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Abstract
BACKGROUND 
Portal hypertension (PH) is associated with changes in vascular structure and 
function of the portosplenomesenteric system (PSMS). This is referred to as portal 
hypertensive vasculopathy. Pathological abnormalities of PSMS has been 
described in the literature for cirrhotic patients. Raised portal pressure and 
hyperdynamic circulation are thought to be the underlying cause of this 
vasculopathy. In view of this, it is expected that pathological changes in splenic 
and portal vein similar to those reported in cirrhotic patients with PH may also be 
present in patients with non-cirrhotic PH (NCPH).

AIM 
To investigate pathological abnormalities of splenic vein in patients with NCPH, 
and suggest its possible implications in the management of PH.

METHODS 
A prospective observational study was performed on 116 patients with NCPH 
[Extrahepatic portal vein obstruction (EHPVO): 53 and non-cirrhotic portal 
fibrosis (NCPF): 63] who underwent proximal splenorenal shunt (PSRS), 
interposition shunt or splenectomy with devascularization in JIPMER, 
Pondicherry, India, a tertiary level referral center, between 2011-2016. All patients 
were evaluated by Doppler study of PSMS, computed tomography porto-
venogram and upper gastrointestinal endoscopy. An acoustic resonance forced 
impulse (ARFI) scan and abdomen ultrasound were done for all cases to exclude 
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cirrhosis. Intraoperative and histopathological assessment of the harvested splenic 
vein was performed in all. The study group was divided into delayed and early 
presentation based on the median duration of symptoms (i.e. 108 mo).

RESULTS 
The study group comprising of 116 patients [77 (66%) females and 39 (34%) males] 
with NCPH had a median age of 22 years. Median duration of symptoms was 108 
mo. The most common presentation in both EHPVO and NCPF patients was 
upper gastrointestinal bleeding (hematemesis and melena). The ARFI scan 
revealed a median score of 1.2 (1.0-1.8) m/s for EHPVO and 1.5 (0.9-2.8) m/s for 
NCPF. PSRS was performed in 84 patients (two of whom underwent interposition 
PSRS using a 10 mm Dacron graft); splenoadrenal shunt in 9; interposition 
mesocaval shunt in 5; interposition 1st jejunal to caval shunt in 1 patient and 
devascularization with splenectomy in 17 patients. Median pre-splenectomy 
portal pressure was 25 (range: 15-51) mm Hg. In 77% cases, the splenic vein was 
abnormal upon intraoperative assessment. Under macroscopic examination, wall 
thickening was observed in 108 (93%), venous thrombosis in 32 (28%) and vein 
wall calcification in 27 (23%) cases. Upon examination under a surgical 
magnification loupe, 21 (18%) patients had intimal defects in the splenic vein. 
Histopathological examination of veins was abnormal in all cases. Medial 
hypertrophy was noted in nearly all patients (107/116), while intimal fibrosis was 
seen in 30%. Ninety one percent of patients with intimal fibrosis also had venous 
thrombosis. Vein wall calcification was found in 22%, all of whom had intimal 
fibrosis and venous thrombosis. The proportion of patients with pathological 
abnormalities in the splenic vein were significantly greater in the delayed 
presentation group as compared to the early presentation group.

CONCLUSION 
Pathological changes in the splenic vein similar to those in cirrhotic patients with 
PH are noted in NCPH. We recommend that PH in NCPH be treated as systemic 
and pulmonary hypertension equivalent in the gastrointestinal tract, and that 
early aggressive therapy be initiated to reduce portal pressure and hemodynamic 
stress to avoid potential lethal effects.

Key Words: Portal hypertensive vasculopathy; Non-cirrhotic portal hypertension; Splenic 
vasculature; Hyperdynamic circulation; Shunt surgery

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Portal hypertensive vasculopathy is well-investigated in cirrhotics. Raised 
portal pressure and hyperdynamic circulation are thought to be the underlying cause. 
Pathological changes in the splenic vein are similar in cirrhotic and non-cirrhotic portal 
hypertension (NCPH). They are not primarily due to venous degenerative changes, and 
are similar to those observed in the pulmonary vasculature in pulmonary hypertension. 
Portal hypertension in NCPH should be viewed as a systemic and pulmonary 
hypertension equivalent in the gastrointestinal tract. We show that these pathological 
venous changes in NCPH are observed in a greater proportion of patients in the 
delayed presentation group (P < 0.003). Interventions to reduce portal pressure should 
therefore be initiated at diagnosis of NCPH. Damage to the vasculature starts early and 
can be prevented from progressing to venous thrombosis and its sequelae if early 
surgical intervention is initiated to reduce portal pressure.
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INTRODUCTION
Portal hypertension (PH) is associated with changes in vascular structure and function 
of the portosplenomesenteric system (PSMS). This is referred to as portal hypertensive 
vasculopathy (PHV)[1]. Pathological abnormalities of PSMS have been described in the 
literature for cirrhotic patients[2,3]. Raised portal pressure and hyperdynamic 
circulation (HC) are thought to be the underlying cause of this vasculopathy[3]. In 
view of this, it is expected that pathological changes in splenic and portal vein similar 
to those reported in cirrhotic patients with PH may also be present in patients with 
non-cirrhotic PH (NCPH). To the best of our knowledge, studies on spleno-portomes-
enteric vasculopathy in patients with NCPH have not appeared in the literature. In 
this paper, we report on the pathological abnormalities in the splenic vein of patients 
with NCPH.

MATERIALS AND METHODS
Ethic statements
A prospective observational study was carried out on 116 consecutive patients with 
NCPH [extrahepatic portal vein obstruction (EHPVO): 53 and non-cirrhotic portal 
fibrosis (NCPF): 63] who underwent proximal splenorenal shunts, interposition shunts 
or splenectomy with devascularization in our Institute between February 
2011–December 2016 after obtaining approval from the Institute Ethics Committee.

Imaging examinations
All patients were initially evaluated by Doppler study of PSMS, computed 
tomography porto-venogram and upper gastrointestinal endoscopy. Acoustic 
resonance forced impulse (ARFI) scans and abdomen ultrasounds were performed for 
all cases to exclude cirrhosis. Intra-operatively, portal pressure was assessed by 
measuring pressure in the omental vein using a 22G venous cannula and a transducer. 
Macroscopic appearance of the splenic vein wall, e.g., presence of calcification, 
thrombosis, thickening (global or focal) were assessed. Examination under a surgical 
magnification loupe was performed to look for focal aneurysmal dilatations and 
intimal defects. A frozen section analysis of the vein wall was performed in all cases. 
Specimen of the splenic vein and artery were obtained after retrieving the spleen, and 
a segment of each was sent for histopathological examination.

Histopathological examination
All vessel wall specimens were processed and stained with Hematoxylin-Eosin (HE) 
and examined under a light microscope. Frozen specimen sections were stained with 
rapid HE stain after appropriate processing. Characteristics of the splenic venous wall 
e.g., presence of medial hypertrophy, wall thickening, intimal fibrosis, adventitial 
attenuation along with evidence of thrombus formation in the splenic vein and vein 
wall calcification, were assessed using both histopathology and frozen section 
analyses. The study group was divided into delayed and early presentation based on 
the median duration of symptoms (i.e. 108 mo).

The splenic arterial wall was also assessed for medial hypertrophy and intimal 
thickening. Intra-operatively, trucut and wedge liver biopsies were taken in all cases to 
exclude cirrhosis. Specimens of the splenic vein and artery in cases with immune 
thrombocytopenic purpura (ITP, n = 22) and hemolytic anemia (n = 10) who 
underwent splenectomy were sent for histopathological examination for comparison 
as assumed normal controls.

Statistical analysis
Nonparametric variables were expressed as medians (range). Frequency of occurrence 
were expressed as proportions. Statistical analysis was performed using the statistical 
program GraphPad INSTAT version 3 (GraphPad Software, Inc., La Jolla, CA, United 
States). Proportions were compared using Fischer's exact tests.

RESULTS
In the study group comprised of 116 patients (77, 66% females and 39, 34% males) with 
NCPH, the median age was 22 (range: 12-55) years. They presented with symptoms for 
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a median duration of 108 (1-240) mo. Sixty-seven patients had the disease for more 
than 108 mo. While both EHPVO and NCPF are more common in females (65% and 
85%, respectively); EHPVO was seen more frequently (60%) in the younger age group 
(< 25 years), while NCPF was more common (54%) in older (> 40 years) patients. 
Cirrhosis was excluded in the study group by ARFI scan, which revealed a median 
score of 1.2 (range: 1.0-1.8) m/s for EHPVO and 1.5(range: 0.9-2.8) m/s for NCPF. The 
distribution of shunt surgeries performed are given in Table 1. Median pre-
splenectomy portal pressure was 25 (range: 15-51) mm Hg.

Intra-operatively, upon macroscopic examination, wall thickening was observed in 
108 (93%), venous thrombosis in 32 (28%) and vein wall calcification in 27 (23%) cases. 
Upon examination under surgical magnification loupe, 21 (18%) patients had intimal 
defects in the splenic vein. In 89/116 (77%) cases, the splenic vein was found to be 
abnormal under intraoperative assessment (based on the presence of one or more of 
the following features: wall thickening, wall calcification, presence of thrombus, and 
intimal defects). On histopathological examination of veins, however, splenic veins in 
all patients were found to be abnormal (based on the presence of one or more of the 
pathological characteristics mentioned above). The study group was divided into 
delayed and early presentation based on the median duration of symptoms (i.e. 108 
mo) (Table 2). The proportion of patients with pathological abnormalities in the splenic 
vein were significantly more in the delayed presentation group compared to the early 
presentation group (Table 2). While the incidence of thrombosis at the anastomotic end 
was more in the delayed presentation group, the difference was not statistically 
significant. All patients in the delayed presentation group had Grade III/IV 
esophageal varices in endoscopy. Of these 67 patients, 47 (70%) had NCPF.

Pathological examination of the splenic vein of patients without any PH who 
underwent splenectomy (open and laparoscopic) was also performed for comparison 
as assumed normal controls. This group included 22 patients (median age 20 years; 
95% females) with ITP and ten patients (median age 26 years; 90% females) with 
hemolytic anemia and splenomegaly. The splenic veins of patients with ITP was found 
to be normal, whereas medial hypertrophy and intimal fibrosis was seen in patients 
with splenomegaly and hemolytic anemia.

