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Clinical Image

A 37-year-old male presented with bilateral neck masses and
lymphadenopathy. The patient was evaluated with ultrasound and CT
of the neck. In addition to bilateral masses in the thyroid and multiple
enlarged lymph nodes, a destructive lesion involving the clivus and
sphenoid sinus was present and initially identified as a metastatic
lesion. Subsequent thyroidectomy with neck dissection showed
papillary carcinoma with metastatic disease involving multiple
bilateral lymph nodes. A biopsy of the bone lesion was performed
to r/o metastatic disease. The biopsy showed abnormal, curvilinear
thin trabeculae, that while markedly irregular, lacked osteoclastic
activity. The spaces were filled with fat and prominent hypercellular
bone marrow, with trilineage hematopoiesis with scattered lymphoid
aggregates, some showing reactive follicles. No evidence of metastatic
tumor was seen. No underlying hematologic disease was discovered
on further analysis. The patient was discharged, with follow-up
radiologic studies indicating no metastatic tumors. These findings
are consistent with arrested pneumatization and extramedullary
hematopoiesis of the cranial base and sphenoidal sinus.

Most of the still developing bones in newborns contain
hemapoietic tissue, or red bone marrow, whose main function
is erythropoiesis. During relatively well-documented stages of
development, adipose tissue within red marrow increases in relative
percentage, a process known as red-to-yellow marrow conversion.
Among adults, yellow marrow is abundant within medullary cavities
of appendicular segments, while red marrow is relatively rare and
restricted to the axial skeleton, including some craniofacial bones
[1-3]. Although this is the typical adult presentation, yellow marrow
can reconvert to red; this is a relatively well-known phenomenon with
diseases negatively affecting red-blood-cell function (e.g., leukemia,
thalassemia, sickle-cell anemia) [4-8]. This reconversion creates a
compensatory site of extra-medullary hematopoiesis. For unclear
reasons, even in the absence of pathological evidence as presented
here, the red-to-yellow conversion process does not always advance,
and red marrow remains into adult-hood.

Within the cranium, this abnormal development is of particular
interest because it affects the presentation of normally air-filled
structures, confounding clinical interpretations of radiological images
[9]. Several studies indicate that pneumatization of the craniofacial
bones, such as the paranasal sinuses and mastoid air cells, only occurs
after red-to-yellow conversion. If the conversion process does not
initiate or complete, pneumatization becomes “arrested,” and the
normally aerated area is filled with yellow marrow. More rarely,
as reported in the current case, arrested pneumatization results in
enduring red marrow, resulting in extramedullary hematopoiesis
without accompanying pathologies. Arrested development occurs
more in sphenoid sinus, but maxillary [10] and frontal sinus [9]
cases have been reported. While this bias toward the sphenoid could
relate to lack of recognition in other cranial spaces, there could be an
underlying biological cause related to the conversion process itself or
sphenoidal anatomy.

In the sphenoid, the red-to-yellow conversion begins anteriorly
in the pre-sphenoid, moving posteriorly toward the clivus [3,11-13].
This process can start at 7-months of age, but significant conversion
is more common around age 2 [11,13]. As conversion progresses
posteriorly, yellow marrow presents in the clivus as early as age 2,
more commonly by the age of 6 (38-48%), and most commonly
(90%+) by 15 years-of-age [12]. This anterior-posterior marrow
conversion is closely related to pneumatization of the sphenoid
body [14]. Unlike the other sinuses, the sphenoid sinus is not yet
present in its respective bone at birth [15]. Although pneumatization
into the sphenoid may start by 15 months (12% of individuals), it
more commonly begins around 43-48 months (85%) [13]—closely
approximating the timing of significant yellow conversion. Further

Figure 1: CT shows a lesion in the clivus extending into the sphenoid sinus
which is opacified and measures 4.3 cm in maximum dimension. In addition,
bilateral masses were present in the thyroid with multiple nodal lesions (not
shown). The lesion in the clivus was felt to possibly represent a metastatic
lesion.

Austin J Anat - Volume 1 Issue 2 - 2014
ISSN : 2381-8921 | www.austinpublishinggroup.com
Hammer et al. © All rights are reserved

Citation: Hammer RD and Butaric LN. Arrested Pneumatization with Extramedullary Hematopoiesis of the Clivus/
Sphenoid Simulating Metastatic Carcinoma. Austin J Anat. 2014;1(2): 1008.



Hammer and Butaric

Austin Publishing Group

pneumatization into the sphenoid occurs with resorption in the
sphenoidal body at age 6, extension into the hypophyseal fossa by age
8, and expansion to the adult form by age 12 [15].

Although several hypotheses, invoking temperature [16], bone
composition (i.e., the amount of trabecular versus cortical bone)
[17], and/or vasculature changes [13,18], attempt to explain why the
red-to-yellow conversion process occurs, relatively little is known
about this process and why it sometimes “fails.” These hypotheses
are of interest to the current case because each is likely affected by
several unique attributes related to the development of the sphenoid
sinus and its surrounding bone. Compared to the other craniofacial
bones, the sphenoid 1) develops through endochondral, not
intramembranous, ossification, 2) joins to the neighboring occiput
via a synchrondosis, versus a suture, and 3) is the last of the bones
whose paranasal sinuses pneumatize its space. Although beyond
the scope of this report, additional studies analyzing the unique
vasculature and developmental patterns associated with these specific
sphenoidal attributes may provide clues into the conversion process
itself and why the sphenoidal sinus shows higher frequencies of
arrested development.
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