors, a revision surgery
was performed and pedicle screws were placed at the right
T1 and T2 and the left T2. Finally, the curves were
corrected to 31degrees at T1-T7, 17 degrees at T7-L1, and
3 degrees at L1-L5. The thoracolumbar kyphosis was
corrected to 42 degrees. The development of a junctional
kyphosis of 13 degrees at L4/5, without any complaints,
was recognized at 4 years after the first surgery.

DISCUSSIONS

The present series of patients with SGS indicated
that the natural history of spinal deformity might start
during infantile, and then finally would progress to very
severe extent requiring surgical treatment. Unfortunately,
none of the patients in this series had received brace
treatment because the patients had been followed by
doctors who might not have suspected the spinal
deformities; thus, we could not know how effective brace
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treatment would be if brace treatment was applied within
the extent of conservative treatment. However, as surgical
treatment has a high risk of complications, we propose
that thorough nonsurgical treatment including brace
treatment or trunk cast be considered as alternative
treatments to postpone surgical treatment as long as
possible, especially in young kids as patient 1 or 2. If
surgical treatments were not avoidable, preoperative
evaluation by a pediatric cardiologist was compulsory
as majority of the patient would accompany cardiac
diseases. In addition, pulmonary function test including
blood gas assessment should be performed suspecting
restricted pulmonary dysfunctions or other malfunctions
of respiratory system. The mean postoperative correction
rate for the main curves (47%) was relatively low,
compared with reported rates for severe scoliosis second-
ary to other diseases treated by pedicle screw construct.!?
One reason for this difference might be the poor bone
quality, which prohibited large stresses on the anchors
during correction. Another reason might be the rigidity
of the curves in adolescents. The preoperative flexibilities
were higher in the infants and much lower in the
adolescents.

Intraoperative spinal cord monitoring of motor or
sensory spinal evoked potentials should be performed
during surgical treatment because the risk of injuring the
spinal cord might be relatively high, as the correction of
thoracolumbar kyphosis might increase the risk of
neurological damage. In this study, reductions in motor-
evoked potentials were recognized during curve correc-
tions in 2 of the 4 cases. To prevent intraoperative
neurological complications and/or to assess neurological

© 2011 Lippincott Williams & Wilkins
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vulnerability preoperatively, halo gravity treatment!? or
extension over a bolster x-ray, may be a useful addition to
the preoperative evaluations to determine the extent of
the “safe” extension correction that can be achieved.

The surgical treatments for scoliosis in patients with
SGS in our series were associated with a high complica-
tion rate. One such complication was implant dislodge-
ment that was attributed to the extremely poor bone
quality of the spine. In fact, hook or pedicle screw
dislodgement was recognized during or after surgery in 3
of the 4 patients in this study. Such poor bone quality in
patients with SGS might be related to an abnormality in
fibrillin, which is considered to be associated with Marfan
syndrome.!4!> Kyphosis at the thoracolumbar area might
also increase the risk of anchor dislodgement, as the
correction of kyphosis places an excessive pull-out force
on the anchors. Moreover, frequently observed dural
ectasia associated with a narrowed pedicle and lamina can
also increase the risk of anchor dislodgement. To prevent
implant dislodgement, as many segmental anchors
(screws, hooks, wires) as possible should be used. Hooks
might be preferable to pedicle screws as proximal anchors
when the pedicles are too narrow to accommodate pedicle
screws. Additional sublaminar wiring or taping using
ultrahigh molecular weight polyethylene fiber tapes
should also be considered to reduce the risk of implant
dislodgement. For growing rod treatment, anchor place-
ments with abundant graft bone 3 to 4 months before
curve correction with rod placement might be effective
for patients with poor bone quality or severe kyphosis .
Other techniques, such as preoperative halo gravity
treatment,'® anterior release, or intraoperative halo
femoral traction,'® which are often used for the surgical
treatment of patients with severe deformities, should be
considered. Postoperative brace application should also
be considered to reduce the risk of implant dislodgement
or pseudoarthrosis.

In our series, the 2 patients who were treated with
growing rod systems developed deep wound infections
after rod lengthening. The deep wound infections might
have been associated with skin sores. All the 4 patients
were skeletally very thin, with heights ranging from 1.5 to
1.9 SD for their ages and weights ranging from — 1.4 to
0.1 SD. The prominence of implants caused by sub-
optimal implant coverage by the skin and subcutaneous
tissues is a risk factor for wound infections, especially in
patients treated with growing rod systems that require
multiple surgeries. Thus, soft tissues should be handled
with extreme care to prevent skin sores.

© 2011 Lippincott Williams & Wilkins

In conclusion, 4 patients with SGS who underwent
surgical treatment for severe scoliosis are reported.
Surgical treatment was associated with a high incidence
of complications including implant failures and deep
wound infections attributable to the poor bone quality
and thin bodily habitus, which are characteristics of this

~syndrome.
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our data provide proof of concept support for targeting this molecule
and its multi-cellular functions in psoriatic skin. Targeting VEGF
topically may provide an effective new approach for treating mild-
to-moderate psoriasis skin lesions by inhibiting angiogenesis and
reducing leukocyte infiltration and KC proliferation.
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Letter to the Editor

Co-existence of mutations in the FBN1 gene and
the ABCC6 gene in a patient with Marfan
syndrome associated with pseudoxanthoma
elasticum i

CrossMark

To the Editor,

Marfan’s syndrome (MEFS) is a disease with an autosomal
dominant mode of inheritance that is manifested by characteristic
skeletal abnormalities, including arachnodactyly, cardiovascular
lesions (such as aortic dilatation), and ocular manifestations (such
as ectopia lentis) {1]. The FBN1 gene [2}, which encodes fibrillin-1
(a component of elastic fibers), has been identified as the
responsible gene. Pseudoxanthoma elasticum (PXE) is an autoso-
mal recessive disorder that causes the ectopic mineralization of
elastic fibers in soft connective tissues and mainly affects the eyes,
skin, and cardiovascular system. The precise pathomechanisms of
elastic fiber degeneration in PXE have not been fully elucidated
despite a number of extensive studies [3]. The disease is linked to
mutations in the ATP-binding cassette sub-family C member 6
(ABCC6) gene [4,5]. Here, we report the case of a patient who
exhibited the clinical manifestations of both MFS and PXE and in
whom pathological gene mutations were detected in both the FBN1
gene and the ABCC6 gene.