Figure 1 shows typical histopathological appearances of all the characteristics of 
abnormal veins. Frozen section analysis of the splenic venous wall corroborated with 
histopathological assessment in all but two cases, i.e. 98%. A splenic venous aneurysm 
was found in one case, while a splenic artery aneurysm was found in 11 patients. 
Histopathological examination of the splenic artery was performed in all cases. Eighty 
nine percent (103/116) of patients had medial hypertrophy, of whom 6% (8) had 
intimal thickening. Liver biopsies taken intraoperatively showed normal liver 
histology in all cases with EHPVO, 30/63 (48%) cases with NCPF, and both mild 
periportal inflammatory changes and periportal fibrosis in the rest of the NCPF cases.

DISCUSSION
Damage to the intima of visceral veins and contractile structures in the visceral arterial 
wall, termed as PHV, has been observed in patients with cirrhosis and PH[1-3]. In 
several studies, different mechanisms of pathogenesis of PHV have been proposed. 
PHV is most likely primarily related to hemodynamic changes in the portal system, 
particularly to high pressure perfusion of veins in cirrhotics. Other proposed 
contributing factors may include immune response, gene modulation, vasoactive 
substances, and intrahepatic blood flow resistance[3,4].

Increased pressure in the portal system compresses feeding vessels, called vasa 
vasorum, and reduces partial pressure of oxygen in them. This results in ischemic 
damage and consequent nutritional depletion of vascular intima. Increased pressure 
with stiffening of walls (and medial layer hypertrophy) leads to displacement of vessel 
wall architecture and consequent shear strain on the adventitial layer, which further 
lodges the vasa vasorum. Injury to the vasa vasorum leads to ischemia of the vein wall 
with degeneration of internal elastic lamina and media. Ischemia leads to the release of 
growth factors and seepage of extracellular matrix into media with a resultant change 
in the medial smooth muscle phenotype and hypertrophy. In the venous system, 
intimal changes are associated with luminal thrombosis due to activation of platelets 
and fibrin.

Proliferative intima, thrombus adherent to the venous wall, smooth muscle 
hypertrophy, and increased extracellular matrix was found in both the splenic and 
gastric coronary veins of cirrhotic patients[3]. In cirrhotic patients, vessels are reported 
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Table 1 Surgical procedures performed

Surgical procedure n (%)

1 Proximal splenorenal shunt (including two interposition proximal splenorenal shunts using 10 mm Dacron graft) 84 (72.4)

2 Splenoadrenal shunt 9 (7.7)

3 Interposition mesocaval shunt 5 (4.3)

4 Interposition first jejunal to caval shunt 1 (0.9)

5 Devascularization and splenectomy 17 (14.6)

Total 116 (100)

Table 2 Histopathological characteristics of splenic vein wall in patients with non-cirrhotic portal hypertension

Pathological abnormalities Delayed presentation group, n = 67 Early presentation group, n = 49 P value

Medial hypertrophy, n (%) 67 (100) 40 (81.6) 0.003

Wall thickening, n (%) 67 (100) 40 (81.6) 0.003

Intimal fibrosis, n (%) 32 (47.8) 3 (6.1) < 0.001

Adventitial attenuation, n (%) 30 (44.8) 5 (10.2) < 0.001

Thrombosis, n (%) 32 (47.8) 0 (0) < 0.001

Vein wall calcification, n (%) 26 (38.8) 0 (0) < 0.001

Thrombosis at anastomotic end, n (%) 13 (19.4) 3 (6.1) 0.0556

Figure 1  Typical histopathological appearances of all the characteristics of abnormal veins. A: Histopathology of splenic vein showing medial 
hypertrophy (Hematoxylin and eosin 40 ×, length of bar 500 µm); B: Histopathology of splenic vein showing intimal fibrosis (arrow) (Hematoxylin and eosin 40 ×, 
length of bar 500 µm); C: Histopathology of splenic vein showing splenic venous thrombosis (Hematoxylin and eosin 40 ×, length of bar 500 µm); D: Histopathology 
of splenic vein showing splenic venous wall calcification (Hematoxylin and eosin 40 ×, length of bar 500 µm).

to have a higher sensitivity to Angiotensin II, and this has been ascribed to injury of 
vascular endothelial cells and basement membrane by portal HC. Intimal damage 
probably influences contractile function of the vessels[5-7]. Smooth muscle cells of the 
vasculature are found to be predominantly of the synthetic type in them.
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Examination of the splenic and portal veins in a series of patients with cirrhosis has 
led to a classification of the changes, which occur in successive stages[4]. The different 
stages give an indication of the extent or duration of the congestion. Thrombosis has 
been reported to be present in the group that showed the most significant changes in 
the vein walls. Intimal changes with small sub-endothelial muscle bundles arranged 
longitudinally were reported to succeed medial muscle hypertrophy in the portal vein. 
As a result of fibrous tissues replacing these muscles, intima appeared thickened and 
fibrotic. No evidence of any degenerative or atheromatous changes were reported. 
Since veins were found with medial muscular hypertrophy without intimal thickening 
but not the other way round, it appears reasonable to assume that the changes in the 
intima succeed those in the medial muscle. Changes in the splenic and portal vein 
were similar; the extent of change was of a lesser degree in the former. Extensive 
intimal thrombosis is reported to be a culmination of this chain of events[5]. 
Calcification in the wall of sclerotic veins has been reported to occur only in the late 
stages of evolution of these changes. Venous wall inflammation has been proposed to 
be one of the factors playing a vital role in the pathogenesis of phlebosclerosis and in 
the eventual development of wall calcification[5].

In our study of pathological features of splenic veins, we encounter features similar 
to those reported for cirrhotic patients. We have found the presence of medial 
hypertrophy and wall thickening in nearly all splenic veins (107/116; 92%). Intimal 
fibrosis was found in 35 (30%) patients, all of whom had medial hypertrophy. We 
noted that 32 of 35 (91%) patients with intimal fibrosis also had venous thrombosis. 
Vein wall calcification, which occurs in the late stage of PHV as noted above, was 
found in 26 (22%) patients, all of whom had intimal fibrosis and venous thrombosis.

Medial hypertrophy and intimal fibrosis was observed in patients without PH who 
underwent splenectomy for hemolytic anemia and had splenomegaly. This is probably 
a result of the presence of raised portal pressure and HC in this subgroup of patients. 
On the other hand, the splenic veins of all patients with ITP who had normal sized 
spleen and did not have any were found to be normal.

These changes in PSMS are similar to the ones observed in the pulmonary 
vasculature in cases of pulmonary artery hypertension[8]. Pulmonary arteriolar 
remodelling occurs in pulmonary hypertension (defined as mean pulmonary arterial 
pressure ≥ 25 mmHg). Histopathological changes including medial hypertrophy, 
intimal and adventitial fibrosis, thickening of the alveolar-capillary membrane, and 
luminal occlusion in small pulmonary arterioles have been reported. The mechanisms 
underlying the thickening of the pulmonary vascular medial layer have been linked 
mostly to cell proliferation and, more recently, to inhibition of cell apoptosis[9-11]. 
Raised mean pulmonary arterial pressure (≥ 25 mmHg) is in the same range as the 
raised portal pressure in our patients with NCPH (median portal pressure of 25 
mmHg; range: 15-51 mmHg). We suggest that the pathological changes that we report 
in splenic vasculature in PH are the result of a raised portal pressure and HC, similar 
to the effect of raised pulmonary artery pressure on pulmonary vasculature.

Splenic artery in the presence of PH also shows pathological abnormalities. 
Microscopic examination of splenic arterial walls in cirrhotics is reported to undergo 
considerable thickening with disrupted endothelial cells. Disturbed smooth muscle cell 
layers with disrupted internal elastic lamina were also noted[3]. This injury is perhaps 
a result of increased pressure and flow, as well as increased cytokines, growth factors, 
shearing force and oxygen stress. In our study, 96% of patients with NCPH had 
abnormal splenic arteries upon histopathological examination (103/116; 89% had 
medial hypertrophy while 8/116; 7% had intimal thickening).

The similarity of the pathological features in the vasculature of patients with 
cirrhosis, NCPH with PHV and pulmonary hypertension leads us to conclude that the 
features we observe in NCPH are caused by raised pressure and HC, and not due to 
any degenerative disease of the veins. The same is true for splenic veins of patients 
with splenomegaly and hemolytic anemia who also have HC. Venous thrombosis has 
been reported to be the terminal event of all pathological changes in the venous wall of 
cirrhotics with PHV[5]. The raised pressure in the PSMS in both cirrhotic and non-
cirrhotic PH could thus potentially result in the development of mesenteric venous 
thrombosis and intestinal gangrene. A reduction in portal pressure can prevent the 
development of this condition. The role of non-selective beta blockers in this context 
should be reassessed. Since the lifespan of patients with NCPH is compared to that of 
cirrhotics, compliance to lifelong drug therapy is unlikely. It is difficult to predict the 
clinical value and cost effectiveness of such treatment in preventing deaths from 
variceal bleeding, as well as preventing complications related to mesenteric venous 
thrombosis[12]. According to a meta-analysis, haemodynamic response rate to non-
selective beta blockers is only 46%[13]. In view of these, a prophylactic shunt may be 
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justified to reduce portal pressure and prevent complications.
We observed that the proportion of patients with pathological abnormalities in the 

splenic vein were significantly greater in the delayed presentation group as compared 
to the early presentation group. On this basis, we propose that interventions to reduce 
portal pressure must be initiated at the diagnosis of NCPH instead of waiting for the 
patient to be symptomatic before the initiation of therapy. The damage to the 
vasculature starts early and can be prevented from progressing to venous thrombosis 
and its sequelae if early surgical intervention is initiated to reduce portal pressure. The 
complete reversibility of the pathological changes in the veins, once established, is 
uncertain.

CONCLUSION
Pathological changes in splenic vein similar to those in cirrhotic patients have been 
observed in patients with NCPH. They reflect the effect of HC and increased pressure 
in the PSMS, and are not primarily due to any venous degenerative changes. These 
changes are similar to those observed in pulmonary vasculature in pulmonary 
hypertension. We recommend that PH in NCPH be treated as systemic and pulmonary 
hypertension equivalent in the gastrointestinal tract. We show that these pathological 
venous changes in NCPH are observed in a greater proportion of patients in the 
delayed presentation group (P < 0.003). It would therefore be interesting to further 
explore the utility of early aggressive intervention to reduce portal pressure and 
hemodynamic stress to avoid potential lethal effects of mesenteric venous thrombosis 
and its sequelae on the intestine, liver and pancreas.

