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Perioperative taurine or taurolidine 
supplementation on clinical outcomes: 
A systematic review with meta-analysis
Kwok M. Ho1,2,3*   and Yusra Harahsheh4   

Abstract 

Taurine is a conditionally essential amino acid that has been reported to have antioxidative and immunomodula-
tory effects either directly or through its interactions with gut microbiome. Although taurine has been widely used 
as a health supplement and also for treatment of congestive heart failure in Japan, its roles in the perioperative setting 
have not been well characterized. The purpose of this systematic review and meta-analysis was to assess whether oral 
or intravenous taurine, or its derivatives such as taurolidine, can offer benefits compared to placebo in the periopera-
tive setting. Non-randomized studies, trials assessed topical taurine or taurolidine, or trials did not report clinical out-
comes were excluded. Six randomized-controlled-trials (RCTs) involving a total of 596 adult surgical patients, in Pub-
Med, MEDLINE and EMBASE databases on September 14, 2023 were identified and meta-analyzed using a fixed-effect 
model. Biases were assessed by reporting individual trial elements. Taurine or taurolidine (which is readily metabolized 
by hydrolysis to taurine) supplementation was associated with a reduction in all-cause infection (5 trials: pooled odds 
ratio (OR) 0.59; 95% confidence interval (CI) 0.38–0.92; p = 0.020) but not delirium (2 trials: OR 0.63, 95% CI 0.38–1.04; 
p = 0.071) or mortality (4 trials: OR 0.82, 95% CI 0.43–1.58; p = 0.557) compared to placebo. Using the ‘trim and fill’ tech-
nique to adjust for publication bias did not change the favorable effect of taurine on risk of infection (OR 0.61, 95% CI 
0.40–0.95). Because the number of studies included was small, the promising benefits of taurine on risks of periopera-
tive infection should be confirmed by adequately-powered RCTs.
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1 Introduction
Taurine (2-aminoethane-sulfonic acid) is a unique amino 
acid in many ways. It is considered as a conditionally 
essential amino acid because it plays an important part 
in the development of the human infant brain when they 

are entirely dependent on dietary taurine intake with lim-
ited endogenous synthesis during that period of life [1]. 
Different from other amino acids, taurine is not used for 
protein synthesis or energy generation in humans.

A recent study showed that anesthesia and surgery 
can induce endogenous synthesis of taurine resulting 
in an increase in plasma concentrations within the first 
week after surgery [2]. Conversely, taurine is depleted 
in patients with septic shock [3]. Whether the patho-
physiological changes in blood taurine concentration 
are a bystander phenomenon or an adaptive response to 
stress that can be overwhelmed, as in septic shock, are 
unknown. In an animal study, taurine pretreatment could 
partially prevent interleukin-6 production induced by 
acute pneumonia in  vivo [4], suggesting that exogenous 
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taurine supplementation could be useful as an anti-
inflammatory or anti-infective agent in sepsis.

Mechanistically, taurine is believed to be able to regu-
late intracellular calcium homeostasis, work as an anti-
oxidant that can optimize mitochondrial functions in 
particular the complex I reaction, and reduce endoplas-
mic reticulum stress [1]. Through these cellular level 
actions, taurine has been reported to improve myocar-
dial, circulatory, metabolic and cerebral functions.

It has been argued that there are significant differences 
in the physiological and pharmacological actions of tau-
rine, with the beneficial effects of taurine can only be 
realized and demonstrated when sufficiently high taurine 
concentrations are achieved beyond the levels that can be 
obtained through a standard Western diet (of < 400  mg/
day) [5]. Because taurine is inexpensive and generally 
considered as safe when taken up to 6 g per day for adults 
[6], using taurine supplementation as a perioperative 
adjunct may have a huge potential in improving surgical 
outcomes.

We hypothesized that taurine supplementation could 
be a useful adjunct in reducing risk of postoperative 
infections, cardiac arrhythmias and delirium for surgi-
cal patients. In this meta-analysis, we summarized the 
current evidence on the potential benefits of supple-
mentation of taurine or its derivatives for patents in the 
perioperative setting.

2  Methods
2.1  Study identification, and inclusion and exclusion 

criteria
We used the PRISMA checklist when writing this report 
[7]. The following keywords or subject headings were 
used to search for RCTs using the PubMed, MEDLINE 
and EMBASE databases on September 14, 2023: taurine 
or taurolidine and surgery or perioperative and clinical 
trials or RCTs. There was no language restriction in study 
inclusion but non-human studies and studies involving 
children (< 18 years old) were excluded. The protocol for 
this systematic review and meta-analysis was registered 
on INPLASY (https:// inpla sy. com/) and is available in full 
on the https:// inpla sy. com/ inpla sy- 2024-1- 0071/. Only 
studies using oral or intravenous taurine or its deriva-
tives such as taurolidine (which has a short half-life and 
is rapidly metabolized by hydrolysis into taurine, water 
and carbon dioxide) [8] supplementation were included. 
Studies asessing topical or intraperitoneal taurine or tau-
rolidine (n = 2) or those comparing two interventions 
simultaneously (e.g., taurine with Coenzyme Q) against 
placebo (n = 1) were excluded. Of the 81 studies identi-
fied, only six RCTs met our inclusion criteria and were 
subject to meta-analysis [9–14]. Two reviewers indepen-
dently extracted the data from the included studies and 

studies with missing data on all outcomes of interest were 
excluded.

