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Introduction 

Surgical resection is the first line treatment in the majority 
of pediatric brain tumors. Even in cases when total resection 
is not possible, a subtotal debulking is used to reduce mass 
effect and to provide tissue for histological and molecular 
diagnosis, necessary to guide oncologic therapies, to assess 
risk stratification and to predict prognosis (1-3). 

Control of intraoperative hemorrhage is a critical point 
in neurosurgical procedures and is routinely accomplished 
using chemical hemostatic agents, often preferred to 
‘mechanical hemostasis’ (vascular clips, suture ligations, 
manual pressure) or electrocoagulation, due to brittleness 
of the brain capillaries (4-8). Oxidized regenerated cellulose 
(polyanhydroglucuronic acid -Ethicon, Surgicel®; Johnson 
and Johnson Medical, Arlington, TX) is one of the most 
widely used bioabsorbable topical hemostatic material 
(5,6,9). Surgicel® is a sterile, inert and bioabsorbable 
substance and it can be left in the surgical bed. However its 
presence and the possible associated granulomatous reaction 
(Textiloma/Gossypiboma) may lead to misinterpretation 
of post-operative MRI images (9-12). This eventuality 
is very rare, however some cases of residual hemostatic 
material mimicking tumoral residuum or abscess have been 

described in the literature (5,7,9,13-16). Neuroimaging, in 
particular MRI imaging, has an important role in such cases, 
providing accurate evaluation of intracranial lesions before 
and after surgery, identifying postoperative complications, 
and assessing therapy related changes (6,8,17). Familiarity 
with these postoperative appearances (especially in the 
unlikely event of granulomatous reaction to Surgicel®) and 
to differentiate them from tumor residuum/recurrence is 
critical as it allows proper risk stratification and assist in the 
development of an appropriate management plan. 

The aims of this paper is to report three neuro-oncologic 
pediatric cases where the presence of Surgicel® in the 
surgical bed caused a diagnostic challenge and was initially 
misdiagnosed as tumor residuum/recurrence. 

Case 1

A 7-year-old girl presented with a 12–18 months history 
of excessive thirst, frontal headache for 3 weeks and 
sudden onset of visual loss. Initial MRI showed a mixed 
solid-cystic retro-chiasmatic suprasellar mass centered 
at the hypothalamus with compression of the optic 
chiasm. The solid component of the mass demonstrated 
enhancement post gadolinium administration. The normal 
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posterior pituitary bright spot was also not appreciated  
(Figure 1, panels A,B,C). 

Debulking surgery was performed to relieve the 
compression upon the optic chiasm and obtain tissue 
for histopathological analysis. Elevated beta-hCG levels 
in the serum and cerebrospinal fluid was suggestive of a 
secreting non-germinomatous germ cell tumor (NGGCT), 
subsequently confirmed on histopathological examination. 
The patient underwent adjuvant chemotherapy, followed 
by a second surgical resection a year later to remove 
the residual neoplasm. No immediate post-surgical 
complications were detected. Follow up MRI a month 
later (Figure 1D,E,F) revealed an ill-defined lesion of 
heterogeneous signal intensity along the medial aspect 
of the surgical cavity, adjacent to the left frontal horn, 
with areas of T1 shortening, and diffusion restriction  
(Figure 2, panels A,B), as well as a focal area of enhancement 
anteriorly. Due to the diagnostic dilemma between maturing 
blood clot and residual/recurrent tumour, a second-look 
surgery was performed. Histological analysis showed lack 
of tumoral cells and evidence of foreign material with 
granulomatous reaction. MRI after the surgery revealed no 
residual abnormal tissue (Figure 1G,H,I).

