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Female, 4-year-old
Pfeiffer syndrome
Craniosynostosis ¢ tracheal cartilage sleeves

Pathology e Pediatrics and Neonatology

Rare disease

Pfeiffer syndrome (PS) is a fibroblast growth factor receptor (FGFR)-associated craniosynostosis syndrome, char-
acterized by abnormally broad and medially deviated thumbs and great toes. Tracheal cartilage sleeve (TCS)
is associated with several FGFR-associated craniosynostosis syndromes, including PS. TCS is an airway malfor-
mation in which the tracheal cartilage rings fuse with each other to form a sleeve of cartilage.

The patient was a 4-year-old girl with PS, TCS, and abnormal hyperplasia of non-fused intrapulmonary cartilag-
es. The patient showed cranial dysplasia on prenatal ultrasonography. At birth, a cloverleaf skull in association
with hydrocephalus and digital malformations was apparent. These findings were consistent with PS type 2.
The diagnosis of PS type 2 was confirmed from a genetic test detecting a FGFR2 mutation (Y340C). During the
clinical course, she underwent several surgeries, including ventriculoperitoneal shunts, sequential cranioplas-
ty surgeries, and tracheotomy due to upper airway abnormalities. At 4 years old, she died of multiple organ
failure following aspiration pneumonia. The autopsy revealed that the tracheal cartilages had fused with each
other, resulting in a condition called TCS, in which the cartilage rings and tracheal ligaments were absent. The
lungs were poorly aerated, and the dilated bronchi had thickened walls surrounded by many cartilage frag-
ments, mainly at the hilum. These cartilages tended to overlap at both ends, did not fuse, and were greatly al-
tered in size and shape.

We report the results of autopsy for PS with the first histopathological findings for the lungs and other viscer-
al organs.

Acrocephalosyndactylia ¢ Craniosynostoses ¢ Fibroblast Growth Factor 2 ¢ Tracheal Stenosis
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Background

Pfeiffer syndrome (PS) is a disorder of syndromatic craniosyn-
ostosis or a craniosynostosis syndrome, representing a hered-
itary form of craniosynostosis, associated with extracranial ab-
normalities [1]. Pfeiffer provided the first reports of PS cases
in 1964 [2], and Cohen proposed 3 subclassifications based on
differences in skull shape and the form of heredity [3]. Schell
subsequently reported mutations in fibroblast growth factor re-
ceptor (FGFR)1 or FGFR2 as genetic causes of PS [4]. Nine FGFR-
associated craniosynostosis syndromes, including Apert syn-
drome, Beare-Stevenson cutis gyrata syndrome, and Crouzon
syndrome, have been recognized [6]. PS is characterized by clo-
verleaf or acrocephalic skull, midface retrusion, syndactyly of
the hands and feet, and broad thumbs and big toes, with vari-
able severities [3]. Tracheal cartilage sleeve (TCS) is a congen-
ital malformation in the lower respiratory tract [6], appearing
as a long tube of solid cartilage from the trachea to the main
bronchus, without tracheal ligaments. TCS has previously been
reported in some cases of FGFR-associated craniosynostosis
syndrome, such as PS [5,6], Crouzon syndrome, and Apert syn-
drome [6]. TCS is an important prognostic factor, often causing
severe respiratory impairment and recurrent pneumonia. Some
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reports have described histopathological findings in TCS [6-8].
However, no systemic histopathological study of PS at autopsy
appears to have been reported in the literature. We report here-
in a rare autopsy case of PS with TCS, abnormal hyperplasia of
non-fused intrapulmonary cartilages, and other visceral findings.

