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ABSTRACT
Background: Functional biliary disorders such as gallbladder dyskinesia (GBD), biliary hyperkinesia, and sphincter of 
Oddi dysfunction are common causes of abdominal pain. Although hepatobiliary scintigraphy is the gold standard for 
diagnosing sphincter of Oddi dysfunction, there is still debate about the best way to establish diagnoses of GBD and 
whether gallbladder ejection fraction (GBEF) is a reliable predictor of treatment outcomes.
Aim: The purpose of this study is to evaluate GBEF as a predictor of GBD and an indicator of cholecystectomy.
Patients and Methods: This is a prospective study conducted between July 2021 and December 2023 on patients presented 
with biliary dyskinesia. All patients with an ejection fraction of less than 35% underwent laparoscopic cholecystectomy. 
The preoperative workup involved clinical assessment, laboratory tests, fasting and postprandial ultrasounds, and 
hepatobiliary scintigraphy to determine ejection fraction. Postoperative follow-up at 1, 3, and 6 months assessed pain 
relief, symptom improvement, and patient satisfaction.
Results: Eight patients were excluded due to a GBEF greater than 35%. The remaining 21 patients with an ejection 
fraction of less than 35% underwent laparoscopic cholecystectomy. The mean age was 31±12 years, and the majority 
of patients (86%) were females. The preoperative visual analog scale pain score was 7.2±1.4, decreasing significantly 
to 1.2±0.8 at 1-month follow-up (P<0.001). The pain was fully resolved in all patients by 3 months. Medication usage, 
daily activity levels, and patient satisfaction also significantly improved. The mean ejection fraction was 27.1±3.3%. No 
postoperative complications occurred.
Conclusion: In patients with GBD, laparoscopic cholecystectomy provided excellent symptomatic relief when GBEF 
was less than 35%. The ejection fraction appears to be a useful diagnostic predictor of positive surgical outcomes in such 
functional biliary pain presentations. Larger, controlled clinical trials are needed to generalize the findings.
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INTRODUCTION                                                                 

Biliary dyskinesia (BD), according to Rome IV criteria, 
is a condition of some element of the digestive system’s 
biliary portion in which bile cannot physically flow down 
the tubular biliary tract in the correct direction, resulting in 
biliary colic[1,2].

Gallbladder dyskinesia (GBD), gallbladder 
hyperkinesia, and sphincter of Oddi dysfunction (SOD) are 
the functional reasons for BD[2].

The exact pathology of functional biliary colic is still 
unknown. Although the current gold standard for the 
diagnosis of SOD is the sphincter of Oddi manometry, 
there is some debate about the best method to establish the 
diagnosis of GBD and whether or not ejection fraction is an 
accurate predictor of outcome[3,4].

While the true pathogenesis often remains enigmatic 
without an identifiable gallbladder stone (GS), evaluating 
GB contractility holds significance. Impaired emptying 
demonstrated on GBEF assessment helps implicate 
dyskinesia as a potential etiology, aiding clinical decision-
making regarding long-term management including the 
threshold for elective cholecystectomy[5,6].

The flow of radioactive tracer expelled from the GB 
following a high-fat meal is used to determine GBEF. A 
GBEF of less than 35% is qualified as abnormal. Patients 
who present with functional biliary pain according to 
the Rome IV criteria are considered for a hepatobiliary 
iminodiacetic acid (HIDA) scan[1,2,7].

This study aims to evaluate GBEF as a predictor of 
GBD and an indicator for cholecystectomy in patients 
presenting with chronic biliary colic but normal GB 
anatomy on ultrasound (US).
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PATIENTS AND METHODS:                                                                               

Study design and setting

This is a prospective study conducted at the Department 
of General Surgery, Assiut University Hospital, a 
tertiary care referral center in Egypt, between July 2021 
and December 2023. The study was done on patients 
complaining of biliary colic or pain with normal GB in the 
US. The study protocol was approved by the Institutional 
Ethics Committee, and each participant provided signed 
informed consent.

Patient selection

Inclusion criteria

(a) Patients who meet the Rome IV criteria for GBD[1,2,8].

(b) Patients who are older than 18 years.

(c) Normal GB US.

Exclusion criteria

(a) Patients with chronic abdominal pain from a 
secondary diagnosis (such as Crohn’s disease, peptic 
ulcer disease, or pain responsive to antacid/anti-secretory 
therapy).

