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ABSTRACT   33 

 34 

Introduction  35 

Dudodenal gangliocytic paragangliomas (DGP) are rare tumours, most commonly 36 

located in the 2nd portion of the duodenum. Their origin is poorly understood and 37 

management is uncertain. Typically benign, they infrequently metastasize to lymph 38 

nodes (LN) and distant sites.  39 

 40 

Objective  41 

A systematic literature search for DGPs with LN metastases was 42 

performed. Epidemiological, diagnostic, management, surveillance and outcome 43 

data were recorded. The histopathology and immunohistochemistry of these tumours 44 

and possible predictors of LN metastases were revisited. 33 cases of DGPs with LN 45 

metastases were included. Mean patient age was 48 years, with no predilection for 46 

sex.  47 

 48 

Discussion  49 

Presenting complaints included abdominal discomfort and GI bleeding/anemia. 50 

Tumour size (maximum diameter) ranged from 1 to 9 cm, with a mean of 3.1 cm. 51 

Serum/urine tumour markers and hormones were inconsistent; however, there was 52 

evidence of neuroendocrine activity. Esophagogastroduodenoscopy successfully 53 

identified the lesion in 23/23 reported cases, but had no role in tissue diagnosis. CT 54 

and endoscopic ultrasound correctly identified a mass in 84% and 100% of reported 55 

cases and were successful in detecting LN involvement in 47% and 64% of cases. 56 

Pancreatoduodenectomy was the definitive treatment in 87% of the cases. Possible 57 

predictors of LN metastasis included tumour extension and angiolymphatic invasion, 58 

as well as changes noted in immunohistochemistry.  59 

 60 

Conclusion  61 

We suggest diagnostic aids, management and surveillance for DGPs with LN 62 

metastases. Due to uncertain malignant potential, surgical management and 63 

treatment adjuncts like chemotherapy and radiation should be investigated. 64 
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Surveillance has not been well established and should be focused on diagnostic 65 

imaging and close clinical follow-up. 66 

 67 
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INTRODUCTION 97 

Gangliocytic paragangliomas (GPs) are rare tumours, first described Dahl et al, and 98 

are most commonly located in the 2nd portion of the duodenum [1,2]. While their 99 

origin is poorly understood, they are composed of epithelioid, spindle shaped and 100 

ganglion-like cells of various proportions [2, 3-7]. Typically exhibiting benign 101 

behaviour, and treated with simple excision, these tumours uncommonly metastasize 102 

to lymph nodes (LNs), and there have been reports of recurrence and metastasis to 103 

distant organs, with one report of mortality [1-3, 8,9]. With approximately 200 case 104 

reports of duodenal gangliocytic paraganglioma (DPGs), and 5-7% containing LN 105 

metastasis, the majority of medical literature currently surrounds pathological 106 

characteristics [10]. Limited information is available to guide the clinical and surgical 107 

management of these patients, and the significance of LN metastases and long-term 108 

outcomes is largely unknown. The presence of LN metastasis is consequential, as 109 

currently, the majority of these patients are treated with a pancreaticoduodenectomy 110 

(PD), instead of local excision. Herein, we summarize the literature in a systematic 111 

manner, providing a review on evidence surrounding epidemiology, diagnosis, 112 

management, surveillance and extended outcomes. We also revisit the 113 

histopathology and immunohistochemistry (IHC) of these tumours, and the 114 

significance of angiolymphatic invasion, mitotic rate, nuclear pleomorphism, tumour 115 

size and depth of invasion as a predictor or LN involvement. 116 

 117 

METHODS 118 

 119 

Literature Search Strategy and Selection 120 

A systematic literary research was performed independently by 2 different 121 

investigators in Medline, EMBASE, Web of Science Database and Google Scholar 122 

with no language restrictions. The search terms included the following: 123 

“Gangliocytic,” “Paraganglioma,” “Lymph node,”  “Paraganglioneuroma,” 124 

“Pheochromocytoma,” “Duodenum,” “Pancreatic,” “Ampulla of Vater,” “Duodenal 125 

Papilla,” “Sphincter,” “Oddi,” “Neoplasm,” “Cancer,” “Adeno/Carcinoma,” “Sarcoma,” 126 