In 2003, a 64-year-old, tall Japanese woman presented with
skin eruptions in her nuchal area, axillae, and groin. She had
previously experienced angina pectoris and had undergone bypass
surgery for coronary stenosis. The patient’s family history revealed
that her mother had been tall and had died of heart disease when
the patient was a small child. A history and physical examination of

her father revealed that he had no noteworthy clinical findings. The
patient was the 5th of 5 siblings, and the eldest sister and the 4th
sister had both been tall. The eldest sister had suddenly died of
unknown causes in early childhood, and the 4th sister had died of
aortic dissection. The patient had two children, a 38-year-old son
and a 36-year-old daughter, and both had skeletal abnormalities
that included a tall stature and arachnodactyly. Her son had
undergone a Bentall operation for aortic dissection and aortic valve
regurgitation as a child. Dermatological and ophthalmological
examinations revealed no evidence of PXE in either child. The
patient’s family tree is shown in Fig. 1A.

At the time of the patient’s initial examination, she was
165 cm tall and had an arm span of 185 cm. Dolichocephaly,
pectus carinatum, disproportionately long limbs for her height,
and arachnodactyly were noted (Fig. 1B). Numerous papules
ranging in color from normal to yellow arrayed in a cobblestone
pattern were observed in the nuchal area, axillae, and groin
(Fig. 1C). Ophthalmological examinations revealed angioid
streaks on her retinas. Radiography revealed linear calcifications
in the upper limbs. The pathological findings for skin biopsy
specimens from the affected sites consisted of clumps of
fragmented basophilic fibers in the middle and lower layers
of the dermis (Fig. 1D). Granular deposits that stained positive
with von Kossa stain (Fig. 1E) were observed in specimens from
the same sites.

A genomic DNA analysis of the patient’s blood revealed a
monoallelic nonsense mutation (c. 5454C> A: exon 44,
p.Cys1818Stop) in the FBN1 gene (Fig. 2A). Exon sequencing of
ABCC6 was performed using primers designed to eliminate ABCC6
pseudogenes for exons 1-9 [6] and those designed by Prime 3 for
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Fig. 1. Family tree, clinical findings, and pathological findings. (A) The patient’s family tree. (B) Arachnodactyly. (C) Normal flesh color to yellow papules in a cobblestone patternon
the back of the patient's neck. (D) Clumps of fragmented basophilic fibers that look like thread waste are seen in the middle and lower layers of the dermis (hematoxylin and eosin,
x200). (E) Numerous granular deposits are seen among the clumps of fragmented fibers that have the appearance of thread waste (von Kossa stain, x200).
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Fig. 2. Sequencing data of the patient’s FBN1 gene, which encodes fibrillin-1, and the ABCC6 gene, which encodes ATP binding cassette C6 protein. (A) Sequence analysis of
FBNI1. A reverse sequence analysis of the portion of FBN1 extending from ¢.5439 to ¢.5460 is shown. A monoallelic nonsense mutation (¢.5454C > A, p.Cys1818Stop) was
detected. (B) Sequence analysis of ABCC6. The results of sequence analyses of the portion of ABCC6 extending from c.1116 to ¢.1139 and from 3486 to 3500 are shown.
Compound heterozygous nonsense mutations (¢.1132C > T, p.GIn378Stop and ¢.3490A > T, p.Arg1164Stop) were detected.
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the other exons. The patient had two mutations in the ABCC6 gene:
¢.1132C > T in exon 9, p.GIn378Stop; and ¢.3490A > T in exon 24,
p.Arg1164Stop (Fig. 2B). The patient’s son had only the former
mutation. Therefore, this patient had compound heterozygous
nonsense mutations of ABCC6.

There has been one other report of a case of MFS and PXE in the
same patient besides our own. The case was reported by Hidano
et al. [7], similar to the present case, the previously reported
patient was a member of a Japanese pedigree that exhibited the
skeletal abnormalities associated with MFS, and the patient
developed manifestations of both MFS and PXE. However, no
search for gene mutations was performed in their case. Ours is the
first report ever to describe MFS and PXE occurring in the same
patient in whom mutations were confirmed in both the ABCC6 gene
and the FBNT gene. The concomitant presence of MFS and PXE
seems to have been coincidental, but both conditions are
hereditary diseases that give rise to elastic fiber abnormalities
and to abnormalities in the same organs, including the cardiac
blood vessels, and eyes. We plan to monitor the course of the
presently reported patient to determine how her outcome
compares with the outcome of patients who have only one of
these diseases, either MFS or PXE.
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Letter to the Editor

Birth, life, and death of the MAGE3 hypothesis of
alopecia areata pathobiology

Dear Editor,

In this distinguished journal, we routinely read discovery
stories that have been ultimately crowned by success. Instead, here
we would like to share our trials and tribulations along a less
felicitous, yet very instructive and educational research journey
that brought us close to what we hoped to be a clinically important
advance in understanding the pathobiology of alopecia areata (AA),
a tissue-specific, T cell-dependent autoimmune disease [1].

