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Abstract

BACKGROUND

Appendectomy is an acute abdominal surgery that is often accompanied by
severe abdominal inflammation. Oral probiotics are one of the postoperative treat-
ments for rapid rehabilitation. However, there is a lack of prospective studies on
this topic after appendectomy.

AIM
To investigate whether the postoperative probiotics can modulate the inflam-
matory response and restore intestinal function in patients following appendec-
tomy.

METHODS

This was a prospective, randomized trial. A total of 60 emergency patients were
randomly divided into a control group (1 = 30) and a probiotic group (n = 30). Pa-
tients in the control group started to drink some water the first day after surgery,
and those in the probiotic group were given water supplemented with Bacillus
licheniformis capsules for 5 consecutive days postsurgery. The indices of inflam-
mation and postoperative conditions were recorded, and the data were analyzed
with RStudio 4.3.2 software.

RESULTS

A total of 60 participants were included. Compared with those in the control
group, the C-reactive protein (CRP), interleukin 6 and procalcitonin (PCT) levels
were significantly lower in the probiotic group at 2 d after surgery (P = 2.224e-05,
P =10.037, and P = 0.002, respectively, all P < 0.05). This trend persisted at day 5
post-surgery, with CRP and PCT levels remaining significantly lower in the
probiotic group (P = 0.001 and P = 0.043, both P < 0.05). Furthermore, probiotics
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resulted in a shorter time to first flatus and a greater percentage of gram-negative bacilli in the feces (P = 0.035, P =
0.028, both P < 0.05).

CONCLUSION
Postoperative oral administration of probiotics may modulate the gut microbiota, benefit the recovery of the early
inflammatory response, and subsequently enhance recovery after appendectomy.

Key Words: Probiotics; Gut microbiota; Appendectomy; Inflammatory markers; Intestinal function; Enhanced recovery after
surgery; Postsurgical infections
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Core Tip: This research examines the impact of administering oral probiotics postoperatively on inflammation responses and
intestinal function in patients undergoing appendectomy procedures. Our findings reveal that orally administered probiotics
effectively decrease postoperative inflammatory indicators and enhance intestinal functionality, thereby resulting in reduced
hospitalization durations. These insights highlight the potential contribution of probiotics in expediting post-surgical
recovery and offer novel approaches for clinical application.
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INTRODUCTION

Appendectomy is an acute abdominal surgery that is often accompanied by severe abdominal inflammation. Inflam-
mation will continue even after surgery for almost a week. Severe inflammation can increase the translocation of
endotoxin and pathogenic bacteria, leading to intestinal mucosal barrier dysfunction[1-3]. Therefore, inflammatory
intestinal obstructions and abdominal abscesses often appear after surgery[2]. Oral probiotics are one of the postoperative
treatments for rapid rehabilitation. Several studies have demonstrated that probiotics can reduce the inflammatory re-
sponse and incidence of postoperative infections and promote the recovery of gastrointestinal function after gastro-
intestinal surgery[2-7]. Probiotics administered orally can modulate the intestinal mucosal barrier function, thereby
enhancing the stability and balance of gut microbiota[8]. Thus, the role of probiotics after gastrointestinal surgery has
attracted increasing amounts of attention[4,8-15]. However, there is a lack of prospective studies on this topic after
appendectomy. In our study, whether the oral administration of postoperative probiotics can effectively modulate the
inflammatory response and restore intestinal function in patients following appendectomy was investigated.

MATERIALS AND METHODS

We conducted a randomized controlled trial comprising 60 emergency adult patients who underwent laparoscopic
appendectomy and were admitted to Zigong Fourth People's Hospital in Sichuan Province, China, between June 1<, 2023
and August 31%, 2023. This study was approved by the Institutional Ethics Committee and adhered to the ethical guide-
lines laid down by them.

