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Fat Obliteration in Paranasal Sinuses: A
Comparative Magnetic Resonance Imaging
and Histopathologic Study

Jannis Constantinidis; Cristopher Bohr; Holger Greess; Thomas Aigner; Johannes Zenk;

Emmanuel Prokopakis; Heinrich Iro

Objectives: To assess postoperative changes after
fat tissue obliteration of the paranasal sinuses with
the use of magnetic resonance imaging (MRI) and
correlate the findings with correspondent histology.
Study Design: By using an animal model with fat oblit-
eration of the maxillary paranasal sinus. Methods: We
correlated postoperative changes of the fatty tissues
by means of histopathologic analysis and MRI. The
study group included 15 rabbits undergoing autolo-
gous fat tissue obliteration of their maxillary parana-
sal sinus. After 1 month (n = 5), 3 months (n = 5), and
6 months (n = 5), both MRI and histopathologic eval-
uations of the fatty tissue status were performed.
Contrast enhanced MRI was used to identify vital fat
tissue. Subsequently, MRI findings were compared
with a correspondent histologic status and prolifera-
tive factors such as angio- and osteogenesis and pres-
ence of abundant granulocytes, macrophages, and gi-
ant cells. Results: After a period of 6 months, the
obliteration sites in all animals showed vital fat tis-
sues, whereas at 1 month after surgery, vital fat tissue
was rarely observed. The microscopic appearance of
the obliteration tissue after 1 month was character-
ized by fat tissue necrosis and distinct tissue reac-
tions including blood vessel dilatation, abundant
macrophages, granulocytes, and lymphocytes. MRI
after 1 month showed a clear contrast enhancement
because of the hyperemia and inflammation reaction.
Conclusion: Fat tissue transplants used for oblitera-
tion of paranasal sinuses are almost completely de-
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graded after transplantation and replaced by vital fat
tissue over a period of at least 6 months. Contrast
enhanced MRI is a well-suited technique for follow-up
imaging and assessing the transplant vascularization
and tissue remodeling status. Key Words: Fat obliter-
ation, bony cavity, paranasal sinus.

INTRODUCTION

The performance of autologous fat transplants in
augmentation of head and neck soft tissue defects has
been previously described.! Little is known about the his-
tologic performance of fat tissue after obliteration of bony
cavities such as the paranasal sinuses.?

The obliteration of paranasal sinuses with fat tissue
is an often-performed technique in treatment of chronic
frontal sinusitis.> ¢ In some cases, however, severe post-
operative pain and paresthesia are observed. To date,
these complications are still a challenging dilemma in
terms of diagnosis and treatment. Computer tomographic
(CT) imaging is a well-documented technique to assess
bony cavity structures and the tissue obliteration extent.
However, fatty tissues in CT imaging are highly hypo-
dense and can easily be mistaken for air. In the past,
density measurements were often falsified because of a
partial volume effect, therefore hampering adequate oblit-
eration status assessments.” When using T1 magnetic
resonance imaging (MRI) and multiplanar reconstruction,
this partial volume effect can be minimized. Fat tissue
suppression features in most MRIs enable a good tissue
evaluation® but allow no differentiation between vital and
necrotic fat, neither mucocele recurrences nor necrotic oil
cysts.? Because no comparative data exist that links MRI
findings with correspondent microscopic histology, us of
MRIs in assessing postoperative obliteration tissue status
has to be viewed with reservation. This study aims to
distinguish the fat tissue dynamics after bony cavity oblit-
eration, such as a paranasal sinus, by means of his-
topathologic and MRI techniques.



MATERIALS AND METHODS
An Animal Model

All animal experiments were performed with internal re-
view board and ethics committee approval. Before surgery, ani-
mals were put under general anesthesia with intramuscular Ket-
amine (50 mg/kg) and Xylazine (4 mg/kg) injections.

The rabbits paranasal sinus system is comparable with
humansg’, although its maxillary sinus is divided by two bony
septa in three compartments.’® The study group consisted of 15
rabbits (3.1—3.5 kg) undergoing paranasal maxillary sinus oblit-
eration using autologous abdominal fat tissue. Surgery was per-
formed in all cases to the left maxillary sinus, whereas the right
sinus was used as internal control. In all subjects, the right
maxillary sinus was not opened, and it was used as control for the
MRI study. Osteoplastic flap procedures were performed in all
subjects. All mucosa was removed, and the bony internal table
was abraded by microscopic control (Fig. 1). The upper compart-
ment of the maxillary sinus was obliterated with abdominal fat
tissue separated from the remaining bony cavity and paranasal
sinus system by a galea periosteum free graft.

