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 Abstract
Surgical resection is the treatment of choice with curative intent for colorectal liver metastasis. Preoperative 
accurate radiological staging is key for optimal treatment. Fluorine-18 fluorodeoxyglucose PET-CT (PET-
CT) is effective for this purpose.

We present 4 cases of patients with history of hepatectomy for colorectal liver metastasis. In all patients, 
during the procedure, we used fibrin-based sponge to achieve optimal haemostasis of the parenchymal 
transection surface. During the oncologic follow-up, a suspicion of disease recurrence justified a staging 
PET-CT that revealed pathologic metabolic activity on sites of previous liver resection, highly suspicious 
of tumour recurrence. The delay between hepatectomy and PET-CT for recurrence ranged from 5 to 12 
months. In all cases, a new surgical exploration was performed after neoadjuvant chemotherapy, and 
PET-CT positive sites of previous liver resection were removed. Definitive histological diagnosis showed 
inflammatory granuloma or fibrous tissue. 

Based on this experience, we suggest that PET-CT abnormal metabolic activity at previous hepatectomy 
sites should be treated with caution to avoid futile liver resection. Chronic inflammatory response after 
application of fibrin-based-sponge could explain false-positive PET-CT imaging.
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Abbreviations: ET-CT: Fluorine-18 fluorodeoxyglucose positron emission tomography and computed to-
mography; CRLM: Colorectal liver metastases; CT: Computed tomography.
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Introduction

 Colorectal cancer is the third most common cancer in the world [1]. Approximatively, 15-30% of pa-
tients present synchronous liver metastasis, while 20-50% of patients will develop metachronous disease, 
with a most common location in the liver [2]. Considering that the R0 resection of colorectal liver metas-
tases (CRLM) is a potentially curative treatment with reported 5-year-survival rates of 20-45%, an accurate 
pre-operative staging is of paramount importance.

 Among the different staging modalities of hepatic and extra-hepatic disease, 18F-fluorodeoxyglu-
cose positron emitted tomography and computed tomography (PET-CT) has emerged as an additional tool 
alongside ultrasonography, computed-tomography (CT) and magnetic resonance to detect intra- or extra-
hepatic metastasis.

 For the liver, PET-CT identifies abnormal tissue metabolic activity, which may precede imaging al-
terations [3]. Most importantly, PET-CT may have an advantage over standard imaging to detect recurrent 
liver disease after liver resection, local ablation, or radioembolization. Indeed, in this context, parenchymal 
lesions observed in CT or US may correspond in sequelae of the treatment and not recurrent tumour. A 
recent systematic review on PET-CT in treatment evaluation of CRLM concluded that PET-CT is superior to 
other modalities after thermal ablation, in case of palliative chemotherapy and after radioembolization [4]. 
After surgery, a systematic review underlines the benefit of PET-CT in the detection of extrahepatic lesions 
in patients operated for CRLM. As such, the recent European guidelines consider this modality to be useful 
in case of increased tumour markers without evidence of metastatic disease and to evaluate the metastatic 
extension of the disease on potentially resectable metastases [2].

 Liver surgery is key for the treatment of CRLM, but still carries some risk of morbidity mostly lin-
ked to bleeding, bile leakage and abscess formation [5]. Advances in pre-operative management, extensive 
knowledge of liver anatomy, more dedicated surgical techniques and postoperative care have made liver 
resection safer over the years, expanding the resection criteria and the extent of hepatectomy. Actually, nu-
merous topical agents have been proposed in the past decades to treat the parenchymal sections [6]. These 
products include fibrin-based glue or patches, gelatin- or collagen-based products and oxidised cellulose. 
These tools may be effective in reducing time to haemostasis but do not to reduce transfusion, post-opera-
tive collection and bile leak [7-9].

 In our institution, in addition of surgical clips we often use Tachosil®, a dry collagen sponge coated 
with fibrinogen and thrombin to achieve haemostasis, when needed, on liver sections. Here, we report a 
short series of PET-CT false-positive metabolic activity at liver transection sites after application of hae-
mostatic sponges.

Case Series

 All the following patients have undergone at least one radical liver resection (R0) for colorectal me-
tastasis, with haemostasis achieved using fibrinogen sponge material and surgical clips.
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Patient 1    

 A 70-year-old male patient was diagnosed with rectal cancer with two synchronous liver metastasis 
in segments III and VIII measuring 12 and 35 mm, respectively.

