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Background: Gallstone disease (GSD) represents one of the most frequent digestive disorders, highly reported in female gender. The
purpose of the study was to explore the clinical and gut microbiota particularities of female patients with postcholecystectomy
syndrome (PCS) and the possible relationship between gut dysbiosis (DB) and abdominal complaints.
Patients and Methods: In total, 129 female participants: 104 outpatients divided into two equal groups, 52 PCS (+), 52 PCS (−) and
25 healthy controls were consecutively enrolled in this observational study. Patients underwent clinical examination with assessment
of pain, bloating, transit disturbances, abdominal ultrasound/computer tomography/magnetic resonance imaging/endoscopic retrograde
cholangiopancreatography, upper and lower digestive endoscopies. Laboratory work-ups and stool microbiology assessments were
performed for all study participants (patients and controls). Stool microorganisms were identified by matrix-assisted laser desorption
ionization – time-of-flight– mass spectrometry and in patients with DB also by next-generation sequencing.
Results: Older age, complicated gallstones disease, associated conditions like diabetes mellitus/impaired glucose tolerance and
irritable bowel syndrome were significantly present in PCS (+) group, as well as sedentary lifestyle and diets characterized by
a low fiber intake (p<0.0001). PCS (+) patients displayed significant differences related to the incidence and severity of overall gut
microbiota DB, decreased H index of biodiversity and the unbalanced Firmicutes/Bacteroidetes (F/B) ratios by comparison to the PCS
(−) group (p<0.0001). Strong positive correlations of the severity of overall DB with bloating and the intestinal habit disorders, as well
as of F/B ratios to all abdominal symptoms were noted.
Conclusion: PCS in female patients was associated with older age, sedentary lifestyle, specific dietary habits, history of complicated
gallstone disease, diabetes mellitus/impaired glucose tolerance and irritable bowel syndrome, as well as gut microbiota particularities.
Overall DB and unbalanced F/B ratios were strongly correlated to abdominal complaints.
Keywords: postcholecystectomy syndrome, female patients, gut microbiota imbalance

Introduction
Postcholecystectomy syndrome (PCS) is a condition that represents either persistence of symptoms caused by gallbladder
pathology, prior to cholecystectomy or the development of new symptoms, months to years after surgery. These symptoms
encompass a large scale of abdominal complains, such as fatty food indigestion, nausea and vomiting, bloating and flatulence,
diarrhea, and intermittent episodes of jaundice, or abdominal pain. Symptoms characterizing PCS may occur in 5–40% of the
cases following a cholecystectomy procedure and may manifest for a short period of time, being transitory, or last longer,
sometimes the entire life span. As gallstone disease (GSD) represents one of the most prevalent digestive disorders highly
reported in female gender, many cholecystectomies are performed daily all over the world in female patients and the
probability of PCS development increases accordingly.1–3 It is possible for an intervention begun with the laparoscopic
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approach to be converted into the classical method and for particularities of the intervention to trigger consecutive abdominal
complaints.4,5

There are some situations that can prompt so-called prophylactic cholecystectomy. This situation is represented by
adult populations with morbid obesity when performing bariatric surgery, or by patients with stones larger than 3 cm in
diameter that could result in gallbladder (GB) carcinoma. These situations raise the question of whether prophylactic
cholecystectomy could favor the development of PCS.6–8

It is difficult to preoperatively assess the risk for PCS, as no current guidelines of risk stratification are available to
date. PCS can manifest in severe situations (major PCS), which often mandate reintervention or endoscopic retrograde
cholangio-pancreatography (ERCP) procedures. However, other patients experience so-called minor PCS, characterized
by milder abdominal complaints, such as nausea and vomiting, pain, bloating, and intestinal habit disturbances with the
acceleration of intestinal transit and diarrhea. Understanding postcholecystectomy dyspepsia is not always an easy task to
accomplish. Depending on the age, type, moment of intervention and major complications, patients could develop, in
time, nearby issues related to duodeno-gastric and gastroesophageal reflux, dysfunction of the sphincter of Oddi, as well
as surgical abdominal adhesions.9

When assessing dyspepsia, practitioners may sometimes overlook extra biliary conditions, like pancreatitis, hepatitis,
or diverticulitis, that could overlap, or they may mistake several conditions for PCS. That is why, in order to correctly
diagnose PCS, various conditions and diseases should first be ruled out.10 There are situations when, despite thorough
explorations, one cannot identify an organic cause of these symptoms and a functional dyspepsia could come into
discussion. In this case, dyspeptic complaints could develop as a consequence of local inability to adapt to GB removal,
resulting in lack of bile concentration and storage, and a continuous leak of bile into the gut, without any inter-digestive
pause.11