(b) Patients with positive US GB findings, which can 
be defined as having polyps, sludge, pericholecystic fluid, 
GB wall thickening (>4 mm), or GS.

(c) Patients with a history of acute cholecystitis

(d) Patients with jaundice or elevated liver enzymes.

(e) Patients with previous biliary surgery.

(f) Pregnancy and systemic diseases preclude surgery.

(g) GB was completely evacuated by the US after a 
fatty meal.

Ethical considerations

A written informed consent will be obtained from 
each patient after informing him or her about the steps 
of the procedure and the expected effects or possible 
complications.

The study protocol was approved by the Institution 
Review Board (IRB) at Assiut University Hospital.

Data collection

The study enrollment was carried out over 2 years 
between July 2021 and June 2023, followed by 6 months 
of follow-up for the last patients.

All patients were subjected to a complete history taking.

Medical history: including asking about a history of 
acute cholecystitis, jaundice, and other conditions he had 
been treated for, and all medications or supplements he had 
taken.

A physical and general examination was performed 
on every participant. Physical examination: to check for 
signs of acute cholecystitis, jaundice, and the overall health 
of the patient. Pain severity was assessed using a visual 
analogue scale (VAS).

Investigation

(a) Imaging: Abdominal US was performed by an 
experienced radiologist after fasting for 6 h. Only patients 
found to have normal GB without GS in the US were 
included in the study. Fasting and postprandial US were 
done on all included patients to measure GB size.

(b) Laboratory preoperative routine investigations are 
crucial components of the preanesthetic assessment that 
establish a patient’s suitability for anesthesia and surgery, 
particularly liver function tests.

(c) Gallbladder Ejection Fraction Measurement

All study participants underwent a HIDA scan 
(cholescintigraphy), which is a nuclear medicine imaging 
procedure used to evaluate the function of the GB and bile 
ducts. The procedure involves intravenous administration 
of a radioactive tracer agent known as technetium-99m 
(99mTc) iminodiacetic acid (IDA), which is taken up by 
the liver and secreted into the bile. Scintigraphic images 
are then obtained at regular intervals using a specialized 
gamma camera to visualize the movement of radioactive 
tracer through the hepatobiliary system[9].

Initially, static images of the abdomen are obtained 
immediately and 15–30 min after injection to visualize 
hepatic uptake and biliary excretion of the radiotracer 
respectively. This is followed by dynamic imaging at 
1 frame/min for 30 min to assess the GB filling phase. 
Additional delayed static and/or dynamic images are 
acquired typically 1–2 h after a fatty meal to evaluate the 
GB emptying phase[10].

Fasting GB volume was measured just before 
administration of a standard liquid formula meal (Ensure, 
250 ml; providing 250 kcal, 12 g fat)[11]. Postprandial 
volume was recorded 30 min after meal completion for 90 
min[12].

Surgical intervention

All patients underwent laparoscopic cholecystectomy 
as the sole intervention, as long as the GBEF value was 
less than 35%. The standard four-port technique was used 
under general anesthesia.
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Postoperative care and follow-up

Patients received intravenous fluids and analgesics for 
6 h, followed by oral intake as tolerated. Pain resolution, 
symptom improvement, medication usage, and the ability 
to perform daily activities were assessed using standardized 
questionnaires.

Follow-up was scheduled at 1, 3, and 6 months to 
assess symptom resolution using structured questionnaires 
administered by study coordinators either through clinic 
visits or telephone interviews. Persistent pain was defined 
as recurrent biliary type pain in the prior month in response 
to fatty meals.

Histopathological examination

Resected GB specimens were formalin-fixed and 
blindly evaluated by a pathologist for evidence of 
inflammation, ischemia, or other abnormalities. The 
findings were correlated with preoperative GBEF and 
clinical outcome measures.

Outcomes

The primary outcome measure was the persistence of 
biliary type pain at a 3-month follow-up. The presence 
of recurrent colicky pain at least once in the 3-month 
follow-up consistent with the initial symptomatology was 
considered treatment failure.

Secondary outcomes included medication usage and 
the need for analgesics for refractory pain at follow-up, 
daily activity level improvement, and patient satisfaction, 
which is a subjective scale from 1 to 10 points.

