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ABSTRACT
Background: Taurine has been investigated as a potential screening marker for early diagnosis 
of hepatocellular carcinoma and other liver diseases. This study was conducted to evaluate 
serum taurine as a potential prognostic marker for graft function in Egyptian patients under-
going living donor liver transplant.
Methods: A prospective cohort study was conducted during August 2019 to May 2020. We 
measured serum taurine levels using high-performance liquid chromatography in patients with 
end-stage liver disease who were candidates for living donor liver transplant before transplant, 
then on the 7th, 14th, and 30th day post-transplant. Patients were followed up to detect graft 
dysfunction, Seventh Day Syndrome, and the 30-day mortality.
Results: Sixty patients were enrolled in this study. Preoperative serum taurine levels did not 
correlate significantly with liver function tests, and its predictive performance for primary graft 
dysfunction and 30-day mortality was poor (area under curve [AUC] = 0.662; p = 0.038 and 
AUC = 0.642; p = 0.202, respectively). Serum taurine level at the 7th post-transplant day had 
good diagnostic performance for primary graft dysfunction (AUC = 0.827; p < 0.001) and good 
predictive performance for 30-day mortality (AUC = 0.888; p < 0.001). Only two patients with 
taurine level <30 µmL-1 developed Seventh Day Syndrome.
Conclusion: Preoperative serum taurine level had poor prognostic value for primary graft 
dysfunction or 30-day mortality. However, its serum level at the 7th day post-transplant had 
good diagnostic value for primary graft dysfunction and good prognostic value for 30-day 
mortality. Future research should investigate the potential predictive value of taurine levels 
regarding primary graft dysfunction and Seventh Day Syndrome.
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1. Introduction

Liver transplantation is the only definitive manage-
ment for end-stage liver disease. One of the major 
complications of liver transplantation is primary 
graft dysfunction (PGD), which is associated with 
higher morbidity in the early post-transplant period 
and may compromise long-term graft survival [1]. 
The occurrence of PGD is attributed mainly to ische-
mia/reperfusion (I/R) injury [2]. Although Seventh 
Day Syndrome (7DS) is a distinct clinical entity char-
acterized by extensive apoptosis of hepatocytes 
with sudden failure of the liver graft about 1 week 
after transplantation; sufficient evidence is lacking 
considering its etiology and pathogenesis [3,4].

Taurine is an essential amino acid that is present 
at high concentrations in the liver [5]. The role of 
taurine in liver diseases has been investigated as 
a potential screening marker for early diagnosis of 
hepatitis C virus (HCV)-induced liver fibrosis [6] and 
early hepatocellular carcinoma (HCC) [7] as well as 
a potential prophylactic agent against HCC [8]. 

Taurine was reported to minimize reperfusion injury 
after liver transplantation in rats [9]. It was sug-
gested that assessment of serum taurine level in 
the sera of HCC patients may have a role in identi-
fying end-stage liver disease patients who are can-
didates for liver transplantation [7], a suggestion 
that needs further research.

Although the hepatoprotective properties of 
taurine are well established and its beneficial role 
to inhibit starvation-triggered endoplasmic reticu-
lum apoptosis in ARPE-19 cells (spontaneously 
immortalized cell line of human retinal pigment 
epithelium) by modulating the expression of cal-
pain-1 and calpain-2 is confirmed [10,11], the eva-
luation of its perioperative serum levels in the 
recipients of living donor liver transplantation 
(LDLT) for assessment of graft function and 7DS 
has not been investigated so far. The present 
study aimed to evaluate serum taurine as 
a potential prognostic marker for graft function 
and 7DS in Egyptian patients undergoing LDLT.
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2. Methods

2.1. Ethical considerations and settings

This study adheres to the uniform requirements for 
manuscripts submitted to biomedical journals and 
has been conducted in accordance with The Code of 
Ethics of the World Medical Association (Declaration of 
Helsinki) for experiments involving humans. After 
approval by the Institutional Review Board (IRB 
0006379), this prospective cohort study was con-
ducted on patients scheduled to undergo right-lobe 
living donor liver transplant for the first time at Ain 
Shams University Specialised Hospital during 
August 2019 to May 2020. The study was registered 
at ClinicalTrials.gov (NCT04047043). An informed con-
sent was obtained from each patient, and the confi-
dentiality of patients’ data was ensured.

2.2. Eligibility criteria

The study included adult Egyptian patients (≥18 years 
of age), with end-stage liver disease who were candi-
dates for LDLT. The selection of patients to undergo 
LDLT was based on indications recommended by pre-
vious studies [12–14]. Donor selection criteria included 
age between 18 and 45 years, ABO group compatibility 
with the recipient, and normal psychological workup.

Recipients with pre-existing renal failure requiring 
hemodialysis or continuous hemofiltration, glomerular 
filtration rate ≤30 ml min-1 by renal scan, re-transplant, 
HbA1c >7%, and pregnancy were excluded. Living 
donors who had fatty liver, estimated remnant liver 
volume for donor <30% of total liver volume, body 
mass index >28 kg m-2, abnormal biliary anatomy, 
and steatosis >10% were excluded.