MRI Examination

After a postoperative period of 1, 3, and 6 months, all ani-
mals received MRI scans of the head. After MRI, one group of
animals was killed while its paranasal sinus system in toto re-
moved and histologically examined.

MRI was performed on a 1.5 Tesla scanner (Gyroscan
ACS NT Phillips Hamburg, Germany, Magnetom Symphony,
Siemens Medical, Erlangen, Germany). All animals were put
under general anesthesia for MRI with the above-mentioned
technique. Images were obtained in T1 spin-echo sequence
with and without dynamic contrast enhancement, as well as T2
turbo spin-echo and T2 turbo-fast spin-echo fat tissue suppres-

sion technique. Contrast enhancement was performed with 0.2
ml/kg gadolinium-DTPA (Magnevist, Schering, Berlin, Ger-
many) administered intravenously into the rabbits ear vein.
Eight contrast enhancement measurements were taken, each
for 10 seconds. A marked region of interest was determined for
measuring the intensity versus time graph gadolinium-DTPA
enhancement parameters. The following parameters were
evaluated:

T1 sequence with contrast enhancement: gadolinium-DTPA
uptake (yes/no);

T2 sequence: signal intensity of obliteration fat: (high sig-
nal, intermediate signal, low signal);

Gadolinium-DTPA dynamic contrast studies in regions of
interest: (intensity vs. time graph) time of signal increase,
maximum signal, signal decrease.

Histopathologic Examination

For histopathologic examination, all animals were first
anesthetized and subsequently killed by a lethal intrapulmonary
T61 injection. An entire specimen block containing the bony para-
nasal sinuses was removed, fixed in 5% formaldehyde according
to standard protocols, and embedded in paraffin. Sections of 6 um
thick were stained in hematoxylin-eosin and Elastika-van-Gieson
according to standard histologic protocols. A chloracetate-
esterase reaction was used for identifying polymorphic nucleated
granulocytes (Table I).

RESULTS

T1 sequence MRIs after administering gadolinium-
DTPA showed clear and uniform patterns of contrast en-
hancement in all examinations after 1, 3, and 6 months.
One month after surgery, all specimens showed a homog-

Fig. 1. Fat obliteration of a rabbit’s left maxillary sinus.
(A) Graphic of a rabbits maxillary sinus with three
compartments (A, B, C within graphic). (B) Osteoplas-
tic surgical approach. (C) Abdominal fat harvesting. (D)
Obliteration after mucosa removal.



TABLE I.
Overview of Results from Microscopic Evaluation after Obliteration (n = 15 maxillary sinuses).

Animals/Time

after Fat Giant Fibrous New Bone
Obliteration Absorption Vessels Macrophages Lymphocytes Cells Granulocytes Tissue Fat Formation
A1/1M ++ ++4+ ++4 ++ ++ ++ ++ - -
A2/1M +++ ++4+ ++ ++ ++ + ++ - -
A3/1M +++ ++4+ ++4 ++ ++ + ++ - -
A4/1M +++ ++4+ ++ ++ ++ + ++ + +
A5/1M ++ ++4+ ++ ++ ++ + ++ + +(+)
AB/3M + ++ +(+) - + - +(+) ++ ++
A7/3M + ++ ++ (+) + - ++ ++ +
A8/3M ++ ++ +(+) (+) + - +(+) ++ +
A9/3M ++ ++ +(+) - +(+) - +(+) +(+) +
A10/3M + ++ +(+) - + - +(+) ++ +
A11/6M - + (+) - - - + +++ +
A12/6M —(+) +(+) + - + - (+) ++(+) ++
A13/6M + +(+) - (+) - - + ++(+) +
A14/6M - + (+) - (+) - +(+) ++ +(+)
A15/6M - +(+) +(+) - + - + +++ ++

Histologic assessment of the vessels: + = normal, +(+) = slightly increased, ++ = increased, +++ = very increased.