Over the past decades, numerous researchers have contributed to understanding of the human gut microbiota and its way
of influencing health or triggering pathologic processes. GSD was associated with particular gut microbiota dysbiosis not
only in pigment stone pathogenesis but also in cholesterol gallstones (GS).12 There is a great probability that preexistent
environmental modifications are related to gut dysbiosis, which was previously associated with GSD even after surgery and,
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therefore, present in patients with PCS. Patients with GSD, as some authors reported, displayed higher overall concentrations
of fecal bile acids and decreased microbial diversity. Certain beneficial genera, such as Roseburia, appeared to be poorly
represented, while others, like Oscillospira, were augmentated when compared with controls. The authors hypothesized that
these genera could be used as biomarkers for symptomatic GSD. Bacteroidetes phyla were correlated to primary and
secondary bile acids.13 It is, however, equally possible that new environmental conditions secondary to the GB functional
absence result in reshaping the gut microbiota, as well.14 A recent study hypothesized that Proteobacteria could act as
a pathogenic risk factor for dyspeptic complaints in cholecystectomized patients.15

The primary aim of this study was to explore clinical and gut microbiota particularities in female patients with PCS.
The secondary aim of this study was to assess whether there is a relation between DB and abdominal complaints in

patients affected by PCS.

Materials and Methods
A cross-sectional study concerning 129 female research participants – 104 consecutive outpatients with a history of
laparoscopic cholecystectomy for GSD, at least 6 months earlier and 25 healthy controls recruited from patient’s
siblings – was carried out. The patients were equally divided into two groups: 52 patients complaining of abdominal
discomfort consistent with diagnosis of PCS and 52 patients without PCS. They joined the study after written informed
consents were signed.

Between 01.05.2019 and 01.10.2020, a pool of female patients who underwent laparoscopic cholecystectomy for
GSD at the General Surgery Department, University Hospital, at least 6 months prior to the commencement of this study,
according to the operatory theater records, complaining or not at present of dyspeptic symptoms were checked for
eligibility in the ambulatory setting. It took 484 patients to identify 52 cases with PCS that qualified for inclusion in this
study. Figure 1 illustrates the inclusion flow chart of the research participants and the study group achievement.
Intermediate cohort I had 164 participants, while 180 patients with H. pylori, 92 patients with gastroesophageal reflux
disease (GERD), 36 with chronic viral hepatitis, 6 with chronic pancreatitis, 4 with previous gastric surgery, and 2 with
inflammatory bowel disease (IBD) were not included in this study. Intermediate cohort II comprised 128 patients, in
which 24 patients have been recently treated with antibiotics (ATB) and 20 patients were currently receiving probiotics
(PB) to alleviate their digestive issues. The final cohort of patients that was enrolled reached 104 female patients, evenly
divided as follows: 52 with PCS and 52 without PCS, due to the fact that other 24 patients did not agree to join the study.

Figure 1 The study participants inclusion flow-chart.
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Inclusion Criteria
Female patients who underwent laparoscopic cholecystectomy for symptomatic GSD, at least 6 months earlier were
consecutively included in this observational study based on the presence or absence of PCS, characterized by persistent
or de novo abdominal dyspeptic complaints, such as abdominal pain, bloating, and transit disturbances. Patients were
assigned to two equal groups: those complaining of PCS (study group, PCS+) and those without PCS, who did not
present abdominal complaints (comparison group, PCS −).

Exclusion Criteria
Major PCS (retained or dropped calculi, biliary strictures, chronic biloma, long cystic remnant duct, and stenosis of the
sphincter of Oddi); patients with organic intestinal and colonic diseases; end-stage chronic respiratory, cardiac, liver, and
kidney diseases with organ failure; thyroid, oncological, and autoimmune diseases, GERD, H. pylori infection, gastro-
duodenitis, chronic viral or toxic hepatitis, pancreatitis, diverticulitis, jaundice; other prior abdominal surgical procedures
with adhesions; patients under antibiotic or probiotic treatment at enrollment; and those who did not agree to join the study.

