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Original Article

Biliary hyperkinesia in adolescents—it isn’t all hype!
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Background: Biliary dyskinesia generally refers to a hypofunctioning gallbladder with an ejection fraction 
(EF) of <35% on hepatobiliary iminodiacetic acid scan with cholecystokinin stimulation (CCK-HIDA 
testing). In adults, biliary hyperkinesia has a defined association with biliary colic symptoms and can be 
relieved with surgical intervention. This clinical entity has not been well described in children or adolescents. 
In fact, only recently have we seen biliary hyperkinesia on HIDA at our centers. To that end, we reviewed 
our recent experience with adolescents who have presented and been treated for this unusual clinical entity. 
Methods: With IRB approval, we retrospectively reviewed the records of all patients with abnormally high 
HIDA EFs (>80%) cared for by the pediatric surgery services at two tertiary care centers over the span of a 
three-year period. Age, sex, BMI, CCK-HIDA results, and preoperative testing and post-operative pathology 
were noted. Resolution of symptoms was determined by subjective patient self-reporting at postoperative 
visit.
Results: Eighteen patients met inclusion criteria. Average age 15.7 (range, 10–17 years), median BMI 27.3 
(±8.2). Fifteen patients were female and 3 were male. Average CCK-HIDA EF was 91.6% (±5.2), 82.4% of 
the patients had evidence of chronic cholecystitis and/or cholesterolosis on pathology. Postoperatively, 82.4% 
of the patients available for follow up (n=17) reported complete or near complete resolution of symptoms. 
Conclusions: Biliary hyperkinesia is an emerging clinical entity in children and adolescents and has a 
similar presentation to biliary hypokinesia. While the pathophysiologic mechanism of pain is not fully 
elucidated, laparoscopic cholecystectomy appears to provide a surgical cure for these patients and should be 
considered in the differential for the patient with an unremarkable workup and history suggestive of biliary 
colic.
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Introduction

The incidence of cholecystectomy in the pediatric 
population has increased considerably over the last 
several decades. This is likely due to a rise in childhood 
obesity, increased recognition of gallbladder pathology 
from widespread use of ultrasonography, and a change 
in physician perception of gallbladder disease (1-4). One 
of the most common indications for cholecystectomy in 
the pediatric population is biliary dyskinesia (5-7). Biliary 
dyskinesia is diagnosed in patients who have symptoms 
of biliary colic in the absence of stones with a depressed 
ejection fraction (EF) on a hepatobiliary iminodiacetic 
acid scan with cholecystokinin stimulation (CCK-
HIDA testing). Performing cholecystectomies for biliary 
dyskinesia is helpful for symptom relief in pediatric patients 
(8-20). In addition, there is some literature to suggest that 
hyperkinetic gallbladders with elevated EFs greater than 
65–80% can cause symptoms similar to classic biliary colic 
but this phenomenon is poorly understood. In total, there 
are only a few descriptions in both the adult and pediatric 
literature of this biliary hyperkinesia as a potentially 
surgically correctable disease (21-26). With improved 
descriptions of characteristics and outcomes for patients 
with hyperkinetic gallbladders, an understanding of optimal 
management will emerge. The aim of this present series 
is to describe the workup for this disease process and the 
outcomes associated with laparoscopic cholecystectomy for 
biliary hyperkinesia. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/tgh-20-258).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by both Institutional Review Boards of 
Wake Forest School of Medicine (#IRB00000212) and 
UT Southwestern School of Medicine (#IRB00000974) 
and informed consent was taken from all the patients. 
We collected an observational database of children and 
adolescents (age ≤18), who underwent laparoscopic 
cholecystectomy for biliary hyperkinesia spanning over a 
3-year period at two children’s hospitals. Age, sex, BMI, 
CCK-HIDA results, pre-operative esophagoduodenoscopy 
(EGD) findings (when present), post-operative pathology 
results and patient self-reported outcomes were obtained.

Inclusion criteria included patients ages ≤18 years old 

with a documented gallbladder EF of >80% on HIDA scan 
who underwent cholecystectomy for biliary hyperkinesia. 
Preoperative characteristics and work up were evaluated 
by chart review. Resolution of biliary colic symptoms was 
determined by documentation of subjective resolution of 
symptoms at the patients’ first postoperative follow up 
appointment. One patient was lost to follow up and was not 
included in the analysis of symptom resolution.

Descriptive statistics were utilized with the qualitative 
data reported in percentages and quantitative data reported 
in averages with standard deviations.