Sixty adult patients were randomly divided into a control group (n = 30) and a probiotic group (n = 30). The process of
assigning participants or experimental units into different groups has been carried out using the Random Number Table
Method. In the control group, 15 patients were male, 15 were female, and the mean age was 44.5 + 15.91 years. In the pro-
biotics group, there were 13 males and 17 females aged 43.17 £ 15.73 years. All patients underwent computerized
tomography and were diagnosed by an experienced attending doctor. The exclusion criteria for patients were as follows:
Periappendiceal abscess, diabetes mellitus, severe organ dysfunction, or conversion to laparotomy. General data such as
sex and age were comparable between the two groups. Before surgery, all patients or guardians signed informed consent.

Patients in the control groups started to drink some water the first day after surgery, and those in the probiotic group
received Bacillus licheniformis capsules with water (Northeast Pharmaceutical Group Co., Ltd., Liaoning Province, China)
for 5 consecutive day postsurgery. After surgery, the patients were treated with antibiotics (ceftazidime; Qilu Pharma-
ceutical Co., Ltd., Shandong Province, China).

Detection indices
The following indices were detected after admission to the hospital before surgery and at 2 and 5 d after surgery.
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Table 1 C-reactive protein/interleukin/procalcitonin and white blood cell count before and after surgery in both groups

Items Groups Before surgery 2 d after surgery 5 d after surgery

WBC (x 10°/L) Control group 13.09 +2.98 1044 £2.17 7.82+1.98
Probiotics group 12.72 £ 2.87 9.41+£219 7.69 £1.95

CRP (mg/L) Control group 32.83 £56.11 102.07 + 73.49 33.03 +28.56
Probiotics group 30.89 + 33.52 31.49 £ 26.57° 13.46 +10.49"

IL (pg/mL) Control group 2473 +12.73 36.55 + 45.58 9.32+7.64
Probiotics group 30.31 £20.29 16.85 £18.2° 8.71+5.72

PCT (ng/mL) Control group 0.143+0.2 0.895+1.2 0.521 £1.19
Probiotics group 0.216 +0.29 0.155 + 0.26" 0.051 +0.07°

P < 0.05 in the comparison between the two groups.
CRP: C-reactive protein; WBC: White blood cell count; IL: Interleukin; PCT: Procalcitonin.

C-reactive protein (CRP) and interleukin 6 (IL-6) were detected using the enzyme-linked immunosorbent assay
method. Procalcitonin (PCT) was detected by a Roche E411 automatic electrochemiluminescence analyzer.

The white blood cell (WBC) count and neutrophil percentage (NE%) were detected using a Labospect003 full-
automatic biochemical analyzer (Hitachi).

Body temperature was measured every four hours with a mercury thermometer (axillary temperature < 37.4 °C), and
the average heart rate was recorded by the electrocardiogram monitor and nurse. In addition, the time of the first anal
exsufflation was recorded.

Statistical analysis

Based on the approximate means and standard deviations of various inflammation indicators, the sample size was
determined. RStudio 4.3.2 software was used for statistical analysis. The quantitative data are presented as the mean *
SD. A t test was used to compare differences between two groups. The categorical data are presented as numbers and
were compared by the chi-square test. P < 0.05 was considered to indicate statistical significance (*P < 0.05, °P < 0.01, °P <
0.001).

RESULTS

A comparison of WBC and NE% pre- and post-surgery among the two groups revealed that WBC levels in both groups
were reduced following surgery and no significant difference was observed between the groups post-operatively (P >
0.05). The NE% was lower than that before surgery in both groups and was similar in both groups (P > 0.05). These
findings indicate that the preoperative application of postoperative probiotics cannot significantly reduce the WBC and
NE% after appendectomy (Table 1).

Comparison of CRP, IL, and PCT between two groups pre- and post-surgery. In the control group, CRP levels rose 2 d
post-surgery, subsequently declining gradually towards the normal range by day 5, whereas in the probiotics group, this
decrease was notably more pronounced. At 2 d post-surgery, the CRP increase was marginal in the probiotics group,
resulting in statistically significant differences between the groups at both the 2-d (P = 2.224e-05) and 5-d (P = 0.001)
marks, all with P values less than 0.05. The trend for PCT mirrored that of CRP: In the control group, it increased post-
surgery at 2 d, later reducing gradually to normal levels by day 5, yet again experiencing a more evident decline within
the probiotics group. The PCT levels also exhibited a slight decrease 2 d after surgery in the probiotics group, leading to
statistically significant inter-group differences at both 2-d (P = 0.002) and 5-d (P = 0.043) assessments, all with P values
below 0.05. As for IL levels, they followed a similar pattern in the control group, rising at 2 d post-surgery and gradually
returning to normal levels by day 5. However, there was a statistically significant difference between the two groups
solely at the 2-d post-surgical mark (P = 0.037, P < 0.05). These findings collectively suggest that the administration of
probiotics significantly enhances the attenuation of the systemic inflammatory response following surgery (Table 1 and
Figure 1).