Case 2

A 14-month-old girl presented with 1 month history 
of progressive weakness, frequent falling (to the right), 
vomiting and lethargy. These symptoms were followed 
by development of nystagmus and quadriparesis. This 
prompted the clinician to perform CT and MR imaging 
of the brain which showed a large right sided posterior 
fossa mass with infiltrative pattern and invasion of adjacent 
structures, as well as extension through the right Luschka 
foramen, suggestive of an ependymoma (Figure 3A,B). 
The mass showed heterogeneous signal intensities on T1- 
and T2-weighted images, with no significant diffusion 
restriction and inhomogeneous contrast enhancement. 

After surgical resection anaplastic ependymoma 
was confirmed on pathology. Follow-up MRI showed 
a residual nodular area of contrast enhancement, with 
diffusion restriction (Figure 3C,D,E and Figure 2C,D), 
adherent to the right anterior aspect of the brainstem 
and extending anteriorly along the clivus. In suspicion of 
disease residuum, a second-look surgery was performed, 
with histopathological diagnosis of foreign material with 
associated granulomatous reaction. No evidence of residual 
disease on post-surgical MRI was observed (Figure 3F,G,H).

Case 3

A 14-year-old male was referred to our institution following 
surgical resection of a frontal dural-based mass lesion, 
performed in an external hospital. Neuropathological 
examination revealed a meningeal fibrosarcoma. Brain 
MRI performed at our institution 2 months after surgical 
removal of the mass was suggestive of residual/recurrent 
disease. Therefore, the patient underwent a second surgical 
intervention, which confirmed the presence of residual 
tumour. Post-operative MRI performed 1 week after the 
second surgery showed a large surgical cavity containing 
hyper-proteinaceous fluid. There was also heterogeneous 
signal along the surgical margins, likely related to 
haemorrhagic and hemostatic materials (Figure 4A,B,C). 
There was no definite evidence of residual disease and the 
patient underwent radiotherapy (RT). Follow-up MRI 
scan performed 3 months after completion of RT showed 
reduced volume of the surgical cavity with peripheral 
reactive linear enhancement and hemosiderosis. Within the 
surgical cavity there was new evidence of amorphous tissue 
with restricted diffusion without contrast-enhancement 
(Figure 4D,E,F and Figure 2E,F). Close follow-up was 
performed in the following months, demonstrating 
progressive reduction in size of the surgical cavity and 
disappearance of the amorphous tissue with restricted 
diffusion 6 months later, suggestive of foreign body 
inflammatory reaction to the hemostatic material (Figure 
4G,H,I and Figure 2G,H).

Discussion

Hemostatic substances are routinely used during intracranial 
surgery; one of the most frequently used material is Oxidized 
Cellulose Polymer (Surgicel®; Johnson and Johnson Medical, 
Arlington, TX); a sterile and bioabsorbable thrombogenic 
material. Surgicel comprises of polyanhydroglucuronic 
acid, with dissolved pure cellulose in an alkaline solution, 
subsequently regenerated into continuous solid fibers, 
knitted into gauze and oxidized. It is usually placed along 
the surgical margins to accelerate the hemostatic process 
and usually progressively reabsorbed and eliminated. 
However, occasionally it may cause a significant foreign 
body reaction, inducing the formation of granulomatous 
tissue (5,6,9,13,14). On pathology, Surgicel appears as 
a nidus of fibers in alternating crossed and longitudinal 
sections. In the native status these fibers are solid, while in 
surgical bed they appear as empty “ghost” fibers surrounded 
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Figure 1 Case 1. (A,B,C) First MRI: axial T2-weighted (A) and axial (B) and sagittal (C) post contrast T1-weighted images showed a mixed 
solid-cystic retro-chiasmatic suprasellar mass centered at the hypothalamus with compression of the optic chiasm. The solid component 
of the mass demonstrated enhancement post gadolinium administration. (D,E,F) Post-surgical follow-up MRI: An ill-defined lesion of 
heterogeneous signal intensity was seen along the surgical cavity, adjacent to the left frontal horn, with areas of T1 shortening (arrow in D), 
and diffusion restriction (shown in Figure 2A,B), as well as a focal area of enhancement anteriorly (arrow in F). (G,H,I) Follow-up MRI after 
second surgery showed expected post-surgical changes and complete resection of the enhancing tissue adjacent to the left frontal horn. 	
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Figure 2 Diffusion weighted images (DWI)/apparent diffusion coefficient (ADC) findings: white arrows show the foci of diffusion 
restriction in the surgical cavities for each case: case 1 (A,B), case 2 (C,D), case 3 (E-H).  In case 3 follow up imaging shows resolution of the 
diffusion restricting signal abnormality.