Results

During the study period, there were 187 pediatric patients 
(≤18 years old) who underwent workup and laparoscopic 
cholecystectomy by pediatric surgeons at the two tertiary care 
centers. Eighteen of these 187 patients had a documented 
gallbladder EF of >80% on HIDA scan. This group was 
predominantly (83.3%) female, Caucasian, and had a mean 
age of 15.7 years. The mean BMI was 27.3 (±8.2) kg/m2  

(Table 1).
Preoperative clinical data and postoperative outcomes for 

our 18 patients can be seen in Table 2. Many of the patients 
had extensive medical work ups to determine the etiology of 
their abdominal pain prior to being referred for a surgical 
evaluation. Approximately one third (38.9%) of patients 
had an EGD prior to referral. All patients with preoperative 
EGD had this study performed prior to CCK-HIDA scan 
for workup of epigastric pain in the setting of normal right 
upper quadrant ultrasounds. All EGDs revealed normal 
gastric anatomy and the majority had normal biopsy 
pathology. Two EGD biopsies revealed mild gastritis. On 
CCK-HIDA scan, the average gallbladder EF was 91.6% 
(±5.2%). The HIDA scans were interpreted by several 
different nuclear medicine radiologists at each hospital and 
were not all interpreted by a single provider. Only ten of the 
imaging reports commented on the presence or absence of 
biliary reflux during the HIDA testing. Of those, 50% were 
noted to have biliary reflux into the stomach after sincalide 
was injected.

The large majority of patients (82.4%) had some degree 
of chronic cholecystitis or evidence of cholesterolosis 
on their gallbladder pathology results.  Following 
cholecystectomy, the average time to follow up was  
23.5 days. At follow up, 82.4% of the patients endorsed 
complete or near complete resolution of preoperative 
symptoms. One patient was lost to follow up and was not 
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included in the analysis of symptom resolution. 

Discussion

Chronic abdominal pain in children and adolescents is 
very common and often poses diagnostic and management 
challenges (27). Elucidating the cause of epigastric or right 
upper quadrant pain may prove to be difficult given the 
large differential. Gallbladder dysfunction is a common 
culprit as it is a highly complex system with both hormonal 
and autonomic input regulating gallbladder contraction 
and emptying (28). Any imbalance of these inputs can lead 
to the classic symptoms of biliary colic such as postprandial 
RUQ pain, nausea or vomiting. Biliary dyskinesia is 
commonly defined as symptoms of biliary colic in the 
absence of stones with a low HIDA scan EF (less than 
35%). As previously described, these patients have been 
shown to respond well to surgical management (8-20). 
Conversely, biliary hyperkinesia is a less well understood 
and likely underreported diagnosis in adolescents that 
manifests with many of the same symptoms. As such, the 
clinical characteristics and response to surgical intervention 
with cholecystectomy remain largely undefined. A high 
percentage of patients (82.4%) in the present series 
experienced complete or near resolution of symptoms with 
cholecystectomy. Fourteen of 17 patients had postoperative 
pathology consistent with chronic cholecystitis and/
or evidence of cholesterolosis. In addition, several of 

our patients had bile reflux noted on their HIDA scans, 
which may be an unrecognized source of pain in biliary 
hyperkinesia.

Previous literature has described biliary hyperkinesia as a 
gallbladder EF >65–80%. In the present series the majority 
of patients had EFs >90% (23-26). 