 After neoadjuvant treatment, a wedge resection of the tumour in segment III and a large wedge re-
section in segment VIII were performed laparoscopically, followed by adjuvant chemotherapy.

 Eleven months later, a metachronous metastasis was detected on CT-scan (segment VI), while stig-
mata of resection around segment VIII persisted. The subsequent PET-CT excluded extra-hepatic disease 
and revealed not only a pathologic metabolic activity in segment VI (SUV 7,5) but also in segment VIII at the 
site of previous liver resection (SUV 8,3) (Figure 1A).

 After second line neoadjuvant chemotherapy, a control PET-CT identified a complete metabolic res-
ponse of the tumour in segment VI, and partial response (SUV 3,9) in segment VIII (Figure 1B).

 A redo hepatectomy was performed with a wedge resection of segment VI and segmentectomy of 
segment VIII with skeletisation of the right hepatic vein.

 Analysis of the specimens revealed a metastasis of colorectal origin in the specimen of segment VI, 
however showed signs of inflammatory granuloma at the site of resection of segment VIII. 

Figure 1: Representative images of PET-CT metabolic activity in the site of previous wedge resection on segment 
VIII (A) at diagnosis (SUV 8,3) (B) after neoadjuvant therapy (SUV 3,9)

Patient 2  

 A 53-year-old male patient was diagnosed with an occlusive sigmoid colic cancer with synchronous 
multiple bilobar liver metastasis. Firstly, an anterior rectal resection was performed combined to a com-
plete tumour clearance of the left hemiliver, by resection of five metastasis. He received systemic chemothe-
rapy, and right portal embolization before second step right hepatectomy. PET-CT performed five months 
after the first step resection and prior to the second stage hepatectomy showed abnormal metabolic acti-
vity in segments V and VI, as long as in the resection site of segment II (SUV 4,8) (Figure 2). During the right 
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hepatectomy, the former section site of segment II was removed, and histopathology showed features of 
fibrous scar tissue with no evidence of malignancy. 

Figure 2: Representative images of PET-CT metabolic 
activity in the site of previous wedge resection on seg-
ment II (SUV 4,8)

Patient 3  

 A 56-year-old man was diagnosed with sigmoid colon cancer with initially borderline resectable 
synchronous liver metastasis. After neoadjuvant chemotherapy with partial response, he underwent an 
emergency left colectomy for colic occlusion, followed one month later by liver tumour clearance through 
multiple wedge resections of segments IV, VIII and VII. Eighteen months later, a repeat hepatectomy for 
recurrence was performed on segment IV combined to lung metastasectomy.

 CT-imaging eleven months later detected lymph node disease in the hepatic hilum, while PET confir-
med an abnormal metabolism in the hilar lymph node and in the liver parenchymal section of previous 
segment IV resection (SUV 6,9) (Figure 3). After second line chemotherapy, a new surgical exploration was 
performed with lymph node clearance. Intraoperative liver ultrasound detected no lesions in the segment 
IV section and the biopsy performed at this site showed fibroadipose tissue without histological abnorma-
lities., while lymph node disease recurrence was confirmed.

Patient 4 

 A 66-year-old male patient suffering of occlusive left colic adenocarcinoma with two synchronous 
hepatic metastases had a left colectomy, followed by chemotherapy and segment II and VII wedge resec-
tions.

 Nine months after liver resection, CT-imaging revealed an increase in the size of left para-aortic 
lymph nodes, while PET-CT confirmed pathologic para-aortic lymph node disease and hypermetabolism at 
the resection site in segment VII (SUV 4,9) (Figure 4).

 After a second line induction chemotherapy, surgical exploration with intraoperative liver ultra-
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sound was performed, with resection of a segment VII, and extended lymphadenectomy. Pathology of seg-
ment VII found a necrotic lesion, containing staples, surrounded by fibro-inflammatory tissues and granu-
lomas, while lymphadenectomy specimens confirmed metastatic disease. 