Case 1

Case 3 (MRI-3 months) Case 3 (MRI-3 months) Case 3 (MRI-9 months) Case 3 (MRI-9 months)

Case 2Case 1 Case 2A B C D

E F G H

by blood products and/or necrotic changes. The following 
terms have been historically used to describe foreign-
body related inflammatory pseudo-tumors: (I) textiloma 
(from Latin “textile”, a woven fabric, plus the suffix “oma”, 
meaning swelling or tumor); (II) gossypiboma (from Latin 
“Gossypium”, the genus of cotton plants; (III) gauzoma 
(from surgical gauze); and (IV) muslinoma (from muslin) 
(9,10,15). When inflammatory granuloma is formed, foreign 
material appears surrounded by a variable amount of acute 
and chronic inflammatory cells, collagen deposition, reactive 
vascular proliferation, and foreign body giant cells (9), giving 
rise to the heterogenous appearances on imaging, delineated 
in Table 1. 

On MRI, Surgicel® alone appears homogeneously 
isointense to slightly hyperintense (relative to the face 
muscles) on T1-weighted images, and iso- to hypointense 

on T2-weighted images. In some cases it may also show T2 
prolongation with a low signal rim (5). However, when in 
contact with fresh blood, Surgicel® tends to demonstrate 
mixed signal intensities on T1-weighted images. Spiller 
et al. (18) reported that Surgicel® causes a significant 
decrease in the pH of heparinized blood, with consequent 
premature lysis of red blood cells. They postulated that the 
early T1-shortening seen in relation to Surgicel® may be 
related to both the low pH and premature lysis of RBCs 
(result in early appearance of methemoglobin, which is a 
paramagnetic substance), as seen in case 1 (Figure 4E). This 
is however not a constant finding in all cases, as Surgicel® 
without associated clot formation had been reported, as 
early as in 1999 (5). This is seen in case 2 (Figure 3D) and 
3 (Figure 4E). Surgicel®-clot interaction also results in 
variable imaging appearances on T2-weighted image. Both 
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Figure 3 Case 2. (A,B) First MRI shows a large posterior fossa lesion with extension into the ipsilateral Luschka foramen and 4th ventricle. 
It demonstrates predominantly hyperintense signal on axial T2-weighted image (A) and inhomogeneous contrast enhancement on sagittal 
post-contrast T1-weighted image (B). (C,D,E) Follow-up MRI demonstrates a nodular, dural-based enhancing focus adjacent to the right 
anterior aspect of the brainstem (white arrow in E). A peripheral hypointense rim is seen on T2-weighted image (arrow head in C). (F,G,H) 
Subsequent MRI after second-look surgery showed expected postoperative changes without definite evidence of residual tumour. 
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Figure 4 Case 3. (A,B,C) First MRI axial T2, T1-WI before and after contrast injection show postsurgical changes in the left frontal lobe 
after resection of fibro-meningeal sarcoma. Along the margins of the surgical cavity tissue with mixed signal with contrast enhancement is 
evident, probably related to areas of haemorrhagic infarction and hemostatic material. (D,E,F) follow-up MRI 3 months after the end of 
RT demonstrates a surgical cavity reduced in size. On T2-weighted image the content of the surgical cavity shows hyperintense signal with 
hypointense rim (D), isointense signal on T1-weighted image (E) and rim enhancement, likely related to postsurgical change. No focal or 
mass-like enhancement is detected, specifically at the area of restricted diffusion, shown in Figure 2E,F. (G,H,I) Follow-up MRI 9 months 
after the end of RT shows on T2- and T1-weighted image reduction in size of the surgical cavity (G). No pathologic contrast enhancement 
on T1-weighted image after gadolinium is observed (H).
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T2 shortening (5,8) and relative T2 hyperintense signal and 
hypointense peripheral rim (5,11,15) have been described.