Most currently available evidence suggests that, upon interfer-
on (IFN)-y-induced collapse of the hair follicle’s (HF's) physiologi-
cal immune privilege (IP), as yet unidentified follicular
autoantigens are exposed to preexisting autoreactive CD8* T cells
by ectopically expressed major histocompatibility (MHC) class I
molecules within the epithelium of anagen hair bulbs [1,2].
Peptides derived from melanogenesis-associated autoantigens
expressed only by melanin-producing anagen HFs are persuasive
candidates as key autoantigens in AA {3]. Therefore, focusing on
well-investigated MHC class I-restricted melanocyte-related anti-
gens known to be recognized by CD8* T cells is a sensible AA
research strategy (supplementary text S1).

Supplementary material related to this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jdermsci.2013.
07.014.

We thus hypothesized that it should be possible to detect
cytotoxic CD8* T cells (CTLs) directed against MHC class-I

restricted autoantigens (tyrosinase, MAGE-A2, and MAGE-A3
(MBL)), using pentamer technology [4] (Supplemental text S2).
To test this hypothesis, peripheral blood mononuclear cells
(PBMCs) were obtained from Japanese healthy controls and AA
patients (Supplementary Table S1).

Initially, this approach yielded auspicious results: MAGE-A3-
reactive CD8" T cells were found to be significantly increased in
PBMCs in the acute phase of AA with multifocal lesions (AAM)
and alopecia areata totalis (AAT) compared to healthy controls,
chronic phase of AAM, or AAT/alopecia areata universalis (AU)
(Fig. 1a and Fig. Sla and b and Supplementary text S3)
(p=0.025 by Kruskal-Wallis ANOVA). Furthermore, skin infil-
trating T cells of an acute phase AA lesion from one patient,
which were isolated as previously described [5], also showed an
increased number of MAGE-A3 specific CTLs (Fig. 1b) as that in
peripheral blood nuclear cells (PBMCs) from the same AA
patients (Fig. 1c) compared to the average frequency of MAGE-
A3" T cells in PBMCs from control subjects (Fig. 1a). This pilot
finding suggested an enrichment of MAGE-A3* CTLs in lesional
AA skin.

Supplementary material related to this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jdermsci.2013.
07.014.

Next, we probed whether such CTLs can produce IFN-y after
stimulation with MAGE-A3 (supplementary text S4). Indeed,
IFN-v protein expression was significantly increased in CD8* T
cells from acute phase AA patients co-cultured with MAGE-A3
compared to healthy controls (Fig. 1d and supplementary Fig.
S1c and d). Moreover, the percentage of MAGE-A3 specific CTLs
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Abstract

Background and Purpose: Dural ectasia is well recognized in Marfan syndrome (MFS) as one of the major diagnostic criteria,
but the exact prevalence of dural ectasia is still unknown in Loeys—Dietz syndrome (LDS), which is a recently discovered
connective tissue disease. In this study, we evaluated the prevalence of dural ectasia in LDS according by using qualitative
and quantitative methods and compared our fmdmgs with those for with MFS and normal controls.

Material and Methods: We retrospectwely studied 10 LDS (6 males, 4 females, mean age 36.3 years) and 20 MFS cases (12
males, 8 females, mean age 37.1 years) and 20 controls (12 males, 8 females, mean age 36.1 years) both qualitatively and
quantitatively using axial CT images and sagittal. multi-planar reconstruction images of the lumbosacral region. For
quantitative examination, we adopted two methods: method-1 (anteroposterior dural diameter of S1> L4) and method-2
(ratio of anteroposterior dural diameter/vertebral body diameter>cutoff values). The prevalence of dural ectasia among
groups was compared by using Fisher’s exact test and the Tukey—Kramer test.

Results: In LDS patients, the quahtatlve method showed 40% of dural ectasia, the quantitative method-1 50%, and the
method-2 70%. In MFS patients, the corresponding prevalences were 50%, 75%, and 85%, and in controls, 0%, 0%, and 5%.
Both LDS and MFS had a significantly wider dura than controls.

Conclusions: While the prevalence of dural ectasia varied depending on differences in qualitative and quantitative methods,
LDS as well as MFS, showed, regardless of method, a higher prevalence of dural ectasia than controls. This finding should
help the differentiation of LDS from controls.
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Introduction ectasia (DE), which is also observed in neurofibromatosis type 1
and Ehlers-Danlos syndrome [6,8], is, after aortic dilatation/
dissection, the second most common major criterion for MFS
[8,9]. In the revised Ghent nosology, DE is no longer a critical
criterion for MFS. As the finding of DE is used for the scoring of
systemic features when the patients show aortic diseases, but do
not have the ectopia lentis, the importance of DE remains in the
new criteria. While the importance of DE is well recognized in
MFS, only a few reports have dealt with the prevalence of DE in
LDS [1,10,11]. DE usually occurs in connective tissues diseases,
and occurs in the lumbar or sacral spine due to gravity. DE is
characterized by widening of the spinal canal, posterior scalloping
of the vertebral body, increased thinning of the cortex of pedicles
and laminae, widening of the neural foramina or the presence of a
meningocele [6]. While at present there is no standardized method
for the diagnosis of DE, some qualitative [6,8] and quantitative
methods [9,12,13] have been reported.