“Tumour,”  “Metastasis,” “Malignant,” combined with AND/OR. Search restrictions 127 

included all species other than humans, with no restrictions on article type. The 128 



                                                                             
 

Manuscript Accepted                                                                             Early View Article 
 

 

Page 6 of 25 
 

references of all selected articles were reviewed. Duplicate studies were eliminated. 129 

Agreement between the two reviewers was measured with the Cohen’s kappa 130 

coefficient. All retrieved articles were selected if they met inclusion criteria. 131 

 132 

Selection Criteria 133 

Selected studies contained patients with DPGs, with LN metastasis, both confirmed 134 

by histopathology. All abstracts/conference proceedings, case reports, reviews and 135 

meta-analyses of all languages were included, if they contained management and 136 

outcome data. No selection on age, sex or ethnicity was adopted. 137 

 138 

Data Extraction 139 

Year of publication and study type were reported. Study data included patient 140 

characteristics – age, sex, and symptoms. Diagnostic imaging, biopsies, operation, 141 

post-operative course, radiation/chemotherapy and local recurrence were reported. 142 

After research ethics board approval, authors were contacted on 3 separate 143 

occasions and the most current disease free time interval was included. Gross 144 

pathology, histopathology and Immunohistochemistry (IHC) findings were 145 

summarized. Levels of evidence and grades of recommendations were in keeping 146 

with the Oxford Centre for Evidence-based Medicine guidelines [11]. 147 

 148 

Statistical Analyses 149 

Descriptive patient and tumour characteristics were reported. These were compared 150 

to those cases with LN metastases from Okubo et al. [10]. Outcomes were reported 151 

in months, using both clinical symptoms and diagnostic imaging, as a methods of 152 

surveillance. 153 

 154 

RESULTS 155 

 156 

Selection 157 

Searching key terms in Medline, EMBASE and Web of Science databases in 158 

addition 2,474 articles were identified. After duplicate studies were removed 1,276 159 

remained. After screening titles and abstracts, 34 articles were selected as 160 
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potentially eligible for the study, and 29 reports met inclusion criteria on further 161 

review. Two additional articles were identified after reviewing references. An 162 

additional case report, Schick et al, which was published from our institution, was 163 

added to the data.  Agreement between the two investigators was 0.944 using 164 

Cohen’s Kappa Coefficient and disagreements were resolved with discussion 165 

involving both investigators. A total of 33 patients with DPGs with LN metastases 166 

were identified (see PRISMA flow diagram – Figure 1). 167 

 168 

Patient Demographics and Characteristics 169 

The age of patients ranged from 16 to 74 yrs with a mean of 48 yrs and standard 170 

deviation of 15.3 yrs in 33 patients identified.  Male to female ratio was 1:1. Of the 171 

cases that reported presenting symptoms, abdominal pain was the most common 172 

(57%), followed by gastrointestinal bleeding/anemia (43%), weight loss (13%), 173 

obstructive jaundice (10%), pancreatitis (7%), duodenal obstruction (7%), and 174 

incidental (7%). Past medical history reported two patients with alcohol abuse, two 175 

patients with tobacco use, and two cases having the genetic traits of thalassemia 176 

and familial spastic paresis [12-15] - see Table 1. 177 

The primary tumour was located in the second portion of the duodenum in 28/31 178 

cases (90%), with 21 of reported DPGs being a sub/peri/ampullary mass. Other 179 

described tumour locations were the third portion of duodenum, and two cases 180 

involving the head of the pancreas [16]. Reported primary tumour descriptions, 181 

obtained from endoscopy and pathology specimens indicated that 83% had mucosal 182 

ulceration and 95% had a polyploid or exophytic appearance. Mean tumour size 183 

(max diameter) was 3.1 cm, SD 1.6, with sizes ranging from 1.0 to 9.0 cm – see 184 