ARTICLE HIGHLIGHTS
Research background
Portal hypertension (PH) is known to be associated with changes in vascular structure 
and function of the portosplenomesenteric system (PSMS, portal hypertensive 
vasculopathy). Pathological abnormalities of PSMS has been described in the literature 
only for cirrhotic patients. This vasculopathy is believed to be related to raised portal 
pressure and hyperdynamic circulation (HC).

Research motivation
In view of similar circulatory changes in PSMS, it is anticipated that pathological 
changes in the splenic and portal veins, which are similar to those reported in cirrhotic 
patients with PH, may also be present in patients with non-cirrhotic PH (NCPH). 
Venous thrombosis is the terminal event of this vasculopathy. Early shunt surgery in 
NCPH may prevent the development of mesenteric venous thrombosis and its 
sequelae.

Research objectives
In this study, we aimed to study the possible association of long-term exposure of 
PSMS to raised pressure and HC, portal hypertensive vasculopathy (PHV) and 
resultant mesenteric venous thrombosis and its sequelae.

Research methods
A prospective observational study was performed on 116 patients with NCPH 
(extrahepatic portal vein obstruction: 53 and non-cirrhotic portal fibrosis: 63) who 
underwent proximal splenorenal shunt, interposition shunt or splenectomy with 
devascularization in JIPMER, Pondicherry, India, a tertiary level referral center, 
between 2011-2016. All patients were evaluated by Doppler study of PSMS, computed 
tomography porto-venogram and upper gastrointestinal endoscopy. Acoustic 
resonance forced impulse scans and abdomen ultrasounds were done for all cases to 
exclude cirrhosis. Intraoperative and histopathological assessment of the harvested 
splenic vein was performed in all. The study group was divided into delayed and 
early presentation based on the median duration of symptoms (i.e. 108 mo).

Research results
Upon histopathological examination of veins, splenic veins in all patients with NCPH 
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were found to be abnormal (based on the presence of one or more pathological charac-
teristics studied).

Research conclusions
There is no report in the literature on PHV in NCPH. PHV involving the splenic vein is 
similar in cirrhotic as well as non-cirrhotic portal hypertensive patients. They reflect 
the effect of HC and increased pressure in the PSMS. We show that these pathological 
venous changes in NCPH are observed in a greater proportion of patients in the 
delayed presentation group (P < 0.003). It would therefore be interesting to explore the 
utility of early aggressive intervention to reduce portal pressure and hemodynamic 
stress to avoid potential lethal effects of mesenteric venous thrombosis and its sequelae 
on the intestine, liver and pancreas.

Research perspectives
It would be significant to investigate the role of early shunt surgery in NCPH to 
prevent the worsening of PHV and the development of mesenteric venous thrombosis 
and its sequelae in these patients.
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Abstract
BACKGROUND 
Laparoscopic cholecystectomy (LC) is one of the most frequently performed 
surgical procedures. Cystic stump leakage is an underestimated, potentially life 
threatening complication that occurs in 1%-6% of the patients. With a secure cystic 
duct occlusion technique during LC, bile leakage becomes a preventable 
complication.

AIM 
To investigate the effect of polydioxanone (PDS) loop closure of the cystic duct on 
bile leakage rate in LC patients.

METHODS 
In this retrospective analysis of a prospective cohort, the effect of PDS loop 
closure of the cystic duct on bile leakage complication was compared to patients 
with conventional clip closure. Logistic regression analysis was used to develop a 
risk score to identify bile leakage risk. Leakage rate was assessed for categories of 
patients with increasing levels of bile leakage risk.

RESULTS 
Of the 4359 patients who underwent LC, 136 (3%) underwent cystic duct closure 
by a PDS loop. Preoperatively, loop closure patients had significantly more 
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complicated biliary disease compared to the clipped closure patients. In the loop 
closure cohort, zero (0%) bile leakage occurred compared to 59 of 4223 (1.4%) clip 
closure patients. For patients at increased bile leakage risk (risk score ≥ 1) rates 
were 1.6% and up to 13% (4/30) for clip closure patients with a risk score ≥ 4. This 
risk increase paralleled a stepwise increase of actual bile leakage complication for 
clip closure patients, which was not observed for loop closure patients.

CONCLUSION 
Cystic duct closure with a PDS loop during LC may reduce bile leakage in 
patients at increased risk for bile leakage.

Key Words: Laparoscopic cholecystectomy; Cystic duct occlusion; Bile leak; Endo-loop
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Core tip: Laparoscopic cholecystectomy is one of the most frequently performed 
surgical procedures. Cystic duct leakage is an underestimated, potentially life 
threatening complication. With a secure cystic duct occlusion technique, bile leakage 
becomes a preventable complication. Assessing leakage rates for both clipped and 
looped patients, we found that in clip closure patients, leakage rates increased from 
0.9% up to 13% depending upon their bile leakage risk, whereas loop closure patients 
leakage rates remained 0%, even for patients at highest risk. Cystic duct closure with a 
polydioxanone loop may well be a secure occlusion technique.

Citation: Donkervoort SC, Dijksman LM, van Dijk AH, Clous EA, Boermeester MA, van 
Ramshorst B, Boerma D. Bile leakage after loop closure vs clip closure of the cystic duct 
during laparoscopic cholecystectomy: A retrospective analysis of a prospective cohort. World J 
Gastrointest Surg 2020; 12(1): 9-16
URL: https://www.wjgnet.com/1948-9366/full/v12/i1/9.htm
DOI: https://dx.doi.org/10.4240/wjgs.v12.i1.9

INTRODUCTION
Laparoscopic cholecystectomy (LC) is one of the most frequently performed surgical 
procedures. Bile duct injury is a postoperative complication associated with significant 
morbidity[1,2]. Reports on the rate of bile duct injury as a complication of LC have 
consistently varied from 0.5% to 1%[3,4]. Recently, it has been reported that cystic 
stump leakage rates (type A bile duct injury) are underestimated, especially in a 
subpopulation of patients with complex biliary disease[5]. Patients with previous 
biliary events [history of cholecystitis, cholangitis, pre-operative endoscopic retrograde 
cholangiopancreatography (ERCP) for suspected choledocholithiasis] or acute 
cholecystitis are at increased risk (4%-7%) for cystic stump leakage[6,7]. These patients 
often require percutaneous drainage of the biloma, endoscopic sphincterotomy, stent 
placement, or even re-laparoscopy or re-laparotomy[5,8].

Bile leakage from the cystic stump can be regarded a preventable complication, if 
during LC the cystic duct is correctly and securely occluded. To date, the application 
of non-absorbable metal clips for cystic duct closure is the standard of care in most 
hospitals and countries[8]. As an alternative for metal clips, we introduced the use of 
absorbable polydioxanone ligature (loops) for which few reports in literature can be 
found[1,9-15].

This technique is now the standard for appendix stump closure in appendectomy 
and has been widely reported. A decrease in bile leakage rate after LC may well be 
achieved using loop cystic duct closure, especially in the subpopulation of patients 
with complicated biliary disease. If so, this technique will lead to important 
improvements in patient safety for patients undergoing LC. However, there is little 
high quality evidence to support the hypothesis that looping the cystic duct during LC 
is safer than clipping.

In the present study, we analysed the effect of closure of the cystic duct using 
polydioxanone loops on overall bile leakage rate from the cystic duct in patients 
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undergoing LC. Leakage rates were additionally assessed for patients identified as 
being at risk for postoperative bile leakage complication.

MATERIALS AND METHODS
Data source
The study cohort was part of a database created for all consecutive patients who 
underwent LC for symptomatic cholecystolithiasis over a 10-year period (2002-2012) in 
two large teaching hospitals. Details on data retrieval of both cohorts until 2009 have 
been previously described in more detail[16,17]. Data entry of patients with loop cystic 
duct closure into this database ran thereafter until June 2012.

Study population
The looped cystic duct closure was introduced after our previous studies on timing of 
LC after ERCP showed cystic stump leakage rates to be 3%-5% for patient who had 
undergone ERCP prior to LC[17,18].

The technique used to close the cystic duct has been recorded in all patients from 
the original operative reports. The standard of care in that period was the use of three 
parallel clips, two proximal and one distal, with transection of the cystic duct leaving 
two parallel clips in situ. In the loop closure group patients underwent an LC in which 
the cystic stump was closed after transection by a polydioxanone ligature (loop). In 
September 2010 loop-closure of the cystic stump was introduced in patients who 
underwent LC for complicated gallstone disease or when confronted with a wide or 
inflamed cystic duct during LC. After more experience was gained in the use of loops, 
the use of loop closure in patients with less evidently inflamed cystic ducts became 
more naturally, and use expanded. When polydioxanone ligature (loop) was used, the 
cystic duct was transected between two non-resorbable clips. The loop was then 
placed over de cystic duct stump behind the clip that initially secured the cystic stump.

Patient characteristics and outcome variables
Patient age, gender, co-morbidity as well as disease characteristics were noted. The 
primary end point of this study was the occurrence of bile leakage from the cystic duct 
stump. Post-operative bile leakage complications were identified by chart review. 
Identification of bile leakage complications was done by meticulous screening of 
postoperative charts, blood results, radiology reports, and readmission notes. To 
search for all bile leakage complications (predominantly type A bile leaks), the 
occurrence of post-operative re-interventions by ERCP, percutaneous drainage 
procedures or re-laparoscopy, and re-laparotomy were checked. In addition, 
complication data were compared with hospital complication registration systems.

The effect of a loop on bile leakage complication was analysed by determining 
overall bile leakage rates for both clipped and looped patients. We also assessed the 
bile leakage rate in the period before the introduction of loop closure in clinical 
practice (clip closure only period, 2002-2010) in comparison with the period after the 
introduction of loop closure (mixed closure period, 2010-2012).

Statistical analysis
Statistical analysis was performed using SPSS version 19.0. Statistical significance is 
expressed as P < 0.05. Categorical data were shown as number (%) and compared 
using the Pearson χ2 or Fisher’s Exact test (where appropriate). Continuous data were 
shown as median with interquartile range (25%-75%) and compared using the Mann-
Whitney U test. In this study we did not use comparative statistics analysis, when 
describing groups with one or more zero–cell counts as calculation of P value is less 
reliable in such cases and regular statistical tests are not designed for data with zero 
events.