To establish clinical diagnostic criteria for LDS, the prevalence
of DE has to be analyzed. In this study, we used qualitative and

Loeys—Dietz syndrome (LDS) is a newly discovered connective
tissue disease caused by mutations in the gene of transforming
growth factor B receptor (TGFBR) -1 or -2 [1,2]. The cardinal
features of LDS consist of craniofacial features characterized by
widely spaced eyes (orbital hypertelorism), bifid uvula and/or cleft
palate, and cardiovascular diseases such as aortic root dilatation or
aortic dissection, arterial tortuosity and aneurysms [2,3]. LDS
shares many of its clinical features with Marfan syndrome (MFS)
[4], which is an autosomal dominant connective tissue disorder
caused by mutations in the gene of fibrillin-1 (FBN-1) [5]. The
main features of MFS occur in skeletal, ocular, and cardiovascular
areas, but other organs can also be affected, including skin, lung,
and dura [6].

While LDS and MFS show striking pleiotropism and clinical
variability, no clinical criteria for LDS have as yet been established
in contrast to MFS, for which detailed diagnostic criteria have
been developed [6,7]. The old ‘Ghent nosology’ for MFS classifies
the clinical manifestations into major and minor criteria [6]. Dural
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quantitative methods to evaluate the prevalence of DE in LDS in
comparison with that in MFS and controls.

Materials and Methods

The institutional review board (National Cardiovascular
Research Center, Japan) approved this retrospective case-con-
trolled study and written informed consent to analyze clinical data
and gene mutations was obtained from all LDS and MFS subjects.
In addition, written informed consent for the CT examinations
was obtained from all subjects. The institutional review board
waived written informed consent from the normal controls
because this was a retrospective study.

Patient Population

The CT data in our institutional database was reviewed from
June 2007 to July 2010. Ten LDS patients with an identified
mutation in TGFBR (6 males, 4 females, mean age 36.3 years,
range 20—54 years) were retrospectively reviewed from our
institutional database which comprised about 20 LDS patients.
These 10 patients had undergone CT examination in the lower
abdominal and pelvic regions and were consecutively enrolled.
Nine of them (90%) were in the post-operative stage (1 with aortic
repair, 3 with valve replacement, and 5 with both). Reasons for
hospitalization were aortic root dilatation in 4 patients and aortic
dissection in 6 patients. Gene analysis showed 4 mutations in
TGFBR-1 and 6 in TGFBR-2.

Twenty MFS patients with an identified mutation in FBN-1 (12
males, 8 females, mean age 37.1 years, range 20—56 years) were
also reviewed. MFS patients who were matched to LDS patients in
gender and age were randomly selected from our database, which

" comprises more than 100 MFS patients with mutation in FBN-1.
Seventeen of the enrolled patients (85%) were in the post-operative
stage (3 with aortic repair, 7 with valve replacement, and 7 with
both). Reasons for hospitalization were aortic root dilatation in 11
patients, aortic dissection in 8 patients, and mitral valve
regurgitation in 1 patient.

All IDS and MFS patients underwent clinical examinations
including a physical examination and laboratory tests by a
cardiovascular team. Initial and follow up CT examinations were
performed in a clinical setting as described below. Genetic analysis
was performed for all patients in the same manner as previously
reported [11].

Twenty control subjects (12 males, 8 females, mean age 36.1
years, range 22—52 years) who were matched to LDS patients in
gender and age were also randomly sclected from our CT
database. These subjects did not meet any of the major nor minor
criteria of Ghent nosology. No gene analysis was performed for
this group.

MFS patients and control subjects were matched to LDS in
gender and age to avoid the need for adjusting the values of
variables after they had been measured.

Imaging and Measurements

All LDS and MFS patients underwent CT examination
(including CT angiography) using 16- or 64-MSCT at initial
diagnosis or clinical follow-up for evaluation of the vascular tree.
The CT covered the area from the thorax to the pelvis. Control
subjects underwent CT examination covering the lower abdom-
inal and pelvic regions as indicated by clinical need. Axial CT
images with 2 mm slice thickness were obtained from all subjects
and used to reconstruct multi-planar reconstruction (MPR)
images. All images were transferred to CT image server and
could be read on a PACS (Picture Archiving and Communication
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System) viewer. Two radiologists (A.K.K. and M.H. with 9 and 19
years experience, respectively, in diagnostic radiology) reviewed
the CT images (qualitative inspection, described below) blinded to
the genetic diagnosis. And one of the two radiologists (A.K.K.)
evaluated CT images using the two quantitative methods
described below.

Qualitative Inspection

DE is defined as widening of the spinal canal, posterior
scalloping of the vertebral body, increased thinning of the cortex of
pedicles and laminae, widening of the neural foramina or the
presence of a meningocele [8,14,15]. The presence of an anterior
sacral meningocele was diagnosed when herniation of the dural
sac resulting from a defect in the anterior surface of the sacrum
was seen [16]. Presence of a lateral meningocele was diagnosed
when the nerve root sleeve was wide throughout the intervertebral
foramen and ended in a pouch [17].

Quantitative Inspection

Method-1 proposed by Ahn et al. [9] (Fig. 1). Dural sac
diameter (DSD) was measured in the mid-sagittal plane of the
MPR image from the lumbus through to the sacrum. DE is
diagnosed when the sagittal anteroposterior diameter of the spinal
canal at S1 or below is greater than that at the mid axis of L4.

DE=DSD(S)>DSD(L4)

Method-2 proposed by Oosterhof et al. [12] (Fig. 1). The
vertebral body diameter (VBD) and DSD were measured
perpendicular to the long axis of the dural sac and vertebral
body. VBD and DSD values were obtained at the midcorpus level
of L1 to S1. The dural sac ratio (DSR) was calculated at L1 to S1
by dividing DSD by VBD. DE is considered present if DSR
exceeds the cutoff value, which is defined as mean+2 SD of
controls.

