
Journal of Medicine and Life  Vol. 1, No.2, April-June 2008 

 118 

 
 

The functional sphincter of Oddi disorder 
Corina Pop, Adina Purcăreanu, Monica Purcărea, Dan Andronescu 

Department Of  Gastroenterology And Internal Medicine University Hospital Bucharest 
 

Correspondence to: Dan Andronescu, M.D., Ph.D.,  
Emergency Universitary Hospital Bucharest, 

Splaiul Independentei 169, Bucharest 050098, Romania  
 

Abstract 
The sphincter of Oddi disorder (SOD) has been a controversial subject for many years, about which a lot has 

been written. However, new findings mainly using Endoscopic Retrograde Cholangiopancreatography (ERCP) and 
sphincter of Oddi manometry (SOM) demonstrate the fact of this diagnostic. SOD is just a part of a larger pathology, 
the functional gastrointestinal disorders, which have been reconsidered as an important part of gastrointestinal diseases. 
For a better understanding, the American Gastroenterology Association Institute created a new classification of The 
Functional Gastrointestinal Disorders in 2006, Rome III Classification, in which the SOD is grouped in the functional 
biliary disorders (category E). 

The term SOD is used to define manometric abnormalities in patients who have signs and symptoms consistent 
with a biliary or pancreatic ductal origin. Based on the pathogenic mechanism and manometry findings, the SOD is 
separated into two groups: a group characterized by a stenotic pattern (anatomical abnormality) and a second group with 
a dyskinetic pattern (functional abnormality). 

The purpose of this article is to construct a short presentation of the main aspects regarding functional SOD 
(E2 and E3 after Rome III Classification). 
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Introduction 

 
Functional biliary disorders are common gastrointestinal diseases seen in general practice 

and by the gastroenterologist. They are clinically characterized by biliary-type symptoms and 
include gallbladder dysmotility and the sphincter of Oddi dysfunction. 

Sphincter of Oddi dysfunction is a structural or functional abnormality of the sphincter’s 
motility that interferes with bile or pancreatic duct drainage [1]. Therefore, the SOD is associated 
with abdominal pain, elevated liver/pancreatic enzymes, common bile duct dilatation or episodes of 
pancreatitis. 

Sphincter of Oddi dysfunction refers to two distinct pathological conditions based upon their 
distinctly pathogenic mechanism, sphincter of Oddi stenosis, anatomical abnormality (which is 
permanent raised sphincter base pressure) and sphincter of Oddi dyskinesia, functional abnormality 
(which is a paradoxical response to cholecystokinin injection, high contraction frequency, high 
percentage of retrograde contractions or short periods of raised base sphincter pressure) [4]. 

In the case of sphincter stenosis, the sphincter is narrowed by inflammation and fibrosis 
secondary to different affections such as intraoperative trauma, pancreatitis, passage of biliary 
gallstone, adenomyosis and infections (especially in AIDS patients, infections with 
Cytomegalovirus, Cryptosporidium or Strongyloides). Sphincter stenosis is associated with 
abnormal SO motility and permanent elevated base pressure, that does not respond to smooth 
muscle relaxants. 

Sphincter of Oddi dyskinesia is characterized by intermittent obstruction of the sphincter 
and includes all motility abnormalities of the sphincter. The sphincter dyskinesia is less well 
reproduced upon repeated measurement than sphincter stenosis and can result in a paradoxical 
response after cholecystokinin administration. 

The main group of symptoms is the same for both entities, including recurrent biliary or 
abdominal pain [5]. 
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Due to the important impact of the functional gastrointestinal disorders on general 
population, the American Gastroenterology Association created in 2006 the last classification of 
functional gastrointestinal disorders called Rome III Classification (which replaced the previous 
Rome II Classification from 1999). In Rome III Classification, functional gastrointestinal disorders 
are grouped into six major domains for adults (category A-F) and two pediatric domains (category 
G-H). The domains for adults are: oesophageal (category A), gastroduodenal (category B), bowel 
(category C), functional abdominal pain syndrome (category D), biliary (category E) and anorectal 
(category F). The biliary functional disorders (category E) contain: functional gallbladder disorder 
(E1), functional biliary sphincter of Oddi disorder (E2) and functional pancreatic sphincter of Oddi 
disorder (E3) [6].  

  

Anatomy and physiology 
 
The sphincter of Oddi represents a segment of smooth muscle situated at the junction of the 

common bile duct with the main pancreatic duct. 
The first who described this entity was British anatomist Francis Glisson (1595–1677) who 

carried out an important work on the anatomy of the gastrointestinal tract, especially of the liver [7]. 
However, Ruggero Oddi, Italian anatomist, whilst still a student, was the one who described it as a 
structure with distinct physiological properties in 1887, which is why was later, it known as the 
eponymous “Sphincter of Oddi” [8]. 

Edward A. Boyden studied this sphincter extensively and established that the embryologic 
development of the sphincter of Oddi is distinct from the muscular fibers of the duodenum, having 
its origins in the local mesenchyme.[9] Anatomically, Boyden described three groups of muscle 
fibers: the sphincter of choledochus (with a superior and an inferior part), the sphincter of the 
pancreatic duct and the sphincter of the papilla (ampulla) [10]. Boyden also individualized the 
preampullar part of the sphincter as the principal muscle involved in spilling the bile into the 
duodenum (part called the Boyden’s sphincter) [11]. 

In 1971, Baraya distinguished three segments of the sphincter of choledochus: superior 
(outside the duodenum), medium (with a length of 15mm) and inferior. The junction between the 
medium and the inferior segments continue with that of the ampulla. In the same way, the sphincter 
of the pancreatic duct is made up of three segments and the inferior segment is linked with the 
muscular fibers of duodenum [12]. This entire structure is not constant, being different according to 
the type of union between the choledochus and the pancreatic duct. 

The sphincter of Oddi is contained almost entirely within the duodenal wall, following an 
oblique course on a length of about 6-10mm [13]. 

The function of sphincter of Oddi is: to regulate bile and pancreatic exocrine juice flow into 
the duodenum, to maintain resistance to the bile flow and in this way to allow gallbladder filling 
during fasting, to maintain sterile intraductal environment by preventing duodenal biliary reflux. 

