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ABSTRACT

Can surgical adhesives may cause false positivity in follow-up positron
emission tomography after lung cancer resection?

Introduction: Postoperative complications following thoracic procedures are
a major cause of morbidity and mortality. Alveolar air leaks and/or bronchop-
leural fistulas are associated with increased risk of infection, prolonged chest
tube, and hospital stay duration and therefore generate economical concern
for health care providers. A variety of surgical sealants or adhesives have been
introduced to overcome this complication. Since intraoperative BioGlue®
application can also cause an inflammatory reaction and mimic tumor recur-
rence on FDG PET-CT, in the present study we aimed to investigate its poten-
tial role in false-positive PET-CT results in patients operated for NSCLC.

Materials and Methods: Data of six patients who underwent resection for
primary NSCLC at our institution (Department of Thoracic Surgery, Hacettepe
University Medical Faculty) between January 2015 and December 2018 and
had false positivity, due to BioGlue® application, at the bronchial stump in
follow-up FDG PET-CT were retrospectively analyzed from a prospectively
collected database.
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Surgical adhesives and false positivity in lung cancer

Results: One of the 6 patients was female and 5 were male. The mean age was 68 years (range, 56-79 years). The average time
interval between operation and postoperative FDG-PET imaging was 4.3 months (range, 4-6 months). Follow-up FDC-PET imaging
SUVmax values ranged between 3.0 and 9.0 (median: 5.33). All patients have been evaluated by FDG-PET scan following the detec-
tion of soft tissue densities at the surgical site suspicious for recurrence at their follow-up chest CT scans. Four patients underwent a
bronchoscopic examination, bronchial stumps were examined and multiple biopsies were taken from suspicious nodules or tissues
and sent for pathologic examination. Histopathological results revealed inflammation which is compatible with foreign body granu-
loma, without any suspicion for malignancy, in all cases. Two patients were solely followed-up and subsequent FDG-PET imaging after
3 months revealed complete resolution of FDG uptake.

Conclusion: To avoid unnecessary biopsies or surgical procedures, the possibility of false-positive results due to surgical adhesive
product use should be taken into account while interpreting follow-up FDG-PET imaging results and the operative reports should be
written in detail, describing which surgical materials used and their exact application sites.
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Cerrahi doku yapistiricilar akciger kanseri rezeksiyonu sonrasi takip pozitron emisyon tomografisinde yanls pozitiflige neden
olur mu?

Giris: Torasik cerrahi uygulamalari sonrasinda gelisen postoperatif komplikasyonlar, morbidite ve mortalitenin 6nemli bir nedenidir.
Alveolar hava kacgaklari ve / veya bronkoplevral fistiiller, artan enfeksiyon riski, g6giis tiipiiniin uzun siire bulunmasi ve uzun siire
hastanede kalis ile iliskilidir. Bu nedenler saglik hizmeti saglayicilari icin ekonomik endise yaratir. Bu komplikasyonun istesinden
gelmek icin cesitli cerrahi sizdirmazlik malzemeleri veya yapistiricilar piyasaya siirilmiistiir. Intraoperatif BioGlue® uygulamasi da FDG
PET-BT'de enflamatuar reaksiyona yol acip timér niiksiinii taklit edebildiginden, bu calismada KHDAK (kiigiik hiicreli disi akciger
kanseri) icin ameliyat edilen hastalarda cerrahi doku yapistirici uygulamasinin yanhs pozitif PET-BT sonuglarindaki potansiyel roltinii
arastirmayr amacladik.

Materyal ve Metod: Ocak 2015-Aralik 2018 tarihleri arasinda kurumumuzda (Hacettepe Universitesi Tip Fakiiltesi Gégiis Cerrahisi
Anabilim Dali) primer KHDAK nedeniyle rezeksiyon yapilan ve takip FDG PET-BTde bronsiyal giidiikte BioGlue® uygulamasi nede-
niyle yanhs pozitifligi olan alti hastanin verileri, prospektif olarak toplanan bir veri tabanindan geriye déntik olarak analiz edildi.