DSR=DSD/VBD

DE =DSR >cutoff value at any level

Figure 1. Scheme of sagittal CT images of the lumbosacral
spine, Lines with arrows represent measurements of vertebral body
diameters (VBD) and dural sac diameters (DSD).
doi:10.1371/journal.pone.0075264.g001
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Statistical Analysis

For the statistical analysis, JMP software (version 8.0, SAS
Institute Inc., CA, USA) was used. Continuous data were
expressed as meanSD.

We evaluated and compared the prevalence of DE in three
groups by using one qualitative and two quantitative methods. The
two-tailed student ¢ test was used to compare continuous variables
and Fisher’s exact test for discrete variables. The DSRs among
groups were evaluated with Tukey-Kramer test (alpha value of
0.05 was adopted). A p value <0.05 was considered statistically
significant.

Results

Patient characteristics are listed in Table 1. There were no
differences in sex and gender among the three groups.

The results obtained with the qualitative method (Table 1)
showed that 4 (40%) LDS and 16 (80%) MFS patients possessed
DE, but none of the control subject did. DE were thus more
frequently observed in LDS and MFS than in control (p =0.0077
and <0.001, respectively). There was no anterior meningocele in
LDS or control, but one in MFS, while one lateral meningocele
was observed in LDS (Fig. 2) and five in MFS, but none in control.

According to findings obtained with method-1 (Table 1), 5
(50%) LDS and 15 (75%) MFS patients possessed DE, and none of
the control subjects did. Higher prevalence of DE in LDS and
MFS than in control was also observed with this diagnostic
method (p=0.0018 and <0.0001, respectively).

According to findings obtained with method-2 (Table 1), LDS
(at L2) and MFS (at L5, S1) patients had a higher prevalence of
DE than control. Seven (70%) LDS and 17 (85%) MFS showed
the presence of DE and one (5%) control also showed DE. Most
MEFS patients diagnosed with method-2 had DE at Slor L5 while
few showed DE at other levels. In addition, LDS patients showed a
diffusely wide dura from L1 through to S1 except for L4. The
values for DSR are also listed in Table 2.

Wider Dural Ectasia in Loeys-Dietz Syndrome

Figure 2. CT images of 46-year-old female with Loeys-Dietz
syndrome. Sagittal image of the normal dura (A). Coronal image of
right lateral meningocele (arrow) (B). Axial image at S1 shows
asymmetric dilatation of the dura (arrow) (C). In this case, visual
inspection could detect dural ectasia, but quantitative evaluation could
not.

doi:10.1371/journal.pone.0075264.9002

Discussion

DE usually occurs in connective tissue diseases, and was one of
the major diagnostic criteria for MFS [6]. DE is no longer a critical
criterion for MFS; however, DE still is important because it is used
in the scoring system in the revised version [7]. While the
importance of DE is well recognized in MFS, its prevalence in
LDS is unknown. Although there is at present no standardized
diagnostic method for DE in LDS, some qualitative [6,8] and
quantitative methods [9,12,13] have been used. In contrast to
findings for MFS, only a few reports have dealt with the
prevalence of DE in LDS [1,10,11]. Our study showed that
LDS had a wider dural sac than control and the prevalence of DE
in LDS was significantly higher than in control regardless of which

Table 1. Patient characteristics and prevalence of DE determined with qualitative and quantitative methods.

No. of DE identified with qualitative method

[')'E‘-‘pos:i j

LDS (n=10) MFS (n=20) Control (n=20) Difference*
Gene abnormality N
Gender (m:f) 12:8
Age (y) osmiEn2

No. of DE idéntiﬁed with method-1
DEposive _sen
No. of DE identified with method-2

DE-pésitiQe at any :Iel\‘/‘ei -
o

PLOS ONE | www.plosone.org

LDS, Loeys-Dietz syndrome; MFS, Marfan syndrome; DSR, dural sac ratio; DE, dural ectasia; NS, not significant; a, difference between LDS and MFS; b, difference between
LDS and control; ¢, difference between MFS and control.
Difference®, In this column, p values are shown. Differences were not tested for each level from L1 to S1.
doi:10.1371/journal.pone.0075264.t001
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Table 2. Mean DSR values.

Control
LDS (n=10) MFS (n=20) (n=20) cr
L1 056£008 ~052+012  048%006 NS
2 053009  049+012  045:006 b, 00004-0.17
3 048008  045¥009 0423006 NS
o 0455007  047%011 0442002 NS
L5  053£010  056%015 0433008 004022
51 060+0.11 0882054 0403007  021-074

DSR, dural sac ratio; LDS, Loeys-Dietz syndrome; MFS, Marfan syndrome; DE,
dural ectasia; NS, not significant; a, difference between LDS and MFS; b,
difference between LDS and control; ¢, difference between MFS and control.
CI*, this column shows the confidence interval for significant differences.
doi:10.1371/journal.pone.0075264.t002

diagnostic method was used. According to the findings obtained
with the methods used in our study, the prevalence of DE in LDS
varied from 40 to 70%. This prevalence is higher than the 16%
reported by Rodrigues et al. [10]. Although their report does not
mention any details of diagnostic criteria for DE, they also used
CT images. The reason for the difference between the two studies
is not clear. In this study, DE was positive in 75-85% for MFS and
0-5% for NML. In a clinical setting, the differential diagnosis of
LDS from MFS is problematic. Although the difference in DE
frequency observed using a qualitative method is significant
(P=0.04) between LDS and MFS, the differences between
method-1 and method-2 are not significant. This result shows
that only knowing DE frequency would not be helpful when
attempting to distinguish LDS from MFS. Further examination is
needed to determine the differences that exist between these two
genetic vascular disorders in addition to DE frequency.