Case Report

Clinical Summary

The patient was a 4-year-old girl with no family history of cra-
niosynostosis syndrome among her parents or siblings. In ges-
tational week 20, fetal ultrasonography detected cranial ste-
nosis, hydrocephalus, and exophthalmos. She was born at 37
weeks and 5 days of gestation to her 35-year-old mother by
scheduled caesarian section. She was 50 cm long and weighed
2.8 kg at birth. Apgar scores were 8 at 1 min and 5 min, but
oxygenation and intubation therapy were needed for cyano-
sis due to respiratory insufficiency. Macroscopically, cloverleaf
skull (Figure 1A, 1B), midface retrusion, medial deviation of the
thumbs (Figure 1C, 1D), micromelia, and ankylosis of the el-
bows were noted (Figure 1E, 1F). Computed tomography offered

—

Figure 1. (A) Frontal and (B) lateral 3-dimensional (3D) volume-rendered computed tomography (CT) images of the skull show a
cloverleaf configuration with fused bilateral coronal sutures, and a hypoplastic maxilla, which appears relatively small
compared with the mandible. (C, D) The thumbs are medially deviated (schema of right hand; dashed lines=thumb bones).
(E, F) Metaphyses of the long bones are not yet closed. Micromelia and ankyloses of the elbows are noted.

([A, B] 3D volume-rendered CT at 5 months; [C, E] radiographs at birth; [D, F] photographs at autopsy.)
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Table 1. Clinicogenetic subtypes of Pfeiffer syndrome.

PS type 1

FGFR2 (95%), FGFR1 (5%)

Face Turribrachycephaly, proptosis,

midface retrusion

Broad, medially deviated/variable brachydactyly
Broad, medially deviated/variable brachydactyly
(Occasional soft-tissue syndactyly)

Digit
Thumbs/hands
Great toes/feet

PS type 2 PS type 3

FGFR2

Cloverleaf skull, external
strabismus, extreme
proptosis, midface retrusion

Turribrachycephaly,
significant proptosis, midface
retrusion

Modified from Cohen [3] and Wegener [5].

a clear image of the cloverleaf skull deformity with bulging of
the anterior frontal and bilateral temporal regions in associa-
tion with hydrocephalus (Figure 1A, 1B). The face showed ex-
ophthalmos, strabismus, left microophthalmopathy, and mid-
face retrusion in the form of a hypoplastic maxilla, saddle nose,
and narrow nares. The broad thumbs indicated medial deviation
(Figure 1C, 1D). All fingers and toes showed brachydactyly. No
syndactyly was found. These congenital abnormalities were con-
sistent with PS type 2 (Table 1). Postnatal genetic testing con-
firmed heterozygous missense mutation c. 1019A>G (p. Y3400)
in the FGFR2 gene. The patient underwent ventriculoperitoneal
shunting immediately after birth and tracheotomy at 139 days
old for upper airway abnormalities, including choanal stenosis
and TCS. A wire-reinforced flexible silicone tube was selected
to prevent formation of granulation tissue in the tracheal lu-
men and to better manage respiration. We were able to easi-
ly change the length of this tube, allowing good maintenance
of respiration. She underwent planned bronchoscopy every 2
months to evaluate the trachea, which was short and partially
narrowed. Using the silicone tube, we could provide care with-
out forming granulation tissue, although good management of
patients with TCS with such tubes is widely known to be very
difficult. Subsequently, cranioplasties were performed sever-
al times. Ventriculoperitoneal shunts were replaced repeatedly
owing to shunt malfunctions, such as obstruction and infection.
When a sudden change in intracranial pressure caused cardiopul-
monary arrest at 2 years old, the patient developed post-resus-
citation encephalopathy. Recurrent aspiration pneumonia from
TCS made stable breathing difficult to maintain. At 4 years old,
she died of multiple organ failure due to aspiration pneumonia.

Pathological Findings
Body and Cranium

An autopsy was performed 2.5 h after death. The patient was
69 cm in height and weighed 10 kg. These values were roughly
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equivalent to those of a 1-year-old child. She had a short neck
and micromelia (Figire 1F). Brain autopsy was not permitted,
but the gross shape of the cranium was still irregular and su-
pratentorial tissue was lost, which was attributed to the post-
resuscitation encephalopathy at 2 years old. The cranial base
was visible through the right frontal postoperative fistula.

