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Introduction: While functional gallbladder disorder is a well-recognized and defined
condition in adults, its pediatric analog, biliary dyskinesia, lacks uniformity in
diagnosis. Yet, biliary dyskinesia is among the most common conditions resulting in
cholecystectomy in youth and its frequency continues to rise. The primary aims of the
current review were assess the efficacy of cholecystectomy in children diagnosed with
biliary dyskinesia and the utility of cholescintigraphy in predicting outcomes.
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Results: All previous studies assessing outcomes in youth with biliary dyskinesia
have been retrospective and therefore of low quality. There is a lack of uniformity in
patient selection. Short term follow-up reveals partial response in 63.4–100% with
complete resolution in 44.2–100%. Only 4 studies have reported long-term outcomes
with complete symptom resolution in 44–60.7%. The published research generally
indicates that the gallbladder ejection fraction (GBEF) as determined by cholescintigraphy
lacks utility in predicting cholecystectomy outcome utilizing the commonly used cut-off
values. There are data suggesting that more extreme cut-off values may improve the
predictive value of GBEF.
Conclusion: There is a lack of consensus on the symptom profile defining biliary
dyskinesia in youth and current literature does not support the use of cholescintigraphy
to select patients for cholecystectomy. There is a substantial portion of pediatric
patients diagnosed with biliary dyskinesia who do not experience long-term benefit
from cholecystectomy. Well-designed prospective studies of surgical outcomes are
lacking. Increasing the uniformity in patient selection, including both symptom profiles
and cholescintigraphy results, will be key in understanding the utility of cholecystectomy
for this condition.
Keywords: biliary dyskinesia, cholescintigraphy, cholecystectomy, cholecystitis, gallbladder dysfunction

INTRODUCTION
Functional gallbladder disorder is a well-recognized functional gastrointestinal disorder (FGID) in
adults with well-accepted diagnostic criteria as defined by the Rome IV working group (1). The
criteria characterizes “biliary pain” and defines functional gallbladder disorder as biliary pain in the
absence of gall stones or structural pathology. Biliary pain is very specifically defined as epigastric or
right upper quadrant (RUQ) pain which builds up to a steady level and lasts 30 min or longer, occurs
at different intervals (not daily), is severe enough to interrupt daily activities, and is not related to
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constipation (19–21). Given the variability in clinical response to
cholecystectomy as discussed below, the existing literature points
to the need to better define the characteristics of biliary pain
in youth and assess whether a specific clinical profile increases
the likelihood of benefit from surgery while minimizing risks
and costs.

bowel movements nor significantly relieved by postural change or
acid suppression (1). Criteria listed as supportive of the diagnosis
include a decreased gallbladder ejection fraction (GBEF) on
cholescintigraphy and normal laboratory tests including liver
function tests, amylase, and lipase. While Rome IV does not
recognize this disorder in children and adolescents, biliary
dyskinesia is a term that has traditionally been used to define an
analogous, although less well-defined, condition in pediatrics.
Once biliary dyskinesia is diagnosed, the usual treatment
is cholecystectomy as there is no accepted medical treatment
specific to altering gallbladder function (2, 3). The rates of
cholecystectomy for pediatric biliary dyskinesia continue to
rise in the United States as numerous papers report positive
outcomes with little to no surgical complications (4–10).
Biliary dyskinesia is now among the most common conditions
resulting in cholecystectomy in children and adolescents (11–
13). However, long-term follow-up data suggests that certain
patients undergoing surgical intervention for biliary dyskinesia
will re-develop symptoms (14). It remains difficult for physicians
to predict which patients will achieve long-term benefits
from surgery.
This article represents a review of the most current
information on biliary dyskinesia in children, particularly
outcomes following cholecystectomy and the utility of
cholescintigraphy in predicting short- and long-term clinical
outcomes. Additionally, we assessed pathologic findings to
determine the range of findings and whether these findings are
similar to those reported in other pediatric FGIDs associated
with pain.