Table 1.  185 

 186 

Serum and Urine Tumour Markers 187 

Serum/urine tumour markers and/or hormone levels were reported in 6 cases, 188 

including somatostatin, gastrin, pancreatic polypeptide (PP), calcitonin, serotonin, 189 

dopamine, adrenalin, no-adrenaline, chromogranin, CEA, Ca19-9, urine 5-HIAA, 190 

urinary metanephrines/no-metanephrines, and urine VMA. These values were 191 

unremarkable, other than one case of elevated somatostatin, which normalized post-192 
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operatively [17]. As well, one case of elevated PP post-operatively, was thought to 193 

be indicative of tumour recurrence [18] – see Table 2. 194 

 195 

Diagnostic Imaging and Biopsies 196 

Esophagogastroduodenoscopy (EGD) was reported in 23 patients and successfully 197 

identified a polyploid duodenal mass in 23/23 cases (100%). However, on 9 reported 198 

EGD biopsies, 1 suggested paraganglioma (11%). Computed Tomography (CT) was 199 

reported in 19 cases, detecting the tumour in 16/19 cases (84%), and detecting 200 

enlarged LNs in 8/17 cases (47%). Endoscopic Ultrasound (EUS) was reported in 11 201 

cases, and identified the primary tumour in 13/13 cases (100%), detecting enlarged 202 

LNs in 7/11 cases (64%) - see table 4). Of nine biopsies reported by EUS, GP was 203 

correctly diagnosed in 1 case, but suspicious/indeterminate in 7 cases, and 204 

misdiagnosed as adenocarcinoma in another - see table 5).  Other imaging included 205 

gastrograffin swallow, MRI, Intra-operative U/S, PET scan, and Octreotide scan. 206 

 207 

Management and Outcomes 208 

Local excision was performed in 7 cases, however, 3 of these cases had a following 209 

pancreaticoduodenectomy (PD), and 1 case had resection of the fourth portion of 210 

duodenum. Local excision required re-implantation of the pancreatic duct in 2 cases, 211 

and common bile duct in 1 case [19-20]. Re-operation reasons included tumour 212 

recurrence, positive margins or surgeon/patient preference once LN involvement 213 

was discovered. Endoscopic excision was performed in 2 cases; both resulted in 214 

local failure and following PD. PD was the definitive surgery in 27/31 (87%) of cases. 215 

The post-operative recovery was reported as unremarkable in 12/16 (75%) cases of 216 

PD, with complications reported in 4 cases, including, one mortality from 217 

cardiopulmonary failure - see Table 3. Sites of metastases in 6 cases included liver, 218 

mesentery, pelvis, retroperitoneal, and bone. Local tumour recurrence was reported 219 

in 1 case, after local excision, with another case likely, but not definitively identified 220 

[8,20]. Even with recurrence at 5 and 9 years, the tumour had appeared to progress 221 

slowly and there were relatively minimal symptoms with good outcomes [1,8]. The 222 

mean and median time post-operatively with no evidence of disease was 34 and 24 223 

months. The mortality rate for the initial hospital stay was 3.3%. Accounting for 224 
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length of follow-up, 1-year mortality was 4.3% (n = 23); 3-year mortality was 15% (n 225 

= 13); 5-year mortality was 25% (n = 8). There were 3 mortalities/33 cases recorded 226 

from post-operative complications, metastatic disease, and a mortality of unknown 227 

cause at 156 months [13,16, 21] (Table 3). 228 

 229 

DISCUSSION 230 

We collected as many publications, in all languages, of duodenal paragangliomas 231 

with LN metastasis and reported a total of 33 cases. We examined the clinical and 232 

surgical management, exploring significant factors associated with diagnosis, 233 

treatment, progression and metastatic nature of these cases. 234 

 235 

Clinical Presentation 236 

Patient presentation was similar to those without LN metastasis, with abdominal 237 

discomfort being slightly more common, closely followed by gastrointestinal bleeding 238 

and anemia [10]. Biliary obstruction, gastrointestinal obstruction, pancreatitis, and 239 

weight loss were also more common than in 173 duodenal GPs reported by Okubo 240 

et al, likely reflecting the later presentation, increased tumour size from a mean of 241 