Definitions of Various Entities
The definition of PCS requires the recurrence of digestive symptoms similar to those experienced before cholecystectomy,
principally represented by upper abdominal pain and dyspepsia with or without jaundice.16 Diabetes mellitus (DM) was
diagnosed according to the American Diabetes Association (ADA) criteria.17 Dyslipidemia was confirmed according to the
Panel III Guidelines, 2004.18 Arterial hypertension was diagnosed according to the National Institute for Health and Care
Excellence (NICE) Guidelines 2011.19 The GS classification in cholesterol (pure/mixed) and pigment stones, used in this
study was in accordance with the Japanese Society of Gastroenterology, which associates the gross morphology with the
probable chemical composition of GS.20 The Rome III consensus criteria were used for the diagnosis of irritable bowel
syndrome (IBS).21 Nonalcoholic fatty liver disease (NAFLD), characterized by the accumulation of fat in liver cells, in the
absence of excessive alcohol consumption or any other secondary causes, resulting in steatosis or more severe liver conditions
was noninvasively diagnosed using imaging examinations—ultrasound computer tomography/magnetic resonance imaging
(US/CT/MRI).22 Gut microbiota DB is an entity defined by the disturbance of the normal equilibrium of the intestinal flora as
a consequence of its quantitative and qualitative modifications, characterized by lack of healthy microorganisms, overgrowth
of potentially dangerous microorganisms or decrease of biodiversity.23

Research Participants Approach
Patients and controls underwent a thorough clinical examination, with a history taken regarding their dietary, alcohol
consumption, and cigarette smoking habits. Body mass index (BMI) assessments as well as measurements of the waist
circumference and blood pressure (BP) were also performed. Gynecological consultations were also carried out in order
to rule out any female pathology that could overlap the abdominal complaints. Symptoms were scored using a scale from
0 (no pain) to 6 (severe pain) for abdominal pain and from 0 (no symptoms) to 3 (severe symptoms of bloating and transit
disturbances). All surgical reports of cholecystectomies were reviewed to collect data related to indications for
cholecystectomy, the type of intervention (laparoscopic or conversion), number, location, and type of GS found:
cholesterol or pigment stones.

Laboratory work-ups (blood, urine and stool), including a complete cell blood count, alanine-aminotransaminase, fast
blood glucose, C-reactive protein, creatinine, total cholesterol triglyceride, as well as H. pylori fecal antigen, stool parasite
examinations, and calprotectin evaluations, were performed for the patients and controls with standardized methods,
accredited by Romanian Accreditation Association (RENAR) and the European Community (EC). Clinical, laboratory and
imaging assessments were performed when patients have been included in this research. The study group underwent
abdominal ultrasound, performed first thing in the morning, in a fasting state, using high-resolution ultrasound devices:
General Electric (GE Healthcare, Chicago, IL, USA), abdominal CT/MRI (GE Healthcare), as well as gastrointestinal video-
endoscopies (Olympus Europa SE&Co.KG), electrocardiographies (ECG EDAN SE-1200 EXPRESS) with computerized 12
channels devices, thorax X-ray examinations, and, in selected cases, cholangio-CT/MRI or ERCP.
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Stool samples of all research participants (patients and controls) were collected in dedicated 30-mL sterile stool screw cap
polypropylene containers for storage at −20 °C, with spoon collectors (Euro Med), then brought to the laboratory in
a maximum 2-hour interval after collection. For overall gut microbiota DB assessment, progressive dilutions in saline
water from 10−1 to 10–5 were obtained, and 0.1 mL of the stool samples was placed on the surface of plates containing
different culture media for aerobe, anaerobe, and microaerophilic spp. and incubated at 37 °C for 48 hours. Matrix-assisted
laser desorption ionization – time-of-flight – mass spectrometry (MALDI-TOF-MS) method was used for identifying the
microorganisms. The entities found were expressed as colony formatting units (CFU)/gram stool.23,24 Dysbiosis, diagnosed as
quantitative and qualitative imbalance of the intestinal flora, was assessed as 1=minor, 2=mild, 3=severe.25 16S r RNA, next-
generation sequencing (NGS) method was performed using frozen stools from dysbiotic patients, in order to determine the
exact operational taxonomic units (OTU) of stool microbiota, based on Greengenes database. The full primer pair sequences
according to standard International Union of Pure and Applied Chemistry (IUPAC) nucleotide nomenclature were 16S
Amplicon PCR forward primer (50bp): 5’-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-3’ and 16S Amplicon
PCR reverse primer (55 bp): 5’-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-3’.26 The output of this entire
workflow provided an elaborate presentation of different taxonomic levels from kingdom and phylum to genus and species as
cluster graphs, sample tables, columns, and cluster pie charts. The final report provided information, such as the distribution of
Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria, Verrucomicrobia, Fusobacteria, Euryarcheota, Tenericutes,
Cyanobacteria spp. and subspp., Fungi, enterotype classifications as well as bioindicators such as the Shannon–Wiener
H index of alpha biodiversity.27 The Firmicutes/Bacteroidetes (F/B) and Prevotella/Bacteroidetes (P/B) ratios were
calculated.