CHOLESCINTIGRAPHY
The adult criteria for functional gallbladder disorder have
evolved with cholescintigraphy transitioning from “diagnostic”
to “supportive of the diagnosis,” based on accumulation of
sufficient data to support this change. Two systematic reviews
and one systematic review with meta-analysis generally do not
support the use of cholescintigrahpy to determine gallbladder
ejection fraction (GBEF) as a method to select adult patients for
cholecystectomy (22–24). There is no difference in symptomatic
response to cholecystectomy comparing those with low GBEF to
those with normal GBEF (22, 24, 25).
In children and adolescents, cholescintigraphy to determine
GBEF is generally performed to diagnose biliary dyskinesia,
but it is not clear to what degree it drives patient selection
for, or predicts patient response to, cholecystectomy. Seven
studies assessing GBEF at cut-offs most commonly utilized
to define delayed gallbladder emptying found no association
between an abnormal GBEF and improved clinical response
to cholecystectomy (7, 8, 14, 18, 25–27). In contrast, Krishna
et al. reported that both GBEF <35% and pain reproduction
during the test were associated with higher rates of symptom
resolution (17). Mahida et al. reported a positive predictive value
of ∼80% for GBEF in identifying patients with a good clinical
outcome, although the clinical cutoff was not provided (28).
There are conflicting results on whether clinical response is better
predicted by even lower GBEFs. Four studies have evaluated
other GBEF cut-off values in predicting clinical outcomes (5,
29–31). In 2 studies, a GBEF <15% predicted better clinical
outcome while 2 others found no relationship between GBEF
<15% and better outcomes (5, 29–31). Lyons et al. reported
that GBEF <11% was associated with better outcomes (30).
Some studies have suggested that cholescintigraphy may have
value beyond measuring GBEF, at least in adults. In adults,
symptom reproduction with cholecystokinin (CCK) infusion is a
better predictor of a beneficial response to cholecystectomy than
GBEF (25). A single pediatric study found that cholecystectomy
outcomes were not associated with symptom re-production
(32). It should also be noted that pain with CCK does not
appear to be specific to gallbladder dysfunction as pain is
reproduced with CCK infusion in over half of adult patients with
functional dyspepsia who report upper abdominal pain routinely
associated with bloating and satiety (33). Overall, the current
literature remains inconsistent and, thus, does not support the
use of cholescintigraphy to select patients with suspected biliary
dyskinesia for cholecystectomy.
There are many factors that could account for the lack
of clear association between findings from cholescintgraphy
and surgical outcomes. A more technical issue is that there is