It was demonstrated that Surgicel® alone does not show 
enhancement, but, when placed in the surgical bed, it 
causes lowering of the pH with resultant vasoconstriction, 
tissue inflammation and possible formation of a Textiloma/
Gossypiboma ( characterized by prominent reactive vascular 
proliferation) (6,8,9,12,15,16). This may explain the 
contrast enhancement seen in two of our described cases 
(case 1 Figure 1F; case 2 Figure 3E). This may occur from 
24 hours to many years after surgery (11,15,19). 

All our cases showed restricted diffusion within or in the 
proximity of the surgical bed (Figure 2). Particularly in the 
third patient the core of the surgical cavity demonstrated 
marked and fairly homogeneous diffusion restriction 
mimicking disease recurrence or less commonly an 
inclusion dermoid cyst (Figure 2E,F). Previous reports stated 
that Surgicel® should not cause diffusion restriction (2). 
However, recently one case has been described with evidence 
of diffusion restriction along the surgical margins (11),  
postulated to be secondary to exudative inflammatory 
process. However, in our opinion, the presence of 
Surgicel®-related clot formation may also play a role. 

The occurrence of Surgicel®-associated granulomatous 
reaction is extremely rare, explaining the limited evidence 
in literature, especially regarding appearance on diffusion-
weighted imaging (DWI), as most of the previously 
reported cases were described before DWI was widely used. 
The variable appearances on DWI often cause confusion 
on postsurgical imaging. However, it may be useful in the 
context when the original tumour does not show diffusion 
restriction. For instance, in case 2, the tumor (anaplastic 
ependymoma) did not show evidence of restricted diffusion. 
Hence, the focal area of restricted diffusion seen within the 
surgical bed is more likely related to Surgicel®-associated 
granulomatous reaction and clot formation. DWI may 
result in confusion if the primary tumour shows restricted 
diffusion, as in case 1 and 3. In such cases, areas of restricted 

diffusion can be due to either postsurgical changes or 
tumour residuum.

The main importance of post-surgical imaging is to 
determine the presence of residual tumour as it impacts 
subsequent management plan. For instance, in the context 
of NGGCT, adjuvant radiotherapy or surgical resection 
of residual tumour may be considered after chemotherapy 
when residual tumour is detected on follow up imaging (20).  
The presence of residual tumour also greatly impacts 
prognostication. In pediatric patients with ependymoma, 
it has been reported that complete resection correlates 
positively with greater survival (21). In case of primary 
intracranial meningeal fibrosarcoma (case 3) only a complete 
or maximum possible resection can give a chance of longer 
disease free survival (22). 

Conclusions

Surgicel®-associated clot formation and granulomatous 
reaction result in variable imaging appearances on follow 
up MRI, including focal areas of enhancement and 
restricted diffusion, both of which may simulate residual 
disease. Awareness of this phenomenon is crucial as the 
determination of the presence of residual disease greatly 
impacts management plan and prognostication. The 
authors recommend the inclusion and careful evaluation of 
diffusion-weighted sequence in all post-operative imaging 
protocols, especially if the primary tumour shows no 
evidence of restricted diffusion.
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Table 1 Pathology and MRI findings

Case No. Age Pathology T1w T2w Enhancement DWI/ADC

1 7 Secreting germ cell tumour Hyperintensity Hyperintensity Present Restricted

2 14 Ependymoma Isointensity Hyperintensity Present Restricted

3 14 Meningeal fibrosarcoma Isointensity Hyperintensity Absent Restricted

T1w, T1-weighted images; T2w, T2-weighted images; DWI, diffusion weighted images; ADC, apparent diffusion coefficient.
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