This study was carried out by respecting the Helsinki declaration of human rights, and we obtained the approval of the
Ethical Committee of Scientific Research with the University of Medicine and Pharmacy from Timisoara, number 21/2019.

Statistical Analysis
Statistical analysis was performed using GraphPad Prism 9.0.1 (151) version package (GraphPad Software, Inc., La
Jolla, CA, USA). The continuous data panel was expressed as the mean values and standard deviations. The
unpaired t-test was performed, and the p values were calculated. When p was ≤0.05, the results were considered
statistically significant, with a confidence interval (CI)= 95%. Categorical variables were analyzed with the Chi-
squared test. Pearson’s correlation test was performed to set the relations between variables, and graphics of the
linear regression were drawn.

Results
This was an observational, cross-sectional study that included 129 female research participants: 104 cholecystectomized
outpatients, divided into two equal groups, PCS (+) and PCS (−), out of 484 patients checked for eligibility and 25
healthy controls. As depicted in Table 1, we analyzed the demographic aspects and biological characteristics in the
patients and controls. There were no significant differences related to the demographic variables of age and residence
between the patients and controls. However, we noted significant differences regarding age between PCS (+) and PCS (−)
patients, as well as between PCS (+) patients and controls (p<0.0001). With respect to the serum biological variables,
CRP from PCS (+) group displayed significant differences in comparison to controls (p=0.04) and also fast plasma
glucose was significantly increased in PCS (+) group in comparison to PCS (−) group (p=0.005) and to controls
(p=0.009). We also noted that the PCS (+) group presented a significantly higher incidence of overall gut DB
(p<0.0001) when compared to PCS (−) group and to controls.

The distribution of the GS in cholecystectomized patients, according to the composition reported at the previous
surgical intervention, is illustrated in Figure 2.

As depicted in Figure 2, no significant differences were noted between the two groups. In the PCS (+) group, for the
cholesterol GS, either pure or mixed stones represented the vast majority of situations and were reported in 92% of the
cases, whereas pigment GS was seldom observed (8% of cases). The PCS (−) group exhibited cholesterol GS in 78.84%
of the patients (p=0.056) and pigment GS in 21.15% of the patients (p=0.056).
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The gut microbiota DB aspects in the cholecystectomized female patients (PCS + and PCS −) are depicted in
Table 2, where the PCS (+) group exhibited significantly higher incidence and severity of the overall DB of the gut
microbiota, as well as unbalanced F/B ratios and decreased H index of biodiversity, by comparison to the PCS (−)
group (p<0.0001).

Table 3 illustrates various aspects related to the clinical particularities in patients: PCS (+) vs PCS (−).
As seen in Table 3, by comparing the PCS (+) patients to the PCS (−) patients, the study group displayed multiple

particularities. Interventions performed for complicated GSD were reported in significantly larger proportion of PCS (+)
patients (more than 75%), p<0.0001. A total of 59.61% of the PCS (+) patients presented a sedentary lifestyle, by
comparing to the PCS (−) patients who exhibited the same lifestyle only in 38.46% (p=0.03). The diet characterized by
a low fiber intake was noted in significantly larger proportion (52.83%) of PCS (+) patients (p=0.003). Statistically
significant differences were observed in favor of the PCS (+) patients who exhibited DM/IGT and IBS in higher
proportion (p <0.0001). No significant differences were noted related to the average time since cholecystectomy, alcohol
consumption, cigarettes smoking, history of oral contraception, multiparity, postmenopausal hormone replacement
therapy, intake of saturated fat and carbohydrates. or various associated conditions such as metabolic conditions (obesity,

Table 1 The Demographic and Biological Characteristics in Female Research Participants

Variables PCS + (n=52) PCS − (n=52) Controls (n=25) p1 p2 p3

Age (years) 59.05±14.47 49.1±5.21 58.24±2.80 0.7829 <0.0001* <0.0001*
Location, U/R 31/21 (59.61%/40.39%) 30/22 (57.68%/42.31%) 19/6 (76%/34%) 0.1609 0.12 0.843

Hb (g/dL) 13.077±0.682 13.05±0.61 13.344±0.834 0.1391 0.139 0.693

L/mm3 (6.23±0.858)x103 (6.5±0.79)x103 (6.608±0.842)x103 0.08 0.943 0.782
CRP (mg/dL) 0.399±0.181 0.336±0.098 0.338±0.131 0.04* 0.937 0.747