From our database, independent risk variables predicting for a bile leakage 
complication were extracted. Risk variables included patient characteristics such as 
gender, age, American Society of Anaesthesiology (ASA) classification and body mass 
index. Furthermore, disease events such as previous choledocholithiasis, acute 
cholecystitis, pancreatitis and previous cholecystitis operated on in delayed setting 
were taken into account. With these variables a risk score was created as a tool to 
identify and define patients at increased risk for a bile leakage complication. Therefore, 
we used univariate and multivariate analyses with binomial logistic regression. All 
factors with a univariate P value < 0.1 were used in multivariate analysis. A risk score 
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was created using the beta-coefficient from factors contributing to the multivariate 
analysis, for which variables with P < 0.1 were taken into account because of the small 
sample size of the loop closure group. Scores were calculated by dividing the beta of 
each variable by the lowest beta and then rounded. The sum of these values was 
expressed in a final risk score. For this retrospective study, the Medical Ethical 
Committee at the OLVG reviewed the study protocol and a waiver was granted.

RESULTS
A total of 4359 patients underwent LC in one of the two hospitals. The median age was 
50 years (interquartile range 39-62). About half of the patients were female (54%). A 
total of 136 of 4359 (3%) patients underwent cystic duct closure by a loop (loop closure 
group) instead of traditional closure by clips only (clip closure group).

Table 1 shows the demographic data of patients in the clip closure and loop closure 
groups. Loop closure was significantly more often used in older patients (P = 0.038), 
co-morbid patients (P = 0.021), and patients with complicated biliary disease: Pre-
operative ERCP (P = 0.001), previous cholecystitis (P < 0.001) and acute cholecystitis (P 
< 0.001).

The overall bile leakage rate was 1.4% (59 of 4359 patients). Stratification for bile 
leakage risk of patients was done by developing a risk score based on logistic 
regression analysis (Table 2). Patients at risk for bile leakage in our population were 
patients with a higher (3 or 4) ASA classification (odds ratio [OR]: 1.7, 95% confidence 
interval [CI]: 0.9-3.3, P = 0.09), pre-operative ERCP (OR: 1.9, 95%CI: 1.5-2.5, P = 0.037), 
acute cholecystitis (OR: 2.7, 95%CI: 1.4-5.0, P = 0.002) and/or previous cholecystitis 
(OR: 5.1, 95%CI: 2.3-11.4, P < 0.001). The risk score, which was deducted from the beta 
values, showed patients with a previous cholecystitis to be at highest risk for a post-
cholecystectomy bile leakage complication. Male gender, age, and pre-operative 
pancreatitis were not independent predictors for bile leakage complication.

Figure 1 displays the bile leakage rates for both groups as a function of predicted 
bile leakage risks. The clip closure patients without a predicted bile leakage risk were 
shown to have a 0.9% bile leakage rate (27 of 3154) vs 0% (0 of 60) for the low risk loop 
closure patients. For patients in the clip closure group with a bile risk score ≥ 1, 
leakage rate was 3.1% (33/1069), whereas 0% (0/76) in the intermediate-high risk loop 
closure patients had bile leakage. Leakage rates increased up to 13% (4/30) for patients 
with a risk score ≥ 4 or higher in the clip closure group vs 0% (0/3) for the loop closure 
group. No comparative statistics analysis was done because the loop closure group 
had zero events.

When comparing the time period with clip closure only to the time period in which 
clip closure as well as loop closure were used, overall bile leakage rates were 1.6% 
(41/2633) and 1.1% (19/1726; P = 0.2) respectively. No significant differences between 
observed bile leakage were found between the two time periods when stratifying for 
predicted risk of bile leakage; 0.9% (9/1307) vs 0.7% (18/1907; P = 0.44), respectively 
for the low risk patients, and 3.2% (23/726) vs 2.4% (10/419; P = 0.45), respectively for 
the high-risk patients (Figure 2).

DISCUSSION
In this prospective consecutive series, no bile leakage complications occurred in 
patients with loop closure of the cystic duct during LC, whereas after clip closure bile 
leakage rates varied from 2% to 13% depending on patients’ bile leakage risk profile. 
This result stands out in particular, because loop closure was used more frequently in 
patients with an increased bile leakage risk.

Recently we showed that bile leakage risk is underestimated in the literature[6]. 
Postoperative bile leakage can occur from cystic duct stump leakage due to unsecured 
closure of the cystic duct, leakage from an accessory duct on the liver bed (Luska) and 
injury to the common bile duct. The focus in our study was cystic duct stump leakage 
(type A bile leaks) due to unsecured closure. If a secure technique can be identified 
improvements can be pursued, avoiding a potentially life threatening complication.

Leakage rates are consistently reported to be 1%-2%[3,4,19,20]. Patients with 
uncomplicated symptomatic biliary disease have a 1% bile leakage rate, but a 
subgroup of patients with complicated biliary disease due to pre-operative ERCP for 
suspected choledocholithiasis, patients with an acute cholecystitis, and patients with a 
delayed cholecystectomy have a cystic duct leakage rate up to 6%[6]. The risk score 
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Table 1 Demographics and baseline data

Total, n = 4359 Clipped cystic duct, n = 4223 PDS loop cystic duct, n = 
136 P value

Patient characteristics

Age, median (IQR) 50 (39-62) 58 (43-71) 49 (38-61)

> 65 yr, n (%) 869 832 (20) 37 (27) 0.038

Male, n (%) 2012 1945 (46) 67 (49) NS

ASA 3-4, n (%) 239 225 (7) 14 (13) 0.021

History prior to LC

Pre-operative ERCP 612 580 (14) 32 (24) 0.001

Pancreatitis 258 254 (6) 13 (10) 0.065

Previous cholecystitis 132 116 (3) 16 (12) < 0.001

Indication for surgery < 0.001

Sympt. biliary disease, n (%) 3737 3652 (87) 85 (62)

Acute cholecystitis, n (%) 622 571 (13) 51 (38)

All variables are in median. A total of 949 (22%) missing cases for American Society of Anaesthesiology (ASA) classification. NS: Not significant; IQR: 
Interquartile range (25%-75%) or in number (%); ASA 3-4: American Society of Anaesthesiology of 3 and 4; ERCP: Endoscopic retrograde 
cholangiopancreatography; LC: Laparoscopic cholecystectomy; PDS: Polydioxanone.

Table 2 Stratification of 4359 patients after laparoscopic cholecystectomy, according to risk score prediction of bile leakage based on a 
logistic regression model

Multivariable Beta Risk score

OR (95%CI) P value

Male gender - - - -

Age > 65 yr - - - -

ASA 3-4 2.0 (0.9-4.1) 0.074 0.68 1

Pre-op ERCP 1.7 (0.9-3.3) 0.094 0.54 1

Pre-op pancreatitis - - - -

Acute cholecystitis 2.7 (1.4-5.0) 0.002 0.98 2

Delayed surgery for previous 
cholecystitis

5.1 (2.3-11.4) < 0.001 1.63 3

Maximum score 5

OR and CI with multivariable logistic regression analysis. CI: Confidence interval; OR: Odds ratio; ASA 3-4: American Society of Anaesthesiology of 3 and 
4; ERCP: Endoscopic retrograde cholangiopancreatography; ASA: American Society of Anaesthesiology; pre-op ERCP: Pre-operative endoscopic 
retrograde cholangiopancreatography; Delayed surgery: Patients treated after a previous cholecystitis in a delayed setting; Maximum score: Delayed and 
acute cholecystitis exclude each other.

provided the possibility to stratify for pre-operative risk for bile leakage and thus more 
complex procedures. Present data showed that the loop closure group had a very low 
leakage rate, even in the more difficult cases.

Focus on bile leakage complications after LC is important as there is a lot to gain. It 
is an unwanted complication with potential high morbidity inducing high healthcare 
costs as patients often require endoscopic intervention depending upon the nature of 
the leakage, with or without a percutaneous drainage procedure, re-laparoscopy, or 
even re-laparotomy[21-24]. Although the reported success rate of an initial treatment 
of bile leakage is high (96%), it is still a potentially life threatening situation, possibly 
leading to sepsis and multiple organ failure due to biliary peritonitis[2].
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Figure 1  Identified risk for a bile leakage complication and bile leakage rate for clip closure and loop closure patients. X-axis: Summarised 
risk score for bile leakage complication; Y-axis: Percentage of patients with and without bile leakage in loop closure patients and cystic duct closure patients.

Figure 2  Bile leakage complication rate in patients after laparoscopic cholecystectomy for the period with only clip closure of the cystic 
duct (clip closure only period) and the period after loop cystic duct closure had been introduced (mixed closure period). No risk score: No 
bile leakage risk according to risk score prediction of Table 2; Risk score ≥ 1: Bile leakage risk score ≥ 1 according to risk score prediction of Table 2.

Bile leakage after LC due to the failure of a closed cystic stump (1%) is preventable if 
a secure closing technique is used during cholecystectomy[3,25]. Different techniques 
for cystic duct closure exist, of which the placement of non-resorbable metal clips has 
been the standard of care to date. Clipped closure is reportedly complicated by post-
operative bile leakage due to laceration of the duct[26], through the conduction of 
electricity[27], necrosis of the clamped tissue[28], or migration of the clips[6,11,29,30], 
especially when placed on inflamed tissue.

Other techniques of cystic duct closure, such as absorbable clips, ligatures, and 
vessel sealants, have been proposed. Gurusamy et al[31] reported a systematic review 
of three trials including a total of 255 patients. Duct occlusion with absorbable clips, 
non-absorbable clips, and absorbable ligatures were compared. All three trials 
consisted of no more than 75 patients per group and were at high risk for bias. No 
difference in bile leakage complication between the groups was found.

Since the widespread use of harmonic scalpel (Ethicon Endo-Surgery, Cincinnati, 
OH, United States) and vessel sealants (LigaSure™) in laparoscopic surgery, these 
techniques have also been explored for closure of the cystic duct. Although studies 
have shown that these techniques are deemed safe and efficient, they have at least 
comparable bile leakage rates (1.75%) as clips[32,33].

Reports on other techniques of cystic stump closure (i.e. metal clips, locking clips, 
ligatures) are limited. There is not enough high quality evidence to either encourage or 
discourage a specific technique of closure during LC. As the overall bile leakage rate 
(1%) is low in LC, studies with a large number of patients are necessary to deliver 
evidence for superior cystic duct closure. When searching for a superior cystic duct 
closure technique, a study design with a subpopulation of high-risk patients will give 
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the best insight. None of the aforementioned studies used a subpopulation with an 
increased risk for bile leakage complication for analysis. We are the first to analyse bile 
leakage complication in a subpopulation of patients with multiple risk factors for 
leakage. Previously we found that LC is technically more difficult in “complicated” 
biliary disease compared to patients with “uncomplicated” biliary disease[7,14]. Here, 
we show that bile leakage outcome is different for these subgroups and advocate to 
recognise that patients with gallstone disease consist of two different disease entities, 
”uncomplicated” and “complicated” disease.

