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INTRODUCTION

Pituitary adenomas are among the most common prima-
ry intra-cranial neoplasms, with an overall estimated preva-
lence of approximately 16.7% in the general population.1)2) 
When surgery is indicated, the trans-sphenoidal approach 
(TSA) has been the preferred access route to parasellar le-
sions.3) Autologous fat transplants, vascularized mucosal 
flaps, or various synthetic materials can be used to support 
the sellar floor in cases with intra-operative risk factors for 
postoperative cerebrospinal fluid (CSF) fistula.4)5) The mer-
its of various techniques and materials are still debated, with 
selection largely dependent on the personal preferences of 

surgeons.6-8) Sphenoid sinus packing using autologous ab-
dominal fat tissues with or without lumbar drainage is still 
recommended for greater confidence in surgical outcomes.9)

Autologous fat grafting is becoming an increasingly pop-
ular procedure as an ideal means of soft-tissue filling that is 
used for facial rejuvenation or body contouring, since fat 
grafts are biocompatible, nonallergenic, nontoxic, easy to 
obtain, and synergistic with natural skin.10)11) Because the 
actual mechanism underlying fat graft survival is not fully 
understood, adipose cell viability and volume changes af-
ter fat grafting have become a great concern to surgeons. 
Although consistent scientific evidence of the long-term 
viability of the transferred fat is not available, the fat resorp-
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tion rate is reported to range from 20 to 90%.12) 
The established rationale on fat graft survival is that the 

transplanted fat should be in contact with living tissue.13) The 
TSA technique includes removal of the sphenoid sinus mu-
cosa such that the fat grafts could survive via contact with 
the recipient tissue bed with potential re-establishment of 
the blood supply to the graft. Therefore, it is expected that 
in sphenoid sinus fat packing, the graft would survive for 
some time period. However, no studies have examined the 
behavior of fat tissue transplanted in the sphenoid sinus. 
We therefore aimed to assess the fate of such fat transplants 
without revision operations, using a non-invasive analysis 
of the MRI scan series following fat grafting using the TSA. 
Furthermore, the results from our study may aid in improv-
ing the overall viability of fat grafts and the predictability 
of the outcome of fat grafting, which is likely to be widely 
used in various surgeries in future.

SUBJECTS AND METHODS

Ethical considerations
This study was approved by the institutional review board 

(IRB) of Yonsei University Wonju College of Medicine (IRB 
No. 2018-05-0223). All patients provided written consent 
prior to surgery, and all data were retrospectively analyzed. 
All procedures were conducted in accordance with the ethi-
cal standards of the institutional and/or national research 
committee and with the 1964 Helsinki declaration and its 
later amendments, or with comparable ethical standards.

Subject profiles 
The decisive target parameter of this study was fat vol-

umes assessed by MRI. Inclusion was therefore restricted 
to the patients for whom postoperative MRI scans were 
available. Between January 2010 and December 2016, 41 
patients diagnosed with pituitary adenoma and who had 
undergone surgery using the microscope-guided transsep-
tal TSA were enrolled. All patients were aged >19 years and 
had undergone postoperative MRI scans for a minimum 
follow-up period of 6 months. All patients underwent ab-
dominal fat packing in the sphenoid sinus to minimize the 
risk of postoperative CSF leakage. 

Removal of pituitary adenomas was followed by sphe-
noid sinus fat packing using the following previously-de-
scribed procedures:14)15) 1) autologous fat was obtained from 
the abdomen; 2) the sphenoid sinus mucosa was complete-

ly removed under microscopic or endoscopic control; 3) the 
sphenoid sinus was packed with the harvested abdominal 
fat; and 4) the elevated septal mucosa was repositioned. All 
surgical procedures were performed at our institution by 
one neurosurgeon (W.K.) and one otolaryngologist (P. D-. J.).

