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Abstract

Background: It is not clear whether the perioperative intestinal microenvironment of patients undergoing pancre-
atic tumor surgery is affected by intraoperative fluid therapy.

Method: Fifty-eight patients who underwent a confined excision of pancreas mass at this center were enrolled. The
patients were grouped according to the random number table in these two groups: the liberal fluid infusion (LFI)
group and the goal-directed fluid therapy (GDFT) group. Perioperative anesthesia management was carried out by
the same team of anesthesiologists according to a preset anesthetic protocol. Fecal samples were collected twice:
within 2 days before the surgery and at 6 to 8 days postoperatively. The collected fecal samples were sequenced
through microbial diversity high-throughput 16s-rDNA; and the differential changes of intestinal flora were analyzed.
Results: Main components of flora in the sample were significantly different between LFI and GDFT groups. As
shown by the difference in species, in GDFT group, more constituent bacteria participated in the metabolism inside
human body and the restoration of coagulation function, including: prevotella, roseburia, lachnospiracea, dialister and
clostridium (P < 0.05); in LFI group, more constituent bacteria were opportunistic pathogenic bacteria, including: ente-
rococcus, pseudomonas aeruginosa, and acinetobacter baumannii (P < 0.05).

Conclusion: For surgical patients with pancreas tumor, there are significant differences of intestinal flora in diversity
between GDFT and LFI. GDFT seems to play a more important role in protection and restoration of intestinal flora.

Clinical trial registration: ChiCTR2000035187.
Keywords: Perioperative period, Volumetric therapy, Intestinal flora

Background

Intestinal flora is an important component of human
body [1]. The stable diversity and quantity of intestinal
flora are related to preoperative diseases in patients,
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including hypertension [2—-6], coronary heart disease [7]
and endocrine disorder. Factors, such as surgical stress
[8, 9], systemic inflammatory reactions [10] and insuf-
ficient perfusion of internal organs caused by the peri-
operative hemodynamic change, ischemia and anoxia
[11] may occur in intestinal mucosa and influence the
intestinal flora in patients. In recent years, precision
anesthesia more and more becomes basic require-
ments in clinical work. Reducing the damage of perio-
perative intestinal flora and promoting the restoration
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of postoperative intestinal flora might improve patient
outcome after surgery [12].

The anesthesiologists are faced daily with several prin-
cipal and practical problems when arranging periop-
erative fluid handling. Results of studies on fluid therapy
[13-15] will have an impact on everyday practice only if
clinicians are able to accept one or more alternative regi-
mens as being superior. Therefore, a hypothesis was made
in this study that the effect for protecting the diversity of
perioperative intestinal flora and promoting its restora-
tion varied with the mode of intraoperative fluid infusion
in the surgical patients with pancreas tumor.

Methods

Ethics

This randomized controlled study was approved by the
Ethics of Ruijin Hospital and registered under Chinese
Clinical Trial Registry in 02/08/2020. The registration
number is ChiCTR2000035187. All subjects provided
written informed consent before surgery.

Patients

Patients undergoing pancreaticoduodenectomy were
selected. Within 2days before the surgery, fecal sam-
ples were retained for the first time. These patients were
randomly allocated into LFI group (group F) and GDFT
group (group G) to adopt different modes of intraop-
erative fluid infusion. Within 6—-8days after the surgery,
fecal samples were collected for the second time. In both
group F and group G, fecal samples collected before sur-
gery are named Pre-F group and Pre-G group, and simi-
larly fecal samples collected after surgery are divided
into subgropus, Post-F and Post-G group. Between two
groups, preoperative and postoperative intestinal flora
was compared respectively.

There were 58 enrolled subjects in this study (see CON-
SORT Flow Diagram). These patients were randomly
allocated into LFI group (group F, 28 patients) and GDFT
group (group G, 30 patients). Between two groups, gen-
eral conditions of patients were not significantly different
(Table 1).

Between two groups, general conditions of patients and
stage of tumor were not significantly different. BMI: Body
Mass Index; AJCC: American Association of Cancer.

Anesthesia procedures
After the induction of anesthesia but before the start-
ing of surgery, the following drugs were dripped intra-
venously at uniform velocity: cefuroxime sodium
2.25 g+ sodium chloride injection 250 mL; 500 mg metro-
nidazole 100 mL.