ALT (IU/L) 31.89±7.01 31.6±4.53 30.96±5.25 0.57 0.548 0.802

FPG (mg/dL) 95.68±18.22 87.94±6.78 85.48±8.36 0.009* 0.163 0.005*
T Chol (mg/dl) 204.21±30.92 201.48±18.50 192.88±7.7 0.0759 0.143 0.632

Trig (mg/dL) 143.91±26.98 137.88±30.64 132.56±10.07 0.1220 0.402 0.282
Cr (mg/dL) 0.68±0.09 0.736±0.121 0.69±0.11 0.5929 0.682 0.286

Overall gut DB 43/52 (82.68%) 7/52 (13.4%) 2/25 (8%) <0.0001* 0.4920 <0.0001*

Note: *Statistically significant.
Abbreviations: PCS, postcholecystectomy syndrome; n, number; p1, PCS (+) vs controls; p2, PCS (−) vs controls; p3, PCS (+) vs PCS (−); M/F, males/females; U/R, urban/
rural; Hb, hemoglobin; L, leukocytes; CRP, C-reactive protein; ALT, alanine-aminotranspherase; FPG, fast plasma glucose; T Chol, total cholesterol; trig, triglycerides; cr,
creatinine; DB, dysbiosis; g/dL, grams/deciliter; mm, millimeter; mg/dL, milligrams/deciliter; IU/L, international units/liter.

Figure 2 Distribution of the previous gallstone’s type in cholecystectomized female patients.
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and dyslipidemia), cardiovascular conditions (arterial hypertension), and liver conditions, like NAFLD. Related to the
dyspeptic complaints of the PCS (+) group of patients, the vast majority (almost 80%) presented a persistent dyspepsia,
while only 20.76% reported de novo symptoms.

Table 2 Dysbiosis Characteristics in Female Cholecystectomized Patients

Variables PCS + (n=52) PCS – (n=52) p

Incidence of overall DB 82.69% 13.4% <0.0001*
Overall DB score 1.46±0.89 0.17±0.47 <0.0001*

Imbalance of F/B 69.23% 9.61% <0.0001*

Increased F/B 9.61% 0% 0.0226*
Decreased F/B 59.62% 9.61% <0.0001*

F/B 23.54±94.7 1.18±0.14 0.5386

P/B 0.67±1.03 0.57±1.17 0.816
Shannon–Wiener H index 2.87±0.34 2.79±0.28 0.584

Decreased Shannon– Wiener H index 36.53% 5.76% <0.0001*

Note: *Statistically significant.
Abbreviations: PCS, postcholecystectomy syndrome; n, number; DB, dysbiosis; I, imbalance; F/B, Firmicutes/Bacteroidetes; P/B, Prevotella/
Bacteroidetes; DB, dysbiosis.

Table 3 Clinical Characteristics in Cholecystectomized Female Patients: PCS (+) and PCS (−)

Variables PCS (+) (n=52) PCS (−) (n=52) p

Time since cholecystectomy (months) 12.15±3.96 11.71±3.16 0.5325
Conversion 11.53% 3.34% 0.1131

Complicated GSD at intervention 76.92% 40.38% 0.0002*

Dyspepsia Persistent 79.24% - -
De novo 20.76 - -

Smoking history 48.07% 34.61% 0.1654

Alcohol consumption 13.46% 9.61% 0.5408
History of oral contraception 40.38% 34.61% 0.6180

Multiparity 32.7% 26.93% 0.2642

Postmenopausal hormone therapy 23.08% 13.46% 0.2065
Sedentary lifestyle 59.61% 38.46% 0.0318*

Fiber’s intake Normal 48.07% 73.07% 0.0094*
Reduced 53.84% 26.93% 0.0054*

Saturated fat intake Normal 67.3% 76.92% 0.2764
Increased 32.7% 23.08% 0.6063

Carbohydrate’s intake Normal 84.61% 90.38% 0.3761
Increased 15.39% 9.62% 0.3761

BMI>30 kg/m2 51.92% 40.38% 0.2401

T2DM/IGT 65.38% 15.38% <0.0001*
Dyslipidemia 40.38% 28.84% 0.2183

AH 38.46% 28.84% 0.3015

Abdominal pain score 2.17±2.39 - -
Bloating score 1.32±0.73 - -

Transit disorder score 1.44±0.69 - -

IBS 67.3% 23.07% <0.0001*
NAFLD 46.15% 38.46% 0.4296

Note: *Statistically significant.
Abbreviations: PCS, postcholecystectomy syndrome; n, number; GSD, gallstone disease; BMI, body mass index; kg/m2, kilogram/square meter; T2DM/IGT, type 2
diabetes mellitus/impaired glucose tolerance; AH, arterial hypertension; IBS, Irritable bowel syndrome; NAFLD, nonalcoholic fatty liver disease.
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The correlation study revealed that the overall DB score in PCS (+) group was positively strongly correlated to
bloating (r2=9.47) and transit disturbances (r2=0.43), p<0.0001, while the correlation to abdominal pain was relatively
weak: r2=0.06, p=0.07, and no correlations were set to the average time (months) since cholecystectomy (r2=0.004,
p=0.64), as depicted in Figure 3.