Postoperative MRI
Within 48 h of surgery, all patients underwent postoper-

ative MRI scans of the sella using either a 1.5-Tesla system 
(Signa; General Electric, Minneapolis, Minnesota, USA) 
or a 3.0-Tesla system (Achieva; Philips Healthcare, Best, 
the Netherlands). Follow-up MRI scans were performed 6 
months and 1 year after surgery and every other year there-
after. We measured the maximal orthogonal diameter of the 
transplanted fat in each of the following planes: axial (Daxi), 
sagittal (Dsag), and coronal (Dcor). The volume of trans-
planted fat in the sphenoid sinus was calculated using the 
following equation: V=Daxi×Dsag×Dcor×π/6. Finally, 
we estimated the fat distribution percentage relative to the 
initial volume obtained from the postoperative scans. Five 
fat clearance scores were allocated to each image using a 
modified system developed in a previous study, with rang-
es of 0-20%, 21-40%, 41-60%, 61-80%, and 81-100% 
fat tissue.16) Furthermore, the extent of tumor resection, re-
current or remnant tumor regrowth, and the development 
of inflammatory complications were also determined, 
based on the postoperative MRI findings. The sphenoid 
sinus mucocele was excluded due to the absence of growth 
over time and by additional application of the fat-suppres-
sion sequence.17)18) All assessments of MRI images were 
performed by two independent investigators in a blinded 
manner (H.S.L. and C.S.L.). 

Outcome measures and statistical methods
The following details were collected from the patients’ 

medical records: sex, age, major presenting symptoms, co-
morbidities, subsite of tumor origin, length of hospital stay, 
and postoperative complications. The mean follow-up pe-
riod was calculated from the day after completion of the 
primary treatment. “No residual tumor” was defined as the 
absence of clinical, radiological, or pathological evidence 
of persistence or recurrence within the original tumor bed 
following surgery. Fat clearance analyses included data for 
patients who died from causes unrelated to the tumor.

All continuous data are presented as the mean±standard 
deviation. The Student’s t test was used to compare contin-
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uous variables. Pearson’s χ2 test or Fischer’s exact tests were 
used to compare categorical variables. Data analyses for es-
timating fat clearance were performed by Kaplan-Meier 
time-to-event analysis and Cox regression analysis. The in-
ter-observer agreement for each imaging feature was calcu-
lated using the intra-class correlation coefficient and Cron-
bach’s α coefficient. All tests used a p value of 0.05 as the 
significance threshold, and all statistical analyses were con-
ducted using PASW Statistics for Windows, Version 18.0 
(SPSS Inc., Chicago, IL, USA).

RESULTS

Patient characteristics
The clinical and demographic data of the patients are 

summarized in Table 1. Among the 41 patients enrolled, 18 
were men and 23 were women (age range, 23-77 years; 
mean, 57.2±13.4 years). The study sample included two 

revision cases (4.9%) and 17 patients (41.5%) with residu-
al tumors. CSF rhinorrhea represented the leading postop-
erative complication in three patients (7.3%), followed by 
two septal perforations and one sphenoid fungal sinusitis. 
No patients presented with sphenoid sinus mucoceles; op-
tic chiasmal compression by fat packing; or donor site com-
plications such as wound dehiscence, hematoma, or infec-
tion. For the entire study population, the mean follow-up 
period was 51.9±30.0 months (range, 9-137 months). The 
mean interval between surgery and the final MRI scan of 
each patient was 33.4±21.9 months (range, 6-94 months) 
and the mean number of postoperative MRI scans for each 
patient was 4.4±1.0. 

Clearance of fat transplanted into the sphenoid 
sinus using postoperative MRI assessments 

In total, 139 postoperative MRI scans from 41 patients 
were acquired and evaluated. The inter-observer agreement 
for the fat clearance scores was within a statistically excel-
lent range, and the intra-class coefficient between the two 
investigators was 0.89 (0.82-0.94, p＜0.001). The percent-
age categories of remaining fat tissue for each time inter-
val are provided in Table 2; the overall tendency was for 
the fat content to be reduced over time. The amount of fat 
tissue visualized on the final MRI scan was ＜20% in the 
majority of cases (34/41, 82.9%) and ＞60% in only 4.9% 
(2/41) of cases. The median half-life of transplanted fatty 
tissue was 18.0 months (Fig. 1A). The fat-transplanted sphe-
noid sinus was eventually filled with air, and neither muco-
cele formation nor necrotic oil cysts occurred in any of the 
participants.