In Group F, anesthetic depth and body temperature
was monitored; When haemoglobin (Hb) was <80g/L,
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Table 1 General conditions of patients
Group F Group G
Age (year) 6229+£60 6206+75
Gender (male/female) (13/15) (15/16)
Height (cm) 1680+88 1656+78
Weight (kg) 651+£113 613196
BMI (kg/mz) 229432 223+29
Smoking history (smoking/total patients)  12/28 12/31
Drinking history (drinking/total patients)  11/28 9/31
Stage of tumor (AJCC)
lla 8 10
IIb 8 9
] 5 7
v 7 5

blood transfusion was given. Intraoperative fluid infusion
was regulated by the fixed anesthesiologist.

In Group G, Parameters such as stroke volume vari-
ation (SVV) and cardiac index (CI) were monitored
through FloTrac/EV1000™ device. According to the
monitoring results, fluid infusion was given to maintain
SVV at <13%. When SVV was >13%, succinylated gelatin
injection or blood products was rapidly infused intrave-
nously until SVV was <13%; when MAP was <60 mmHg,
ephedrine was given; when CI was <2.5, dopamine (2~ 3
ugkg™ ! min~') was infused intravenously via micropump.
During the surgery, blood gas was monitored. When Hb
was <80 gL.™!, blood transfusion was given.

After the surgery, cefoperazone and sulbactam sodium
for injection, 1500 mg bid was given as antibiotics in all
patients. Same intravenous nutrients were daily given and
adjusted as needed by the pancreas surgeon. After assess-
ment, fluid diet was given after the surgery. Somatosta-
tin 0.1 mg was daily injected intravenously until 8days
after the surgery and pancreatin enteric-coated capsules
(Creon) was given daily.

Sample analysis

In both groups, food and drinking were forbidden con-
ventionally for 8 hours before the surgery; laxatives were
not given within 2 days before the surgery. After patient
urinates, fecal samples were collected and rapidly put into
—80°C refrigerator at keeping ready for further analysis.
By referring to the study protocol of Muyzer et al. [16],1g
feces were taken from each sample; after the centrifuge,
DNA extraction was made. At first, full-length amplifica-
tion was made on 16S rRNA of total DNA in each sample
through the primer of (5’-3'): CCTACGGGRSGCAGCA
G (341F) and (5'-3'): GGACTACVVGGGTATCTAATC
(806R) [17]. Specific primer setting was completed. In
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the conserved region at 5’ terminal and 3’ terminal of 16S
rRNA gene, almost all of 16S rDNA gene were amplified.
16S specific primers were designed to amplify specific
regions, and 425bp amplified fragments were obtained.
[lumina platform was used to obtain the paired end data,
and a long sequence was obtained by splicing, so as to
conduct 16S analysis.

Statistical methods

In this study, a hypothesis was made that the effect for
changing postoperative intestinal flora was different
between intraoperative LFI and intraoperative GDFT in
the pancreas tumor patients of confined surgery. Sample
size was estimated through GPower 3.1 software and by t
test. Effect size was set as 0.8; a error was set as 0.05; sta-
tistical power (1-P) was set as 0.8 [18]. The patients were
randomly allocated into two groups in equal number. As
calculated through above values, 26 patients were allo-
cated into each group; sample size was preliminarily set
as 52 cases.

The statistical analysis of our data was conducted
in IBM SPSS 24. In both groups, demographic data of
patients were analyzed statistically through mean value
standard deviation and constituent ratio; t test on inde-
pendent sample was made for the clinical data. All sta-
tistical tests were two-sided test: size of test (a)=0.05.
It was considered that the difference was statistically
significant when P<0.05. Data of intestinal flora were
expressed with mean value. Statistical analysis was made
through R programming language software. Through
usearch software, cluster analysis was made on the quali-
fied data. According to the descending order of abun-
dance, RNA fragment of sample was clustered to obtain
operational taxonomic unit (OTU). Each OTU repre-
sented one species. The reading value of each sample
matched to OTU was summarized. From each OTU, one
read was separately selected as the sequence representing
this OTU; the species indicated by each OTU was classi-
fied to obtain the table of species abundance; according
to the table of species abundance, subsequent analysis
and calculation were made to obtain alpha diversity, beta
diversity, including Weighted Unifrac diversity analysis
and Adonis analysis. We use linear discriminant analysis
(LDA) and LDA effective size analysis (LEfSe) to illustrate
species difference at the level of genus of intestinal flora
in each sample.