For this purpose the sphincter of Oddi has a base pressure as well as a phasic contractile 
activity that have been demonstrated by endoscopic manometry [14]. 

The base pressure of the sphincter of Oddi maintains a difference of approximately 
15mmHg between the duodenum and the biliary or pancreatic duct, in this way also creating a 
sterile intraductal environment. The flow of bile and pancreatic juice into the duodenum is regulated 
by prominent phasic contractions. The phasic contractile activity of the sphincter of Oddi has a peak 
of 100-150/mmHg, has a frequency of four - five contractions per minute on average and the 
duration is roughly four - six seconds [15]. 

The majority of contractions are oriented anterogradel and facilitates the flow of bile and 
pancreatic juice into the duodenum. Some of the phasic contractions are spontaneous and retrograde 
being partially involved in the pathogenesis of the sphincter of Oddi disorder. 

In SOD the base sphincter pressure is more than 40mmHg, the phasic contractions are more 
than 350mmHg with a frequency of more than seven contractions per minute. More than 50% of the 
phasic contractions are retrograde propagation sequences [16, 17]. 
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The phasic contractile activity of the sphincter of Oddi is correlated with the migrating 
motor complex of duodenum during fasting and the frequency of phasic contractions increases just 
before phase 3 of the duodenal activity [18]. This allows the coordinated release of bile into the 
duodenum, this being an important mechanism because the bile flow during fasting can prevent bile 
crystal formation [19]. After feeding the amplitude of contractions decreases and the sphincter tonus 
is reduced [20]. 

The sphincter of Oddi activity has both a hormonal and a neural influence. Almost three 
quarters of the gallbladder volume emptying takes place during the meal, under the influence of 
cholecystokinin and the rest during fasting, with the influence of the migratory motor complex [21]. 
Therefore, cholecystokinin is the main stimulus for gallbladder contraction and sphincter of Oddi 
relaxation [22]. After cholecystectomy, it has been demonstrated manometrically that the normal 
inhibitory effect of pharmacological doses of cholecystokinin on sphincter of Oddi is suppressed, 
mechanism involved in sphincter of Oddi postcholecystectomy dysfunction [23]. Beside 
cholecystokinin, another important hormonal factor is secretin, this being involved in stimulating 
the pancreatic secretion and relaxing the sphincter of Oddi [34]. 

The baseline sphincter of Oddi phasic activity and duodenal motility regulation involves the 
generation of NO from L-arginine, being regulated by cholinergic stimulatory and NO-mediated 
inhibitory neural pathways [25]. 

In the normal sphincter of Oddi and duodenum there are abundant nitric oxide and also 
vasoactive intestinal peptide positive innervations. It has been demonstrated that the lower 
proportion of nitric oxide peptide positive or vasoactive intestinal positive nerve cells of the disease 
group may cause an inadequacy of the sphincter of Oddi relaxation [26]. 

The sphincter of Oddi can be also relaxed by atropine, glucagon, nitroglycerin and calcium 
channel antagonist and stimulated by narcotic agents [27]. 

The afferent pathways for the motor reflex response during digestion are represented by the 
fibers of vagus, while the efferent pathways are provided by the splanchnic fibers. The sympathetic 
fibers from the splanchnics are mostly inhibitory and the parasympathetic fibers from the vagus 
have a stimulating effect on the motor activity of gastrointestinal organs [28]. 

Even though there is a close relation between motor activity of the gallbladder and the 
sphincter of Oddi, the innervations seem not to be essential for its motility, as demonstrated by the 
preserved function after liver transplant [29]. 

 
Epidemiology 

 
The sphincter of Oddi disorder affects patients of any age and gender. The studies on 

functional gastrointestinal disorders showed that females are diagnosed with the sphincter of Oddi 
dysfunction more frequently than males and that middle – age females are predisposed [30]. 

The sphincter of Oddi dysfunction explains part of the symptoms generally called biliary 
dyskinesia. Out of 34 patients with biliary dyskinesia who had undergone clinical and 
fibrogastroduodenoscopic examinations, fractional duodenal intubations with examination of the 
bile, ultrasonography and dynamic nuclear scintigraphy of the hepatobiliary system, 28% had the 
sphincter of Oddi hypertension and 44% had sphincter of Oddi hypotonia [30]. 

The sphincter of Oddi dysfunction was commonly described after cholecystectomy (hence 
the name of postcolecystectomy syndrome) [32] and about 10 - 20% of the patients with 
cholecystectomy continue to exhibit abdominal pain [33,34]; the symptomatology may be similar 
with the preoperative one or may be different [34]. Also, the sphincter of Oddi dysfunction may 
occur in patients with gallbladder in situ and can be one of the reasons that determine 
cholecystectomy [35]. 

Another category of patients diagnosed with the sphincter of Oddi dysfunction were those 
with recurrent pancreatitis and pancreatic-type pain determined by the dysfunction in the pancreatic 
duct portion [36]. 
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Rome III Classification 
Functional Gastrointestinal Disorders 

 
A Functional Esophageal Disorders 
B Functional Gastroduodenal Disorders 
C Functional Bowel Disorders 
D Functional Abdominal Pain Syndrome 
E Functional Gallbladder and Sphincter Oddi Disorders 
F Functional Anorectal Disorders 

 

Rome III Classification 
Functional Gallbladder and Sphincter Oddi Disorders 

 
 

E1 Functional Gallbladder Disorders 
- all of the following 

• criteria for functional GB and SO disorders 
• GB is present  
• normal liver enzymes, conjugated bilirubin, and 

amylase/lipase 

E2 Functional Biliary Sphincter Oddi Disorders 
- both of the following 

• criteria for functional GB and SO disorders 
• normal amylase/lipase 

- supportive criterion 
• elevated serum trasaminase, alkaline phosphatase or 

conjugated bilirubin temporally related to at least 
two pain episodes 

E3 Functional Pancreatic Sphincter Oddi Disorders 
- both of the following 

• criteria for functional GB and SO disorders 
• elevated amylase/lipase 

 
 

Out of 360 patients with functional gastrointestinal disorders, the sphincter of Oddi 
dysfunction was diagnosed in 61%. The most frequent was abnormal basal pressure for both biliary 
and pancreatic sphincters found in 31% of the cases; the next affected was pancreatic sphincter 
alone in 19% and the abnormal biliary basal sphincter pressure alone was found in 11 % [37]. 
  