Bulgular: 6 hastadan biri kadin, 5'i erkekti. Ortalama yas 68 yildi (aralik, 56-79 yas). Operasyon ile postoperatif FDG-PET gériintiile-
me arasindaki ortalama stre 4,3 ayd (aralik, 4-6 ay). Takip FDG-PET goriintileme SUVmax degerleri 3,0 ile 9,0 (medyan: 5,33)
arasinda degisti. Tim hastalar, takip gogis BT taramalarinda niiks siiphesi olan cerrahi bélgede yumusak doku yogunluklarinin sap-
tanmasinin ardindan FDG-PET taramasi ile degerlendirildi. Dort hastaya bronkoskopik inceleme yapildi, bronsiyal giidiikler incelendi
ve stipheli nodiil veya dokulardan cok sayida biyopsi alinarak patolojik incelemeye génderildi. Histopatolojik sonuglar, tiim olgularda
malignite siiphesi olmaksizin yabanci cisim granilomu ile uyumlu inflamasyonu ortaya cikardi. iki hasta sadece takip edildi ve 3 ay
sonra FDG-PET goriintilemesi FDG aliminin tamamen ¢ozildigini gosterdi.

Sonugc: Gereksiz biyopsilerden veya cerrahi islemlerden kaginmak icin, takip FDG-PET goriintiileme sonuglari yorumlanirken cerrahi
yapistirict Griin kullanimina bagli yanlis pozitif sonug olasiligi goz éniinde bulundurulmali ve ameliyat raporlari ayrintili olarak hangi
cerrahi materyaller agiklanarak yazilmalidir.

Anahtar kelimeler: Cerrahi doku yapistiricilar; akciger kanseri; cerrahi; pet-bt

INTRODUCTION duced to overcome this complication (4-7). BioGlue®
(CryolLife International Inc., Kennesaw, GA, USA) is
one of these adhesives and applied in a variety of
surgical specialties including thoracic surgery. It is a
synthetic material composed of purified bovine
serum albumin (BSA) and glutaraldehyde and causes
an inflammatory reaction following application
which ends up with granulation tissue formation

(3,8,9).

Postoperative complications following thoracic pro-
cedures are a major cause of morbidity and mortality.
Patients undergoing pulmonary resection for non-
small-cell lung cancer (NSCLC) are usually elderly,
smoker, have poor nutritional status and associated
comorbidities, and thus have a greater risk of devel-
oping pulmonary complications (1). Amongst these
complications, Alveolar air leaks and/or bronchop-

leural fistulas are associated with increased risk of Recurrence of NSCLC after surgical treatment is

infection, prolonged chest tube, and hospital stay
duration and therefore generate economical concern
for health care providers (2,3). In recent years, a vari-
ety of surgical sealants or adhesives have been intro-
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reported to be loco-regional in nearly 30% of cases
and usually presents as nodules involving the paren-
chymal or bronchial stump staple lines (10). Accurate
detection of these recurrences is crucial regarding the
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initiation of adjuvant therapies to increase survival.
Fluoro-2-deoxy-D-glucose positron emission tomog-
raphy (FDG-PET)-computed tomography (CT) is a
follow-up imaging tool often obtained for restaging
or detection of residual/recurrent disease (11).
Although it is highly sensitive for the detection of
these recurrences, its specificity is limited due to the
increased FDG uptake caused by the inflammation of
the healing stumps during the postoperative period
(12,13). Since intraoperative BioGlue® application
can also cause an inflammatory reaction and mimic
tumor recurrence on FDG PET-CT, in the present
study we aimed to investigate its potential role in
false-positive PET-CT results in patients operated for
NSCLC.

MATERIALS and METHODS

Data of six patients who underwent resection for
primary NSCLC at our institution (Department of
Thoracic Surgery, Hacettepe University Medical
Faculty) between January 2015 and December 2018
and had false positivity, due to BioGlue® application,
at the bronchial stump in follow-up FDG PET-CT
were retrospectively analyzed from a prospectively
collected database. The study was approved by the
ethical committee of Hacettepe University Medical
Faculty. Patients’ data were collected including the
following variables: sex, age, type of resection, loca-
tion of the lesion, the time interval between opera-
tion and postoperative FDG-PET imaging, post-resec-
tion FDG-PET findings, diagnostic bronchoscopy
results, fine needle aspiration biopsy (FNAB) results,
and overall outcome.