SYMPTOMS
Although adult Rome IV criteria specifically define the location
and characteristics of biliary pain, this definition has not been
adopted in the pediatric criteria. While abdominal pain is
the predominant symptom in nearly all studies of pediatric
biliary dyskinesia, there is variability in the description of the
pain or more frequently, little description of the pain. In a
systematic review involving 1,833 youth with biliary dyskinesia,
Sanntucci et al. found that RUQ pain was reported in 40%
and epigastric pain in 17% leaving a significant proportion
not fulfilling adult Rome criteria for biliary pain (15). Also
at odds with Rome criteria, 61% reported daily pain (15).
An additional 1,178 pediatric patients have been reported
in the literature since the previous systematic review and
report similar variability (14, 16–18). In the largest of these
studies, a recent multicenter study involving 16 institutions
and 678 patients, Cairo et al. reported RUQ pain in 76.7%
and postprandial pain in 71.4% of pediatric patients diagnosed
with biliary dyskinesia (16). For most previous studies, biliary
dyskinesia was diagnosed by the presence of abdominal pain with
slow gallbladder emptying demonstrated by cholescintigraphy
(discussed below). This is problematic as slow gallbladder
emptying can also be seen in association with a variety of
other more common conditions associated with abdominal pain
including functional dyspepsia, irritable bowel syndrome, and
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Cairo et al. persistent symptoms were seen in 48.5% of patients
but with significant variability between centers (16). The shortterm response needs to be interpreted with caution as all of the
studies were uncontrolled, retrospective in nature, and therefore
do not account for spontaneous remission or a possible placeboeffect, as well as a variety of other issues discussed in further detail
below. The long-term benefit is even less clear. Only four studies
have evaluated long term outcomes. A partial clinical response is
reported in 74–85% (2 studies) and complete symptom resolution
in 44–60.7% (3 studies) (6, 25, 28, 30). In all but one of these
studies, only 26–53% of patients were available for long term
follow-up assessment (6, 25, 28, 30). The other study had 81%
of patients available for assessment but defined long term as only
>4 weeks post-operative (17).
While the response rate may indicate efficacy for
cholecystectomy in children with biliary dyskinesia, there
are numerous issues in interpreting the current literature and
many important questions which remain unanswered. All
published studies are retrospective, non-randomized, and lack
control groups and are therefore of low quality. Outcomes are
generally not determined in any systematic fashion or utilizing
any validated outcome measure and it is unclear if outcomes are
self-reported. There is a paucity of long-term outcome data with a
significant proportion of patients lost to follow-up when attempts
have been made to determine long term response. Even when
long term follow-up has been attempted with a standardized
questionnaire, there is the risk of recall bias. Another factor
inherent in previous studies is selection bias. This is true not
only in the decision to publish (and possibly in excluding studies
which were not chosen for publication after submission), but in
the original clinical decision on whom to operate, as noted in the
sections above. There are no standardized pediatric criteria for
diagnosing biliary dyskinesia so symptomatic diagnosis and the
degree of reliance on tests such as cholescintigraphy are at the
discretion of individual clinicians. In bivariate analysis, previous
evaluation and referral from a gastroenterologist was shown to
have a positive effect on outcome, adding another layer of patient
selection (16). In this study, psychologic co-morbidity was
shown to have a negative effect on patient outcomes (16). This is
similar to what has been reported with children and adolescents
with functional dyspepsia and irritable bowel syndrome (43).
Psychologic co-morbidity has not been controlled for in previous
studies, but certainly may influence decision-making on whom
to operate.
It is also not clear if cholecystectomy is superior to no
operation or to non-specific symptomatic medical management
as there is a paucity of literature in this area. In one of the
few available studies, Nelson and colleagues compared outcomes
at 2 years in children who underwent cholecystectomy (N =
35) as compared to those who did not have cholecystectomy
(N = 20) (9). In the operative group, 54.3% of patients had
complete resolution of pain and 20% had partial resolution. In the
non-operative group, 55% of patients had complete resolution
of pain and 20% had partial resolution (9). In another study,
Kwatra et al. reported on 31 children with an abnormal GBEF
(44). Twenty-two had surgery with improvement in 72.7%.
Improvement was noted in all who did not have surgery (44).

wide variety in the protocols employed for cholescintigraphy
utilized to assess gallbladder emptying, as well as variability
in defining normal cut-off values, as noted in the review of
literature above. These issues likely lead to varying results from
center to center (16). There also are patient-specific issues which
may affect gallbladder emptying, including associated diseases
and concomitant medications which are not always considered
in interpreting results of cholescintigraphy. For example, low
GBEF can be seen in diabetes, celiac disease, and Helicobacter
pylori-associated gastritis (12). The slow gallbladder emptying
associated with celiac disease reverts to normal on a glutenfree diet (34). Proton pump inhibitors, which are commonly
prescribed empirically in patients with upper abdominal pain are
associated with decreased GBEF in over 50% of patients while
prokinetic medications (cisapride and erythromycin) have been
shown to increase gallbladder emptying (35–37). In addition,
although pediatric data are not available, an abnormal GBEF
is seen in 15–25% of healthy adults (12). Conversely, initially
abnormal GBEF in symptomatic patients has been shown to
be normal on re-test in 23% of adult patients (38). Another
adult study of 30 patients with an abnormal GBEF found that
16 of the 30 were normal on repeat (39). Similar findings have
been reported in a single pediatric study where 12 patients
had repeat cholecystingraphy, 58% had one normal and one
abnormal study (9). Finally, the results of the test are likely not
independent of the decision to pursue surgery, thus confounding
any results. Individuals with a single abnormal GBEF or those
with an abnormal GBEF with a potential disease- or medicationrelated cause may not require surgical intervention; it is unclear
how these patient groups are being included or excluded in
retrospective series of surgery. To date, no randomized clinical
trials of cholecystectomy have been reported.
Given all of the above issues, as well as the lack of uniformity
in the clinical symptoms defining biliary dyskinesia in children
and adolescents and that symptoms likely affect the decision
to perform cholecystingraphy in the first place, the value
of cholescintigraphy in clinical decision making is not wellcharacterized. There is a need to understand and standardize the
clinical phenotype, which may indicate symptoms on the basis of
gallbladder dysfunction in youth, and then to assess the ability
of cholescintigraphy to predict clinical outcomes in this more
targeted population to determine if additional (or other) selection
criteria are warranted.