Clinical presentation and diagnostic methods 

 
All the functional GB and SO disorder (biliary SO or pancreatic SO) have almost the same 

clinical presentation. In all cases, abdominal pain is the most common symptom. 
 

 
 

 
 
 
 
 
 
 
 

 
                                                                                     Table 1 
 

The Rome III Classification summarizes the abdominal pain characteristics necessary to 
diagnose the functional GB and SO disorder: site (located in the epigastrium and/or right upper 
quadrant), severity (the intensity of pain must be high: daily activities are disturbed and the patient 
sees the doctor for it), duration (episodes of pain last at least 30 minutes, recurring at different 
intervals). Other functional diseases (the pain is not relieved by bowel movement, postural change 
or antacids) or structural diseases (cholelithiasis, gastroesophageal reflux disease, pancreatitis) with 
similar range of symptoms should be excluded. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                      Table 2 



Journal of Medicine and Life  Vol. 1, No.2, April-June 2008 

 122 

The diagnostic criteria for the abdominal pain in functional GB and SO disorder, that are all 
necessary, are completed by one or more of the supportive criteria, that include nausea and vomiting, 
pain that radiates to the back (pancreatic SOD) and right infrascapular region (biliary SOD) or appears 
during sleep [38]. 

Rome III Classification can not be used on its own for positive diagnosis; clinical evaluation of 
the patient should be completed with serum biochemistry and imagistic explorations. 

Serum biochemistry 
Abnormal serum liver and pancreatic enzymes can be found in patients with SOD, especially 

during episodes of abdominal pain. Even the sensibility and specificity of the serum enzyme is low, the 
elevated serum aminotransferases (ALT and AST) in patients with biliary SOD and amylase or/and 
lipase in patients with pancreatic SOD can be used in choosing the appropriate therapeutic method. 
Abnormal liver tests may indicate the advantageous response to endoscopic sphincterotomy, as 
demonstrated by Lin et al on Geenen-Hogan class II postcholecystectomy patients with abnormal liver 
function tests (90% were pain-free after sphincterotomy) [39]. 

Pain provocative test 
The Nardi test (named after George Nardi, who first described the procedure in 1966), also 

known as the morphine-prostigmine provocation test (an intramuscular injection of 10mg of morphine 
and 2mg of prostigmine), was used to stimulate the spasm of SO and the production of exocrine 
pancreatic secretion. Elevation of liver or/and pancreatic enzyme or reproduction of the pain represent a 
positive test, confirm the SOD diagnosis and also the clinical advantage after sphincterotomy. Because 
of the low sensitivity and specificity, this test is no longer used [40].    

Ultrasonography (US) 
The common bile duct diameter can be measured using transabdominal US, dilatation above 

6mm indicates the increased resistance to bile flow and is likely to be a feature of SOD [41]. This 
analysis is not enough because dilatation of the common bile duct diameter can also be found in elderly 
persons (with the upper normal limit at 8.5mm) [42] and in asymptomatic cholecystectomized patients 
[44]. 

Provocation tests have been developed to observe the motility of SO and to increase the 
specificity of US examination. After a fatty meal or after cholecystokinin administration, bile flow 
increases, but common bile duct diameter remains constant in normal SO function. A diameter increase 
of more than 2mm is considered pathological and reflects the raised resistance to bile flow [44]. 

The pancreatic duct diameter can also be determined using transabdominal US; normal average 
values are 3mm in the area of the head-neck, 2.1mm in the body proximal and 1.6mm in the body distal 
to the neck [45]. In normal patients, the pancreatic duct diameter increases and then returns to normal in 
less than 15 minutes. An increase in the pancreatic duct diameter of more than 1.5mm for more than 30 
minutes after a fatty meal or after secretin infusion is considered pathological [45]. 

Endoscopic ultrasonography and computer tomography were used to increase the sensibility of 
the ductal diameter measurement with good results [47, 48]. 

Magnetic resonance cholangiopancreatography (MRCP) 
MRCP is important in determining the presence of structural obstructive causes (stones, tumors) 

and is the least invasive method to obtain a cholangiogram or a pancreatogram [49]. MRCP has been 
used to evaluate the dynamic anatomy of pancreatic duct after secretin infusion in patients with 
recurrent episodes of pancreatitis [50]. 

Hepatobiliary scintigraphy (HS) 
With HS using technetium-99m, patients with SOD present delayed biliary drainage into the 

duodenum. In order to increase accuracy, HS can be combined with provocative tests. There were 
studies that recommended it for diagnosis for its good correlation with manometry [51]. Results of other 
studies indicated that the method had a relatively low sensitivity and sensibility and correlated poorly 
with manometry, not being recommended for general clinical use [52]. Therefore, new studies are 
necessary in order to reach a conclusion. 

Endoscopic retrograde cholangiopancreatography (ERCP)  
ERCP alone is no longer recommended for evaluating the SOD given the comparable sensitivity 

http://hallo.ro/search.do?query=advantageous
http://en.wikipedia.org/w/index.php?title=George_Nardi&action=edit&redlink=1
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with noninvasive methods like US or MRCP [53].    
Sphincter of Oddi manometry (SOM) 
SOM remains the most important diagnostic method for SOD. SOM is done during ERCP with 

a water-perfused pressure-sensitive catheter that is passed into the sphincter through an endoscope that 
has been placed into the duodenum. The catheter is slowly withdrawn from the bile duct into the 
duodenum through the SO, whilst recording the basal sphincter pressure and the phasic contractions in 
different parts of the bile duct (proximal, medium and distal) and in the duodenum. The abnormally high 
basal sphincter pressure, more than 40mmHg, is the only criteria accepted for diagnosing the SOD by 
most authors. Other abnormalities that can be found in patients with SOD are an increase in retrograde 
SO phasic waves, high frequency of phasic contractions, paradoxical response to cholecystokinin or 
other smooth muscle relaxants [54]. 