2.5 to 3.15 cm and more extensive disease. Despite this, the majority of our cases 242 

still followed a slow indolent course, with 7% still being incidental findings, and 243 

recurrence occurring in only two cases at 5 and 9 yrs [1,8] - see Table 1,3. 244 

 245 

Diagnostic Imaging and Biopsies  246 

CT was the initial diagnostic imaging of choice, in both diagnosis of a duodenal mass 247 

and detection of LN involvement. It should likely be involved in every work-up, as 248 

well as post-operative monitoring. The few cases that reported MRCP or MRI were 249 

not superior in detecting LN involvement, however, may be useful in cases of 250 

obstructive jaundice to rule out other pathology and assess encroachment of the 251 

tumour on the biliary tract or pancreatic duct [10,22-23]. An Octreotide scan 252 

demonstrated positive uptake in 1 of 2 cases reported [11,24]. If positive, this 253 

modality may be useful in detecting tumour recurrence. 254 

EGD is a sensitive diagnostic modality for detecting a polyploid/ulcerated lesion in 255 

the duodenum. However, due to the submucosal location of the tumour, it is not 256 
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specific and has no role in diagnosing GPs by tissue biopsy, but may rule in/out 257 

other pathologies. 258 

EUS detected the primary tumour in all reported cases, and described LN 259 

involvement in 64% of the cases.  EUS biopsies were more specific, correctly 260 

identifying GP in one case, but recorded as suspicious/indeterminate for GP in 261 

others. This reflects the relative difficulty for pathologists to diagnose a rare triphasic 262 

cellular tumour with an FNA, with one case incorrectly diagnosing adenocarcinoma 263 

[16]. A core tissue sample is more useful, but difficult to obtain given the location of 264 

these tumours. There are reports of intra-operative US being utilized to detect LN 265 

metastasis, and may possibly offer a method to determine local excision vs PD if the 266 

tumour is correctly identified pre-operatively as GP [25]. 267 

 268 

Serum and Urine Tumour markers 269 

CEA and Ca19-9 had no significant rise, and their role is limited to assisting in ruling 270 

out other malignancies.  Of all serum and urine hormones measured, only 271 

somatostatin was confirmed to be elevated pre-operatively, and drop appropriately 272 

post-operatively in one case [17]. Pancreatic polypeptide levels increased with an 273 

increasing metastatic lesion to the liver, however, more information is needed to 274 

determine the significance of PP [18, 26]. However, even with few reports of 275 

functioning tumours, the epithelioid component often contained neuroendocrine 276 

granules, which appear secretory [2, 3, 24]. With such little data available, it is 277 

reasonable to perform serum hormone levels, and if there are changes, monitor 278 

them post-operatively – (Table 2). 279 

As these tumours have functional qualities, it may be appropriate to follow with 280 

serum tumour markers if positive pre-operatively, such as somatostatin and 281 

pancreatic polypeptide [18]. Octreotide scan if positive, may also have a role in 282 

tumour surveillance. More evidence is needed to confirm the utility of these 283 

modalities in diagnosis and surveillance. 284 

 285 

Surgical Treatment 286 

The current treatment of the majority of duodenal GP with LN metastases is 287 

pancreaticoduodenectomy (PD) with LN dissection. This is likely the most effective 288 
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method of ensuring complete excision of the primary tumour and removal of affected 289 

LNs. 290 

Our review of these cases with LN metastases, still indicates that the majority of 291 

these tumours behave in a benign fashion with very slow progression, low 292 

recurrence rates and good outcomes.  While DPGs may behave more aggressively, 293 

a PD is a high-risk operation with a reported mortality of 3-4% and morbidity rates of 294 