Some reports about DE in MFS have emphasized quantitative
methods because cutoff values can be used more uniformly than
with qualitative methods [12,18]. However Lundby et al. reported
that qualitative signs were very useful because 11.5% of their
patients would not have been diagnosed with DE if lateral
menigocele had not been adopted as a sign of DE [17]. Anterior
and lateral meningocele has been identified as a strong qualitative
indicator of DE in many studies [6,9,17]. We also propose the use
of visual evaluation of DE, as presented in Fig. 2, because two
(20%) LDS and three (6%) MFS patients were diagnosed by
means of qualitative assessment although they were not diagnosed
as such with method-1. As well as anterior or lateral meningocele,
asymmetric dilatation such as scalloping of the vertebral body or
widening of the neural foramina cannot be detected with
qualitative evaluation in the mid-sagittal plain. In this study, the
prevalence of anterior and lateral meningocele was lower than
previously reported. This may be due to the lower contrast
resolution of CT compared with MRI, which may lead to
misdiagnosis of some meningoceles.

A higher prevalence of DSD at S1 than that at L4 (method-1)
was used as a quantitative diagnostic method for DE [9] and
resulted in assessment with high inter-observer agreement
(x=0.77) [17]. This parameter can be ecasily and reliably
measured in a routine clinical setting on CT and MRI, and
previous studies have reported that it is also a useful marker for DE
in [9,18]. Our result showed that five (50%) LDS and 15 (75%)
MFS patients showed DE with this quantitative method in contrast
to control (0%), which is consistent with previously reported
findings. While this parameter is thus a useful diagnostic tool, it
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can be somewhat problematic in that the difference in DSD at L4
and S1 is often very small. There were a total of seven cases among
the LDS and MFS patients in our study with differences of less
than 2 mm. It is also problematic that diffuse ectasis throughout
the lumbosacral regions is not detected with this method.

DSR (method-2), which Oosterhof et al. firstly described in
2001 [12], has been used to assess DE in recent studies [13,17].
The authors concluded that a combination of DSR above a given
cutoff value at level L3 and S1 could be used to identify MFS with
95% sensitivity and 98% specificity. However, their method has
been tested in later studies, but similar results have not been
obtained [18,19]. Habermann et al. found a sensitivity of 56% and
a specificity of 65% with an optimal cutoff value of 0.51 at S1 [18].
They suggested that some of the differences in cutoff values and
accuracy were secondary to the age differences of the subjects
enrolled in the two studies. Cutoff values depend on the
characteristics of the control group such as age, ethnos, and
diagnostic modality (i.e. CT or MRI). The main purpose of the
cutoff values adopted for our study (means+2 SD of controls) was
therefore to reduce the influence of such dependence. The DSRs
reported by Lundby were 0.45, 0.43, 0.42, and 0.41 at L3, 4, 5,
and S1, respectively [17], and those reported by Oosterhof were
0.48, 0.40, 0.35, 0.34, 0.32, and 0.35 at L1, 2, 3, 4, 5 and S1,
respectively, [12]. These results were thus not so different from
ours. By using our cutoff values, we identified DE in seven (70%)
LDS and 17 (85%) MFS patients. Because most of LDS and MFS
patients showed DE at S1, the prevalence of DE obtained with
method-2 was equivalent to that obtained with method-1 in our
study. As mentioned before, method-1 cannot identify an
abnormality when the dilatation is diffuse (i.e., L4 was dilatated
as well as SI). As seen in Table 2, LDS patients, in contrast to
MEFS patients, feature a diffuse dilatation, so that the use of cutoff
values may help diagnose the dilatation of DE correctly even in
LDS patients. In addition, the finding of the diffuse distribution of
DE may help to identify LDS and distinguish it from MFS,
although the difference between LDS and MFS was not significant
in our study.

In a recent report, Soylen et al. reported 100% sensitivity and
94.7% specificity for a novel quantitative method using MRI
images [13]. They adopted the value calculated by multiplying
longitudinal diameter by wide diameter of the dura in axial plane
for each level. They compared their results with those of Ahn and
Oosterhof and found that sensitivity was equivalent for the three
methods but their specificity was superior to Oosterhof’s. We also
adopted their qualitative method using CT images (unpublished
data). While our results showed that many LDS and MFS patients
had DE, the prevalence was very similar to that assessed with
method-2. Soylen et al.’s method has a good diagnostic perfor-
mance, but the measurements are rather time-consuming, so that
the method proposed by Ahn or Oosterhof may be satisfactory for
clinical settings.

Compared with CT, MRI is superior in quality of contrast
resolution, especially in visualization of soft tissue. Therefore, most
previous studies have used MRI imaging for the evaluation of DE
[9,12,13]. However, thin slice data can now be obtained easily
with CT, and MPR images derived form CT make it possible to
analyze objects easily from any plane. In our institution, we usually
reconstruct GT images of 2 mm slice thickness and diagnose them
using a PACS viewer. Under these circumstances, we can
reconstruct MPR images and analyze them within 5 min per
patient. We applied MRI criteria for DE to our CT measure-
ments. This is because we believed that these MRI criteria could
be used with current CT images. As explained above, lateral and
anterior meningocele constitutes an important finding of DE [17].
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Reconstructed MPR CT images can also be used for the
evaluation of both lateral and anterior meningocele. The fact
that T2-weighted images on MRI are superior for detecting
abnormalities with a water component makes the detection of
lateral and anterior meningocele using MRI feasible. Moreover,
careful reading of axial and MPR images of CT is sure to improve
the detectability of anterior and lateral meningocele.

In this study, LDS showed a higher prevalence of DE than
controls. If the presence of DE turns out to be a useful finding for
differentiating LDS from controls, it may well become one of the
diagnostic criteria. However, further study is needed to evaluate its
diagnostic performance and feasibility.