Biliary hyperkinesia is likely an under diagnosed etiology 
of gallbladder pathology. Evidence of chronic inflammation 
was found on surgical pathology in almost all of our patients 
and 82.4% of the patients surveyed (n=17) experienced 
postoperative symptom relief. These findings are consistent 
with a study by Lindholm et al. of 12 pediatric patients 
with gallbladder EFs ≥ 80%. Similar to this present 
experience, all patients had evidence of cholecystitis on 
pathology and all patients endorsed symptomatic relief 
postoperatively (23). Conversely, a study by Dekonenko 
found that only 50% of pediatric patients (n=8) surveyed 
with an EF >65% had resolution of symptoms with 
the majority (63%) demonstrating evidence of chronic 
cholecystitis on pathology (24). While inflammation and 
mucosal irritation seem to be hallmarks of this process, the 
cause and effect is unclear. One current hypothesis is that 
intramural inflammation is due to the forceful contraction 
of gallbladder (25). This forceful contraction may be due to 
increased CCK receptor upregulation or signaling leading 
to increased sensitivity of the gallbladder to CCK. Hyper-
responsiveness of gallbladder contraction and pressure 
generation may be exacerbated by failure of the Sphincter of 
Oddi to fully relax. The pressure increase of the biliary tree 
brought on by these two mechanisms may contribute to the 
pain experienced in patients with acalculous biliary colic. 
The gallbladder is effectively contracting against a closed 
system, thus pressurizing the ducts and eliciting pain (28)  
with an abrupt release in the pressurized gallbladder 
contents and forceful ejection of bile. Further evidence 
to support the theory of CCK signaling dysfunction 
contributing to this pathology comes from reports of those 
suffering from biliary colic who experience significant pain 
relief with use of a CCK receptor antagonist (29). Once the 
gallbladder is no longer contracting in response to CCK 
signaling, the symptoms abate. Karplus et al. attempted to 
determine the etiology of acalculous gallbladder dyskinesia 
in children by examining the histopathology of gallbladder 
tissue in patients with chronic acalculous gallbladder 
dysfunction (CAGD) as compared to controls. The CAGD 
group abnormally expressed the CCK receptor in the 
gallbladder mucosal epithelium, whereas normal receptor 
expression was seen only in the vascular epithelium and 

Table 1 Preoperative clinical characteristics and descriptive 
demographics

Demographic
Frequency or 
Mean (n=18)

Standard 
Deviation

Sex

Female 83.3%

Male 16.7%

Age (years) 15.7 ±1.8

BMI (kg/m2) 27.3 ±8.2

Race

Caucasian 77.8%

Hispanic 16.7%

Asian 5.5%

HIDA EF 91.6% ±5.2

EGD (% completed) 38.9%
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smooth muscle in the controls (30). Abnormal CCK 
receptor expression may play a role in both hypokinetic and 
hyperkinetic gallbladder dysfunction. Additional, pediatric 
patients with symptomatic cholelithiasis and traditional 
biliary dyskinesia have an increase in gallbladder mucosal 
mast cell density and activation (31,32) and a similar 
inflammatory process is likely occurring in the hyperkinetic 
gallbladder. However, Jones et al. evaluated the relationship 
between gallbladder pathology and gallbladder EF in 

children and adolescents and reported that gallbladder 
EF value did not correlate with any specific pathology 
(cholecystitis, cholelithiasis, cholesterolosis). Fifty-six of the 
363 patients in that series had an EF >80% (33). Despite 
these robust numbers, the outcomes correlating symptom 
relief following cholecystectomy with surgical pathology 
in biliary hyperkinesia were limited and conflicting. Our 
series adds to the growing reports and suggests operative 
intervention is reasonable and often beneficial. Moreover, 

Table 2 Preoperative clinical data and postoperative outcomes.

Patient 
number

Sex Age EF (%) Surgical Pathology
Normal anatomy and 

pathology on EGD

Presence of 
bile reflux on 

HIDA

Resolution of 
pain at post op 

follow up

1 F 17  94  Chronic cholecystitis None ✖ ✔

2  F 17 90 Chronic cholecystitis Normal anatomy,  
mild gastritis

✔ ✔

3 F  17 87 Chronic cholecystitis None ✔ ✔

4 F  14  95 Chronic cholecystitis 
with cholesterolosis 

✔ ✖ ✔

5 F  16  96 Chronic cholecystitis ✔ ✔ ✔

6 F  15  98 Chronic cholecystitis ✔ ✔ ✖

7  F  17  96 Chronic cholecystitis ✔ ✖ ✔

8 M 17 98 Chronic cholecystitis 
with cholesterolosis 

Normal anatomy,  
mild gastritis

✔ ✔

9 F 16 87 Chronic cholecystitis 
with cholesterolosis 

None ✖ ✔

10 F 16 93 Chronic cholecystitis ✔ ✖ ✔

11 F 16 96 Cholesterolosis None Not available 
on report

✔

12 F 17 95 Normal None Not available 
on report

✔

13 M 14 85 Not available None Not available 
on report

No follow up

14 F 17 89 Chronic cholecystitis None Not available 
on report

✖

15 M 16 96 Normal None Not available 
on report

✔

16 F 14 87 Chronic cholecystitis None Not available 
on report

✔

17 F 17 83 Normal none Not available 
on report

✔

18 F 10 83 Cholesterolosis none Not available 
on report

✖
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an underlying inflammatory process is likely the explanation 
for pain.