Present data should be regarded with caution. A few limitations of the present 
study have to be highlighted: First, the low number of looped patients; the looped 
cohort consisted of only 3% of the total population. No events/bile leakage occurred in 
the looped cystic duct group, which made statistical analysis difficult. The lack of 
events may have been caused by chance rather than an effect of the loop closure. No 
formal sample size calculation was done in this retrospective setup. Larger patient 
populations are needed to be able for a more accurate estimation of the effect. 
However, with all limitations in mind, loop closure of the cystic duct performed far 
better than the clip closure group, and foremost, better than expected based on 
predicted risk of postoperative bile leakage.

ARTICLE HIGHLIGHTS
Research background
Laparoscopic cholecystectomy (LC) is one of the most frequently performed surgical 
procedures. Cystic stump leakage is an underestimated, potentially life threatening 
complication and still occurs in 1%-6% of the patients. If a secure cystic duct occlusion 
technique can be found bile leakage becomes a preventable complication and 
morbidity from LC significantly reduced. With our study we believe to contribute to a 
reduction in bile leakage rates.

Research motivation
The main topic is cystic stump leakage complication after LC. The key problem is that 
this complication is underestimated and still occurs in 1%-6% of patients. We can solve 
this unnecessary complication by finding a secure cystic duct closure technique. As yet 
data on cystic duct closure technique is scars, using a polydioxanone (PDS) loop has 
not been described in a significant cohort yet. We find the use of a loop very promising 
and an interesting topic for future research.

Research objectives
To investigate the effect of PDS loop closure of the cystic duct on bile leakage rate in 
LC patients and compare bile leakage complication with the conventional clipped 
closure technique in patients with and without increased bile leakage risk. We show 
that PDS loop closure is a safe closure technique, as 0% bile leakage complications 
occurred even in high risk patients; whereas, in clipped closure patients the bile 
leakage rate increased from 0.9 up to 13%, dependent upon the bile leakage risk. PDS 
loop closure technique deserves more attention.

Research methods
In this retrospective analysis of a prospective cohort, the effect of PDS loop closure of 
the cystic duct on bile leakage complication was compared to patients with conven-
tional clip closure. Logistic regression analysis was used to develop a risk score to 
identify bile leakage risk. Leakage rate was assessed for categories of patients with 
increasing levels of bile leakage risk. This is a novel approach to the problem.

Research results
We show that PDS loop closure is a safe closure technique, as 0% bile leakage complic-
ations occurred even in high risk patients; whereas, in clipped closure patients bile the 
leakage rate increased from 0.9% up to 13%, dependent upon the bile leakage risk. PDS 
loop closure technique deserves more attention. This study contributes to a more 
secure cystic duct closure technique during LC and can motivate to further investigate 
this closure technique to increase the level of evidence.
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Research conclusions
Cystic duct closure with a PDS loop during LC may reduce bile leakage in patients at 
increased risk for bile leakage.

Research perspectives
PDS loop is a potential secure cystic duct closure technique with no bile leakage 
complication risk even in high-risk patients. A change in cystic duct closure technique 
has already been implemented in our institution. The conventional clipped closure 
technique is not used in patients at risk for bile leakage complication. Randomised 
controlled trial or large prospective multicentre cohort.
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Abstract
BACKGROUND 
Loco-regional therapy for hepatocellular carcinoma (HCC) during the period 
awaiting liver transplantation (LT) appears to be a logical approach to reduce the 
risk of tumor progression and dropout in the waitlist. Living donor LT (LDLT) 
offers a flexible timing for transplantation providing timeframe for well 
preparation of transplantation.

AIM 
To investigate outcomes in relation to the intention of pre-transplantation loco-
regional therapy in LDLT for HCC patients.

METHODS 
A total of 308 consecutive patients undergoing LDLTs for HCC between August 
2004 and December 2018 were retrospectively analyzed. Patients were grouped 
according to the intention of loco-regional therapy prior to LT, and outcomes of 
patients were analyzed and compared between groups.

RESULTS 
Overall, 38 patients (12.3%) were detected with HCC recurrence during the 
follow-up period after LDLT. Patients who were radiologically beyond the 
University of California at San Francisco criteria and received loco-regional 
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therapy as down-staging therapy had significant inferior outcomes to other 
groups for both recurrence-free survival (RFS, P < 0.0005) and overall survival (P 
= 0.046). Moreover, patients with defined profound tumor necrosis (TN) by loco-
regional therapy had a superior RFS (5-year of 93.8%) as compared with others (P 
= 0.010).

CONCLUSION 
LDLT features a flexible timely transplantation for patient with HCC. However, 
the loco-regional therapy prior to LDLT does not seem to provide benefit unless a 
certain effect in terms of profound TN is noted.

Key Words: Hepatocellular carcinoma; Loco-regional therapy; Living donor liver 
transplantation; Outcomes; Tumor necrosis; Liver transplantation

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Liver transplantation (LT) has become an ideal treatment for liver cirrhosis 
associated with hepatocellular carcinoma (HCC) as it simultaneously removes the 
tumors and cures the underlying liver cirrhosis. Living donor LT (LDLT) offers a 
flexible timing for transplantation providing timeframe for well preparation of 
transplantation. The study investigates the outcome in relation to the intention of pre-
transplantation loco-regional therapy in LDLT for HCC. Although the study is still 
unable to establish a definitive therapeutic protocol to achieve a beneficial outcome of 
HCC after LDLT, achieving profound tumor necrosis by loco-regional therapy could 
also offer better outcomes for patients undergoing LDLT for HCC.

Citation: Wu TH, Wang YC, Cheng CH, Lee CF, Wu TJ, Chou HS, Chan KM, Lee WC. 
Outcomes associated with the intention of loco-regional therapy prior to living donor liver 
transplantation for hepatocellular carcinoma. World J Gastrointest Surg 2020; 12(1): 17-27
URL: https://www.wjgnet.com/1948-9366/full/v12/i1/17.htm
DOI: https://dx.doi.org/10.4240/wjgs.v12.i1.17

INTRODUCTION
Hepatocellular carcinoma (HCC) is a major cause for cancer-related death worldwide, 
and its management is rapidly evolving during the last decade[1]. However, the 
selection of appropriate treatment for patients with HCC remains a challenge because 
of the clinical complexity of patients and the variability of treatment efficacy. As such, 
the concept of HCC treatment has currently embraced a multidisciplinary approach, 
which remarkably improved the long-term patients’ outcome.

Surgical treatments including liver resection (LR) and liver transplantation (LT), 
currently provide the greatest opportunity for the potential cure of HCC. Moreover, 
LT is regarded as the best choice for patients who have liver cirrhosis associated with 
HCC but ineligible for primary LR, as the transplantation cures the underlying 
cirrhosis and provides the lowest cancer recurrence rate. Although the Milan Criteria 
set a gold standard for LT to treat HCC with favorable overall and recurrence-free 
survival (RFS), the strict criteria also limits the range of patients who can receive LT
[2]. Therefore, numerous alternative expanded criteria have been introduced, showing 
comparable clinical outcomes than the Milan criteria[3-7].

However, the expansion of selection criteria should be taken cautiously, because 
HCC recurrence remains a great concern, leading to a poor outcome after LT. By 
contrast, loco-regional therapy prior to LT might be considered for the purpose of 
down-staging the tumor, to reduce the risk of progression and dropout of patients on 
the waiting list, or to improve the possibility of a favorable outcome after LT[8-11]. 
Previous studies had shown that loco-regional therapy is effective to improve the 
outcome after LT, but these results seems to be biased by the robust pathological 
response to the treatment in certain patients[12-16]. Nonetheless, a consensus has not 
been reached for the timing and the modality of treatment. Additionally, living donor 
LT (LDLT) account for the majority of LT events, due to the scarcity of organ from 
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deceased donors in most of the Asian countries. Therefore, further investigation of 
LDLT remains important to optimize therapeutic strategies for patients with HCC. 
This study enrolled patients who had undergone LDLT for HCC, and further invest-
igated the impact of pre-transplantation loco-regional therapy after LT. Apart from 
that, loco-regional therapy prior to LDLT based on the intention of treatment were also 
examined.

MATERIAL AND METHODS
Patients
All patients who had undergone LDLT for HCC at the Organ Transplantation Institute 
of Chang Gung Memorial Hospital at Linkou, Taiwan, were retrospectively analysed 
after the approval of the Institutional Review Board (99-3089B). As a result, a total of 
308 consecutive patients undergone LDLTs for HCC between August 2004 and 
December 2018 at the transplantation center were included in this study, in which all 
patients were pathologically proven of HCC through histological examination of the 
explant liver. Subsequently, patients were grouped according to the intention of loco-
regional therapy prior to LT, and outcomes of patients were analyzed and compared 
between groups.

HCC evaluation and management before transplantation
The diagnosis of HCC was based on the European Association for the Study of the 
Liver and American Association for the Study of Liver Diseases guidelines[17,18]. The 
treatment of HCC is mainly based on the algorithm of the Barcelona Clinic Liver 
Cancer (BCLC) staging system. In line with the current practices for HCC, the 
treatment modality options were multidisciplinary and depended on patient’s 
performance, cirrhotic status of the liver, and the tumor characteristics[1]. In 
particular, LR is always considered the preferred treatment for HCC. Patients with 
HCC ineligible to LR and willing to undergo transplantation were evaluated for LT 
eligibility. The transplantation criteria for HCC were based on the University of 
California at San Francisco (UCSF) criteria, that use radiological imaging evidence in 
terms of tumor number and size[7].

Based on the clinical context, we divided patients with HCC waiting to receive LT in 
three groups. Group I comprised patients who had not received any loco-regional 
therapy for HCC before LDLT. Group II comprised patients who had unresectable 
HCC and met the UCSF radiological criteria (rUCSF), but were unable to receive LT 
immediately due to the availability of donors or hesitation about LT surgery. These 
patients would thus be recommended for loco-regional therapy in order to reduce the 
risk of tumor progression. Group III comprised patients who had an HCC beyond 
rUCSF criteria, and loco-regional therapy was performed for the purpose of down-
staging.

Liver transplantation and follow-up
All LDLT procedures were performed using standard techniques and without venous 
bypass. The immunosuppressant regimen consisted of calcineurin inhibitors, antimeta-
bolites, and steroid as previous described[13]. After transplantation, the explanted 
livers were subjected to a thorough histological examination to determine the HCC 
pathological characteristics. Patients who had received loco-regional therapy were 
further pathologically examined for effectiveness in relation to the degree of tumor 
necrosis (TN) as previous described[13], and a mean TN higher than 60% was defined 
as profound TN. Additionally, all patients were re-assessed for HCC in terms of tumor 
number and size for the transplantation criteria based on pathological results that 
termed as pathologic UCSF (pUCSF).