Our study has certain limitations. First, while the number of
patients in our study was very small, it is comparable with the
numbers used in other studies. LDS patients in this study were
consecutively recruited and represented the maximum number of
this type of patient at that time. However, our study did not
include patients aged <20 because there were no patients of that
age in our hospital. This may have caused a patient selection bias,
thereby influencing our results. Our results for MFS and controls
were comparable with those of a study comprising a large number
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Conclusions
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These findings indicate that DE has the potential to become a
diagnostic criterion for LDS.

Author Contributions

Conceived and designed the experiments: AKK HN KS. Performed the
experiments: MH. Analyzed the data: AKK. Contributed reagents/
materials/analysis tools: HM TM. Wrote the paper: AKK.

10. Rodrigues VJ, Elsayed S, Loeys BL, Dietz HC, Yousem DM (2009)
Neuroradiologic manifestations of Loeys-Dietz syndrome type 1. AJNR
Am J Neuroradiol 30: 1614-1619.

11. Akutsu K, Morisaki H, Takeshita S, Sakamoto S, Tamori Y, et al. (2007)
Phenotypic heterogeneity of Marfan-like connective tissue disorders associated
with mutations in the transforming growth factor-beta receptor genes. Circ J 71:
1305-1309.

12. Oosterhof T, Groenink M, Hulsmans EJ, Mulder BJ, van der Wall EE, et al.
(2001) Quantitative assessment of dural ectasia as a marker for Marfan
syndrome. Radiology 220: 514-518.

13. Soylen B, Hinz K, Prokein J, Becker H, Schmidtke J, et al. (2009) Performance
of a new quantitative method for assessing dural ectasia in patients with FBN1
mutations and clinical features of Marfan syndrome. Neuroradiology 51: 397—
400.

14. De Paepe A (1999) Dural ectasia and the diagnosis of Marfan’s syndrome.
Lancet 354: 878-879.

15. Pyeritz RE, Fishman EK, Bernhardt BA, Siegelman SS (1988) Dural ectasia is a
common feature of the Marfan syndrome. Am J Hum Genet 43: 726-732.

16. Oren M, Lorber B, Lee SH, Truex RC Jr, Gennaro AR (1977) Anterior sacral
meningocele: report of five cases and review of the literature. Dis Colon Rectum
20: 492-505.

17. Lundby R, Rand-Hendriksen S, Hald JK, Lilleas FG, Pripp AH, et al. (2009)
Dural ectasia in Marfan syndrome: a case control study. AJNR Am J Neuroradiol
30: 1534-1540.

18. Habermann CR, Weiss F, Schoder V, Cramer MC, Kemper J, et al. (2005) MR
evaluation of dural ectasia in Marfan syndrome: reassessment of the established
criteria in children, adolescents, and young adults. Radiology 234: 535-541.

19. Rose PS, Levy HP, Ahn NU, Sponseller PD, Magyari T, et al. (2000) A
comparison of the Berlin and Ghent nosologies and the influence of dural ectasia
in the diagnosis of Marfan syndrome. Genet Med 2: 278-282.

September 2013 | Volume 8 | Issue 9 | 75264

— 232 —



Surgical Experience With Aggressive Aortic
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Background. Loeys-Dietz syndrome (LDS) is a recently
recognized connective tissue disorder (CTD) caused by
mutations in fransforming growth factor-beta receptor
(TGFBR)1 and TGFBR2. Surgical outcomes of aortic re-
pair in patients with LDS are poorly known.

Methods. We enrolled 16 patients with TGFBR muta-
tions identified by gene analysis in this study. Between
1993 and 2011, they underwent 41 aortic surgical proce-
dures. Ten patients (group D: dissection group) under-
went aortic repair for acute or chronic aortic dissection as
a first surgical intervention, and 6 patients (group N:
nondissection group) underwent surgical treatment for
aortic root dilatation. The mean follow-up period was
103.7 + 92.3 months (range, 2- 276 months).

Results. There were no in-hospital deaths. In group N,
valve-sparing root replacement (VSRR) was performed
in all patients. The residual aorta in 9 patients (90%) from

Loeys-Dietz syndrome (LDS) is a recently recog-
nized connective tissue disorder (CTD) first de-
scribed by Loeys and colleagues in 2005 [1] and result-
ing from mutations in transforming growth factor-beta
receptor (TGFBR)1 and TGFBR2. Phenotypic character-
istics include arterial tortuosity, aortic aneurysms and
dissections, ocular hypertelorism, bifid uvula, and cleft
palate [1-3]. Of these characteristics, aortic lesions are
considered to have the greatest influence on prognosis,
similar to other CTDs such as Marfan’s syndrome
(MFS) or vascular-type Ehlers-Danlos syndrome. In-
deed, some reports indicate that the aortic pathologic
process in LDS is more aggressive and widespread
than it is in MFS [2]. However surgical results and the
postoperative prognosis of aortic repair in patients
with LDS are not well known, although most patients
require aortic operations.

In this study, we describe our surgical experience with
aortic repair in patients with LDS with a severe aortic
pathologic process.
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group D required further repairs, 3 times on average.
Moreover, in 4 patients (40%), the aorta was entirely
replaced in serial procedures. In group N, aortic dissec-
tion occurred in only 1 patient (17%). The aortic event-
free rates at 5 years were 40% in group D and 80% in
group N, respectively (p = 0.819). One late death due to
arrhythmia occurred 1 month after VSRR. The cumula-
tive survival rates at 5 years were 100% in group D and
83% in group N, respectively (p = 0.197).

Conclusions. Surgical outcomes for patients with LDS
were satisfactory. Once aortic dissection occurred, the
aorta expanded rapidly, requiring further operations.
Therefore, early surgical intervention may improve prog-
nosis by preventing a fatal aortic event.