If pressure recording suggests SOD, proper therapy involves an endoscopic cutting of the 
sphincter (sphincterotomy). In a controlled study of patients with suspected type II biliary SOD, the 
response rate after sphincterotomy was 91% when basal pressure was greater than 40mmHg and only 
42% with a normal SO pressure [55]. This good response after sphincterotomy for patients with 
increased basal sphincter pressure indicates a suggestion of therapy. There were studies that 
recommended other criteria, like elevated liver enzymes and biliary dilatation, obtained through 
noninvasive methods, as better predicting the response to sphincter ablation [56]. Recently, injection of 
botulinum toxin into the SO, which inhibits the motility of the sphincter for almost 3 months, has been 
used to select patients who will respond to sphincterotomy [57].  

Measuring only the basal pressures from either the biliary or pancreatic ducts is not 
recommended because the separate dysfunction may be found in almost 25% of patients [58]. In the 
evaluation of patients with recurrent pancreatitis, normal biliary SO was found in the presence of 
abnormal pancreatic SO [59]. Another study that evaluated 68 patients found the following results: of all 
patients diagnosed with SOD, 29% had chronic pancreatitis and of those diagnosed with chronic 
pancreatitis, 87% had SOD [60]. 

Even if SOM is the main method for SOD diagnosis, it has some limitations. Besides the fact 
that it is not largely available, SOM increases the risk of ERCP-associated pancreatitis. The incidence of 
pancreatitis was 17% in a study of 100 consecutive patients who underwent sphincter of Oddi 
manometry, that percentage being greater compared with the one using ERCP only [61]. 

Rome (I, II, III) Classification is used as the main diagnosis criteria for the abdominal pain in 
SOD, a subjective symptom. Also, the characteristic of abdominal pain in SOD is similar with 
symptoms of other structural or functional gastrointestinal disorders. So, another classification using 
objective clinical features is necessary to complete the evaluation.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 3                                                                         

Rome III Classification 
Diagnostic Criteria for Functional GB and SO Disorders 

 
 
 

Pain located in the epigastrum 
and/ or 

upper quadrant 
and all 8 points 

1. Episodes lasting 30 minutes or longer 
2. Recurrent symptoms occurring at different intervals (not 

daily) 
3. The pain builds up to a steady level 
4. The pain is moderate to severe enough to interrupt the 

pacient’s daily activities or lead to an emergency department 
visit 

5. The pain is not relieved by bowel movements 
6. The pain is not relieved by postural change 
7. The pain is not relieved by antacids 
8. Exclusion of other structural disease that would explain the 

symptoms 
 

Supportive criteria 
one or more of 3 

1. Pain is associated with nausea and vomiting 
2. Pain radiates to the back and/or right infrasubscapular 

region 
3. Pain awakens from sleep in the middle of the night 
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Biliary SOD 
 

 Milwaukee Biliary Group 
Classification 

Revized Milwaukee Biliary Group 
Classification 

The Rome III consensus statement 
type III • biliary-type pain • recurrent biliary-type pain 
type II • biliary-type pain 

and one or two of the following 
• abnormal liver function tests 

(>2 times normal) 
• dilated common bile duct 

(>12mm) 
• delayed dranaige of ERCP 

contrast ( >45 minutes) 

• biliary-type pain 
and one of the following 
• abnormal   – aminotransferases 

- bilirubin or 
- alkaline phosphatase 

(>2 times normal on at least 2 ocassions) 
• dilated bile duct  

(> 8mm) 
 

type I • biliary-type pain 
and all of the following 
• abnormal liver function tests 

(>2 times normal) 
• dilated common bile duct 

(>12mm) 
delayed dranaige of ERCP 
contrast ( >45 minutes) 

• biliary-type pain 
and all of the following 
• abnormal   – aminotransferases 

- bilirubin or 
- alkaline phosphatase 

(>2 times normal on at least 2 ocassions) 
• dilated bile duct  

(> 8mm) 
 

 

The Classical Milwaukee Biliary Group Classification (Hogan-Geenen classification) for 
biliary SOD [62] and The Modified Milwaukee Biliary Group Classification for pancreatic SOD 
[63] recognize three biliary, and three pancreatic subtypes respectively. 

All subtypes exhibit abdominal pain (biliary or pancreatic pain) as first objective clinical 
criteria. Also, abnormal liver/pancreatic enzymes are elevated (twice as high as normal on at least 
two occasions). Another objective criterion is delayed drainage of ERCP contrast for more than 45 
minutes and dilated common bile duct more than 12mm for biliary SOD. 

ERCP is an invasive diagnosis method that could have important complications like ductal 
or pancreatic tissue damage. That is why, in order to avoid early ERCP, the Rome III consensus 
statement revised The Classical Milwaukee Biliary Group Classification (Hogan-Geenen 
classification). The revized Classification uses US, noninvasive method, to evaluate the common 
bile duct diameter.  

                                                                           Table 4 
 

Also, the Rome III consensus statement has developed a similar classification system for 
pancreatic SOD. This new classification, used to investigate patients with abdominal pancreatic 
pain or recurrent pancreatitis, evaluates the serum pancreatic enzymes, the pancreatic duct diameter 
and the time of contrast drainage after ERCP. 