30-60%. A discussion should occur with patients, considering co-morbidities, 295 

risks/benefits, and patient preference, as local excision +/- LN dissection may be a 296 

reasonable option in those who will not tolerate a PD procedure. If the tumour 297 

directly involves the ampulla, local excision is difficult as it may require re-298 

implantation of the CBD and pancreatic duct. There are reports of endoscopic 299 

excision. However, with many reports indicating GPs invade the muscularis propria 300 

and subserosa, the role of endoscopic surgery has yet to be established [1,28]. 301 

Tumour location, depth of invasion, risks of procedure related complications and 302 

possible LN status should be considered [28]. Both cases of endoscopic excision in 303 

our review progressed to a PD for positive margins [1,12]. Distant metastatic sites 304 

included liver, mesentery, pelvis, retroperitoneal, and bone. They should be excised 305 

when possible, and recurrence is variable, with only one report of mortality, in which 306 

both chemotherapy and radiation were used, with minimal response [21]. The role of 307 

chemotherapy and radiation therapy is unknown, and decisions in this regard should 308 

be made after an informed discussion between patients and oncologists, including 309 

the uncertainty of these adjuncts [21,23,29]. 310 

 311 

Histopathology and Immunohistochemistry (IHC) 312 

On histopathology, identification of epithelioid, spindle and ganglion cells were 313 

present in all primary tumours, which is a requirement for diagnosis of a gangliocytic 314 

paraganlioma. The epithelioid cell component predominates in the primary tumour, 315 

as well as metastases. These cells stain positive for Neuron Specific Enolase (NSE), 316 

Chromogranin A and Synpatophysin. Spindle-shaped cells are positive for S-100. 317 

Ganglion like cells uptake NSE and Synaptophysin and may stain positive for 318 

Pancreatic polypeptide or Somatostatin. 319 
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There are no confirmed histopathological or IHC features at this time that predict LN 320 

metastases or more aggressive behaviour. However, tumour invading beyond the 321 

muscularis propria, increased tumour size, and angiolymphatic invasion should 322 

increase the examiner’s suspicion for more extensive disease. 323 

 324 

Origin 325 

Despite extensive IHC and ultrastructural studies, the histogenesis of GPs is still 326 

debatable, and authors have been unable to reconcile the combination of endocrine, 327 

ganglion and spindle cells observed in a single tumour [21]. The tumour components 328 

are of different embryologic origins, the first being of endodermal origin and the 329 

others originating from neural crest tissue. All components normally occur in the 330 

duodenum, and given the relatively benign nature, some contend that it is a 331 

hamartoma [30]. Others postulate it is a hyperplastic or neoplastic lesion from 332 

ectopic cells of the ventral primordium of the pancreas, possibly explaining its 333 

relatively consistent location in second portion of the duodenum [2, 9, 22]. Also 334 

suggested is an ectodermal origin, originating from pluripotent stem cells of the 335 

crytps of Lieberkuhn or celiac ganglion [1,3,5-7]. GPs discovered distant to the 336 

duodenum and pancreas, such as lung, esophagus, appendix, and spinal cord and 337 

the presence of metastatic lesions argue against a true hamartoma [30-31]. Often 338 

regarded as a neuroendocrine tumour, it has rarely been shown to be a functional 339 

tumour, and neuroendocrine tumours lack ganglion and spindle cells [24]. While the 340 

epithelioid component is often immunopositive for PP, PP is not specific to 341 

pancreatic neuroendocrine tumours [19]. 342 

 343 

Outcomes 344 

It has been suggested that GP be defined as a relatively benign tumour with 345 

uncertain malignant potential. In our cases, there was one report of mortality, thought 346 

to be directly secondary to the tumour, one report from cardiopulmonary failure after 347 