DComp)arison of the percentage of gram-negative bacilli (GNB) in the feces after surgery between the two groups. The
percentage of GNB in the feces was greater in the probiotics group than in the control group (P = 0.028, P < 0.05). These
findings suggest that probiotics can modulate the gut microbiota (Table 2 and Figure 1).

Comparison of the postoperative conditions between the two groups. The incidence rates of postoperative fever and
average heart rate were similar in both groups (P > 0.05). The first exhaust time was shorter in the probiotic group than in
the control group (P = 0.035, P < 0.05; Table 2 and Figure 1).
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Table 2 Comparison of the postoperative general conditions between the two groups at 7 d after surgery

Groups Fever (%) Heart rate First exhaust, time (d) GNB%
Control group 16.6 74 £10.93 2.16 £ 0.69 67.2+11.01
Probiotics group 13.3 76.4 +12.09 1.8+0.6" 73.3 £9.65"

4P < 0.05 in the comparison between the two groups.
GNB%: The percentage of gram-negative bacilli.
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Figure 1 Various test indicator before and after surgery in both groups. ?P < 0.05, °P < 0.01, °P < 0.001. NE: Neutrophil; GNB: Gram-negative bacilli;
CRP: C-reactive protein; WBC: White blood cell count; IL: Interleukin; PCT: Procalcitonin.

DISCUSSION

There is increasing interest in the relationship between the gut microbiota and human immunity[1,5,8]. In our study, we
found that the CRP, IL-6 and PCT levels were significantly lower in the probiotic group after appendectomy. This
outcome is consistent with findings reported in articles related to postoperative oral probiotics administration in colo-
rectal cancer patients. Gastrointestinal surgery alters the gut microbiota due to surgical trauma and inflammation. Micro-
biota changes and intestinal barrier damage may cause systemic inflammation. According to previous studies[3,11,12,14,
15], probiotics can be used to modulate the gut microbiota and have beneficial effects on humans. Perioperative probiotic
administration during colorectal surgery can reduce infectious complications. Additionally, probiotics can reduce the
levels of inflammatory markers and cytokines, such as CRP and IL[1,5,8,12].

In our study on appendicitis, it revealed that in the control group, CRP levels escalated 2 d post-surgery, thereafter
gradually diminishing to reach normal levels by the fifth day post-procedure. Remarkably, this reduction was even more
pronounced in the probiotics group. The inflammatory marker PCT was also similar to the CRP. Differences in the IL-6
concentration at 2 d after surgery were statistically significant between the two groups. This finding showed that post-
operative probiotic administration may accelerate the duration of inflammation reduction after appendectomy. However,
the WBC and NE% were lower after surgery than before surgery in both groups and were similar in both groups. This
result was dissimilar to that obtained for inflammatory markers. This could be because inflammatory markers, such as
CRP levels, are more sensitive than WBC counts are.

A comparison of the postoperative conditions between the two groups revealed that the time to first exhaust was
shorter in the probiotics group than in the control group. These findings showed that postoperative probiotic adminis-
tration after appendectomy may accelerate the recovery of intestinal function, contributing to enhanced recovery after
surgery.
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However, our study unfortunately did not include markers of intestinal mucosal barrier function. This will be our next
step. Due to the wide fluctuations in CRP values, our study may suffer from inadequate sample size, and in future in-
depth investigations, increasing the sample size should be taken into consideration.

CONCLUSION

In conclusion, postoperative oral administration of probiotics may modulate the gut microbiota, improve the recovery of
the early inflammatory response, and subsequently enhance recovery after appendectomy.
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