2.2  Outcomes of the meta‑analysis
The primary outcome of this meta-analysis was risk of 
all-cause infections after surgery. The other clinical out-
comes assessed included delirium and hospital mortality. 
We used a fixed-effect model to pool the ORs of the out-
comes between placebo and intervention groups because 
of the small number of studies included. Similarly, the  I2 
was not used to quantify heterogeneity in this meta-anal-
ysis due to limited statistical power of  I2 when the num-
ber of included studies is small.

2.3  Sensitivity analysis and bias assessment
We conducted two sensitivity analyses to confirm 
whether publication bias and one aspect of the quality 
of the trial would affect the results of the primary out-
come. First, we used the ‘trim and fill’ method to adjust 
for effect of any publication bias due to small studies 
with outlying results. Second, we excluded RCTs that 
were not prospectively registered in a clinical trial regis-
try to assess whether this would affect the results of the 
primary outcome. The other aspects of study quality, 
such as blinding, allocation concealment, deviation from 
intended intervention, and missing data, were described 
individually without being summarized by an overall 
quality score. All analyses were conducted by the Com-
prehensive Meta-analysis software (version 2.2.034, 2006; 
Biostat, Englewood, USA) and a p-value < 0.05 was taken 
as significant.

3  Results
3.1  Study characteristics
A total of 596 adult surgical patients from six RCTs con-
ducted in the perioperative setting were identified and 
meta-analyzed. Two RCTs were conducted on cardiac 
surgical patients [13, 14], one on colonic cancer sur-
gery [11], one on liver transplantation [10], one on hip 
fractures requiring arthroplasty [9] and one on surgi-
cal patients who required at least five days of parenteral 
nutrition [12]. Five RCTs were double-blinded and four 
were registered prospectively in a clinical trial registry. 
No major adverse events from taurine or taurolidine sup-
plementation was reported in these six RCTs. The details 
of each study were extracted by two investigators inde-
pendently and are described in Table 1.

3.2  Outcomes after taurine or taurolidine 
supplementation compared to placebo

Taurine or taurolidine supplementation was associated 
with a reduction in all-cause infections (5 trials: OR 0.59; 
95% CI 0.38–0.92; p = 0.020) (Fig. 1) but not delirium (2 
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trials: OR 0.63, 95%  CI 0.38–1.04; p = 0.071) (Fig.  2) or 
mortality (4 trials: OR 0.82, 95% CI 0.43–1.58; p = 0.557) 
compared to placebo.

3.3  Sensitivity analyses
Using the ‘trim and fill’ technique to adjust for publica-
tion bias did not change the favorable effect of taurine on 
risk of infections (OR 0.61, 95% CI 0.40–0.95), suggesting 
that publication bias was not a major factor in explaining 
our results. Excluding an older study that was not pro-
spectively registered in a clinical trial registry [12] also 
did not change the effect of taurine or taurolidine on risk 
of infections (OR 0.61, 95% CI 0.39–0.96; p = 0.031).

4  Discussion
This meta-analysis showed that oral or intravenous tau-
rine or taurolidine supplementation in the surgical set-
ting appeared to be well-tolerated, and was associated 
with a significant reduction in risk of all-cause infections 
compared to placebo. This result has some important 
research implications and requires further discussion.

First, to the best of our knowledge, this is the first meta-
analysis assessing the effects of taurine or taurolidine 

supplementation in the perioperative setting with a spe-
cial emphasis on testing the hypothesis that taurine could 
reduce infections in surgical patients. Taurine is present 
in high concentrations (up to 50 mM) in neutrophils and 
is needed to produce taurine chloramine (N-chlorotau-
rine) which is an important regulator of the immune sys-
tem, especially in optimizing survival and antimicrobial 
activity of leuokocytes [15–19]. The effect of taurine or 
taurolidine on infections reported in this meta-analysis 
was consistent with the favorable immunomodulatory 
effects of taurine or taurolidine reported in a number of 
experimental studies [20, 21]. For instance, recent experi-
mental studies showed that exogenous taurine supple-
mentation alone is sufficient to induce alterations in gut 
microbiota, enhance resistance to infection, boost intes-
tinal immunity in response to antibiotic exposure, resist 
colonization by Citrobacter rodentium, and increase the 
diversity of gut microflora during infection [21, 22]. It 
has also been shown that when taurine is released from 
bacterial deconjugation of taurine-conjugated bile acids, 
it can improve intestinal tight junction function [23], 
resulting in reduced gut permeability and risk of bacte-
rial translocation. Because gut microbiota may play an 

Fig. 1 Forest plot showing the difference in all-cause infections between those who received taurine or taurolidine and placebo. CI, confidence 
interval. Size of the markers is proportional to the sampe size of the trial

Fig. 2 Forest plot showing the difference in delirium between those who received taurine and placebo. Size of the markers is proportional 
to the sampe size of the trial
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important role in determining many important outcomes 
of surgical patients [24], the potential favorable effect of 
taurine on risk of surgical infections deserves confirma-
tion by well-controlled RCTs.