After LDLT, patients were regularly followed-up for graft function and tumor 
recurrence in the department. Generally, liver ultrasonography was performed in a 
minimum of 3-mo intervals. Radiological imaging including computed tomography 
and/or magnetic resonance imaging was routinely performed at 1, 3, 6, and 12 mo of 
the first year and annually afterward or whenever there was suspicion of HCC 
recurrence.

Outcome and statistical analysis
The outcome assessments included HCC RFS and the patients overall survival (OS). 
RFS was measured from the date of LDLT to the detection of HCC recurrence, while 
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OS was calculated from the date of LDLT to the death of patient or until the end of this 
study. The survival curves were generated using the Kaplan-Meier method and 
compared using the log-rank test. The categorical clinic-pathological variables were 
analyzed using the χ2 or Fisher exact test as appropriate. Continuous variables are 
presented as median and range followed by comparison using the Kruskal–Wallis test. 
All statistical analyses were performed using the SPSS statistical software package 
version 25.0 (SPSS, Inc., Chicago, IL, United States) for Windows. A P value of less 
than 0.05 was considered statistically significant. The statistical review of the study 
was performed by a biomedical statistician.

RESULTS
General outcomes of patients
Among 738 LDLTs, 308 patients (41.7%) including 249 males and 59 females were 
confirmed to have HCC and were included in this study. Based on the aforementioned 
grouping criteria, 52 patients (16.9%) were in Group I, 228 patients (74.0%) were in 
Group II, and the remaining 28 patients (9.1%) were in Group III. During the follow-
up, 38 patients (12.3%) were detected with HCC recurrence in a period from 1.2 to 92.5 
mo after LT (median, 15.0 mo). Overall, 103 patients (33.4%) died during the study, of 
which 17 were hospital mortalities (5.5%) within 3 mo, and 30 patients (9.7%) died of 
HCC recurrence after LDLT. The remaining 205 alive patients included 6 patients with 
recurrent HCC and 199 HCC-free patients at the end of this study.

Group comparison
The clinical features of the patient groups are summarized in Table 1. Generally, the 
majority of clinical features were similar between groups. As group III represented 
HCC beyond rUCSF criteria for transplantation, their tumor characteristics in terms of 
number and size were significantly more aggressive than the other two groups. 
However, the severity of liver cirrhosis and the Model for End-Stage Liver Disease 
(MELD) score was significantly higher in group I. Specifically, 21.2% and 24.6% of 
patients in group I and group II, respectively, were beyond pUCSF criteria, which did 
not correlate with radiological criteria before LDLT. Similarly, after pathological 
examination, 21.4% of patients within group III were within UCSF criteria.

The comparison of survival curves showed that both RFS (Figure 1, P < 0.0005) and 
OS (Figure 2, P = 0.046) were significantly different between the 3 groups. Moreover, 
the subgroup analysis showed that group III had significant poorer outcomes (5-years 
RFS and OS of 54.7% and 56.2%, respectively) compared with group I (90.0%, and 
62.7%) and group II (88.2%, and 73.3%), However, RFS and OS outcomes between 
group I and II were statistically similar.

Outcome associated with loco-regional therapy
Subsequently, patients who had received loco-regional therapy were further patholo-
gically examined for effectiveness in relation to the degree of TN. Patients with loco-
regional therapy were further compared based on the definition of profound TN. A 
total of 85 patients undergoing loco-regional therapy prior to LDLT, accounting for 
33.2% of all patients, had profound TN.

The clinico-pathological features of patients regarding the TN status were compared 
in Table 2. The serum level of alpha-fetoprotein (AFP) was significantly higher in 
patients who were unable to get profound TN, as well as the size and number of the 
HCC features. However, loco-regional therapy related to the treatment timing and 
modality were both not significantly difference between the two patient groups. 
Among patients with a profound TN, we observed a higher percentage of patients 
who were within the radiological and pathological UCSF criteria.

We compared the RFS and OS curves of patients who had profound TN and 
patients who did not. The RFS of patients with profound TN at 1, 3, and 5 years were 
98.7%, 97.4%, and 93.8%, respectively, whereas the RFS of patients without profound 
TN at the same time points were 90.7%, 81.5%, and 79.7% (Figure 3, P = 0.01). 
Moreover, the comparison of OS curves between these two groups were also not 
significant. The cumulative OS of patients with profound TN at 1, 3, and 5 years were 
88.2%, 86.7%, and 82.0%, respectively, while the OS of patients without profound TN 
were 83.5%, 72.5%, and 66.4%, respectively (Figure 4, P = 0.17).



Wu TH et al. Loco-regional therapy before LDLT for HCC

WJGS https://www.wjgnet.com 21 January 27, 2020 Volume 12 Issue 1

Table 1 The clinical features of patients based on the intention of loco-regional therapy before living donor liver transplantation

Group I (n = 52) Group II (n = 228) Group III (n = 28) P value

Age, median (range) 58 (13-70) 56 (33-69) 56 (38-69) 0.246

Sex

Male 39 (75.0) 186 (81.6) 24 (85.7) 0.437

Female 13 (25.0) 42 (18.4) 4 (14.3)

Hepatitis status, n (%)

Hepatitis B positive 25 (48.1) 152 (66.7) 19 (67.9) 0.181

Hepatitis C positive 17 (32.7) 51 (22.4) 7 (25.0)

HBV + HCV 6 (11.5) 10 (4.4) 1 (3.6)

None 4 (7.7) 15 (6.6) 1 (3.6)

MELD score, median (range) 15.5 (8-36) 10.0 (6-35) 9.5 (5-22) < 0.0001

Child Class, n (%) < 0.0001

A 9 (17.3) 116 (50.9) 16 (57.1)

B 17 (32.7) 81 (35.5) 8 (28.6)

C 26 (50.0) 31 (13.6) 4 (14.3)

AFP, median (range) 9.2 (2.0-1552) 11.8 (1.3-18250) 53.4 (2.0-461) 0.098

Graft type, n (%) 0.578

Left liver 2 (3.8) 16 (7.0) 1 (3.6)

Right liver 50 (96.2) 212 (93.0) 27 (96.4)

GRWR (%), n (%) 0.037

≤ 0.8 7 (13.5) 64 (28.1) 4 (14.3)

> 0.8 45 (86.5) 164 (71.9) 24 (85.7)

Tumor Number, median (range) 1 (1-20) 2 (1-22) 4 (1-20) < 0.0001

Maximum tumor size, median (range) 2.1 (1.0-7.5) 2.5 (1.0-9.2) 3.4 (1.5-11.2) 0.006

Pathologic UCSF, n (%) < 0.0001

Within 41 (78.8) 172 (75.4) 6 (21.4)

Beyond 11 (21.2) 56 (24.6) 22 (78.6)

Histology grade, n (%) 0.382

1-2 43 (82.7) 169 (74.1) 20 (71.4)

3-4 9 (17.3) 59 (25.9) 8 (28.6)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; MELD: Model for end-stage liver disease; AFP: Alpha-fetoprotein; GRWR: Graft recipient weight ratio; 
UCSF: University of California San Francisco.

DISCUSSION
Since the first successful LT performed by Thomas E Starzl half a century ago, LT has 
become a common and routine operation in many transplantation centers worldwide. 
Moreover, a flourishing LDLT practice has evolved in East Asia due to the scarcity of 
deceased donors[19]. Currently, LT has become the ideal curative treatment for liver 
cirrhosis associated with HCC, it simultaneously removes the tumors and cures the 
underlying liver cirrhosis. As such, LDLT offers a flexible timely transplantation 
possibility, providing a defining timeframe prepare the recipient before the operation. 
Theoretically, performing a pre-operative treatment might ameliorate the aggress-
iveness of HCC and improve the overall patient’s outcome. Therefore, the present 
study analyzed patients who underwent LDLT for HCC to investigate the outcome in 
relation to the pre-transplantation loco-regional therapy. According to this study, the 
outcome of LDLT for patient with HCC was satisfactory, with a favorable RFS rate. 
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Table 2 Clinical characteristics of patients associated with pre-transplantation loco-regional therapy according to the presence of 
profound tumor necrosis (n = 256)

Profound tumor necrosis (≥ 60%)

With (n = 85) Without (n = 171) P value

Age, median (range) 55 (33-67) 56 (33-69) 0.177

Sex, n (%) 0.198

Male 66 (77.6) 144 (84.2)

Female 19 (22.4) 27 (15.8)

Hepatitis status, n (%) 0.834

Hepatitis B positive 54 (63.5) 117 (68.4)

Hepatitis C positive 22 (25.9) 36 (21.1)

HBV + HCV 4 (4.7) 7 (4.1)

None 5 (5.9) 11 (6.4)

MELD score, median (range) 11 (6-27) 10 (5-35) 0236

Child Class, n (%) 0.460

A 46 (47.1) 92 (53.8)

B 34 (40.0) 55 (32.2)

C 11 (12.9) 24 (14.0)

AFP, median (range) 9.0 (1.7-1300) 14.9 (1.3-18250) 0.018

Tumor Number, median (range) 1 (1-7) 3 (1-22) < 0.0001

Maximum tumor size, median (range) 2.0 (0.7-7.0) 2.6 (0.5-11.2) 0.011

Loco-regional therapy, n (%) 0.756

Within 3 mo 45 (52.9) 87 (50.9)

Beyond 3 mo 40 (47.1) 84 (49.1)

Loco-regional therapy modality, n (%) 0.145

Local ablation 12 (14.1) 16 (9.4)

TACE 63 (74.1) 144 (84.2)

TACE + ablation 10 (11.8) 11 (6.4)

Number of loco-regional therapy 1 (1-17) 1 (1-16) 0.084

Radiologic UCSF, n (%) 0.007

Within 82 (96.5) 146 (85.4)

Beyond 3 (3.5) 25 (14.6)

Pathologic UCSF, n (%) < 0.0001

Within 75 (88.2) 103 (60.2)

Beyond 10 (11.8) 68 (39.8)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFP: Alpha-fetoprotein; TACE: Transcatheter arterial chemoembolization; UCSF: University of California 
San Francisco.

However, loco-regional therapy prior to LDLT seems to not provide beneficial 
outcome unless a certain effect of loco-regional therapy before LT is achieved.