The influences of clinical and demographic factors on fat 
clearance rates were assessed in a subgroup analysis. Only 
the presence of residual tumor exerted a significant effect 
on the fat clearance rate (Fig. 1B). The calculated median 
half-life of viable fat tissue was significantly longer in pa-

Table 1. Summary of patients’ clinical information

Mean age at diagnosis (range), years 57.2±13.4 (23-77)

Sex, n (%)

Male 18 (43.9)

Female 23 (56.1)

Length of hospital stay (range), days 14.2±8.6 (8-51)

Revision cases, n (%) 2 (4.9)

Residual mass, n (%) 17 (41.5)

Postoperative complications, n (%)

CSF rhinorrhea 3 (7.3)

Septal perforation 2 (4.9)

Sphenoid sinusitis 1 (2.4)

Mean follow-up duration (range), 
  months

51.9±30.0 (9-137)

Mean time between surgery and 
  the last MRI (range), months

33.4±21.9 (6-94)

Mean number of postoperative MRI 
  scans (range)

4.4±1.0 (3-7)

MRI: magnetic resonance imaging, CSF: cerebrospinal fluid

Table 2. Time interval between surgery, final magnetic resonance imaging scan, and volume of visualized fat tissue

Time between surgery and final MRI scan (months)
Percentage of remaining fat tissue (%)

0-20 21-40 41-60 61-80 81-100 Total

 6-12 2 2 1 1 6
13-24 12 1 1 14
25-48 14 1 15
49-72 3 3
73-96 3 3
Total 34 3 2 2 41

MRI: magnetic resonance imaging
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tients with residual tumors than in those without remnant 
tumors (median half-lives of 21.8 and 17.2 months, respec-
tively, p=0.013). Representative postoperative MRI features 

of fat grafts in the sphenoid sinus with and without residual 
tumors are provided in Fig. 2. Patient age distribution, sex, 
and the extent of the tumor (that was proportional to the 

Fig. 1. The clearance of fat transplanted into the sphenoid sinus using postoperative magnetic resonance imaging (MRI) assessments. 
A: The overall tendency was for the fat tissue volume to be reduced over time, as measured by postoperative MRI. B: Comparison of 
the percentage of remaining fat tissue between participants with (blue line) and without (red line) residual tumors. Each time series 
was assessed by Kaplan-Meier time-to-event analysis. **: p＜0.05.
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Fig. 2. Representative postoperative magnetic resonance images of fat grafts in the sphenoid sinus in the presence and absence of 
remnant tumors. A: The immediate postoperative coronal T1-weighted magnetic resonance imaging (MRI) scan indicates surviving 
fat tissues as white areas in the sphenoid sinus. B: While the viable fat tissues have nearly been reabsorbed 17 months after surgery 
(coronal T1-weighted). C: Neither demonstrable abnormal space-occupying lesions nor signal changes in the operative field can be 
observed (coronal T1-gadolinium–enhanced image). For cases in which the pituitary tumor was only partially removed. D: The imme-
diate postoperative coronal T1-weighted MRI scan reveals a hyper-intense fat signal protruding from inside the sphenoid sinus and 
the anterior aspect of the sella turcica. E: Fat contents are visible at 18 months postoperatively (coronal T1-weighted image). F: The 
postoperative 18-month coronal T1-gadolinium-enhanced MRI scan indicates a heterogeneous enhancing solid mass with extension 
of the left parasellar extension (asterisk) i.e., a suspected residual adenoma.
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transplant volume) did not significantly affect the visibili-
ty period of the implanted fat.