CHOLECYSTECTOMY OUTCOME
In the last 15 years, there have been 19 pediatric studies with
sample sizes of at least 30 reporting cholecystectomy outcomes in
over 2,500 patients under 21 years of age with biliary dyskinesia.
These are summarized in Table 1. Although variable from study
to study, there is sometimes a high rate of reported symptom
improvement in youth following cholecystectomy for biliary
dyskinesia. Based on single center studies, this is at least true
in the short term where a partial clinical response is reported
in 63.4–100% (median 83.5%) and complete symptom resolution
in 44.2–100% (median 70.5%). In the large multicenter study of
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TABLE 1 | Patient outcomes following cholecystectomy for biliary dyskinesia.
First author

No. of patients
undergoing
cholecystectomy

Patients available
for short-term
follow-up

Time until
short-term
follow-up

No. of patients with
short-term complete
clinical response (%)

Carney et al. (31)

51

Vegunta et al. (6)

62

62

2 weeks

35 (57)

Nelson et al. (9)

35

35

1 month

32 (91)

St Peter et al. (40)

35

Constantinou et al. (8)

100

Kaye et al. (26)

75

100

2 weeks

87 (87)

Patients available Duration of
No. of patients
for long-term
long-term
with long-term
follow-up
follow-up (mean) complete clinical
response (%)
38

4.3 years

27 (71)

46

31 days- 10 years*

22 (48)

35

48.4 months

19 (54)

35

NR

35 (100)

100

6 months- 5 years*

77 (77)

75

4 months

55 (77)

Hofeldt et al. (41)

30

29

NR

28 (97)

Brownie et al. (29)

41

41

8.4 months

28 (68)

Lyons et al. (30)

37

30

1 month- 10
years*

13 (43)

Johnson et al. (27)

50

50

26.5 weeks

43 (86)

Lacher et al. (5)

82

52

8 months- 5.3
years*

23 (44)

37

< 1 month

23 (62)

Knott et al. (32)

105

105

26 days

70 (76)

56

24.4 months

34 (61)

Srinath et al. (7)

207

183

1 month

129 (71)

190

NR

110 (58)

Mahida et al. (28)

153

153

< 2 months

86 (56)

41

25-45 months*

18 (44)

Jones et al. (42)

363

NR

NR

Lai et al. (18)

215

181

29.3 weeks

110 (61)

Krishna et al. (17)

236

236

NR

162 (69)

Cairo et al. (14)

49

23

15.4 months

13 (57)

Cairo et al. (16)

678

NR

NR

530

21 days

273 (52)

NR

NR

*Range.
NR, not reported.

HISTOPATHOLOGY

While this could indicate that operative management is not
superior to non-operative management, there were likely patient
or clinician factors which influenced the decision to operate and
which may have influenced relative outcomes given that neither
study was a randomized trial. While the lack of randomization
poses one set of problems in terms of evaluating outcomes and
identifying which patients might obtain greatest benefit from
surgery, the inability to blind patients in particular to their
management group makes the influence of the placebo-response
specifically on surgical outcomes difficult to assess. The placeboresponse is known to be a significant factor in therapeutic trials
in other FGIDs. In published functional dyspepsia (another
FGID) trials in adults, placebo response rates vary from 6 to
72% and in large trials, seem to be stable around 45% (45).
Approximately 41% of children with abdominal pain- related
functional gastrointestinal disorders demonstrate improvement
on placebos (46). A meta-analysis determined that spontaneous
improvement and placebo-effect are significant contributors to
the therapeutic effect observed with medication (47). The placebo
effect is significantly influenced by the relationship between the
patient and the clinician (48). Thus, outcomes in individual
studies may be influenced by the quality of the patient-physician
relationship and patient belief in the efficacy of the particular
management approach, in addition to the experience of the
surgeon and their individual ability to identify patients who could
benefit from cholecystectomy.