FDG PET-CT Imaging Protocol
Patient Preparation

The patients fasted for at least 6 hours before the
injection. Images were acquired 60 minutes after an
injection of approximately 370 + 32 MBq of FDG.
Patients were asked to void their bladders before
imaging to reduce bladder activity.

Imaging protocol

All patients underwent PET-CT imaging from the skull
base to the upper thigh with six to seven-bed posi-
tions (3 min/bed) on a PET-CT scanner. PET images
were acquired in a 3D mode with a 128x128 matrix
and a low-dose CT that was used for attenuation cor-
rection. An iterative reconstruction algorithm (two
iterations, twenty-one subsets) followed by a post-re-

construction smoothing Gaussian filter was used for
image reconstruction.

Image Review/Interpretation

FDG PET-CT images were reviewed for areas of
abnormally increased tracer uptake by an experi-
enced nuclear medicine physician who was blinded
to the findings of conventional and structural imag-
ing. For visual analysis,FDG PET-CT uptake was con-
sidered abnormal if it was located outside the normal
anatomical structures or if the intensity of uptake was
greater than that in the background and could not be
identified as physiological activity (4). The maximum
standardized uptake value (SUV ) of each lesion
suspicious for recurrence was calculated.

The presence or absence of disease was confirmed by
either histopathological examination or follow-up
with imaging methods.

Surgical Procedure

BioGlue® was applied to 32 patients who had a his-
tory of incomplete fissure, advanced emphysematous
parenchyma and who took neoadjuvant chemothera-
py during the same period. All patients have under-
gone major lung resection (lobectomy) for non-small-
cell lung carcinoma (NSCLC) by the same surgeon
via an open thoracotomy technique. The same
amount (5 mL) and brand of (BioGlue®) surgical
adhesive were used intraoperatively to all patients.
All patients achieved RO resection confirmed by final
pathologic examination. Patients were followed up
through to December 2019 (Table 1).

RESULTS

One of the 6 patients was female and 5 were male.
The mean age was 68 years (range, 56-79 years). The
average time interval between operation and postop-
erative FDG-PET imaging was 4.3 months (range, 4-6
months). Follow-up FDG-PET imaging SUV _ val-
ues ranged between 3.0 and 9.0 (median: 5.33)
(Figure 1). All patients have been evaluated by FDG-
PET scan following the detection of soft tissue densi-
ties at the surgical site suspicious for recurrence at
their follow-up chest CT scans.

Four patients underwent a bronchoscopic examina-
tion, bronchial stumps were examined and multiple
biopsies were taken from suspicious nodules or tis-
sues and sent for pathologic examination.
Histopathological results revealed inflammation
which is compatible with foreign body granuloma,
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Table 1. Patient characteristics

Neoadjuvant Chemoteraphy/ Emphysema/

Age/Gender  Performed operation cTNM Radiotheraphy Pathology Incomplet Fissure
69/M RLL+LND T1INOMO -/- Adenocarcinoma +/+

56/M RUL+LND TINOMO -/- Squamous carcinoma +/+

79/M RML+LND TIN2MO +/- Adenocarcinoma +/+

71/F RUL+LND TINOMO -/- Adenocarcinoma +/+

73/M LUL+LND T2N2MO +/- Squamous carcinoma +/+

63/M RUL+LND T2N2MO +/- Adenocarcinoma +/+

RLL: Right lower lobectomy, RML: Right middle lobectomy, RUL: Right upper lobectomy, LUL: Left upper lobectomy, LND: Lymph node dissection.

Figure 1. PET-CT image after surgery; white arrow: FDG uptake
at bronchial stump.

without any suspicion for malignancy, in all cases.
Two patients were solely followed-up and subse-
quent FDG-PET imaging after 3 months revealed
complete resolution of FDG uptake. Patients’ data are
shown in Table 2.