DISCUSSION

Over the past 20 years, the use of autologous fat grafting 
has become an attractive technique in both aesthetic and 
reconstructive surgery because it is easier to perform and 
the risk of adverse tissue reactions is low. However, one of 
the major disadvantages of this technique is the unpredict-
able fat resorption rate. Since there is no standardized fat 
graft technique encompassing harvesting, processing, stor-
age, and managing the recipient site, a number of clinical 
and experimental studies of fat grafting have reported dif-
ferences in graft survival.19) Given the esthetic purpose of 
fat grafting, it is not possible to perform serial MRI scans, 
which is presently considered to be the best imaging meth-
od to assess fat distribution in terms of objective clinical ef-
ficacy. Hence, there is a lack of in-depth knowledge regard-
ing the factors influencing fat grafting outcomes.10)19) Although 
the fat grafting procedure employed in our study was not 
aimed to restore soft tissue loss as in cosmetic surgery, we 
aimed to evaluate the fat graft survival rate in the sphenoid 
sinus using MRI follow-up. 

The obliteration of the frontal sinus with fat following os-
teoplastic flap surgery is highly effective for the most severe 
and recalcitrant cases of frontal sinusitis.20) Weber et al.16)  
reported the long-term results of osteoplastic frontal sinus 
surgery with fat obliteration, using 86 postoperative MRI 
scans. The fat tissue volume decreased significantly with 
time, with a median half-life of 15.4 months, which con-
curred with our observations. Constantinidis et al.21) used 
an animal model with obliteration of the maxillary sinus 
with fat by means of histopathologic analysis and MRI. In 
rabbits, the study group received abdominal fat transplant-
ed to the maxillary sinus following osteoplastic flap proce-
dures. The volume of fat tissue decreased by 1-30% 6 months 
after the transplantation relative to the post-operative vol-
umes, and microscopic images predominantly indicated fat 
neogenesis and newly-created lamellar bone in the bony 
cavity. This discrepancy between studies may have arisen 
because the fate of transplants depends on the surgical tech-
nique as well as transplant handling. In our study, removal 
of the sinus mucosa or drilling of the internal bony layer 
before transplantation might have inhibited the subsequent 
revascularization capability, thereby affecting the viability 

of the fat cells.22)

Interestingly, in the patients with residual tumors in our 
study, follow-up MRI scans revealed significantly delayed 
fat resorption. Even at the long-term follow-up intervals, 
considerable volumes of non-resorbed fat remained within 
the sphenoid sinus, as indicated by the isointense enhance-
ment of tumors. There is increasing evidence that tumor cell 
and lipid biology interactions influence numerous cellular 
processes, including cell growth, proliferation, and differ-
entiation.23)24) During the adipogenic cascade, the signal 
transduction pathway is regulated by a large number of hor-
mones.12) Fat cell survival may have been enhanced by in-
hibition of apoptosis and provision of paracrine stimuli by 
the nearby residual tumors. Further investigations using ani-
mal models are required to investigate the influence of tu-
mors on the metabolic processes of fat tissue. 

Our study of 139 postoperative MRI scans of pituitary 
adenomas from a single institution constitutes a database 
with uniform diagnostic and therapeutic management poli-
cies applied by the same body of surgeons. This is the strength 
of our study, although as a retrospective analysis it is sus-
ceptible to the shortcomings in data collection that are pos-
sible in such study designs. Further randomized controlled 
trials are needed to clarify the effects of other factors on the 
vitality and persistence of transplanted fat, including the an-
atomical site and different harvesting methods. 

CONCLUSION

Together with observations reported in the literature, our 
results supply further evidence that the volume of surviv-
ing sphenoidal fat transplants decreases over time. The fat-
transplanted sphenoid sinus was ultimately almost filled with 
air, with no formation of mucoceles. However, cases with 
residual pituitary tumors exhibited slower declines in fat 
volume. Our preliminary data strengthen the clinical infor-
mation regarding fat graft survival and demonstrate graft-
ing outcome predictability.
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