Results

Before surgery, blood biochemical indices were not sig-
nificantly different between two groups (Table 2). After
the surgery, the following study parameters were not
statistically different: VAS score at 1 and 3 days after the
surgery (VAS 1 and VAS 3); highest body temperature at
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Table 2 Baseline biochemical indices of patients prior to surgery

Group F Group G

White blood cell (x10°L™") 6124133 5144 144°
Red blood cell (x10"2L~") 432 +£047 425+ 033°
Haemoglobin (gL~") 13694 12.5 1299 £ 13.7°
Platelet (x10°L™") 202.1 £ 574 208.9 + 66.2°
Total bilirubin (umolL™") 365+ 420 416 +614°
Total protein (gL™") 69.1 +6.1 67.5 4 5.4°
Albumin (gL™") 407 £36 39.8 £4.1°
Creatinine (umolL™") 71.0+157 682 +136°

@ Compared with Group F, P> 0.05

Day 1, 2, 3 and 7 after the surgery (T1, T2, T3 and T7);
passing flatus time; and hospitalization duration. During
the surgery, total fluid infusion volume and urine volume
were statistically different between two groups (Table 3).

OTU analysis

The species indicated by each OTU was classified to
obtain the table of species abundance, which was used for
subsequent analysis.

Between Pre-F group and Pre-G group, flora compo-
sition indicated by OTU was not significantly different
(Fig. 1a); between Post-F group and Post-G group, flora
composition indicated by OTU was different in a certain
degree (Fig. 1b). As visually shown, OTU was not signifi-
cantly different between Pre-F group and Pre-G group;
preliminarily indicating that intestinal flora was basi-
cally same between these two groups before the surgery.
As shown by postoperative OTU diagram, interquartile
range between primary and secondary main composi-
tion indicated by OTU was obviously widened in Post-
G group; indicating that the diversity of flora in Post-G
group was better than that in Post-F group.

Alpha diversity analysis

Alpha diversity analysis is the diversity analysis of spe-
cies in the sample. Generally, observed species index is
adopted for such analysis, which indicates the actual level
of OTU and reflects the diversity conditions of species in
each sample. After the surgery, the structural diversity of
flora was overall different between group G and group F.
Rank sum test was performed on observed species index
for Post-G group and Post-F group, which was statisti-
cally different (P<0.05); observed species index in Post-
G group was greater than that in Post-F group. Observed
species index in group Pre-G was smaller than that in
Pre-F subgroup, which was not statistically different.
Therefore, after the surgery, in group G, the diversity of
intestinal flora was better restored.
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Table 3 Comparison on the conditions of patients during and after the surgery

Group F Group G
Surgical duration (minute) 333.8+£66.2 320.7 £859
Intraoperative total fluid infusion volume (mL) 3808944316 25145 4 581.9?
Intraoperative blood transfusion volume (mL) 610.7 £585.2 6258 +£512.5
Intraoperative blood loss (mL) 423242149 4774 4+ 2629
Intraoperative urine volume (mL) 1344.6 +668.5 0855 4 567.2°
Intraoperative dose of dopamine (mg) 0 0.7 £197°¢
Postoperative white blood cell (<10°L~") 1314443 1284448
Postoperative red blood cell (<10'2L~") 400405 4014048
Postoperative haemoglobin (gL~ b 1256+£17.3 1227 £ 154
Postoperative platelet (*10°L™") 1644+418 180.5 +55.0
Postoperative total bilirubin (umolL™") 4154468 451 +39.0
Postoperative total protein (gL™") 586+£6.9 585%£53
Postoperative albumin (gL™") 346+£53 353+47
Postoperative creatinine (umolL™") 663+154 677 +128
VAS 1 49407 50+£075
VAS 3 14+05 1.7+ 06
T1 376403 3734+04
T2 376104 375+04
T3 37705 37605
T7 373+04 372+04
Passing flatus time (day) 38+15 37+£13
Postoperative application of enteric nutrients (day) 60+0.38 59+09
Postoperative hospitalization duration (day) 175453 16.2 4+ 3.9

@ Compared with Group F, P =0.01
b Compared with Group F, P =0.03
¢ Compared with Group F, P =0.06

After the surgery, the structural diversity of flora
was overall different between group G and group F
(Fig. 2a&b).