PD procedure, and one report after 13 years of unknown cause [13,16,21]. We 348 

report relatively good 1 and 5-year mortality rates, although we are limited by lack of 349 

extended outcomes.  Only two cases showed evidence of local recurrence and 5/30 350 

cases showed evidence of distance metastasis. This continues to suggest that GP, 351 
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even with evidence of local spread with LN metastases, typically behave in a benign 352 

fashion. There is insufficient data to provide recommendations on timing of post-353 

operative surveillance, however, those with more extensive disease should have 354 

their clinical status monitored closely, and be followed by diagnostic imaging to 355 

monitor for recurrence. 356 

 357 

CONCLUSION 358 

There are limitations to our review. Diagnostic modalities, patient and tumour 359 

characteristics published may be biased, as there is a tendency to only publish 360 

positive results, therefore sensitivity, specificity and predictive values of tests were 361 

not calculated. With the majority of DGPs being treated with local excision, which 362 

does not allow examination of the nodes, the number of cases with LN metastasis 363 

may be underestimated. With only case reports in the medical literature, all 364 

recommendations were grade C [1]. Given there is no strong evidence in our review 365 

that distant metastases or LN involvement have additional clinico-pathologic 366 

indicators to suggest more aggressive behaviour, it is difficult to predict malignant 367 

behaviour of DGPs. CT imaging and EUS have a role in the detecting a mass and 368 

aid in detecting LN involvement. Pre-operative tissue diagnosis is difficult, and EUS 369 

fine needle aspirates are often inconclusive. Endoscopy is sensitive for detecting a 370 

lesion, but is diagnostically limited by the submucosal location of the tumour. 371 

Extended outcomes have been shown to be quite good in our review, and the 372 

presence of LN metastases does not seem to influence the prognosis, but rather the 373 

treatment modality. In the presence of duodenal GPs with LN metastases, PD is 374 

likely the most effective method of ensuring complete tumour excision and removal 375 

of affected LNs. Local excision with LN dissection may be effective in those who will 376 

not tolerate a PD. An informed discussion of the limited evidence of PD vs. local 377 

excision should occur, with patient comorbidities, risks/benefits and patient 378 

preference being taken into consideration. Treating clinicians should be aware of the 379 

uncertain malignant potential, and post-operatively closer monitoring of the patient is 380 

recommended. 381 

 382 

 383 
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TABLES 509 

 510 

Table 1: Patient Demographics, Presenting Complaint & Tumour Characteristics.  511 

 512 

DGPs with LN metastases (n) 33 patients 

Age (mean, SD, (range)) yrs 48, 15.3, (16–

74yrs) 

Sex (n, Male/Female) 32 (16/16) 

Presenting Complaint (n) 30  

Abdominal Discomfort, n (%) 17 (57%) 

GI Bleeding/Anemia, n (%) 13 (43%) 

Weight Loss, n (%) 4 (13%) 

Obstructive Jaundice, n (%) 3 (10%) 

Duodenal Obstruction, n (%) 2 (7%) 

Pancreatitis, n (%) 2 (7%) 

Incidental Finding, n (%) 2 (7%) 

Size (max diameter cm) (mean, SD) 3.1, 1.6 (1.0–9.0) 

Triphasic Cellular distribution, n (%) 33 (100%) 

Location  31 

2nd portion of duodenum, n (%) 28, (96%) 

Peri-ampullary/Ampullary (n) 21 

Mucosal ulceration, n (%) 19 (83%) 

Polyploid/Exophytic, n (%) 19 (95%) 

Distant metastastes, n (%) 6 (18%) 

 513 

DPG = Duodenal Gangliocytic Paragangliomas; LN = Lymph Nodes 514 

 515 

 516 

 517 

 518 

 519 
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Table 2:  Recorded Serum and Urine Tumour Markers 520 

 521 

 Pre-operative  Post-operative   

Buchler NR Serotonin (-), 5HIAA (-), 

Gastrin (-) 

Ogata Serum markers  WNL NR 

Tomic Somatostatin (+++) Calcitonin, VIP, 

PP, Gastrin, Serotonin level WNL 

Somatostatin normalized 

Uchida Dopamine, A/NoA, Urine 

catecholamines, CEA, Ca19-9 WNL 

NR 

Amin Somatostatin and CG-A WNL; PP NR PP (+++); Gastrin, Insulin, 

Glucagon, VIP, 5-HIAA, 

Catecholamine, CG WNL;  