The enterotypes in PCS (+) were determined based on the proportional relationship between Bacteroides spp.,
Prevotella spp., and Ruminococcus spp. as depicted in Figure 4, where one can observe that 17 cases were classified
as type 1 (38.53%), 6 cases were classified as type 2 (13.95%), 1 case as type 3 (2.32%), and 19 cases as undetermined
(44.18%).

The distribution of bioindicators, such as the Shannon–Wiener H index of alpha biodiversity, F/B, and P/B in
dysbiotic patients from PCS (+) group is illustrated in Figure 5. We found that 67.3% of dysbiotic, PCS (+) patients
displayed an H index above 2.8, and about 32.7% displayed a decreased index. The F/B ratio ranged between 0.5 and
569, with increased values over 2.1 in 7.69% of the patients and decreased values under 1.4 in 65.38% of the patients.
The P/B ratio ranged between 0.1 and 3.5; a ratio over 1.8 was present in 13.95% of the patients.

The distribution of bacterial strains in dysbiotic, PCS (+) patients is illustrated in Figure 6. As seen in this figure,
Firmicutes ranged between 31.03 and 94.58, Bacteroidetes from 0.14 to 66.06, Proteobacteria from 0.57 to 32.35,
Actinobacteria from 0.000 to 20.48, Verrucomicrobia from 0.001 to 9.59, Fusobacteria from 0.003 to 1.27, Euryarcheota
from 0.000 to 0.04, and Tenericutes from 0.001 to 17.02.

As illustrated in Figure 7, in the PCS (+) group, Firmicutes was strongly correlated to transit disturbances (p=0.0002,
r2=0.28), had a good correlation to bloating (p=0.03, r2=0.1) and a low correlation to abdominal pain (p=0.05, r2=0.08).

As depicted in Figure 8, Bacteroidetes displayed strong correlations to transit disturbances (r2=0.38, p<0.0001), good
correlations to bloating (p=0.01, r2=0.12), and low correlations to abdominal pain (r2=0.08, p=0.05), in the PCS (+)
dysbiotic patients.

As seen in Figure 9, we illustrated the correlations between the F/B ratio and abdominal complaints in PCS (+)
dysbiotic patients. Strong correlations were observed between the F/B ratio and abdominal pain (p<0.0001, r2=0.34), as
well as transit disturbances (p=0.0025, r2=0.20), and bloating (p=0.0078, r2=0.16).

Proteobacteria, Verrucomicrobia, Fusobacteria, Cyanobacteria, Euryarcheota, and Tenericutes, as well as the P/B
ratios did not show any correlations to dyspeptic symptoms, while Actinobacteria displayed good positive correlations
only to abdominal pain (r2=0.11, p=0.024), in PCS (+) dysbiotic patients, as illustrated in Figure 10.

Figure 3 Correlations of the overall DB severity to the intensity of abdominal complaints and average time from cholecystectomy, in PCS (+) group.
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As seen in Figure 11, in the PCS (+) group, the H index of biodiversity had a low correlation to abdominal pain
(p=0.05, r2=0.08) and did not correlate to the rest of the dyspeptic complaints.

Discussion
Minimizing the PCS is an important task for surgeons when it comes to performing a cholecystectomy for GSD.
A complete preoperative evaluation as well as choosing the perfect moment of intervention in the course of GSD, “not
too soon and not too late”, could influence the postoperative outcome of patients. Urgent surgery and its associate
complications will increase the risk of PCS development, as well as the increase of the duration of preoperative
symptoms will also result in augmented risk of PCS.28 In accordance with this observation, we also found that more
than 75% of the cases, from PCS (+) group were operated on for various complications of GSD, which also increased the
rate of conversion to open surgery.

Figure 5 Distribution diagram of the bioindicators: H index, F/B, and P/B.