Beta diversity analysis

Through Beta diversity analysis, the difference value of
each sample in the diversity of species was compared in
quantitative or semi-quantitative way. In this study, Beta
diversity analysis was made to further analyze the differ-
ence value of flora between two groups after the surgery.
As shown by Alpha diversity analysis, the abundance and
composition of intestinal flora were not statistically sig-
nificant between two groups before the surgery. There-
fore, Beta diversity analysis was performed only on the
samples in Post-G group and Post-F group. In this study,

Beta diversity analysis was performed through weighted
Unifrac method and Adonis method.

Weighted Unifrac method

In the weighted Unifrac method, the difference value for
species of flora between samples was compared through
the information of system evolution [19]. By considering
the abundance of sample sequence, a weighted process-
ing was made (Fig. 3). Through principal coordinates
analysis (PCoA), the difference value between samples
was indicated.

Each point in the figure represents a sample, and the
same circle represents the same group of samples. Out-
circle points are discrete samples. The abscissa and ordi-
nate represent the first and second principal coordinates,

(See figure on next page.)

Fig. 1 a Preoperative comparison of OTU level between the two groups. PCAT is the significance of the sample in the first principal component
(abscissa); PCA2 is the significance of the sample on the second principal component (ordinate). The P value represents the significance of the
sample in this principal component. b Postoperative comparison of OTU level between the two groups. PCA1 is the significance of the sample in
the first principal component (abscissa); PCA2 is the significance of the sample on the second principal component (ordinate)
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Fig. 3 Weighted Unifrac diversity analysis of Post-G and Post-F beta

respectively; the percentage represents the contribution
rate of the component of the coordinate to the sample
difference; and the p value is the test p value of the cor-
responding principal coordinates. As shown in the figure,
there was a significant difference in the first principal
component between post-G and post-F (P=0.001).

Adonis analysis

Weighted Unifrac method was an analytical method of
too qualitative description. In this study, Adonis analysis
was also performed. Through the linear model analysis,
the dilution degree of different grouping factors for dif-
ference between samples was determined; through the
permutation test, the significance was analyzed. R value
indicated the dilution degree of different grouping factors

for difference between samples, i.e. the ratio of variance
to population variance in grouping factors; P value indi-
cated the reliability of this analysis (Fig. 4). Through R
Programming Language software, R value and P value
were calculated.

As shown by the analysis through Adonis method, the
diversity of intestinal flora was different between Post-G
group and Post-F group.

Analysis of species difference

Only after core flora with a difference after the perio-
perative volumetric therapy of different regimens is
found, study direction can be further determined. In
this study, analytical method for species difference at
the level of genus was adopted (Fig. 5).
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Fig. 4 Adonis analysis

LDA is the linear discriminant analysis diagram,
which shows the differences between two groups of
samples at the genus level, and the line length repre-
sents the significance of the differences.

Through LDA effective size analysis (Fig. 6), two or
more subgroups are compared; statistical significance
and biological relevance are emphasized; biological
marker of statistical difference between groups can
be found. Blue region indicated Post_F group; green
region indicated Post_G group. The node with same
color as that of corresponding subgroup indicated the
species of flora with important role in the correspond-
ing group. Yellow node indicated the species of flora
without important role in both groups.

Conditions of important bacteria causing a difference
in flora between two groups. Bacteria with important
role in causing a difference in flora in group G (P<0.05)
are: prevotella, roseburia, lachnospiracea incertae sedis.
Bacteria with important role in causing a difference in
flora in group F (P<0.05) are: enterococcus, pseudomonas
aeruginosa, acinetobacter baumannii.

Discussion

In the past, the perioperative target organs for fluid ther-
apy were often focused on heart, lung, kidney, brain and
less on intestinal function and intestinal flora. In this
study, the conditions of intestinal flora were explored for
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the first time after the implementation of GDFT and LFI
in the perioperative patients with pancreas tumor.