Saito Glucagon, Gastrin, Urinary 5 - HIAA, 

A/NoA; Met/NoMet; VMA WNL 

NR 

 522 

NR = Not recorded; WNL = Within Normal Limits; VIP = Vasoactive Intestinal 523 

Peptide; PP = Pancreatic Polypeptide; A/NoA = Adrenaline/Noadrenaline; CG-A = 524 

Chromogranin A;  525 

 526 

 527 

 528 

 529 

 530 

 531 

 532 

 533 

 534 

 535 

 536 

 537 

 538 
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Table 3: Operations and Outcomes 539 

 540 

Local resection (LR), n (%) 7, (23%) 

Endoscopic, (n) 2 

LR with LN dissection, (n) 5 

Need for 2nd Operation, n (%) 4 (57%) 

Pancreatoduodenectomy, n 

(%) 

27 (87%) 

Need for 2nd operation, n (%) 0 (0%) 

Peri-operative mortality 1/33 

Outcomes (mortality), (n) 30 

1 year 1/23 (4.3%) 

3 year 2/13 (15%) 

5 year 2/8 (25%) 

 541 

LR = Local resection; LN = Lymph Nodes;  542 

 543 

 544 

 545 

 546 

 547 

 548 

 549 

 550 

 551 

 552 

 553 

 554 

 555 

 556 

 557 

 558 
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Table 4: Biopsies 559 

 560 

Endoscopic biopsy Endoscopic U/S  biopsy 

1/9 correct dx 1/7 correct dx; 1/7 incorrect dx; 

2/7 suspicious but not dx; 5/8 

inconclusive.  

 561 

 562 

 563 

 564 

 565 

 566 

 567 

 568 

 569 

 570 

 571 

 572 

 573 

 574 

 575 

 576 

 577 

 578 

 579 

 580 

 581 

 582 

 583 

 584 

 585 
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Table 5:  Diagnostic Techniques to Detect Duodenal Gangliocytic Paraganglioma +/- 586 

Lymph Node Involvement.  587 

 588 

Author 

(first, et al.) 

Endoscopy (CT scan 

)(LNs) 

(Endo U/S 

)(LNs) 

Dookhan + (+)(-) NR 

Buchler + NR NR 

Korbi + (-)(-) NR 

Burke NR NR NR 

Burke NR NR NR 

Inai NR NR NR 

Hashimoto + NR NR 

Takabayashi + NR NR 

Tomic NR (+)(-) NR 

Sundararajan + (+)(-) NR 

Henry + (+)(NR) NR 

Bucher + NR NR 

Wong + (-)(-) NR 

Witkiewicz + NR NR 

Mann + (+)(+) NR 

Saito + (+)(+) (+)(+) 

Uchida + (+)(+) (+)(NR) 

Okubo + NR (+)(+) 

Fiscaletti NR (+)(-) (+)(-) 

Rowsell NR (+)(NR) NR 

Ogata NR NR (+)(-) 

Barret + (+)(+) (+)(+) 

Dustin + (-)(-) (+)(-) 

Amin NR (+)(+) (+)(+) 

Park NR NR NR 

Li + (+)(-) NR 
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 589 

 590 

NR = Not reported; LN = Lymph nodes; (+) = diagnosis was made on imaging; (-) = 591 

diagnosis was not made on imaging.  592 

 593 

 594 

 595 

 596 

 597 

 598 

 599 

 600 

 601 

 602 

 603 

 604 

 605 

 606 

 607 

 608 

 609 

 610 

 611 

 612 

 613 

 614 

Shi + (+)(+) (+)(+) 

Choi + NR NR 

Wang + (+)(+) (+)(-) 

Dowden NR (+)(-) (+)(+) 

Sun + NR (+)(NR) 

Hu + NR NR 

Schick + (+)(+) (+)(+) 
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FIGURE LEGEND 615 

 616 

Figure 1: PRISMA 2009 Flow Diagram 617 

 618 
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FIGURE 647 

 648 

Figure 1: PRISMA 2009 Flow Diagram 649 
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PRISMA 2009 Flow Diagram  652 
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