A number of studies evaluating the use of HIDA 
testing for traditional biliary dyskinesia propose that 
symptom onset during the CCK analog infusion is more 
predictive of postoperative symptom resolution than the 
EF value (34-37). Due to the inconsistent documentation 
of symptom re-creation on HIDA scan reports, we were 
unable to determine a correlation. However, it is unclear 
whether this data may have been instructive. A study by 
Dave et al. evaluating 100 patients with hypofunctioning 
gallbladders (EFs <35%) reported that neither reproduction 
of symptoms with CCK injection nor pathologic findings 
of cholecystitis were predictive of postoperative symptom 
relief (38). Yet, this lack of a CCK injection/pain correlation 
should be interpreted with caution as the context was 
patients with hypokinetic gallbladders and the findings may 
be different in those with EFs >80%. The majority of our 
patients experienced symptomatic relief and had EFs >90%. 
Further studies comparing EF value and postoperative 
symptomatic relief may help elucidate a clinically relevant 
relationship in patients with hyperkinetic gallbladders.

Even in the context of biliary colic symptoms and a high 
EF, it is important to rule out other forms of gastrointestinal 
pathology. Karnsakul et al. evaluated 16 children with 
acalculous biliary type abdominal pain with EFs <35% (39). 
All of the patients underwent upper endoscopy and the 
majority of patients (88%) had findings reflective of peptic 
acid disease. Over two-thirds of the patients underwent a 
two-week trial of proton pump inhibitor therapy with just 
less than half of the patients having complete resolution 
of symptoms without cholecystectomy. Seven of our 18 
patients had pre-operative esophagogastroduodenoscopy. 
All revealed both normal anatomy and normal pathology, 
except for mild gastritis in 2 of the patients. Although the 
clinical entity of biliary hyperkinesia may be different from 
traditional biliary dyskinesia, it is important to highlight the 
importance of ruling out non-surgical causes of abdominal 
pain prior to operative intervention in both settings. 
Another potential source of abdominal pain is bile reflux. 
Duodenogastroesophageal reflux has been implicated in the 
development of GERD. Animal studies have demonstrated 
bile acids make mucosal cells increasingly susceptible to 
damage by gastric acid and pepsin (40,41). Bile reflux, which 
may be worsened after cholecystectomy, seems to augment 
H. pylori infections in harming gastric mucosa (42-44). If 
symptoms of GERD persist after acid suppression therapy, 

it is often due to bile reflux (41,45). Pre-operatively, ten 
patients had imaging reports which specifically commented 
on the presence or absence of bile reflux. Five of these 
10 patients had duodenogastric reflux and this may be an 
unrecognized cause of pain. In these patients, it was not 
possible to discern if symptoms arose from biliary colic or 
duodenogastric reflux, as both would be exacerbated by 
postprandial gallbladder contraction. Further, vigorous 
contraction of a hyperkinetic gallbladder may worsen the 
concomitant bile reflux, but it might not be the sole cause 
of the retrograde flow in all cases. Further examination 
of the association between gallbladder dysfunction and 
duodenogastric reflux may help explain the pathophysiology 
of patients’ pain and why it is not always eliminated with 
surgical intervention.

The limitations of this study include the retrospective 
nature of the review which resulted in a small amount of 
data to collect due to differences in provider documentation. 
The median time to follow up was 24 days and long-
term symptom resolution could not be assessed. Although 
our sample is the largest described cohort evaluating 
pediatric hyperkinesia, it is limited. To further advance the 
knowledge on this subject, multi-institutional prospective 
studies need to be performed in order to obtain satisfactory 
numbers. This would likely also require the creation of 
a standardized definition of biliary hyperkinesia and a 
universal preoperative workup to ensure other causes of 
abdominal pain were not present. This study highlights 
the multifactorial nature of pain in biliary hyperkinesia 
including CCK regulation, inflammatory processes, and 
coexistent duodenogastric reflux which should all be taken 
into consideration in future studies. The body of literature 
to inform continued research regarding biliary hyperkinesia 
remains limited.

Biliary hyperkinesia is an emerging clinical entity in 
children and adolescents and presents with many of the 
same symptoms of biliary colic noted in traditional biliary 
dyskinesia with hypokinetic gallbladders. While the 
pathophysiologic mechanism of pain is not fully elucidated, 
it does appear that laparoscopic cholecystectomy is 
beneficial for symptom resolution and should be considered 
for the difficult to treat abdominal pain with otherwise 
normal workup and history suggestive of biliary colic.
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