Larynx and Lower Airway

Macroscopically, the vocal cords, epiglottis, and middle region of
the hyoid bone were aplastic (Figure 2A [blue dashed line], 2C).
The air tract from the thyroid cartilage to the right and left
main bronchi formed a long, tube-like structure. Tracheal ri-
gidity was high because of the absence of cartilaginous rings
and marked narrowing of the posterior membranous septum
(Figure 2A-2D). Histologically, the tracheal cartilages were
mutually fused, resulting in an absence of cartilaginous rings
and tracheal ligaments. However, no abnormal changes to tis-
sue structures or cells in the cartilages were evident. No ab-
normal ossification was observed (Figure 2B). The mucosa of
the trachea showed chronic mild inflammation, erosions, and
moderate hyperplasia of the submucosal glands (Figure 2E).

Lungs and Bronchi

The lungs weighed 70 g (left) and 77 g (right). Both lungs
showed rubbery elasticity and poor aeration. Dilated bron-
chi had thickened walls encircled by many pieces of cartilage,
mainly at the hilum (Figure 3A). These cartilages tended to
overlap each other at both ends without any fusions and were
highly variable in size and shape (Figure 3B). However, histo-
logical examination failed to reveal any abnormalities of tis-
sues and cell structures of the cartilages. Mixed foci of old and
new bronchopneumonia were found in areas with rubber-like
elasticity on macroscopic inspection (Figure 3C). These foci
showed scattered foreign-body giant cells.
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Figure 2. (A) Tracheal cartilage rings fused with each other to form a sleeve of tracheal cartilage. The middle region of hyoid bone
is absent (blue dashed line, anterior view of the tracheal cartilage sleeve [TCS]). (B) No tracheal ligaments are present
(vertical section of bronchus: red dashed line in a; hematoxylin and eosin staining (H&E), scale bar=5 mm). (C) The posterior
membranous septum is narrow (red arrowheads) (posterior view of the TCS). (D) Narrowing of the posterior membranous
septum is also identified in the cross-section of the tracheal cartilage. Red arrowheads indicate the posterior membranous
septum (cross-section of bronchus: blue dashed line in C; H&E, scale bar=5 mm). (E) Chronic inflammation and hyperplasia of

bronchial glands are seen (H&E, x40: blue dashed line in D).

Other Visceral Anomalies/Findings

Diffuse intestinal adhesions attributable to surgical treatment
for intestinal malrotation were observed. An accessory spleen,
15 mm in diameter, and an ectopic pancreas, 5 mm in diame-
ter, were detected in the pancreatic tail and proximal jejunum,
respectively. No abnormalities were identified in the cardiovas-
cular or urinary tracts. The thymus (12.5 g) was almost fatty,
with scarce parenchyma. The adrenal glands were highly atro-
phic, probably due to prolonged steroid administration (left,
1.4 g; right, 1.3 g). Hemosiderosis was found in the organs of
the reticuloendothelial system, such as the spleen, liver, and
lymph nodes, and was attributed to repeated blood transfusions.
Geographic infarction and organized thrombus were found in
the spleen (57.3 g) (Figure 4A, 4B). The kidneys (left, 25.5 g;
right, 31.4 g) showed histological immaturity of some glomer-
uli, particularly in the subcapsular region (Figure 4C). The liver
(215 g) revealed diffuse vacuolar degeneration of hepatocytes.

Discussion

Craniosynostosis is a relatively common congenital anomaly
characterized by premature fusion on 1 or more cranial sutures.
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This anomaly affects 1 in 2000 to 2500 live births [9]. PS is a
craniosynostosis syndrome related to mutations of FGFR genes.
The prevalence of PS is estimated to be 1 in 100 000 live births
[1]. There are 3 subtypes of PS, classified by different pheno-
types and genotypes (Table 1). PS type 2, a more severe phe-
notype than the other 2 types, occurs sporadically and is at-
tributed to mutations in FGFR2[3]. The 3 types share abnormal
FGFR2 as a causative gene, while a small number of type 1
cases exhibit mutations in FGFR1 [5]. The FGFR2 mutations of
W290C, Y340C, C342R, and S351C are reportedly associated
with more severe phenotypes of PS [10]. To date, mutations
in W290C, C342R, C342S, S351C, E565A, and C278L have been
associated with TCS combined with PS [7,11-13]. The present
case showed a Y340C mutation in FGFR2, which is known to
be associated with a severe phenotype of PS, but not with TCS.