In perioperative period, intestinal mucosa barrier is
easily impaired to cause a translocation of intestinal flora
[20]. Subsequently, opportunistic pathogenic bacteria are
multiplied; endotoxin is released; and finally, a series of
pathophysiological course unfavorable for recovery of
patients is caused. In this study, the restoration of postop-
erative intestinal flora in group G was superior to that in
group F; the bacteria with important role in causing a dif-
ference were mainly some bacteria participating in anaer-
obic glycolysis and organic metabolism in group G, but

were mostly opportunistic pathogenic bacteria in group
F. Therefore, perioperative benefit in group G might be
greater than that in group F possibly for the following
reasons: since fluid infusion was made at more uniform
velocity in GDFT group, the insufficient perfusion of
microcirculation was more difficult to occur in intestinal
cavity during the long-time surgery [21]; in some patients
in GDFT group, Dopamine was given at small dose dur-
ing the surgery, which dilated the visceral vessel to bet-
ter supply blood/oxygen for intestinal tissue during the
longer-time surgery [22, 23]. However, as also shown by
some studies [24—26], visceral vessel was not obviously
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influenced after the administration of Dopamine. There-
fore, more precise method should be obtained to assess
the conditions of blood supply in mesenteric vessel.

As shown by recent studies [27], long-term survival
rate of patients with pancreas tumor was closely related
to intestinal flora. In the patients of pancreas tumor
with a long survival period, intestinal flora is of higher
alpha diversity. Therefore, by maintaining the diversity
of intestinal flora in perioperative patients, the prognosis
of patients will certainly be benefited. According to the
characteristics of intestinal flora, long-term survival can
be predicted in the patients with pancreas tumor, par-
ticularly, with the existence of alpha proobacteria, sphin-
goo bacteria and flavobacteria, the long-term survival
is benefited after the surgery on pancreas tumor. In this
study, such flora was not significantly different between
two groups; in GDFT group, alpha diversity of intestinal
flora was more protected. However, the following aspects
are worthy of further study: whether the long-term sur-
vival of patients with pancreas tumor is also benefited
after the restoration of such diversity; whether the long-
term survival of other specific populations is benefited

by other bacteria, and whether the postoperative length
of stay will get affected with the change in flora in the
short-term.

In group G, prevotella was one of bacteria with impor-
tant role in causing a difference in flora. Prevotella par-
ticipates in the metabolism; it also secretes trimetlylamine
oxide (TMAOQO), which potentially influences the activ-
ity of platelet and the thrombosis. In other words, there
is an intrinsic relation among intestinal flora, TMAO and
thrombosis [28]. Prevotella also facilitates the restoration
of coagulation function after the surgery [29, 30]. As also
shown by some studies [31-33], after the supplementa-
tion of probiotics for a short time, TMAO level in human
body was less influenced; and coagulation function was not
improved. Therefore, from the angle of intestinal flora, it is
still worthy of exploration whether the restoration of coag-
ulation function is influenced after the implementation
of different regimens of perioperative volumetric therapy.
Roseburia participates in the glycolysis of various carbohy-
drates. Its catabolic products mainly include: butyric acid
and butyrate. Lachnospiracea incertae sedis participates
in the glycolysis of organic nutrients and sugar in human
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body. In group F, enterococcus, pseudomonas aeruginosa
and acinetobacter baumannii are with important role in
causing difference in flora. They are opportunistic patho-
genic bacteria.

Intestinal flora is influenced in a certain degree by the
secretion of pancreatic juice. In this study, although pan-
creatin enteric-coated capsules (Creon) was given daily, its
inhibitory effect for secretion of pancreatic juice could not
be assessed accurately.

Conclusion

In patients undergoing pancreatic tumor surgeries, the
protection of intestinal flora and promotion of postopera-
tive recovery can be achieved by implementation of GDFT
and LFI. Through GDFT, the diversity of intestinal flora is
better restored after the surgery; through GDFT and LF],
dominant intestinal flora is different after the surgery.
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Acknowledgements
We would thank our colleagues in the department of pancreatic surgery for
providing us the surgical plan of patients.

Authors’ contributions

Study design/planning: X.L, YW, YL, B.Y. Study conduct: XL, YW, B.Y. Data
analysis: X.L, YW, YL, B.Y. Writing paper: X.L, YW, B.Y. Revising paper: all
authors. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials

The datasets generated and/or analysed during the current study are avail-
able in the national center for biotechnology information (NCBI) repository,
BioProject ID PRINA823673.