Although the treatment algorithm based on BCLC staging is very clear, the optimal 
treatment modality selection for patient with unresectable HCC remains uncertain. 
Moreover, individual patient may have their own choice of treatment after general 
consideration. Information about therapeutic options, importance of benefits and 
harms, the uncertainties of available options, and a patient’s values through the 
implementation of shared decision making process could also affect the therapeutic 
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Figure 1  Comparison of recurrence-free survival curves between groups. Patients in group III have significant inferior survival curves compared with 
the other two groups. The 5-year recurrence-free survival rate was 54.7% (P < 0.0005).

Figure 2  Comparison of overall survival curves between groups. Patients in group III have significant inferior survival curves compared with the other 
two groups. The 5-year overall survival rate was 56.2% (P = 0.046).

Figure 3  Comparison of recurrence-free survival curves based on the definition of profound tumor necrosis. The recurrence-free survival in 
patients with profound tumor necrosis (TN) was significantly better than those without profound TN (P = 0.01). TN: Tumor necrosis.

decision[20]. Clinically, a care provider should inform patients of all risks involved 
with a certain treatment instead of forcing a treatment for patient. Therefore, patients 
with unresectable HCC would be evaluated for LT only if the patient was willing to 
undergo transplantation in the institute. Additionally, the scarcity of donor remains 
the major concern for LT. Thus, the majority of patients received loco-regional therapy 
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Figure 4  Comparison of overall survival curves based on the definition of profound tumor necrosis. The comparison of overall survival curves 
was not significantly different in relation to the presence of profound tumor necrosis (P = 0.17).

prior to LDLT due to the lack of available donor for immediate transplantation. Apart 
from that, patients might be initially listed for a deceased donor liver transplant and 
turned to LDLT because of the long-time waiting and the fear of tumor progression. In 
those patients, loco-regional therapy was mostly performed in order to reduce the risk 
of tumor progression.

Generally, the living donor liver graft is a dedicated gift from a recipient’s relative, 
not competing with other patients awaiting for LT. LDLT usually offers a flexible 
timing for transplantation depending on the clinical scenario, the disease severity, and 
the preparation of available donor. In particular, the majority of patients with HCC 
have a low MELD score, meaning a non-life-threatening physical condition without a 
LT in a few weeks. The timeframe between the initiation of donor survey and matchup 
to LDLT in the institute is no longer than 4 wk. Therefore, a planned loco-regional 
therapy with such a short-term treatment seems unnecessary nor giving beneficial 
effects.

In line with the previous studies, profound TN was observed in those patients who 
had less aggressive HCC, lower AFP, a lower tumor number, and smaller tumor size
[13,14,21]. Generally, the aim of both transcatheter arterial chemoembolization and 
local ablation is intend to induce TN as well as eradication of cancer cells. Although 
each modality has different therapeutic effects in terms of TN, sequential treatment or 
a combination of multi-modalities can lead to marked or complete necrosis for a HCC 
of defined size[22,23]. As such, the viable tumor burden could also be diminished by 
loco-regional therapy that results in TN and downstage of HCC status at a certain 
degree. Besides, a long waiting period might lead to tumor progression and patient 
ineligible for LT. Therefore, loco-regional therapy could also prevent dropout because 
of tumor progression among patients awaiting transplantation. However, timing and 
frequency of loco-regional therapy to achieve a profound TN response remain 
uncertain in the current clinical setting.

Additionally, it is difficult to assess TN through radiological imaging scan, and it 
could only be confirmed with thoroughly examination of the explanted liver after LT. 
Hence, it is unpractical to adjust the treatment strategy for LDLT on the basis of loco-
regional therapy efficacy in terms of TN. Apart from that, radiological imaging scan 
could be mis-staging HCC. In this study, radiological images of nearly 20% of all the 
patients did not correlate to pathological staging. Moreover, interpret the radiological 
image of a cirrhotic liver is more difficult after loco-regional therapy. Nonetheless, 
loco-regional therapy for patient awaiting LT remains an international consensus for 
the management of HCC patients during the waiting time[8,24]. Hence, loco-regional 
therapy prior to LT might be insufficient for achieving a better outcome, but still 
encouraged as long as the patient is suitable for such treatment.

However, the outcomes related to the use of pre-transplantation loco-regional 
therapy were not statistically different in this study. Currently, the UCSF criteria are 
widely accepted to justify LT for HCC, in which the low incidence of HCC recurrence 
might be unable to reflect significance difference in this study. Additionally, the 
majority of group II patients only received one round of loco-regional therapy, and 
thus therapeutic effect in terms of profound or complete TN seems unachievable. 
Generally, loco-regional therapy before LT is mostly performed to prevent tumor 
progression in a long waiting time period. Therefore, the increased number of loco-
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regional therapy could either reflect a long waiting time or a further tumor 
progression. However, a randomized controlled trial in terms of loco-regional therapy 
before LT may not be practical, in which the increased risk of tumor progression in 
certain study group might be a concern. Therefore, we are still unable to establish a 
definitive therapeutic protocol to achieve a beneficial outcome of HCC patients after 
LDLT.

In conclusions, although this study is limited by using a retrospective cohort, but 
few remarkable information might be helpful in planning therapeutic strategy for 
patients with HCC awaiting LDLT. A recent study showed that the use of loco-
regional therapy could improve outcomes only in patients with a complete 
pathological response[14]. However, this study showed that achieving profound TN 
by loco-regional therapy could also offer better outcomes for patients undergoing 
LDLT for HCC. Therefore, loco-regional therapy for HCC prior to LDLT might be 
insufficient for achieving a better outcome but still encouraged as long as the patient is 
suitable for such treatment.

ARTICLE HIGHLIGHTS
Research background
Liver transplantation (LT) has become an ideal curative treatment for liver cirrhosis 
associated with hepatocellular carcinoma (HCC) as it simultaneously removes the 
tumors and cures the underlying liver cirrhosis. Although the overall outcome of LT 
for HCC is favorable, tumor recurrence is still a great concern. Hence, there remain 
several unmet needs for improving the long-term outcome of LT for HCC.

Research motivation
Living donor LT (LDLT) account for the majority of LT in most of Asian region 
because of the scarcity of organ from deceased donors. LDLT offers a flexible timing 
for transplantation providing timeframe for well preparation of transplantation. 
Theoretically, a pre-operative treatment might mitigate the tumor burden and improve 
the overall outcome of HCC patients. Therefore, further investigation of LDLT in 
terms of pre-transplantation loco-regional therapy remains important to optimize 
therapeutic strategies for patients with HCC.

Research objectives
The main objectives of this study were to analyze patients who underwent LDLT for 
HCC to investigate the outcome in relation to the intention of pre-transplantation loco-
regional therapy.

Research methods
All patients who had undergone LDLT for HCC between August 2004 and December 
2018 were retrospectively analyzed. Subsequently, patients were grouped according to 
the intention of loco-regional therapy prior to LDLT, and outcomes of patients were 
analyzed and compared between groups. Group I comprised patients who had not 
received any loco-regional therapy before LDLT. Group II comprised patients who had 
HCC within the University of California at San Francisco (UCSF) radiological criteria 
(rUCSF), but had loco-regional before LDLT. Group III comprised patients who had an 
HCC beyond rUCSF criteria, and loco-regional therapy was performed for the purpose 
of down-staging.

Research results
Of 308 patients who underwent LDLT for HCC during the study period were divided 
into Group I (n = 52), Group II (n = 228) and Group III (n = 28) based on aforemen-
tioned definition. Overall, 38 patients (12.3%) were detected with HCC recurrence 
during the follow-up period after LDLT. Group III patients had significant inferior 
outcomes to other two groups for both recurrence-free survival (RFS, P < 0.0005) and 
overall survival (OS, P = 0.046). However, RFS and OS outcomes between group I and 
II were statistically similar. Moreover, patients with defined profound tumor necrosis 
by loco-regional therapy had a superior RFS as compared with others.

Research conclusions
The outcome of LDLT for patient with HCC was satisfactory with a favorable RFS rate 
in this study. Nonetheless, loco-regional therapy prior to LDLT seems to not provide 
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beneficial outcome unless a certain effect of loco-regional therapy prior to 
transplantation is achieved. Loco-regional therapy prior to LDLT might be insufficient 
for achieving a better outcome but still encouraged as long as the patient is suitable for 
such treatment.

Research perspectives
The study is still unable to establish a definitive therapeutic protocol to achieve a 
beneficial outcome of HCC patients after LDLT. Nonetheless, loco-regional therapy for 
HCC patient awaiting LT remains an international consensus for the management of 
HCC patients during the waiting time. The low incidence of HCC recurrence might be 
unable to reflect significance difference in this study. Therefore, additional loco-
regional therapy studies in terms of high quality or larger prospective cohort studies 
could be undertaken in HCC patients listed for LDLT.
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Abstract
BACKGROUND 
Gastrointestinal neurofibromas are commonly found in patients diagnosed with 
neurofibromatosis type 1. However, isolated gastrointestinal neurofibromas are a 
rare entity and only fourteen cases of isolated colorectal neurofibromas have been 
documented in literature. Isolated gastrointestinal neurofibromas have not been 
associated with Lynch syndrome (LS). Patients with LS are at an increased risk of 
colorectal cancer, and are recommended to undergo screening colonoscopy.

CASE SUMMARY 
A 33-year-old healthy female with a family history of LS was found to have 
unresectable polyp in the ascending colon on screening colonoscopy suspicious 
for malignancy. The patient was asymptomatic and had no stigmata of 
neurofibromatosis. A staging workup for colorectal cancer revealed no evidence 
of metastatic disease. A discussion with the patient resulted in the decision to 
undergo a segmental resection with ongoing surveillance. The patient underwent 
a laparoscopic right hemicolectomy. Histopathology was consistent with a 
gastrointestinal neurofibroma. Post-operatively, the patient recovered well. She 
will not require further treatment with regards to her colonic neurofibroma, but 
will continue to follow-up for ongoing surveillance of her LS.

CONCLUSION 
We present the first case of an isolated colonic neurofibroma in a patient with LS. 
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This case explores considerations for the management of isolated gastrointestinal 
neurofibromas given the lack of guidelines in literature.

Key Words: Isolated gastrointestinal neurofibroma; Colonic neurofibroma; Gastrointestinal 
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Core tip: Gastrointestinal neurofibromas are rarely found in isolation in the absence of 
systemic neurofibromatosis. We present herein, the first case of an isolated colonic 
neurofibroma in a patient with Lynch syndrome. There are currently no guidelines for 
the management of isolated gastrointestinal neurofibromas due to the lack of studies. 
We recommend considering establishing a diagnosis with endoscopic mucosal biopsy 
or ultrasound guided biopsy, reserving resection for patients with symptomatic disease 
or alternative indications, and continuing to follow patients for the surveillance of 
neurofibromatosis type 1 to reduce associated morbidity and mortality.