The subtypes of The Classical Milwaukee Biliary Group Classification are correlated with 
the positive diagnosis of SOD through SOM: from 80-90% for type I biliary SOD to only 7-30% for 
type III biliary SOD and from 90% for type I pancreatic SOD to only 35% for type III pancreatic 
SOD [64, 65]. 
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Pancreatic SOD 
 

 Modified Classification of 
pancreatic type SOD 

Revized Classification  
of pancreatic type SOD 

The Rome III consensus statement 
type III • pancreatic-type pain • pancreatic -type pain 
type II • pancreatic -type pain 

and one of the following 
• amylase/ lipase 
 (>1.5 - 2 times normal) 
• pancreatic duct > 6mm in head 

or >5mm in body 
 

• pancreatic -type pain 
and one or two of the following 
• amylase/ lipase 
 (>1.5 times normal) 
• pancreatic duct > 6mm in head or 

>5mm in body by ERCP 
• delayed drainage of contrast after 

ERCP (>9 minutes) 
 

type I • pancreatic -type pain 
and all of the following 
• amylase/ lipase 
 (>1.5 - 2 times normal) 
• pancreatic duct > 6mm in head 

or >5mm in body 
 

• pancreatic -type pain 
and all of the following 
• amylase/ lipase 
 (>1.5 times normal) 
• pancreatic duct > 6mm in head or 

>5mm in body by ERCP 
• delayed drainage of contrast after 

ERCP (>9 minutes) 
 

 
                                                                                         Table 5 
Treatment 

 
The purpose of therapy in SOD is to reduce sphincter resistance to bile and/or pancreatic 

juice flow. For this, medical therapy and also endoscopic and surgical procedures have been 
developed. 

As medical therapy, spasmolytic agents (calcium channel blockers and nitrates) were studied 
for the management of SOD in relation with SO smooth muscle structure. 

Nitrates (sublingual nitroglycerine) were used to relax SO and, in this way, to reduce basal 
sphincter pressure [66]. 

Calcium channel blockers (sublingual nifedipine) have been proved to reduce the intensity 
of abdominal pain to approximately 75% of patients with increased basal sphincter pressure at SOM 
[67]. 

The use of medical therapy is considered in all type III SOD and in less severe type II SOD 
because it may have frequent side-effects. It may not be beneficial in SO stenosis and also has an 
incomplete response in patients with primary motor abnormality of the SO. 

The most effective therapy in SOD is total division of SO [68]. Because pain is produced by 
sphincter spasm, division of the sphincter should stop the episodes of pain and allow a good 
drainage of pancreatic bile and pancreatic juice into the duodenum. Sphincterotomy can be realized 
by transabdominal approach or by endoscopy. 

The surgical transduodenal approach is the traditional curative method for SOD. The most 
common surgical intervention used was transduodenal sphincteroplasty with transampullary 
septectomy [69]. For the surgical therapy, rates of response were correlated with the basal sphincter 
pressure: patients with an elevated basal sphincter pressure determined by intraoperative SOM were 
more likely to improve after surgical ablation than those with a normal basal pressure [70]. There 

http://hallo.ro/search.do?query=approximately
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were studies that suggested that the use of surgical therapy for biliary SOD had a better outcome 
than for pancreatic SOD, however, these conclusions were not sustained by other studies [71]. 

The advantages of surgical sphincterotomy compared with endoscopic sphincterotomy are a 
better efficiency due to a good access of the transampullar septum and a lower rate of recurrent 
stenosis [72]. Surgical approach also has its disadvantages: it is more invasive, associated with an 
increased rate of morbidity (like postoperative pancreatitis), mortality, and cost of care. Also, 
patient tolerance and cosmetic results are better for the endoscopic approach [73]. 

Nowadays, surgery has been replaced by endoscopical division of the SO. Surgical therapy 
is, at present, a solution for cases of restenosis following endoscopical treatment only. 

Multiple studies have evaluated endoscopic sphincterotomy for SOD. The results 
recommended the endoscopical management as the standard therapy in SOD for the initial invasive 
treatment. 

Patients with an elevated basal pressure (greater than 40mmHg) seem to have the greatest 
benefit extended out to 4 years [74]. 

Another study indicates a tendency for patients with bile ducts diameter greater than 12mm 
to have a sustained clinical improvement after endoscopic sphincterotomy [75]. 

Results from a 5-year prospective clinical trial on one-hundred and eight patients with 
recurrent biliary-type I and type II pain after cholecystectomy, indicate that the Geenen-Hogan 
classification helps predict the clinical outcome after endoscopic sphincterotomy [76]. Another 
study recognizes that endoscopic sphincterotomy provides symptomatic relief for the majority of 
patients but also that improved criteria for predicting the outcome are required [77]. 

Drainage of the biliary or pancreatic duct through a stent has also been used with varied 
results in different studies. Some results indicate increased ductal and parenchymal injury after stent 
utilisation and others recommend the use of stents in SOD [78, 79]. The use of a small diameter 
stent for a short period of time has reduced the incidence of post-ERCP pancreatitis [80]. 

Balloon dilation of SO was developed in order to obtain a less invasive approach of SOD 
and to preserve the SO function. Because of the high rate of complications, the use of this method 
was acceptable only in patients who have coagulopathy, who are at risk for infection, and possibly 
those who are older [81].  

 
Conclusion 

 
The functional sphincter of Oddi disorder represents a combination of motility abnormalities 

that are the source of significant clinical symptoms. Manometry is a good instrument of diagnosis, 
but noninvasive methods of diagnosis for SOD should be developed in the future. Also, an ideal 
therapeutic option has not been found yet. This way, even having answers to a lot of questions 
regarding SOD, it remains still a chapter open for study. 

Abbreviations used 

ERCP - endoscopic retrograde cholangiopancreatography; ES - endoscopic sphincterotomy; GB – 
gallbladder; MRCP - Magnetic resonance cholangiopancreatography ; SO - sphincter of Oddi; SOD 
- sphincter of Oddi disorder; SOM - sphincter of Oddi manometry; US – ultrasonography 

References: 

1.Medical Dictionary; Sphincter of Oddi dysfunction: www.medlexicon.com 
2.Drossman DA, Li Z, Andruzzi E, Temple RD, Talley NJ, Thompson WG, et al.; U.S. householder survey of 
functional gastrointestinal disorders; Prevalence, sociodemography, and health impact; Dig Dis Sci 1993; 38:1569-80 
3.Toouli J; Sphincter of Oddi. Gastroenterologist 1996; 4: 44. 
4.Lisbona R; The scintigraphic evaluation of sphincter of Oddi dysfunction. J Nucl Med 1992; 33:1223.   
5.Nicholas J Talley; Functional Gastrointestinal disorders; Cecil Medicine; 23rd edition; 1997: 990-998 
6.American Gastroenterological Association (AGA); Rome III Classification; May 23, 2006: www.romecriteria.org 

http://www.medlexicon.com/
http://www.uptodate.com/patients/content/abstract.do?topicKey=%7ESm4Jhk.9M03Fy&refNum=6
http://www.romecriteria.org/