(Ann Thorac Surg 2012;94:1413-7)
© 2012 by The Society of Thoracic Surgeons

Patients and Methods

We performed genetic analysis in patients undergoing
aortic surgical procedures at our center who were
suspected of having a CTD because of young age,
family history, typical annuloaortic ectasia (AAE), and
so on. On the basis of the results, we enrolled 16
patients with mutations in TGFBR1 or TGFBR2 in this
study (Table 1). Between 1990 and 2011, these patients
collectively underwent 41 aortic operations. Mean age
at the first operation was 31.4 *= 11.3 years. Nine
patients had mutations in TGFBR1 and 7 had mutations
in TGFBR2. Ten patients underwent their first aortic
operations after aortic dissection (group D: dissection
group). In group D, indication for first surgical inter-
vention was chronic type B aortic dissection in 6
patients and acute type A aortic dissection in 4 pa-
tients. Patients included a 20-year-old woman who at
19 weeks of pregnancy required urgent operation for
acute type A aortic dissection. The first surgical inter-
vention in the remaining 6 patients was for AAE
without aortic dissection (group N: nondissection
group).

Data were collected from hospital admission and out-
patient medical records and telephone interviews. All
patients were regularly assessed, either at our center or
by a local cardiologist. The follow-up rate was 100%, and
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Abbreviations and Acronyms

AAE = annuloaortic ectasia

CSF = cerebrospinal fluid

CTD = connective tissue disorder
LDS = Loeys-Dietz syndrome

MFS = Marfan’s syndrome

TGFBR = transforming growth factor-beta
receptor

VSRR = valve-sparing root replacement

the mean follow-up period was 103.7 * 92.3 months
(range, 2-276 months). Our institution approved this
retrospective study, and patient consent for our study
was obtained either at the time of operation or when the
patients came as outpatients.

Continuous variables were expressed as mean * stan-
dard deviation and compared using the Student’s ¢ test.
Categorical data were compared using Fisher’s exact test.
Survival and aortic event-free rates were estimated using
the Kaplan-Meier method, and differences between each
group were determined by log-rank analysis. p values of
less than 0.05 were considered significant. Statistical
analysis was performed using SPSS, version 17.0 for
Windows (IBM SPSS Inc, Chicago, IL).

Results

No operative or in-hospital deaths occurred in our series.
During postoperative hospitalization, there were 3 cere-
brovascular events. Subdural hematoma occurred in 2
patients; 1 underwent descending thoracic aorta replace-
ment and the other underwent thoracoabdominal aortic
replacement for chronic type B aortic dissection. A third
patient, who underwent emergency arch repair for acute
type A aortic dissection, was diagnosed with cerebral
infarction with right hemiparesis. The woman who
needed emergency operation for acute aortic dissection
during pregnancy safely gave birth to a baby 5 months
after operation. In group N, valve-sparing root replace-
ment (VSRR) was carried out in all 6 patients, and no
major complications occurred in this group during
hospitalization.

Follow-up results after the aortic procedures are
shown in Table 2. Nine patients (90%) in group D
required further aortic operations. Patients underwent a
mean of 3 aortic procedures. Moreover, the aorta in 4
patients was entirely replaced through serial aortic oper-
ations. In group N, only 2 patients (33%) underwent
further aortic repair. One patient underwent elective
abdominal aortic replacement for an aneurysm of the
abdominal aorta and bilateral common iliac artery,
whereas another patient was diagnosed with acute dis-
section from the aortic arch to the terminal aorta 6 years
after VSRR. After this, she needed a further aortic oper-
ation for dilatation of the dissected aorta. She finally
achieved total aortic replacement 1 year after aortic
dissection. The overall aortic event-free rates at 5 and 10
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years were 46.4% and 18.6%, respectively (Fig 1). In the
follow-up, there was only 1 late death resulting from
arrhythmia. This patient, who was discharged unevent-
fully 12 days after VSRR for AAE, died suddenly 32 days
after operation. The cumulative survival rate at 5 years
was 93.8% in all patients (Fig 2).

Comment

Some phenotypic characteristics of LDS, such as aortic
tortuosity and skeletal abnormality, overlap with those of
MEFS, a representative CTD, suggesting that to date LDS
has been regarded as an MFS-like disease or practically
treated as MFS. However important phenotypic differ-
ences have been described [1-4]. Characteristic cranio-
facial findings of LDS, such as hypertelorism, cleft palate,
or bifid uvula, are seldom found in patients with MFS. In
addition, some patients with LDS are not so tall, and lens
dislocation, which is typical in MFS, is uncommon in
patients with LDS.

Table 1. Patient Characteristics

Group D Group N

Characteristic n =10 n==6 p Value

Male sex 3 4 0.152
Mean age at first operation 36.0 +12.2 23.7+54 0357
Genetic mutation

TGFBR 1 6 3 0.696
TGFBR 2 4 3
Mean number of aortic 3.0x1.2 1.8+15 0125
operations
Type of aortic operation
Root replacement
VSRR 32 6
Bentall 72 0
Arch repair 7 1
DTAA repair 5 1
TAAA repair 5 1
AAA repair (infrarenal) 3 2
Preoperative Al before
VSRR
None 0 1
Trivial 1 2
Mild 2 2
Moderate 0 1
Severe 0 0
Postoperative Al after
VSRR
None 1 4
Trivial 2 2
Mild 0 0
Moderate 0 0
Severe 0 0

2 Including concomitant arch repair.

AAA = abdominal aortic aneurysm;
descending thoracic aortic aneurysmy
aneurysm;  TGFBR = transforming growth factor beta receptor;
valve-sparing root replacement.

Al = aortic insufficiency; ~ DTAA =
TAAA = thoracoabdominal aortic
VSRR =
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