Citation: Sun WY, Pandey A, Lee M, Wasilenko S, Karmali S. Isolated colonic neurofibroma in 
the setting of Lynch syndrome: A case report and review of literature. World J Gastrointest 
Surg 2020; 12(1): 28-33
URL: https://www.wjgnet.com/1948-9366/full/v12/i1/28.htm
DOI: https://dx.doi.org/10.4240/wjgs.v12.i1.28

INTRODUCTION
Lynch syndrome (LS), or hereditary nonpolyposis colorectal cancer (HNPCC), is an 
autosomal dominant disorder caused by a germline mutation in one of the DNA 
mismatch repair genes (MLH1, MSH2, MSH6, or PMS2) that predisposes patients to 
various malignancies, of which colorectal cancer (CRC) is the most common[1]. Given 
the increased risk, patients diagnosed with LS are recommended to undergo cancer 
screening, including screening colonoscopy for CRC every two years beginning at the 
age of 20 to 25[2]. LS has also been associated with an increased risk of endometrial, 
gastric, ovarian, hepatobiliary, urinary tract, small bowel, and other cancers[1]. 
Additionally, the association of LS with neurofibromatosis has been reported in 
literature[3].

Neurofibromas are benign nerve sheath tumours originating from the peripheral 
nervous system containing an amalgamation of Schwann cells and fibroblasts[4]. 
While rare, malignant transformation into neurofibrosarcoma, or malignant peripheral 
nerve sheath tumour (MPNST) can occur[5]. Neurofibromas are typically associated 
with neurofibromatosis Type 1 (NF1), also known as von Recklinghausen disease. NF1 
is an autosomal dominant disorder due to a mutation in chromosome 17[4]. Classic 
features of NF1 include café-au-lait macules, Lisch nodules, and neurofibromas of the 
skin; however, the cardiovascular system, eyes, bones, and gastrointestinal system can 
also be affected[6].

In patients with NF1 or multiple endocrine neoplasia type 2B (MEN 2B), 
gastrointestinal neurofibromas is relatively common, affecting approximately 25% of 
patients[7]. Most gastrointestinal neurofibromas occur in the stomach and small 
intestine[8]. These manifestations are typically asymptomatic, but symptoms may 
include abdominal pain, gastrointestinal bleeding, obstruction, and palpable masses
[6]. However, isolated gastrointestinal neurofibromas in patients without a history of 
NF1 or MEN 2B are extremely rare[7]. In this report, we will present a rare case of 
isolated colonic neurofibroma in a patient with a history of LS.

CASE PRESENTATION
Chief complaints
A 33-year-old female with LS diagnosed with positive MSH6 mutation presented for 
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routine screening gastroscopy and colonoscopy.

History of presenting illness
The patient was asymptomatic with no gastrointestinal issues or stigmata of 
neurofibromatosis.

Personal and family history
The patient had a family history significant for LS and colorectal cancer in multiple 
family members. The patient was also diagnosed with LS with positive MSH6 
mutation. She was otherwise healthy. There was no family history of NF1.

Physical examination
Physical examination revealed a benign abdomen. Cutaneous examinations revealed 
no evidence of café-au-lait spots or neurofibromatosis.

Laboratory examinations
Complete blood count, comprehensive metabolic panel, liver panel, and coagulation 
studies were all within normal limits. The patient also had a normal carcinoembryonic 
antigen (CEA) level of 1.3 µg/L (normal range < 5.0 µg/L).

Imaging examinations
Initial screening gastroscopy was unremarkable. Random biopsies revealed no 
diagnostic abnormality. Initial screening colonoscopy demonstrated 2 to 2.5 cm of 
abnormal appearing mucosa in the ascending colon with central tethering. An attempt 
to lift the area of concern with methylene blue was unsuccessful. The area was tattooed 
and biopsied, which was non-diagnostic. The patient underwent a repeat colonoscopy 
after two months. The suspicious area was again appreciated appearing as sessile, 
serrated, polypoid tissue measuring approximately 2.5 cm wrapped around a haustral 
fold in the ascending colon (Figure 1). Biopsies were obtained again, but the polyp was 
unresectable. The biopsies revealed sessile serrated polyp, negative for dysplasia. A 
staging workup was completed, which included a negative computerized tomography 
(CT) scan of the chest, abdomen and pelvis.

TREATMENT
Following two non-diagnostic biopsies, a referral to general surgery was made for the 
management of the unresectable polyp in the setting of LS. A discussion with the 
patient regarding the management included the recommendation of a subtotal 
colectomy versus a segmental resection, for which the patient elected for the latter. The 
patient underwent a laparoscopic right hemicolectomy.

FINAL DIAGNOSIS
Gross pathological examination revealed a 2.2 cm × 1.8 cm × 0.4 cm ill-defined 
polypoid lesion adjacent to the cecum. Microscopic examination demonstrated an area 
of reactive serrated mucosa overlying an ill-defined submucosal mass extending into 
superficial muscularis propria and overlying mucosa. The mass consisted of short 
small monomorphic spindle cells within a collagenous background (Figure 2A). The 
spindle cells were intermixed with scattered mast cells (Figure 2B). Immunohisto-
chemistry showed the spindle cells were positive for S100 (Figure 2C). Fifteen lymph 
nodes were identified and negative for malignancy. Overall, the histomorphology and 
phenotype by ancillary immunohistochemistry were consistent with a gastrointestinal 
neurofibroma.

OUTCOME AND FOLLOW-UP
The patient tolerated the procedure well and was discharged on postoperative day 
three. She was seen one month later in follow-up and had recovered well. She will not 
require any further treatment with regards to her isolated colonic neurofibroma, but 
will continue to follow-up for ongoing surveillance of her LS.
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Figure 1  Endoscopic imaging of gastrointestinal neurofibroma. A: A 2.5 cm polypoid lesion was identified within a haustral fold adjacent to the cecum. 
B: The lesion demonstrated abnormal mucosa with central tethering suspicious for malignancy. C: Magnified view of polypoid lesion with abnormal mucosa 
concerning for adenocarcinoma.

Figure 2  Pathologic examination of gastrointestinal neurofibroma. A: Low power view of submucosal spindle cell proliferation, (hematoxylin-eosin, 2.5 
×). B: Higher power view of monomorphic spindle cells with intermixed mast cells, (hematoxylin-eosin, 10 ×). C: Immunohistochemistry staining showing variable 
positivity of lesional cells for S100 protein (10 ×).

DISCUSSION
In this report, we presented the first case of isolated colonic neurofibroma in the 
setting of LS. Screening colonoscopy is routinely performed in patients with LS to 
diagnose colorectal cancers at an earlier stage. Commonly, clinicians and patients with 
non-diagnostic biopsies of suspicious colonic masses are faced with a dilemma: To 
resect or not resect. Given the patient in this study was at an increased risk of CRC due 
to LS, aggressive management of the mass with resection is appropriate. However, 
while submucosal aetiologies are more rare, it is also important to consider them in 
patients with non-diagnostic biopsies of colonic masses that may appear to have 
endoscopic features of submucosal origin. When conventional endoscopic mucosal 
biopsies fail to diagnose masses, the use of endoscopic ultrasound (EUS) guided 
biopsies may be considered to aid in the diagnosis[9].

Given the clinical context in this study, the patient was presented with the option of 
segmental resection versus subtotal colectomy. The patient expressed a desire for 
future pregnancy, and therefore, we elected for segmental resection to reduce the risk 
of infertility. However, total colectomy with ileoanal anastomosis would be the 
preferred primary treatment for patients with colon cancer or colon neoplasia 
unresectable by endoscopy[1]. The patient will require ongoing surveillance for CRC 
in the remainder of her colon. Furthermore, the patient would have required a 
completion proctocolectomy if her pathology confirmed a CRC.

Surprisingly, the final pathology revealed a gastrointestinal neurofibroma. 
Furthermore, the patient did not exhibit any features of NF1, thus, classifying this case 
as an isolated colonic neurofibroma. There have only been fourteen cases of isolated 
colorectal neurofibromas reported in the English literature (Table 1). The average age 
of presentation was 51 years. Nine patients (64%) were female, and four (29%) were 
asymptomatic.

While LS has not been associated with neurofibromas, MSH6 mutation has been 
associated with NF1 phenotype in literature[10]. Given that gastrointestinal 
neurofibromas are rarely found in isolation, some have recommended referring 
patients with isolated gastrointestinal neurofibromas for the workup and surveillance 
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Table 1 Cases of isolated colorectal neurofibromas reported in English literature (n = 14)

Ref. Year of publication Age (yr) Sex Presentation Location of neurofibroma

Keith et al[15] 1937 50 F Pain Rectum

Woolf[16] 1938 70 M Asymptomatic Rectum

Butler et al[17] 1959 45 F Pain, bleeding, tenesmus Rectum

Geboes et al[18] 1978 NA NA NA Rectum

Abramson et al[19] 1997 53 M Bleeding Transverse colon

Bononi et al[13] 2000 68 F Tenesmus, bleeding Sigmoid colon

Panteris et al[20] 2005 65 F Bloody diarrhoea Descending colon

Carter et al[7] 2008 52 F Non-bloody diarrhoea, pain Diffuse colonic involvement

Hindy et al[8] 2012 59 M Asymptomatic Transverse colon

Chelimilla et al[14] 2013 70 F Asymptomatic Ascending colon

Bilal et al[12] 2016 52 M Pain Proximal descending colon

Ahn et al[4] 2016 26 F Asymptomatic Sigmoid colon

Adioui et al[11] 2018 29 F Pain, abdominal mass Sigmoid colon

Miao et al[21] 2018 24 F Pain, mass in stool Ileocecal valve

F: Female; M: Male; NA: Not available.

of NF1[4,8,11-14]. We also agree with the need to screen patients with isolated 
gastrointestinal neurofibromas for NF1 given the associated morbidity and mortality 
with these conditions.

CONCLUSION
We present the first case of an isolated colonic neurofibroma in a patient with LS. 
Given the risk of colorectal cancer, the patient had a non-diagnostic polyp resected. 
There are currently no guidelines for the management of isolated gastrointestinal 
neurofibromas due to the lack of studies. We recommend considering establishing a 
diagnosis with endoscopic mucosal biopsy or ultrasound guided biopsy, reserving 
resection for patients with symptomatic disease or alternative indications, and 
continuing to follow patients for the surveillance of NF1 to reduce associated 
morbidity and mortality.
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