Declaration

Ethics approval and consent to participate

The experimental protocol was established, according to the ethical guide-
lines of the Helsinki Declaration and was approved by the Human Ethics
Committee of Ruijin Hosptial. Written informed consent was obtained from
individual or guardian participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 26 October 2021 Accepted: 10 May 2022
Published online: 25 May 2022

References
1. O'Hara AM, Shanahan F. The gut flora as a forgotten organ Embo Reports.
2006;7(7):688-93. https://doi.org/10.1038/sj.embor.7400731.

20.

Page 11 of 12

Ahrén IL, Jie X, Onning G, et al. Antihypertensive activity of blueberries
fermented by lactobacillus plantarum DSM15313 and effects on the gut
microbiota in healthy rats. Clin Nutr. 2015;34(4):719-26. https://doi.org/
10.1016/j.cInu.2014.08.009.

Pluznick JL, Protzko RJ, Gevorgyan H, et al. Olfactory receptor respond-
ing to gut microbiota-derived signals plays a role in renin secretion and
blood pressure regulation. Proc Natl Acad Sci US A. 2013;110(11):4410-5.
https://doi.org/10.1073/pnas.1215927110.

David J. Durgan, Bhanu P Ganesh, Julia L cope, et al. role of the gut
microbiome in obstructive sleep apnea-induced hypertension. Hyperten-
sion. 2016;67(2):469-74. https://doi.org/10.1161/HYPERTENSIONAHA.115.
06672.

Khalesi S, Sun J, Buys N, et al. Effect of probiotics on blood pressure: a
systematic review and meta-analysis of randomized, controlled trials.
Hypertension. 2014,64(4):897-903. https://doi.org/10.1161/HYPERTENSI
ONAHA.114.034609.

Chen, Liu W, Xue J, et al. Angiotensin-converting enzyme inhibitory
activity of lactobacillus helveticus strains from traditional fermented dairy
foods and antihypertensive effect of fermented milk of strain H9. J Dairy
Sci. 2014;97(11):6680-92. https://doi.org/10.3168/jds.2014-7962.
Turpeinen AM, lkonen M, Kivimaki AS, et al. A spread containing bioactive
milk peptides lle-pro-pro and Val-pro-pro, and plant sterols has antihy-
pertensive and cholesterol-lowering effects. Food Funct. 2012;3(6):621-7.
https://doi.org/10.1039/c2fo10286b.

Paparella D, Yau TM, Young E. Cardiopulmonary bypass induced inflam-
mation: pathophysiology and treatment. An update Eur J Cardiothorac
Surg. 2002;21(2):232-44. https://doi.org/10.1016/51010-7940(01)01099-5.
Mondot S, Lepage P, Seksik P, et al. Structural robustness of the gut
mucosal microbiota is associated with Crohn’ s disease remission

after surgery. Gut. 2016;65(6):954=962. https://doi.org/10.1136/gutjn
[-2015-309184.

. Kelly D. Jamie Campbell, Timothy P king, et al. commensal anaerobic gut

bacteria attenuate inflammation by regulating nuclear-cytoplasmic shut-
tling of PPAR-gamma and RelA. Nat Immanol. 2004;5(1):104-12. https://
doi.org/10.1038/ni1018 Epub 2003 Dec 21.

. BTemmesfeld-Wollbriick, A Szalay, K Mayer, et al.Abnormalities of gastric

mucosal oxygenation in septic shock:partial responsiveness to dopexam-
ine. Am J Respir Crit Care Med 1998; 157:1586—-1592.https://doi.org/10.
1164/ajrccm.157.5.9710017.

Palmieri O, Castellana S, Biscaglia G, et al. Microbiome analysis of mucosal
llecanal pouch in ulcerative colitis patients revealed impairment of the
pouches Immunometabolites. Cells. 2021;10(11):3243. https://doi.org/10.
3390/cells10113243.

Miller TE, Roche AM, Mythen M. Fluid management and goal-directed
therapy as an adjunct to enhanced recovery after surgery (ERAS). Can J
Anaesth. 2015:158-68. https://doi.org/10.1007/512630-014-0266-y.
Froghi F, Soggiu F, Ricciardi F, et al. Ward-based goal-directed fluid
therapy (GDFT) in acute pancreatitis (GAP) trial: study protocol for a feasi-
bility randomised controlled trial. BMJ Open. 2019;9(10):e028783. https://
doi.org/10.1136/bmjopen-2018-028783.