Journal of Medicine and Life  Vol. 1, No.2, April-June 2008 

 127 

7.Royal College of Physicians; Heritage Centre; Glisson Francis: www.replandon.ac.uk 
8.Marios Loukas, Georgios Spentzouris, Shane Tubbs, Theodoros Kapos, Brain Curry; Ruggero Ferdinando Antonio 
Guiseppe Vincenzo Oddi; World J Surg 2007; 31: 2260 - 2265 
9.Edwin Daniel, Tadeo Tomita, Seigi Tsuchida, Minoru Watanabe; Sphinctes: Normal Functions – Changes in 
Diseases; Chapter 10 - The structure of Oddi’s sphicter by GM Wave 1992: 175-188 
10.Boyden EA; The anatomy of the choledochoduodenal junction in man; Surg Gynecol Obstet 1957;104: 641-52 
11.AJ Ladman; Editorial comment – in honor of Edward Allen Boyden; The Anatomical Record 2005; 186: 1-13 
12.Prof. Dr. V. Ranga; Anatomia omului, volumul II, Viscere 1989: 153-159 
13.Gilbert DA, DiMarino AJ, Jensen DM, et al; Status evaluation: sphincter of Oddi manometry; American Society for 
Gastrointestinal Endoscopy; Technology Assessment Committee; Gastrointest Endosc 1992; 38: 757-759 
14.Geenen JE, Hogan WH, Dodds WJ, Stewart ET, Arndorfer RC. Intraluminal pressure recording from human 
sphincter of Oddi. Gastroenterology 1980; 78: 317-24.   
15.Worthley CS, Baker RA, Saccone GTP, McGEE M, Toouli J; Interdigestive and post-prandial contractile activity 
of the human sphincter of Oddi; Aust NZ J Med 1987; 17: 502 
16.Guelrud M; Sphincter of Oddi motor function in pacients with symptomatic gallstones; Gastroenterology 1993; 
104: 361 
17.Guelrud M, Mendoza S, Rossiter G; Sphincter of Oddi manometry in healthy volunteers; Dig Dis Sci 1990; 35: 38-
46 
18.Toouli J, Geenen JE, Hogan WJ, Dodds WJ, Arndorfer RC; Sphincter of Oddi motor activity: a comparison 
between patients with common bile stones and controls; Gastroenterology 1982; 82: 111-117 
19.Coelho JC, Wiederkehr JC; Motility of Oddi’s sphincter: recent developments and clinical applications; Am J Surg 
1996; 172: 48 -51 
20.Klein A, Lillemoe K, Yeo C, Pitt HA; Liver, biliary tract and pancreas In O'Leary J, editor. Physiologic basis of 
surgery; Wilkins and Wilkins; Baltimore:441-478 
21.Patankar R, Ozmez MM, Bailey IS, et al; Gallbladder motility, gallstones, and the surgeon; Dig Dis Sci 1995; 40: 
2323-35 
22.J Toouli, W J Hogan, J E Geenen, W J Dodds, R C Arndorfer; Action of cholecystokinin-octapeptide on sphincter 
of Oddi basal pressure and phasic wave activity in humans. Surgery; 1982; 92: 497-503  
23.Luman W, Williams AJ, Pryde A, Smith GD, Nixon SJ, Heading RC, et al; Influence of cholecystectomy on 
sphincter of Oddi motility; Gut 1997; 41: 371-4 
24.Edwin E. Daniel; Neuropeptide function in the gastrointestinal tract; CRC Press; 1991: 3-8 
25.H S Kaufman, M A Shermak, C A May, H A Pitt, K D Lillemoe; Nitric oxide inhibits resting sphincter of Oddi 
activity; Am J Surg. 1993; 165: 74-80 
26.Min Zhang, Hisashi Shimojo, Takashi Ehara, Hidekazu Shigematsu; Decreased distribution of nitric oxide synthase 
and vasoactive intestinal polypeptide positive nerve cells in the sphincter of Oddi in humans with pancreatobiliary 
diseases; Arch Histol Cytol 2005; 68:121-131  
27.Staritz M; Pharmacology of the sphincter of Oddi; Endoscopy 1988; 20:171-174 
28.Edwin E,Tadao D, Seiga T, Tsuchida W; Sphincters: Normal Function-Changes in Diseases; CRC Press 1992: 190-
196 
29.Richards RD, Yeaton P, Shaffer HA Jr, Pambianco DJ, Pruett TL, Stevenson WC, et al; Human sphincter of Oddi 
motility and cholecystokinin response following liver transplantation; Dig Dis Sci 1993; 38: 462-468 
30.Corazziari E, Shaffer EA, Hogan WJ, Sherman S, Toouli J. Functional disorders of the biliary tract and pancreas. 
Gut 1999;45: 48-54 
31.Vakhrushev I M, Penkina I A; Functional condition of the hepatobiliary system in patients with biliary dyskinesia; 
Ter Arkh. 2007 ;79 (2): 41-47  
32.Luman W, Williams AJ, Pryde A, Smith GD, Nixon SJ, Heading RC, Palmer KR; Influence of cholecystectomy on 
sphincter of Oddi motility; Gut 1997; 41:371-374 
33.Bar-Meir S, Halpern Z, Bardan E, Gilat T; Frequency of papillary dysfunction among cholecystectomised patients; 
Hepatology 1984; 4: 328-330 
34.Luman W, Adams WH, Nixon SN, Mcintyre IM, Hamer-Hodges D, Wilson G, et al ; Incidence of persistent 
symptoms after laparoscopic cholecystectomy: A prospective study; Gut 1996; 39: 863-866   
35.Guelrud M; Sphincter of Oddi motor function in patients with symptomatic gallstones; Gastroenterology 1993; 104: 
361 
36.   Geenen JE, Nasch JA; The role sphincter of Oddi manometry (SOM) and biliary microscopy in evaluating 
idiopathic recurrent pancreatitis; Endoscopy 1998; 30: 237-241 
37.Eversman D, Fogel EL, Rusche M, Sherman S, Lehman GA; Frequency of abnormal pancreatic and biliary 
sphincter manometry compared with clinical suspicion of sphincter of Oddi dysfunction; Gastrointest Endosc 1999; 
50: 637-641 
38.Behar J, Corazziari E, Guelru M, Hogan W, Sherman S, Toouli J; Functional Gallbladder and Sphincter of Oddi 
Disorders; Gastroenterology 2006; 130: 1498-1509 
39.Lin OS, Soetikno RM, Young HS; The utility of liver function test abnormalities concomitant with biliary 
symptoms in predicting a favorable response to endoscopic sphincterotomy in patients with presumed sphincter of 
Oddi dysfunction; Am J Gastroenterol 1998; 93: 1833-1836 