DISCUSSION

Post-operative air leak from a bronchial stump is a
major cause of morbidity after lung resections. It may
have a detrimental effect on the postoperative course
by causing bronchopleural fistulae and consequent
infections which may lead to prolonged chest tube
drainage and hospital stay, higher healthcare costs,
and even life-threatening complication such as
post-pneumonectomy empyema (14-16). Many clini-
cians are seeking studies that were focused on this
topic to find potential methods to avoid or reduce
this complication. Utilizing synthetic materials such
as fibrin sealants, collagen fleece, and synthetic glues
to the bronchial stump are some of the preventive
methods to overcome this complication (15-18).

BioGlue®, which is a synthetic material composed of
purified bovine serum albumin (BSA) and glutaralde-
hyde, is one of these materials. It produces a stable,
solid medium after these two components bind to
each other and cause an inflammatory reaction
which ends up with granulation tissue formation
(3,8,9,19). It is administered to the target area to rein-
force the tissues. In all of our cases, BioGlue® was

Table 2. Patient characteristics after surgery

Histopathologic result
Age/Gender pTNM PET interval® (month) ~ SUV__ -value (with FNAB) Outcome
69/M T1INOMO 4 3.2 Chronic inflammation Alive, no recurrence
56/M TIN2MO 4 5.31 Chronic inflammation Alive, no recurrence
79/M TINOMO 4 3.0 Chronic inflammation Alive, no recurrence
71/F T1NOMO 4 6.6 Chronic inflammation Alive, no recurrence
73/M T2NOMO 6 5.35 NA Alive, no recurrence
63/M T2N1MO 4 9.0 NA Alive, no recurrence
PET: Positron emission tomography; SUV .- maximum standard uptake value; FNAB: Fine needle aspiration biopsy.
4 Time interval between operation and follow-up PET imaging
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used as an adjunct to the staple lines on the bronchi-
al stump. Following the application of BioGlue® to
the target area, an inflammatory response consisting
of polymorphonuclear neutrophils, macrophages
and granulation tissue occurs. Granulation tissue
consequently becomes fibrous scar tissue. However,
in rare cases, this healing process is complicated by
a chronic foreign body inflammatory reaction trig-
gered by the synthetic material (8,20).

Recurrence is a common phenomenon in the natural
history of NSCLC, occurs in 20-80% of patients, and
determines their survival (21). Thus, the detection of
these recurrences is crucial regarding the initiation of
adjuvant therapies to increase survival. The recur-
rence is described as loco-regional when it occurs
where the primary tumor was located, at the bronchi-
al stump, pleura, or chest wall (22).

FDG-PET is a useful follow-up imaging tool used for
restaging or detection of residual/recurrent disease in
patients with NCSLC. Although it is highly sensitive for
the diagnosis of recurrent disease, anatomic informa-
tion and the exact localization of the suspicious find-
ings may be lacking. Besides, treatment-distorted
anatomy and the increased FDG uptake caused by the
inflammation of the healing stumps during the postop-
erative period may end up with false-positive results
and hamper the correct diagnosis of recurrences (11-
13,23). Additionally, false-positive results have also
been reported due to foreign body inflammatory reac-
tions to surgical materials such as textile or metal ele-
ments, non-absorbable sutures, synthetic surgical
adhesives, metal staples, Teflon and talc (20,24). In this
report, we present 6 cases who had undergone pulmo-
nary resection for NSCLC and obtained false-positive
FDG-PET results due to foreign body reactions during
their follow-up period. All patients exhibited granulo-
matous foreign body reactions after administration of
BioGlue® to their bronchial staple lines during pulmo-
nary resection. Four out of 6 patients the inflammatory
reaction was confirmed by histopathologic examina-
tion. We followed 2 patients as their follow up chest
computed tomography (CT) findings were low suspi-
cious for recurrence. Subsequently, their SUV
uptake values improved after 3 months. In total, we
applied BioGlue® in 32 cases with variable amounts
(5 ccin 8 and 2 cc in 24 cases). Although, in all cases
with false PET positivity the amount of BioGlue®
applied were 5 cc it is difficult to interpret with this
limited data whether the amount of glue has an impact
on false positivity.

CONCLUSION

To sum up, to avoid unnecessary biopsies or surgical
procedures, the possibility of false-positive results
due to surgical adhesive product use should be taken
into account while interpreting follow-up FDG-PET
imaging results and the operative reports should be
written in detail, describing which surgical materials
used and their exact application sites.
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