It has been hypothesized that taurine may enhance 
survival of various advanced living organisms (that have 
no cell wall) including humans when they face adverse 
environmental challenges [25]. Major surgery induces 
substantial physiological stress to the human body; and 
for those who are already vulnerable with a limited physi-
ological reserve before surgery, complications are com-
mon [26]. Based on the data from our current analysis, 
an 80%-powered RCT would need approximately 5800 
subjects (in total) to reliably detect a 2% absolute risk 
reduction in surgical infections, if we assume the base-
line infection risk of the control group is 9% [27]. Because 
taurine is inexpensive and safe as a supplement at a 
dose ≤ 6 g per day for an adult [6, 28], with the promis-
ing results of the current meta-analysis, a large RCT to 
confirm the potential benefits of perioperative taurine 
supplementation in reducing surgical infections would 
appear to be feasible and highly desirable. Apart from 
infection, other important patient-centered outcomes, 
such as delirium [29] and severe hyperglycemia, should 
also be carefully considered either as secondary out-
comes in the same trial when infection is investigated or 
in separate trials targeting patients who are most vulner-
able in developing these complications.

Second, taurine is licenced to be used for patients with 
congestive heart failure in Japan and current evidence 
suggests that taurine supplementation may offer long-
term metabolic and cardiovascular benefits [28]. As 
such, it would be important to meta-analyze cardiovas-
cular outcomes if we could get enough information from 
existing RCTs. Two trials included in this meta-analysis 
reported the effects of taurine or taurolidine on cardiac 
arrhythmias [13, 14]. At the end, we decided not to pool 
the outcomes of these two trials together because of het-
erogeneity in the formulations of study intervention and 
the duration of observation for arrhythmias after admin-
istering the study intervention. Previous animal and 
small human clinical studies showed that taurine could 
improve heart rate variability, reduce QT interval, and 
increase myocardial contractility [30–34]. The effects 
of taurine on cardaic arrhythmias in animal studies are, 
however, conflicting with at least one study showing that 
high-doses of taurine can induce cardiac arrhythmias 
[35, 36]. The underlying mechanism may be related to 
shortening of cardiac repolarizations and effective refrac-
tory periods, and this could induce re-entry arrhythmias 
[36]. On the other hand, one human study had demon-
strated a substantial dose-related relationship between 
plasma taurine and hydrogen sulfide  (H2S) levels [37]. 

Because  H2S is an important signalling molecule and it 
has been suggested that having sufficient availability of 
 H2S may confer cardiovascular protective effects espe-
cially against cardiac arrhythmias [38, 39], it is still pos-
sible for taurine — when taken at a non-toxic dose — to 
be anti-arrhythmogenic in humans. Nonetheless, given 
cases of sudden death after ingestion of large quantity 
of taurine-containing energy drinks have been reported 
[40], it would be prudent to assess cardiovascular events 
as a safety outcome in RCTs assessing perioperative ben-
efits of taurine especially in cardiac surgical patients.

Finally, we need to acknowledge the limitations of 
this meta-analysis. This meta-analysis was limited by 
heterogeneity of the study interventions in their dos-
age, route of administration, and also timing and 
duration of taurine supplementation in relation to the 
surgical operation. The number of RCTs reporting 
clinical outcomes was also small. Furthermore, none of 
the included studies reported the duration and type of 
antibiotics used during the perioperative period. Infec-
tion was not the primary endpoint of these studies; it 
is probable that the use of antibiotics would not be sig-
nificantly different between the two treatment groups 
within each RCT as both groups should have been 
treated similarly in terms of perioperative prophylactic 
antibiotics. That said, the favorable results of taurine or 
taurolidine on surgical infections should be treated as 
hypothesis-generating that requires further confirma-
tion by an adequately-powered superiority RCT.

5  Conclusion
This meta-analysis showed that taurine or its deriva-
tive taurolidine supplementation was well-tolerated 
by surgical patients and their use was associated with 
a reduced risk of all-cause infections. More than one 
adequately-powered RCTs are likely needed to confirm 
(or refute) the promising benefits of perioperative tau-
rine supplementation in surgical patients, as well as to 
identify the most appropriate dose and time to admin-
ister taurine in relation to surgery if it is proven to be 
effective.
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