http://lib.bioinfo.pl/auth:Toouli,J
http://lib.bioinfo.pl/auth:Hogan,WJ
http://lib.bioinfo.pl/auth:Geenen,JE
http://lib.bioinfo.pl/auth:Dodds,WJ
http://lib.bioinfo.pl/auth:Arndorfer,RC
http://lib.bioinfo.pl/pmid:6287657
http://lib.bioinfo.pl/pmid:6287657
http://lib.bioinfo.pl/auth:Kaufman,HS
http://lib.bioinfo.pl/auth:Shermak,MA
http://lib.bioinfo.pl/auth:May,CA
http://lib.bioinfo.pl/auth:Pitt,HA
http://lib.bioinfo.pl/auth:Lillemoe,KD
http://lib.bioinfo.pl/auth:Zhang,M
http://lib.bioinfo.pl/auth:Shimojo,H
http://lib.bioinfo.pl/auth:Ehara,T
http://lib.bioinfo.pl/auth:Shigematsu,H
http://www.amazon.com/exec/obidos/search-handle-url?%5Fencoding=UTF8&search-type=ss&index=books&field-author=Edwin%20E.%20Daniel
http://www.amazon.com/exec/obidos/search-handle-url?%5Fencoding=UTF8&search-type=ss&index=books&field-author=Edwin%20E.%20Daniel
http://www.amazon.com/exec/obidos/search-handle-url?%5Fencoding=UTF8&search-type=ss&index=books&field-author=Seigi%20Tsuchida
http://lib.bioinfo.pl/auth:Vakhrushev,IM
http://lib.bioinfo.pl/auth:Penkina,IA


Journal of Medicine and Life  Vol. 1, No.2, April-June 2008 

 128 

40.Steinberg WM, Salvato RF, Toskes PP; The morphine-prostigmin provocative test: is it useful for making clinical 
decisions?; Gastroenterology 1980; 78: 728-731 
41.Parulekar SG; Ultrasound evaluation of common bile duct size; Radiology 1979; 133: 703-707 
42.Bachar GN, Cohen M, Belenky A, Atar E, Gideon S; Effect of aging on the adult extrahepatic bile duct: A 
sonographic study; Congrès 
Scientific Assembly of the Radiological Society of North America  2003; 22: 879-882 
43.Bar-Meir S, Halpern Z, Bardan E; Frequency of papillary dysfunction among cholecystectomized patients; 
Hapatology 1984; 4: 328-330 
44.Ruffolo TA, Sherman S, Lehman GA, Hawes RH; Gallbladder ejection fraction and its relationship to sphincter of 
Oddi dysfunction; Dig Dis Sci 1994; 39: 189-292 
45.Hadidi A.; Pancreatic duct diameter: sonographic measurement in normal subjects; j Clin Ultrasound 1983; 11: 17-
22 
46.Bolondi L, Gaiani S, Gullo L, Labo G; Secretin administration induces a dilation of the main pancreatic duct; Dig 
Dis Sci 1984; 29: 802 
47. Hogan WJ; Sphincter of oddi dysfunction: The tales of two countries; Current Gastroenterology Reports 2007; 2: 
91-93 
48.Catalano MF, Lahoti S, Alcocer E; Dynamic imaging of the pancreas using real-time endoscopic ultrasonography 
with secretin stimulation; Gastrointest Endosc 1998; 48: 580 
49.Barish Ma, Yucel EK, Ferrucci JT; Magnetic resonance cholangiopancreatography; N Engl J Med 1993; 341: 258-
264 
50.Mariani A, Curioni S, Zanello A, Passaretti S, Masci E, Rossi M; Secretin MRCP and endoscopic pancreatic 
manometry in the evaluation of sphincter of Oddi function: A comparative pilot study in patients with idiopathic 
recurrent pancreatitis; Gastrointest Endosc 2003; 58: 847-852 
51.Corazziari E, Cicala M, Scopinaro F; Scintigraphic assessment of SO dysfunction; Gut 2003; 52: 1655-1656 
52.Craig AG, Peter D, Saccone G T P, Ziesing P, Wycherley A, Toouli J; Scintigraphy versus manometry in patients 
with suspected biliary sphincter of Oddi dysfunction; Gut. 2003; 52: 352-357 
53.NIH State of the Sciences Conference on ERCP; Gastrointest Endosc 2002; 56: 803-809 
54.Becker JM; Physiology of motor function of the sphincter of Oddi; Surg Clin North Am 1993; 95: 1409-1415 
55.Petersen BT; An evidence-based review of sphincter of Oddi dysfunction: Part I, presentations with "objective" 
biliary findings (types I and II); Gastrointest Endosc 2004; 59: 525-34.   
56.Hogan WJ, Geenen JE; Biliary dyskinesia. Endoscopy 1988; 20: 179-183 
57.Wang HJ, Tanaka M; Konomi H, Toma H,Yokohata K, Pasricha PJ, Kalloo AN; Effect of local injection of 
botulinum toxin on sphincter of Oddi cyclic motility in dogs; Digestive diseases and sciences 1998; 43: 694-701 
58.Abell TL, Werkman RF, Familoni BO; Biliary, pancreatic, and sphincter of Oddi electrical and mechanical signals 
recorded during ERCP; Dig Dis Sci 1998; 43: 540 
59.Steinberg WM; Should the sphincter of Oddi be measured in patients with idiopathic reccurent acute pancreatitis and 
should sphincterotomy be performed if the pressure is high?; Pancreas 2003; 27: 118-121 
60.Tarnasky, PR, Hoffman, B, Aabakken, L, et al. Sphincter of Oddi dysfunction is associated with chronic pancreatitis. 
Am J Gastroenterol 1997; 92:1125 
61.Maldonado ME, Brady PG, Mamel JJ, Robinson B; Incidence of pancreatitis in patients undergoing sphincter of 
Oddi manometry (SOM); Am J Gastroenterol 1999; 94: 387 
62.Hogan WJ, Geenen JE; Biliary dyskinesia; Endoscopy 1988; 20: 179-83 
63.Brandstatter G, Schinzel S, Wurzer H; Influence of spasmolytic analgesics on motility of sphincter of Oddi; Dig Dis 
Sci 1996; 41: 1814-1818 
64.Meshkinpour H, Mollot M; Sphincter of Oddi dysfunction and unexplained abdominal pain: clinical and manometric 
study; Dig Dis Sci 1992; 37: 257-261 
65.Sherman S, Troiano FP, Hawes RH; frequency of abnormal sphincter of Oddi manometry compared with the clinical 
suspicion of sphincter of Oddi dysfnction; Am J gastroenterol 1991; 86: 586-590 
66.Brandstatter G, Schinzel S, Wurzer H; Influence of spamolytic anagesics on motility of sphincter of Oddi; Dig Dis 
Sci 1996; 41: 1814-1818 
67.Sand J, Nordback I, Koskinen M, Matikainen M, Lindholm TS; Nifedipine for suspected Type II sphincter of Oddi 
dyskinesia; Am J Gastroenterol 1993; 88: 530-5 
68.Elton E, Howell DA, Parsons WG, Qaseem T, Hanson BL; Endoscopic pancreatic sphincterotomy: indications, 
outcome and a safe stentless technique; Gastrointest Endosc 1998; 47: 240-249 
69.Toouli J, Francesco V, Saccone G, Kollias J, Shanks N; Division of the sphincter of Oddi treatement of dysfunction 
associated with recurent pancreatitis; Br J Surg 1996; 83: 1205-1210 
70.Sherman S, Hawes RH, Madura J, Lehman GA; Comparison of intraoperative and endoscopic manometry of the 
sphincter of Oddi; Surg Gynecol Obstet 1992; 175: 410-18 
71.Moody FG, Vecchio R, Calabuig R, Runkel N; Transduodenal sphincteroplasty with transampullary septectomy for 
stenosing papillitis; Am J Surgery 1991; 161: 213-8 
72.Darweesh RM, Dodds WJ, Hogan WJ, Geenen JE, Collier BD, Shaker R; Efficacy of quantitative hepatobiliary 
scintigraphy and fatty-meal sonography for evaluating patients with suspected partial common duct obstruction; 
Gastroenterology 1988; 94: 779-86 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hadidi%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.springerlink.com/content/120638/?p=943ad578233c4bce8d748781fa774c3c&pi=0