Statistical analysis

The sample size calculation was based on the assumption 
that GBEF would predict treatment failure rate at 3 months 
with 80% power and 5% level of significance. Assuming 
a symptomatic recurrence rate of 20% (15), a minimum 
of 20 patients was required. SPSS is a statistical software 
package that was originally developed by SPSS Inc., which 
was acquired by IBM in 2009. So the current manufacturer 
and owner of SPSS is IBM, which is headquartered in 
Armonk, New York, United States.

Descriptive analyses were performed. Preoperative 
and 1-month postoperative parameters were compared 
using paired t-test/Wilcoxon signed-rank test. Descriptive 
statistics included mean, standard deviation, and 
percentages. Associations between categorical variables 
were assessed using χ2 or Fisher’s exact test as appropriate. 
Independent samples t-test was applied to compare 
continuous variables. Logistic regression analysis 
determined independent predictors of symptomatic 
outcomes. P less than 0.05 was considered statistically 
significant.

RESULTS:                                                                                 

Patient characteristics

A total of 29 patients with biliary colic but normal GB 
in the US were assessed for eligibility from July 2021 to 
June 2023. Age varied between 18 and 54 years, and 24 of 
them were females.

Eight patients were excluded based on GBEF greater 
than or equal to 35% and managed conservatively.

The remaining 21 patients with GBEF less than 
35% comprised the study who underwent laparoscopic 
cholecystectomy and consisted of the participants in this 
study.

Baseline demographics and clinical characteristics

The mean age was 31±12 years (range 18–54). The 
majority of patients 18 (85.7%) were females, and three 
(14.3%) were males. The average symptom duration before 
enrollment was 8.2±4.3 months (range 3–24 months).

Abdominal US findings

All patients demonstrated normal GB morphology and 
caliber bile ducts in the US with no evidence of GS, sludge, 
masses, or structural abnormalities.

All included patients showed a partial decrease in size 
and volume of GB after fatty meals compared with fasting 
for 6 h US. Fasting GB diameter averaged 8±1.2 * 3.4±0.5 
cm, while postprandial diameter was 7.1±0.9 * 1.2±0.3 cm.

Gallbladder ejection fraction

The mean GBEF was 27.1±3.3% (range 18.9–31.5%). 
GBEF result in one of the patients is illustrated in (Fig. 1).

Surgical details

Laparoscopic cholecystectomy was successfully 
completed in all 21 patients with a median operative 
duration of 46±8 min. Intra-operative findings and 
operative details are summarized in (Table 1).

Post-operative course

The post-op hospital stay was one day. All patients 
recovered well without major complications and were 
discharged in stable condition.

Primary outcome: pain relief

At 1, 3, and 6 months follow-up; pain resolution and 
improvement in symptoms, medication usage, daily 
activities, and patient satisfaction were assessed.
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The pre-operative mean VAS pain score was 7.2±1.4, 
which decreased significantly to 1.2±0.8 (P<0.001) at 1 
month (Table 2). Persistent pain was resolved completely 
by 3 months of follow-up in all patients. Persistent pain 
was resolved completely in 20 (95.2%) patients by 1 month 
and the remaining 1 by 3 months. These findings validated 
symptomatic relief conferred by cholecystectomy in this 
study.

Secondary outcomes

Medication usage decreased significantly from 
preoperative 20 (95.2%) patients to one (4.8%) patient at 1 
month (P<0.001).

Daily activity levels improved from a mean of 3.8±0.7 
to 7.2±0.4 on a scale of 1–10 (P<0.001).

Patient satisfaction with outcome was high (mean 
8.8±0.6 on a scale of 1–10).

Fig. 1: GBEF in one patient=29%.

Table 1: Intraoperative findings (n=21)

Parameter Results
Operative time (min) Mean±SD: 46±8

Range: 30–65
GB appearance, n (%)
 Normal 21 (100)
 Edematous 0
Operative findings, n (%)
 No abnormalities 18 (85.7)
 Adhesions 3 (14.3)

Table 2: Pain resolution and symptom improvement

Parameter Preoperative 1-month P value
VAS score (mean±SD) 7.2±1.4 1.2±0.8 <0.001
Patients with pain No. (%) 21 (100) 1 (4.8) <0.001
Medication usage No. (%) 21 (100) 1 (4.8) <0.001
Daily activity levels (mean±SD) 3.2±0.7 7.8±0.4 <0.001
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Histopathological findings

Mild nonspecific inflammatory cells were seen in 
the GB mucosa of one (4.8%) of the three patients 
who had intraoperative adhesions. The remaining 
20 (95.2%) specimens showed no inflammation or 
abnormalities.