Frontiers in Pediatrics | www.frontiersin.org

Chronic cholecystitis is common in gallbladders of youth who
have had a cholecystectomy for a diagnosis of biliary dyskinesia.
Frequencies ranged from 27 to 100% (median 58%) in the
studies included in the current review. This may be analogous
to the most common FGIDs associated with abdominal pain,
functional dyspepsia and irritable bowel syndrome, as chronic
inflammation has been implicated in both conditions (49). It
is not clear whether chronic inflammation slows gallbladder
emptying, gallbladder stasis promotes chronic inflammation,
or they are epiphenomena. Jones and colleagues found that
GBEF did not differ between patients with and without chronic
cholecystitis in a group of patients with biliary dyskinesia
(42). In another study, Kwatra et al. evaluated a retrospective
cohort of patients with chronic acalculous cholecystitis (CAC)
who had a hepatobiliary scan and subsequent cholecystectomy
(44). Patients were considered to have CAC if they had
abnormal histology (chronic inflammation), no other diagnosis
to explain symptoms, and symptoms did not resolve without
cholecystectomy. Cholescintigraphy was 95% sensitive and 73%
specific, with a negative predictive value of 97.9%, in identifying
CAC (44). Their data would suggest that GBEF may be
more associated with CAC. It is also possible that chronic
cholecystitis and biliary dyskinesia are two distinct conditions
without overlap and that the differentiation can only be made
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functional disorder as it has been in adults, with consensus
developed regarding the symptom criteria and the role of
cholescintigraphy in defining this condition. Utilization of
detailed and consistent protocols for cholescinitgraphy across
centers would be helpful in this process. Subsequently, it is
vitally important to assess outcomes in a prospective fashion
utilizing standardized and validated patient-reported outcome
measures in both the short-term and the long-term. Outcomes
should be assessed not only for cholecystectomy but for
non-surgical interventions currently utilized in the treatment
of other functional disorders given some early suggestion
of similar pathways at play. These could include placebocontrolled trials of medications directed toward dysmotility (e.g.,
cisapride or erythromycin), hyperalgesia (e.g., anti-depressants),
or inflammation (e.g., mast cell stabilizers) combined with
psychosocial approaches (e.g., cognitive-behavioral therapy)
which have been found to be effective in other FGIDs. While
blinded randomized clinical trials may not be possible, more
careful definition and follow up of patients selected for surgical
vs. medical management will be important in developing
indicators for preferential treatment with each approach. Only
with better quality research can we make well-informed decisions
about balancing the risks and benefits of surgical vs. medical
management of youth with biliary dyskinesia.

definitively after cholecystectomy. Additionally, or alternatively,
biliary dyskinesia might be associated with mucosal mast cells,
also analogous to what has been reported with functional
dyspepsia and irritable bowel syndrome (50, 51). Compared
to autopsy controls, we have previously demonstrated a >9fold increase in gallbladder mast cell density in children with
biliary dyskinesia (52). A second prospective study of a different
biliary dyskinesia cohort found mast cell density similar to the
first study and moderate mast cell degranulation (53). Eightyfive percent of these patients also had chronic cholecystitis.
Sharma et al. further demonstrated increased mast cell density
in the gallbladder lamina propria and muscularis mucosae of
patients with biliary dyskinesia as compared to controls (54). In
contrast, Hudson et al. demonstrated greater mast cell density in
patients with minimal inflammation as compared to patients with
chronic cholecystitis, which could again suggest that cholecystitis
may be a distinct process from biliary dyskinesia (55). More
research is needed to understand the pathophysiology of
biliary dyskinesia.

CONCLUSIONS AND FUTURE
DIRECTIONS
There is a lack of consensus regarding the symptom profile
defining biliary dyskinesia. While cholescintigraphy appears to
be universally used to diagnose biliary dyskinesia, the current
literature casts significant doubt on the utility of the test,
particularly in its use to select patients for cholecystectomy. Thus,
it remains difficult for physicians to predict which patients will
achieve long-term benefits from surgery. There are a number
of important issues that need to be resolved before continuing
with the increasing rate of cholecystectomy in children diagnosed
with biliary dyskinesia. Clarity needs to be developed regarding
whether biliary dyskinesia should be conceptualized as a
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