Journal of Medicine and Life  Vol. 1, No.2, April-June 2008 

 129 

73.Nussbaum MS, Warner BW, Sax HC; Transduodenal sphincteroplasty and transampullary septotomy for primary 
sphincter of Oddi dysfunction; Am J Surg 1989; 157: 38-43 
74.Geenen JE, Hogan WJ, Dodds WJ; The efficacy of endoscopic sphincterotomy after cholecystectomyin patients with 
sphincter of Oddi dysfunction; N Engl J Med 1989; 320: 82-87 
75.Botoman VA, Kozarek RA, Novell LA, Patterson DJ, Ball TJ, Wechter DG, Neal LA; Long-term outcome after 
endoscopic sphincterotomy in patients with biliary colic and suspected sphincter of Oddi dysfunction; Gastrointest 
Endosc. 1994; 40: 165-170 
76.Wehrmann T, Wiemer K, Lembcke B, Caspary WF, Jung M; Do patients with sphincter of Oddi dysfunction benefit 
from endoscopic sphincterotomy ? A 5-year prospective trial; European journal of gastroenterology & hepatology  
1996; 8: 251-256 
77.Neoptolemos JP, Bailey IS, Carr-Locke DL; Sphincter of Oddi dysfunction: Results of treatment by endoscopic 
sphincterotomy; British Journal of Surgery 2005; 75: 454 – 459 
78.Singh P, Gurudu SR, Davidoff S, Sivak MV; Sphincter of Oddi manometry does not predispose to post-ERCP acute 
pancreatitis; Gastrointest Endosc 2004; 59: 49. 
79.Goff JS; Common bile duct sphincter of Oddi stenting in patients with suspected sphincter dysfunction; Am J 
Gastroenterol 1995; 90: 586-589 
80.Fogel EL, Eversman D, Jamidar P, Sherman S, Lehman GA; Sphincter of Oddi dysfunction: pancreaticobiliary 
sphincterotomy with pancreatic stent placement has a lower rate of pancreatitis than biliary sphincterotomy alone; 
Endoscopy 2002; 34: 280-285 
81.Sato H, Kodama T, Takaaki J, Tatsumi Y, Maeda T, Fujita S, Fukui I, Ogasawara H, Mitsufuji S; Endoscopic 
papillary balloon dilatation may preserve sphincter of Oddi function after common bile duct stone management : 
Evaluation from the viewpoint of endoscopic manometry; Gut 1997; 41: 541-544 

 

 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Botoman%20VA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kozarek%20RA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Novell%20LA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Patterson%20DJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ball%20TJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wechter%20DG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Neal%20LA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.uptodate.com/patients/content/abstract.do?topicKey=%7ESm4Jhk.9M03Fy&refNum=54
http://www.uptodate.com/patients/content/abstract.do?topicKey=%7ESm4Jhk.9M03Fy&refNum=54