The cranium shows a cloverleaf form in type 2, and turribrachy-
cephaly (high, prominent forehead) in types 1 and 3. TCS has
been reported in types 2 and 3. Craniofacial abnormalities in
PS are related to the organs derived from the neural crest [9].
In the head and neck, the neural crest plays essential roles in
organogenesis, depending on the FGFR signaling pathway [14].
These findings could explain the findings of maxillary hypo-
plasia, choanal atresia, and hyoid abnormalities in our present
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Figure 3. (A) Dilated bronchi are found at the hilar areas of the lungs (photograph of cut surfaces of bilateral lungs). (B) Irregularly
overlapping and non-fused cartilages of various sizes and shapes surround the bronchi (hematoxylin and eosin staining
[H&E], low-magnification view of the lung, adjacent to bronchi). (C) Mixed foci of old and new bronchopneumonia are found

(H&E, low magnification of the lung).

case. Nevertheless, no previous reports have described abnor-
mal hyoid morphology and absence of the epiglottis.

Usual cases of TCS show cartilaginous fusion between the cri-
coid cartilage and some adjacent tracheal cartilage, although
the extent of cartilaginous fusion varies among cases [15].
Generally, the severity of respiratory insufficiency in TCS in-
creases with a wider extent of cartilaginous fusion [16]. Cases
with TCS involving as far as the carina, such as our case, re-
portedly show severe respiratory impairment. Several reports
have described TCS in PS with respect to the frequency and
prognosis of patients [7,16]. One series found TCS in 5 of 11
PS cases [7]. In another series, 4 of 5 patients with TCS in PS
died of respiratory distress or airway complications within 15
months of birth [15]. In the present case, it was very difficult

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€932450-5

to manage the respiratory function due to the characteristics
of PS as described above. It is possible that we were able to
maintain respiratory function by using wire-reinforced flexi-
ble silicone tubing, which is expected to improve the life ex-
pectancy in similar cases.

Autopsy reports including histological findings for PS with
TCS remain very limited [6-8]. A histology of ulcer, chronic in-
flammation, and granulation tissue of the tracheal mucosa
has been described [7]. In our case, the trachea with reduced
flexibility demonstrated chronic mild inflammation, erosions,
and moderate hyperplasia of the submucosal glands. In addi-
tion, we observed many non-fused cartilages of various siz-
es and shapes encircling the dilated bronchi in bilateral lungs.
Meanwhile, we could not find any abnormalities of tissue and
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Figure 4. (A) Geographically fused infarct is found in the spleen. (B) The splenic infarction (hematoxylin and eosin staining [H&E], x40,
inset: organized thrombus). (C) Renal cortex (H&E, x100, inset: immature glomeruli).

cell structures on histological examination of the cartilages.
Abnormal chondrogenesis in the lower respiratory tracts may
correlate closely with TCS. FGFR mutations have been reported
in animal models of craniosynostosis syndrome to be involved
in aberrant chondrogenesis of the intrapulmonary bronchi [17].

Reports of PS with systemic organ study at autopsy are also
scant. However, one review article described rates of viscer-
al organ abnormalities in PS types 2 and 3, such as urogen-
ital abnormality (22%), gastrointestinal malformation (22%),
and cardiac malformation (13%) [18]. One autopsy case de-
scribed hypoplasia of the gallbladder and loss of the lesser
omentum on gross inspection [19]. To the best of our knowl-
edge, no histopathological examination of the visceral organs
at autopsy, excluding the trachea, has been reported in the lit-
erature. These visceral abnormalities may be related to FGFR
mutations. Further research with an accumulation of cases is
needed to confirm this hypothesis.
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Conclusions

We have reported an autopsy case of PS type 2. We performed
a systemic histological study of all visceral organs. We observed
many non-fused cartilages of various sizes and shapes in the
intrapulmonary bronchi. However, we could not identify any
histological abnormalities of the tissue and cell structures of
the cartilage. Intestinal malrotation was also identified in this
case. Further studies are needed to clarify the abnormalities
of visceral organs in PS and other FGFR-associated craniosyn-
ostosis syndromes.
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