Figure 4 Distribution diagram of the enterotypes in dysbiotic, PCS (+) patients.
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Could the type of surgical intervention influence the PCS development? In this series, all patients experienced
laparoscopic cholecystectomies. It is well known that the laparoscopic cholecystectomies have a lot of advantages over
the classical open surgery, at least related to the management of inflammation and sepsis and subsequently to the
hospitalization duration and to the recovery time. However, it is difficult to assess whether during dissection of the
cholecystic pedicle all surgeons have really obtained the “so-called” critical view of safety, when the cholecystectomy
was performed by laparoscopic approach.29,30

This research revealed that many of the patients from the study group, PCS (+), suffered at present from persistent
dyspeptic complaints and functional digestive conditions. It is difficult to clearly state whether these conditions preceded
surgery or developed after. Overlapping symptoms, such as discomfort, bloating, and transit disturbances prompt the
question: what if IBS associated with GSD was previously overlooked, and dyspeptic symptoms were misattributed to
GSD? We noted that IBS was present in an important, statistically significant proportion of the study group. The presence

Figure 7 The Firmicutes correlations to dyspeptic symptoms.

Figure 6 The distribution of bacterial strains in the dysbiotic PCS (+) population.
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of associated IBS in such a large proportion could further explain why we detected such an important range of DB as
others also reported.31–33

The present study also recorded that metabolic issues associated to PCS were rather important. Many patients
presented lifestyle particularities and were affected by obesity, diabetes, dyslipidemia, and hypertension, conditions

Figure 9 Correlations of the F/B ratio to dyspeptic symptoms.

Figure 10 Actinobacteria correlations to dyspeptic symptoms.

Figure 8 The Bacteroidetes correlations to dyspeptic symptoms.
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known for their link to gut DB.34–37 In patients with previous cholesterol GSD, it is possible that persisting underlying
metabolic issues fuel the gut DB, causing the gut microbiota DB to continue or even to aggravate after the surgery. Even
it is difficult to assess the exact causality of gut DB; however, the fact that the percentage of dysbiotic patients exceeded
the percentage of diabetics by far provides a clue regarding postcholecystectomy gut microbiota development.

DB of the gut microbiota could intervene in many processes with the development of functional distress, or by
triggering or aggravating organic, degenerative disorders at different levels.38–45 The GS composition was also associated
with the particularities of the gut microbiota characterized by decreases in the biodiversity and Firmicutes.46–48 Our
investigation concerning the overall DB of the gut microbiota revealed that patients with PCS displayed a significantly
higher incidence and severity of DB compared to the PCS (−) group and the controls. We observed that the overall DB
had a strong correlation to bloating and transit disturbances, had a low correlation to abdominal pain, and did not
correlate to the time since the cholecystectomy. The vast majority of patients had previous cholesterol GS, and this study
reported a high rate of dysbiosis and a microbiota footprint characterized by a decrease in the F/B ratio and diversity after
cholecystectomy.

The bioindicators analyzed in this study were the F/B and P/B ratios, as well as the Shannon–Wiener H index of alpha
biodiversity. Only the F/B ratio correlated to all dyspeptic symptoms, while the P/B ratio did not show any correlations,
and the H index had only a low correlation to abdominal pain. Firmicutes and Bacteroidetes, separately analyzed,
demonstrated a strong or good correlation to dyspeptic complaints, while Actinobacteria presented a good correlation
only to abdominal pain, and the other phyla (Proteobacteria, Verrucomicrobia, Fusobacteria, Cyanobacteria,
Euryarcheota, and Tenericutes) did not correlate to any of the dyspeptic complaints. Assessment of the proportional
relationship between Bacteroides, Prevotella, and Ruminococcus spp. permitted to classify the study group in three
known enterotypes as follows: more than 50% of the patients displayed type 1 (38.53%) and type 2 (13.95%). The rest
were type 3 (2.32%), and 44.18% presented undetermined enterotypes. The Bacteroides and Prevotella enterotypes,
mainly observed in this study, were associated with a diet rich in saturated fat and animal protein and reduced of intake of
dietary fibers as others previously reported.49–51 This microbiota footprint could explain the association to the cholesterol
GSD as well as to various underlying metabolic conditions that were observed in the patients enrolled in this study. We
noted that NAFLD, associated to other metabolic issues, such as obesity DM/ITG and dyslipidemia, was frequently
diagnosed in patients suffering from PCS (46.15%). As many studies hypothesized, NAFLD, inflammation, and the gut
DB appear to be related.52,53

Figure 11 The Shannon–Wiener H index of biodiversity correlations to dyspeptic symptoms.
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It is well known that GSD, cholecystectomies and by consequence the risk for PCS are by far highly reported in
female gender, but is there any relation between age at intervention and PCS development? While some authors have
reported age-related pre-, intra- and postcholecystectomy differences, highlighting the fact that the elderly people were
predisposed to develop various complications, including PCS, other researchers did not find any clear evidence
supporting the idea of high risk for PCS in older age.54,55 The results of the present study have shown that PCS (+)
group displayed significantly older age by comparison to those without PCS.