Chappell D, Jecob M, Hofmann-Kiefer K, et al. A rational approach to
perioperative fluid management. Anesthesiology. 2008;109(4):723-40.
https://doi.org/10.1097/ALN.0b013e3181863117.

Muyzer G, Teske A, Wirsen CO, et al. Phylogenetic relationships of
Thiomicrospira species and their identification in deep-sea hydrothermal
vent samples by denaturing gradient gel electrophoresis of 165 rDNA
fragments. Arch Microbiol. 1995;164(3):165-72. https://doi.org/10.1007/
BF02529967.

Wang Y, Qian P-Y. Conservative fragments in bacterial 165 rRNA genes
and primer design for 16S ribosomal DNA amplicons in metagenomic
studies. PLoS One. 2009;4(10):e7401. https://doi.org/10.1371/journal.
pone.0007401.

Cohen J. A power primer. Psychol Bull, 1992, 1 12 (1):155-159.https://doi.
org/10.1037//0033-2909.112.1.155.

Lundberg DS, Yourstone S, Mieczkowski P, et al. Practical innovations for
high-throughput amplicon sequencing. Nat Methods. 2013;10(10):999—
1002. https://doi.org/10.1038/nmeth.2634.

Tassani P Kunkel R, Richter JA, et al. Effect of C1—esterase-inhibitor on
capillary leak and inflammatory response syndrome during arterial switch
operations in neonates. J Cardiothorac Vase Anesth. 2001;15(4):469-73.
https://doi.org/10.1053/jcan.2001.24989.


https://doi.org/10.1038/sj.embor.7400731
https://doi.org/10.1016/j.clnu.2014.08.009
https://doi.org/10.1016/j.clnu.2014.08.009
https://doi.org/10.1073/pnas.1215927110
https://doi.org/10.1161/HYPERTENSIONAHA.115.06672
https://doi.org/10.1161/HYPERTENSIONAHA.115.06672
https://doi.org/10.1161/HYPERTENSIONAHA.114.03469
https://doi.org/10.1161/HYPERTENSIONAHA.114.03469
https://doi.org/10.3168/jds.2014-7962
https://doi.org/10.1039/c2fo10286b
https://doi.org/10.1016/s1010-7940(01)01099-5
https://doi.org/10.1136/gutjnl⁃2015⁃309184
https://doi.org/10.1136/gutjnl⁃2015⁃309184
https://doi.org/10.1038/ni1018
https://doi.org/10.1038/ni1018
https://doi.org/10.1164/ajrccm.157.5.9710017
https://doi.org/10.1164/ajrccm.157.5.9710017
https://doi.org/10.3390/cells10113243
https://doi.org/10.3390/cells10113243
https://doi.org/10.1007/s12630-014-0266-y
https://doi.org/10.1136/bmjopen-2018-028783
https://doi.org/10.1136/bmjopen-2018-028783
https://doi.org/10.1097/ALN.0b013e3181863117
https://doi.org/10.1007/BF02529967
https://doi.org/10.1007/BF02529967
https://doi.org/10.1371/journal.pone.0007401
https://doi.org/10.1371/journal.pone.0007401
https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.1037//0033-2909.112.1.155
https://doi.org/10.1038/nmeth.2634
https://doi.org/10.1053/jcan.2001.24989

Lu et al. BMC Anesthesiology

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

(2022) 22:162

Ohri SK, Becket J, Brannan J, et al. Effects of cardiopulmonary bypass on
gut blood flow, oxygen utilization, and intramucosal pH. Ann Thorac
Surg. 1994,57(5):1193-9. https://doi.org/10.1016/0003-4975(94)91355-2.
Sack FU, Reidenbach B, Schledt A, et al. Dopexamine attenuates
microvascular perfusion injury of the small bowel in pigs induced by
extracorporeal circulation. Br J Anaesth. 2002,88(6):841-7. https://doi.org/
10.1093/bja/88.6.841.

Nygren A, Thorén A, Ricksten S-E, et al. Effects of norepinephrine alone
and norepinephrine plus dopamine on human intestinal mucosal perfu-
sion. Intensive Care Med. 2003;29(8):1322-8. https://doi.org/10.1007/
s00134-003-1829-5.