CeII_s’ number (macrophages, lymphocytes, giant cells, granulocytes): — = absent, (+) = increased, + = focal, +(+) = focal increased, ++ = multifocal,
o Fibc:gzussfi.ssue, fat absorption, new fat, bone formation: — = absent, (+) = <56%, + = 5-20%, +(+) = 20-40%, ++ = 40-60%, ++(+) = 60-80%, +++

= >80%.
A = animal, M = month after surgery.

enous and strong signal enhancement in T1- weighted
images at the obliteration site. Three months after sur-
gery, the signal becomes inhomogeneous with clear low-
signal areas, indicating resorption and remodeling activ-
ity. Six months after surgery, all specimens exhibited a
rather uniformly weak signal pattern at the obliteration
sites (Fig. 2). The nonobliterating sinus was always nor-
mal in MRI after 1, 3, and 6 months, respectively.

Fig. 2. Magnetic resonance image
(T2-fat suppression sequence) after
obliteration shows necrotic fat tissue
as white areas after 1 month and vital
fat tissue as black areas after 6
months. (A) One month postopera-
tively. (B) Six months postopera-
tively.

Dynamic contrast perfusion analysis showed in all
cases a steep incline in perfusion after 5 to 9 seconds, with
a subsequent plateau phase. The incline parameters var-
ied when compared with the time after surgery. The group
of animals killed 1 month after obliteration had a median
signal increase of 449 (range 430 — 499) units, the group
killed 3 months after obliteration had a median incline
parameter of 401 (range 338 — 541) units, and the group



Fig. 3. Magnetic resonance image contrast enhanced signal pa-
rameters over time.

Fig. 4. Perfusion graph after 1 (A) and 6 (B) months.

killed 6 months after obliteration had a median signal
increase of 371 (range 353 - 391) units (Figs. 3 and 4).
Already, 1 month after obliteration, microscopic anal-
ysis revealed no residual vital fat tissue. The obliterated
sinus was mostly filled with extensive fatty tissue necrosis
areas and populated with giant cells as well as foam cells.
Interestingly, some areas were also populated with infil-
trations of clustered neutrophil granulocytes. The pres-
ence of granulocytes was confirmed in all cases by addi-
tional chloracetate—esterase-reaction staining (Table I)
(Fig. 5). In a more diffuse distribution pattern, small clus-
ters of lymphocytes were also observed. Although most of
the obliteration tissue consisted of necrosis, a few areas
already exhibited vital fat tissue next to granulation tis-
sue with a high microvessel density. On the peripheral
areas, where fat tissue was in contact with the bony in-
ternal table, clear clusters with ongoing osteoblastic re-



modeling activity were noticed. After a period of 3 months,
the number of areas with postnecrotic fat resorption were
scarce and replaced by emerging areas of fat tissue syn-
thesis. Almost no granulocyte or lymphocyte clusters were
found and were associated with marked decrease of the
overall blood vessel density when compared with micro-
scopic findings 1 month after obliteration. Obliteration
sites 6 months after surgery showed close to zero postne-
crotic fat-resorption areas, and the microscopic picture
was dominated by ripe fat tissue and newly built lamellar
bone at the bony cavity walls (Fig. 6). At this point, vital
fat tissue constitutes for 70% to 90% of volume of the
obliterated site, with fibroses tissue and newly built bone
in 10% to 30%. No mucoceles were observed.

DISCUSSION

Independently of the transplantation site, fat grafts
have a common denominator, which is its unpredictabil-
ity. Its easiness to handle and limited tissue reaction
make it an appealing choice for the surgeon. However, its
long-term fate is almost always impossible to predict.
Shortly after transplantation, necrotic cells are absorbed,
replaced by granulation tissue, and later transformed into
connective tissue and oil cyst.!

Peer!! described the biologic process and fate of free
fat transplants in the abdominal wall. He mentioned that
fat tissue is absorbed to a varying extent and replaced by
connective tissue. The extent to which fat is replaced by
connective tissue was dependent on the extent of trauma
to the fat tissue. The more stress is applied to the trans-
plant, the more connective tissue replacement was ob-
served, whereas postoperative infections could result in a
total loss of the transplant. Smahel'? published his expe-
rience and observations of free fat transplants from ani-
mal models. In rats, he transplanted abdominal fat sub-
cutaneously to their backs. He showed that fat-tissue high
metabolic activity and revascularization was partial in all

cases. In parts of the transplant with no vascular supply,
he observed the emergence of oil cysts and necroses. Fur-
thermore, the fat tissue initiated a host-versus-graft reac-
tion with macrophageal phagocytosis rather than plain
resorption. He concluded that the transplants fate de-
pends on the transplantation site’s vascularization
capability.