Adverse events

No patients experienced postoperative 
complications, re-admissions, or mortality during the 
6-month follow-up.

DISCUSSION                                                                  

BD occurs when bile cannot properly drain 
from the GB or sphincter of Oddi due to functional 
blockages. While sphincter of Oddi manometry is the 
gold standard diagnosis for SOD, there is a debate 
around diagnosing and management of GBD[13].

Previous research articles have shown that GBEF 
can be accessed via HIDA scan after a high-fat meal 
and helps identify patients with impaired GB emptying 
below 35%, implicating dyskinesia[14].

Cholescintigraphy also known as HIDA scan, is a 
nuclear medicine imaging procedure used to evaluate 
the function of the GB and bile ducts. The procedure 
involves intravenous administration of a radioactive 
tracer agent known as technetium-99m (99mTc) 
IDA, which is taken up by the liver and secreted into 
the bile. Scintigraphic images are then obtained at 
regular intervals using a specialized gamma camera to 
visualize the movement of radioactive tracers through 
the hepatobiliary system[15].

This study aims to determine if low GBEF predicts 
GBD and guides decisions about cholecystectomy for 
patients with normal anatomy but persistent colicky 
pain.

A total of 29 patients were enrolled, with an average 
age of 18–54 years, and 24 of them were females, 
resembling the demographics of the study. These 
patients have undergone fasting and postprandial 
(after a fatty meal) US to measure GB change of 
diameter and all of them have shown incomplete bile 
evacuation. After that, all patients had a HIDA scan to 
determine GBEF. Eight patients were excluded from 
the study due to normal GBEF and were investigated 
for alternative causes of abdominal pain.

A total of 21 patients with biliary colic but a 
normal GB on US and GBEF less than 35% underwent 
laparoscopic cholecystectomy. Symptom duration 
averaged 8.2 months within the 6–24 month spectrum. 

Female preponderance 18 (86%) patients of patients 
with BD. This data is aligned with prior studies in the 
Cochrane review done by Gudsoorkar et al.[12].

Mean operative duration of 66±4 min represents 
rapid attainment of the critical view of safety, a key 
determinant of reduced complications. The absence 
of conversions to open underscores the advantage of 
laparoscopy for this indication. This is near the average 
duration of laparoscopic cholecystectomy[16].

Complete pain resolution by 3 months 
postcholecystectomy achieved in all 21 patients 
reproduces prior reports of symptomatic resolution 
rates exceeding 85%. It implicates GB as likely 
etiology responsive to definitive extirpation. No early 
adverse events occurred in any case. This result is 
consistent with previous research done by Jagannath 
et al., Yap et al.[17,18].

Significant improvements in daily functioning, 
quality of life, and medication cessation substantiated 
true clinical benefit rather than transient placebo effects 
as seen in rigorous long-term follow-up investigations. 
Early recovery timelines align with existing literature. 
A study done by Richmond et al.[19] showed similar 
results.

Histopathology: Mild inflammation in 1 case does 
not negate primary neuromuscular pathophysiology 
since normal mucosa occurs in up to 95.2% of resected 
specimens in comparable series. The absence of an 
obvious abnormality reinforces the limitations of 
histology alone in diagnosing dyskinesia.

Low GBEF independently predicted the need for 
surgery, and the postoperative course is consistent with 
its role as a diagnostic parameter. Cholecystectomy 
has played a significant role in pain relief and quality 
of life improvement. These results were consistent 
with previous research done by Jagannath et al., Yap 
et al., and Richmond et al.[17–19].

CONCLUSION                                                                     

Patients with biliary colic and normal anatomy by 
the US must undergo fasting and postprandial (after fatty 
meal) US to measure GB change of diameter. Patients with 
incomplete evacuation of bile must undergo a HIDA scan 
to determine GBEF. If GBEF is less than 35%, the patient 
should have a cholecystectomy. The patient will require 
medical attention, and further reasons for abdominal pain 
will be investigated if the GBEF is greater than 35%.
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