Among the stimuli that can drive bioenergetic pathways and the activity of mitochondria as well as the host
immunometabolism with consecutive reactions of the effector cells, the gut microbiota DB has a pivotal place. It is
possible that DB to shift the capacity of the adaptative host response results in a proinflammatory state as a consequence
of releasing various interleukins and cytokines.35,56,57 This study also reports a significant increase of acute phase
reactant proteins, such as CRP in patients with PCS, when compared to the control group.

There are many studies highlighting the risk for colorectal cancer, postcholecystectomy, that hypothesized the
possible implications of certain particularities of the gut microbiota. Some authors either reported absent intestinal
bacteria, such as Bacteroides, while others described imbalances of microbiota with increased Bacteroides ovatus,
Prevotella copri, and Fusobacterium varium and decreased of Faecalibacterium prausnitzii, Roseburia faecis, and
Bifidobacterium adolescentis.58,59 In this series of patients, we did not find any cases of colorectal cancer, possibly
related to the fact that the average time since cholecystectomy was a maximal 22 months in the PCS (+) group. We
observed, however, that patients from the study group, where DB was significantly higher, displayed inflammatory
markers with higher levels of CRP, which could be associated with risk for further developments as others reported.60,61

Many researches highlighted that increase in using of antibiotics over the past decades could result in important issues
related to gut microbiota dysbiosis. These changes in gut ecology consist of several modifications of quantity and quality
of various species, decreasing of biodiversity, alteration of metabolic functions and selection of several antibiotic-
resistant organisms.62,63 Given the fact that a significant higher percentage of patients with PCS had a history of
inflammation or infection of the gallbladder, it is also possible that antibiotics previously given for complicated GSD
could have intervened in the setting of severe dysbiosis in these groups of patients.

PCS therapy remains somewhat disappointing. Except the cases that could be managed by minimally invasive
procedures, or reintervention in severe situations, for the rest—representing the vast majority—there are no current
guidelines of conservative treatment in addition to recommendations, such as dietary and lifestyle changes, antispasmo-
dics, and sedatives or cholestyramine for those with accelerated transit alone.64–66

In the past, the impact of cholecystectomy on health was insufficiently understood. Over the past years, several
studies highlighting the role of gut microbiota gave the possibility to associate postcholecystectomy dysbiosis to
gastrointestinal symptoms such as dyspepsia and diarrhea.

Since the study of the gut microbiota DB in patients with PCS could result in new promising management of
abdominal complaints and customized therapies, it is important that these preliminary observations are further validated
in larger prospective studies. In this view, the hypothesis of DB involvement in symptoms related to PCS with better
dyspepsia understanding could produce interesting alternative treatments as a result of translational medicine achieve-
ments. When it comes to clinical application of knowledge about the role of gut dysbiosis in the pathogenesis of
postcholecystectomy syndrome, the treatment with intestinal pre/probiotics and microecological agents could result in
restoring the balance of local microbiota and eventually alleviation of abdominal symptoms.15,67

This observation could considerably improve the management of dyspeptic complaints in patients with PCS,
depending on the stool microbiology charts, to recommend customized probiotics or synbiotics.

Limitations
The limitations of this work include the relatively small sized sample of the study population and possible confounders,
given the difficulty to discriminate the causality of gut DB, as many patients already had type 2 DM and IBS. Another
confounder of dysbiosis etiopathogenesis could be associated to previously course of antibiotics, related to hospitaliza-
tion in surgery department, aiming at managing infectious complication of GSD. Other statistical bias and potential
drawbacks could also have intervened, given the observational study design. That is why these observations should be
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further validated by larger prospective studies. To fully realize the potential of cholecystectomy, we need to make further
careful studies on the alterations of gut microbiota in patients with PCS, which may provide new ideas for the study of
related-diseases after cholecystectomy and new treatment strategies for PCS.

Conclusions
Female patients with PCS displayed clinical particularities such as older age, interventions performed for complicated
gallstone disease, associated conditions like diabetes mellitus/impaired glucose tolerance and irritable bowel syndrome,
as well as sedentary lifestyle and specific dietary habits. Gut microbiota overall DB and unbalanced F/B ratios were often
observed in patients with PCS and were strongly correlated to abdominal complaints. Understanding the relation between
dyspepsia and gut DB could provide customized therapies, according to the microbiological charts.
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