Figure 3: Representative images of PET-CT metabolic activity in the site of previous wedge resection on segment 
IV (SUV 6,9)

Figure 4: Representative images of PET-CT metabolic acti-
vity in the site of previous wedge resection on segment VII 
(SUV 4,9)

Discussion

 Despite the ability of 18F-fluorodeoxyglucose PET-CT to distinguish between malignant and benign 
disease, fluorodeoxyglucose (FDG) is not a cancer-specific agent and various causes of false positive benign 
lesions have been reported [10]. Indeed, FDG is an analogue of glucose that accumulates in cancer but also 
in inflammatory cells (lymphocytes, neutrophils and macrophages) present in inflammation or infections, 
in active granulomatous processes and active fibrotic lesions [11].  Tan et al [12] reviewed a series 
of 1427 PET-CT studies with metabolically active liver lesions, with definitive histology available on 214 
cases. 91% of these were malignant, 5,1% remained undetermined and 3,7% were proven to be benign. 
They identified hepatic abscess, cryptococcal infection, hepatic adenoma and haemangioendothelioma as 
non-malignant conditions of PET-CT positivity in the liver. They also highlighted that extrahepatic lesions 
such as adrenal tumours or gallbladder carcinoma, infection or inflammation can mimic liver positive neo-
plasm.
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Table 1: Clinical parameters of the 4 cases with false positive PETscan on previous hepatic resection’s sites.

Patient 1 Patient 2 Patient 3 Patient 4

Age at incidence 70 53 56 66

Sex M M M M

Initial resection site III, VIII II, III IV, VIII II, VIII

Resection status of primary hepatic resection R0 (7 mm) R0 R0 (11 mm) R0 (3 mm)

Time from primary hepatic resection to pathologic 
PET-CT (months)

11 5 12 9

Time from end of adjuvant therapy to pathologic 
PET-CT (months)

7 1 8 Ongoing

Site of suspected section site recurrence VIII II IV VII

SUV of suspected recurrence 8,3 4,8 6,9 4,9

Resection of suspected recurrence Yes Yes Yes Yes

Histologic findings Inflammatory 
granuloma

Fibrous scar 
tissue

Fibroadipose 
tissue

Necrosis, staples, fibro-
inflammatory tissues 

and granulomas.

 Other authors reported cases of false-positive hepatic lesions on PET-CT with hypermetabolic mul-
tifocal steatohepatitis [13], after an iatrogenic parenchymal liver injury or with radiation-induced liver 
injury [14].

 In the literature, two cases of false-positive hepatic lesion on PET-CT on previous resection site have 
been reported, with histology revealing foreign body granuloma. While in the first case silk suture was 
identified on analysis [15], no specific foreign body was incriminated in the second [16]. Similarly, another 
team reported a case of foreign body granuloma on a liver resection site, suspected of malignancy by Gado-
linium-DTA MRI [17].

 Involvement of nonabsorbable surgical material in false-positive lesions on PET-CT has been repor-
ted in other types of surgery such as talc pleurodesis [18,19], colic anastomosis with silk or nonabsorbable 
suture [20], thyroidectomy [21], pulmonary resection [22], head and neck cancer surgery [23], orchidec-
tomy [24], abdominal debulking [25], gastrectomy [26] and total hysterectomy [27].

 Absorbable material has also been incriminated in cases of granuloma mimicking recurrence on 
PET-CT such as polyglycolic acid sheet and suture on pulmonary segmentectomy, surgical adhesive after 
lung cancer resection [28] or haemostatic compresses of fibrillar cellulose (Surgicel®) in intra-cerebral 
[29], cardiac [30] and gynaecologic surgeries [31].

 In line with other haemostatic sponges, Tachosil®, a collagen-bound fibrin sealant, activates the coa-
gulation cascade by imitating the final steps of the natural blood clotting system. The fibrin clot is then 
metabolized by fibrinolysis. Animal studies document the presence of fibrovascular granulation tissue with 
fibroblasts, neutrophils, lymphocytes and some giant cells as a sign of foreign body reaction [32]. To date, 
this device has never been documented in the development of postoperative granuloma in humans. Howe-
ver, there was one case of a post-operative granuloma mimicking a cervical spinal mass after the use of 
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fibrin-based haemostat [33].

 To our knowledge, we describe the first case series of false positive hepatic lesions on PET-CT fol-
lowing the use of fibrin-based sponge during initial liver surgery (Table 1). This phenomenon was observed 
even 12 months after the initial hepatectomy. 

 In conclusion, our findings suggest that PET-positive images at sites of R0 hepatic resection should 
be treated with caution, particularly when surgical material is left on parenchymal transection. Clinicians 
treating liver metastasis should be aware of possible false-PET-CT metabolic activity to avoid futile liver 
resections. In addition, the use of a specific haemostatic agents should be clearly mentioned on operative 
reports to help the differential diagnosis when a hypermetabolic lesion is detected during the oncologic 
follow-up.
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