Our results indicate the following three phases of fat
tissue reaction after transplantation: 1) necrotic phase, 2)
remodeling phase, and 3) tissue neogenesis. Right after
transplantation, the tissue is subject to ischemia with
subsequent insufficient nutritional feed. As shown previ-
ously, postoperative ischemia will lead to the increased
expression of angioneogenetic factors, such as vascular
endothelial growth factor'® and promote vascular growth
from the outer rim of the bony walls. It is suggested that
the postoperative ischemia is at its maximum after the
first 3 days after transplantation. Immediately after isch-
emia, necrotic isles will appear throughout the transplant,
resulting in a noticeable volume loss.'* Fat tissue located
on the transplant’s outer rim might survive the initial
remodeling phase and be subjected to apoptosis at a later
point of time, up to 1 month after transplantation. It is
well known that several factors such as cytokines, insulin,
corticoids, and high temperature promote apoptosis of fat
tissue.'® Increased apoptosis in transplants can therefore
be explained as a cytokine-mediated process after postop-
erative inflammation and pronounced foreign body
reaction.

But how does fat neogenesis take place? This issue is
controversially discussed, and many explanation attempts
have been made. The most recognized thesis proposes a
“cell survival theory.”* It implies the survival of progenitor
cells that, after neovascularization, proliferate and build a
cornerstone population of new adipocytes. A downside of
this theory is that the ischemia period (multiple days)
between transplantation and neovascularization is far

Fig. 5. Microscopic images of an obliterated maxillary sinus after 1 month. (A) Extensive fatty tissue necrosis. (B) Infiltration with macrophages,

granulocytes, and giant cells.



Fig. 6. Microscopic image of an obliterated maxillary sinus after 6 months shows vital fat tissue (thick arrow) and new created lamellar bone

(arrow).

longer than the ischemia tolerance (a few hours) of fat
tissue. Therefore, we propose an alternative theory of
tissue neogenesis in free fat transplants in favor of pluri-
potent stem cells originating from the ingrowing granula-
tion tissue. Is has been clearly shown that differentiation
from mesenchymal stem cells to adipocytes is possible.'®

In contrast with the cell survival theory, our theory
allows an explanation for the emergence of new adipocytes
in the area of complete necrosis. As far as the observed
loss of volume after transplantation is concerned, previous
studies reported a 20% to 80% decrease in volume after
free fat transplantation.'* In our study, 6 months after
transplantation, we observed a 1% to 30% decrease in
volume when compared with the initial size. We concur
with previous studies that the surgical technique as well
as transplant handling plays the major role in transplant
tissue survival. Of equal importance was the prerequisite
for a sufficient blood supply.’” The removal of the internal
bony table before transplantation has to be viewed not in
terms of a prolonged transplant life span but rather in
terms of an improved source for angioneogenesis. For the
internal table removal, we used a Rosen drill and not a
diamond drill because the latter might clog small bony
canals with drilling debris and therefore seal them, sub-
sequently inhibiting sufficient vascularization.*

MRI has proven to be a reliable technique for assess-
ing transplant tissues. Vital fat tissue is depicted as hy-
perdense in T1 sequences and hypodense when using a fat
suppression algorithm %8 Scar or granulation tissue af-
ter necrosis are easily detected in T1 sequences as gray or
dark areas. T2 sequences with fat suppression features 1
month after transplantation show a homogenous and hy-
perdense signal, representing an almost complete necrosis
and the beginning of postinflammatory tissue remodel-

ling. Our results are in concordance with observations
made by Loevner and colleagues,'® who followed up on 13
patients with fat obliteration of the frontal sinus. They
interpreted hyperdense signals in T2 fat suppression im-
aging as inflammation and granulation tissue. The rather
inhomogeneous MRI pattern 3 months after surgery is
related to the beginning of fat neogenesis. Six months
after surgery, a hyperintense signal can be seen through-
out the transplant.

Contrast MRI results indicate a decrease in the max-
imum plateau values. This correlates with microscopic
findings in terms of overall microvessel density. One
month after surgery, microscopic images showed high mi-
crovessel density caused by hyperemic granulation tissue.
With increasing fat tissue neogenesis, the hyperemic pat-
tern is increasingly reduced and after 6 months, and pa-
rameters of a normal fat tissue perfusion pattern were
observed. Contrast MRI is therefore a valuable tool in
assessing transplant vascularization and allows an indi-
rect quantification of fat tissue neogenesis.
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