Meier-Hellmann A, Bredle DL, Specht M, et al. Dopexamine increases
splanchnic blood flow but decreases gastric mucosal pH in severe septic
patients treated with dobutamine. Crit Care Med. 1999;27(10):2166-71.
https://doi.org/10.1097/00003246-199910000-00015.

Thorén A, Elam M, Ricksten SE. Differential effects of dopamine, dopex-
amine, and dobutamine on jejunal mucosal perfusion early after cardiac
surgery. Crit Care Med. 2000;28(7):2338-43. https://doi.org/10.1097/
00003246-200007000-00027.

Bastien O, Piriou V, Aouifi A, et al. Relative importance of flow versus pres-
sure in splanchnic perfusion during cardiopulmonary bypass in rabbits.
Anesthesiology. 2000,92(2):457-64. https://doi.org/10.1097/00000542-
200002000-00028.

Riquelme E, Zhang Y, Zhang L, et al. Tumor microbiome diversity

and composition influence pancreatic Cancer outcomes. Cell.
2019;178(4):795-806, e12. https://doi.org/10.1016/j.cell.2019.07.008.
Ascher S, Reinhardt C. The gut microbiota: an emerging risk factor for car-
diovascular and cerebrovascular disease. Eur J Immunol. 2018:48(4):564—
75. https://doi.org/10.1002/eji.201646879.

Falony G, Vieira-Silva S, Raes J. Microbiology Meets Big Data:The Case

of Gut Mierobiota—Derived Trimethylamine. Annu Rev Microbiol.
2015;69:305-21. https://doi.org/10.1146/annurev-micro-091014-104422.
LiuTX, Niu HT, Zhang SY. Intestinal microbiota metabolism and athero-
sclerosis. Chin Med J. 2015;128(20):2805-11. https://doi.org/10.4103/
0366—6999.167362.

Borges NA, Stenvinkel P, Bergman P, et al. Effects of probiotic supple-
mentation on trimethylamine-N-oxide plasma levels in hemodialysis
patients:a pilot study. Probiotics Antimicrob Proteins. 2019;11(2):648-54.
https://doi.org/10.1007/512602-018-9411-1.

Bergeron N, Williams PT, Lamendella R, et al. Diets high in resistant starch
increase plasma levels of trimethylamine-N-oxide, a gut microbiome
metabolite associated with CVD risk. Br J Nutr. 2016;116(12):2020-9.
https://doi.org/10.1017/50007114516004165.

Gan XT, Ettinger G, Huang CX, et al. Probiotic administration attenuates
myocardial hypertrophy and heart failure after myocardial infarction in
the rat. Circ Heart Fail. 2014;7(3):491-9. https://doi.org/10.1161/IRCHE
ARTFAILURE.113.00098.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/0003-4975(94)91355-2
https://doi.org/10.1093/bja/88.6.841
https://doi.org/10.1093/bja/88.6.841
https://doi.org/10.1007/s00134-003-1829-5
https://doi.org/10.1007/s00134-003-1829-5
https://doi.org/10.1097/00003246-199910000-00015
https://doi.org/10.1097/00003246-200007000-00027
https://doi.org/10.1097/00003246-200007000-00027
https://doi.org/10.1097/00000542-200002000-00028
https://doi.org/10.1097/00000542-200002000-00028
https://doi.org/10.1016/j.cell.2019.07.008
https://doi.org/10.1002/eji.201646879
https://doi.org/10.1146/annurev-micro-091014-104422
https://doi.org/10.4103/0366—6999.167362
https://doi.org/10.4103/0366—6999.167362
https://doi.org/10.1007/s12602-018-9411-1
https://doi.org/10.1017/S0007114516004165
https://doi.org/10.1161/IRCHEARTFAILURE.113.00098
https://doi.org/10.1161/IRCHEARTFAILURE.113.00098

	Influence of different regimens of volumetric therapy on perioperative intestinal flora in the surgical patients with pancreas tumor, a randomized controlled trial study
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusion: 
	Clinical trial registration: 

	Background
	Methods
	Ethics
	Patients
	Anesthesia procedures
	Sample analysis
	Statistical methods

	Results
	OTU analysis
	Alpha diversity analysis
	Beta diversity analysis
	Weighted Unifrac method
	Adonis analysis
	Analysis of species difference

	Discussion
	Conclusion
	Acknowledgements
	References