2.3. Preoperative assessment and preparation

Preoperative assessment and preparation were con-
ducted according to the standard protocol of our institu-
tion. Thorough clinical examination was performed. The 
model for end-stage liver disease score was corrected for 
serum sodium level [15]. Imaging techniques were done 
for all recipients, including abdominal ultrasonography, 
abdominal triphasic CT Scan, CT volumetry, CT chest, 
bone scan in HCC patients, renal scan in patients with 
urinary creatinine clearance <60 ml min-1, carotid duplex, 
and dobutamine echocardiography. Serum levels of ala-
nine transaminase (ALT), aspartate transaminase (AST), 
alkaline phosphatase, gamma-glutamyl transferase, bilir-
ubin, albumin, prothrombin, INR, partial thrombin time, 
factor V, fasting blood glucose, complete blood picture, 
C-reactive protein (CRP), procalcitonin, urea, creatinine, 
urinary creatinine clearance, serum electrolytes as well as 
urine and stool analyses were requested. In addition, 
serum levels of specific markers such as alpha-fetopro-
tein, hepatitis C virus (HCV), hepatitis B virus (HBV), 

cytomegalovirus Ig M, Epstein-Barr virus IgM, herpes sim-
plex virus IgM, human immunodeficiency virus, and 
serum taurine were assessed for all patients. Liver biopsy, 
upper and lower gastrointestinal endoscopy, and pul-
monary function tests were done.

2.4. Intraoperative procedures

Intraoperatively, both standard anesthetic and piggy-
back techniques for hepatic transplantation were per-
formed by the same anesthesia and surgical team. 
Graft weight to recipient weight ratio was recorded.

2.5. Postoperative follow-up

At the end of the surgery, patients were transferred to 
the intensive care unit (ICU), were monitored, and 
received the standard protocol for postoperative man-
agement after liver transplantation. All patients were 
assessed for graft function on a daily basis during the 
first week post-transplant. The criteria for diagnosis of 
PGD included presence of one or more of the following 
variables within the first week postoperative: (a) total 
bilirubin ≥ 10 mg dl-1; (b) INR ≥ 1.6; and (c) ALT or AST > 
2000 IU L-1 [16].

The criteria for diagnosis of 7DS included: (a) severe 
liver failure with sudden extremely high liver enzymes 
at the 7th postoperative day; (b) reduced blood flow in 
both the portal and hepatic vein; (c) high fever; (d) no 
evidence of vascular thrombosis or stenosis; and (e) 
massive necrosis in liver biopsy [17].

Patients with an uncomplicated postoperative 
course and good liver function were transferred from 
the ICU to an inpatient transplantation unit, where 
they were closely followed up by the surgical and 
medical teams, as well as by pharmacists, nutritionists, 
and physical therapists.

2.6. Outcomes

The primary outcome of the present study was the 
relationship between recipients’ serum taurine level 
and PGD. Secondary outcomes included 7DS, 30-day 
mortality, and the duration of ICU and hospital stays.

2.7. Specimen collection and measurement of 
serum taurine

After 12 hours fasting, 10 ml of venous blood was 
collected in a plain tube and allowed to clot for half 
an hour. The collected specimens were then centri-
fuged at 3,000 rpm for 10 minutes. The serum was 
separated and stored at -20 C° to avoid loss of biolo-
gical activity until the batch analysis for serum taurine 
was done. Measurements of serum taurine were per-
formed at four-time points for the recipients (preo-
peratively before induction of anesthesia, then on the 
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7th, 14th, and 30th days post-transplant) according to 
the pre-column extraction and derivatization metho-
dology of McMahon et al. [18] using high-performance 
liquid chromatography (Japan HPLC-Jasco/Japan ser-
ies 2000; UV-VIS 2070; column c18 RP; and Chrom Nav 
data system).

2.8. Sample size and sampling method

After reviewing the literature, we found no previous 
similar human research assessing the relationship 
between the recipients’ serum taurine levels and 
graft survival. We aimed to assess whether serum taur-
ine can predict the occurrence of PGD after liver trans-
plant. We assumed a value for area under the curve 
(AUC) of 0.8 for taurine (if it is a good predictor), a null 
hypothesis value for the AUC of 0.5, an alpha level of 
0.05, a power of 0.80, and an incidence of PGD of 15% 
[19]. Using MedCalc Statistical Software version 15.8 
(MedCalc Software bvba, Ostend, Belgium; https:// 
www.medcalc.org; 2015), the required sample size 
was 56 patients. A 10% was added to compensate for 
drop-out of cases, and the total sample size was 60 
patients. The sampling technique was a non- 
probability, convenience sample.

2.9. Statistical analysis

Collected data were analyzed using the IBM SPSS 
Statistics for Windows, Version 25.0. Armonk, NY: 
IBM Corp. Categorical variables were summarized as 
numbers and percentages, and associations were 
tested using Pearson’s Chi square test, Fisher’s exact 
test, or Fisher-Freeman-Halton exact test as appropri-
ate. Numerical variables were tested for distribution 
using Shapiro-Wilk test. Normally distributed variables 
were summarized using mean and standard devia-
tion, and the differences between groups were 
assessed using one-way ANOVA test (followed by 
post hoc Tukey test if ANOVA test was significant). 
Repeated measures ANOVA was used to examine 
differences between multiple taurine measurements. 
Variables that did not follow normal distribution were 
summarized using median and interquartile range 
(IQR; expressed as 25th – 75th percentiles), and the 
differences between groups were tested using 
Kruskal-Wallis test (followed by post hoc Dunn- 
Boneferroni test if significant). Univariate binomial 
logistic regression analysis was performed to identify 
factors that affect PGD, then a multivariate logistic 
regression analysis was performed in which all vari-
ables with p value <0.2 in the univariate analysis were 
entered. Receiver operating characteristic curve was 
performed to analyze the relation between true- 
positive and false-positive results for each measure-
ment. The area under curve (AUC) was graded as 
follows: 0.90–1 = excellent; 0.80–0.90 = good; 

0.70–0.80 = fair; and 0.60–0.70 = poor. Multiple 
regression was used to identify potential factors 
affecting preoperative serum taurine level. P value 
was set at <0.05 for significant results.

3. Results

In the present study, 72 patients were assessed for 
eligibility, out of whom 12 patients were excluded 
(three declined participation and nine did not meet 
the inclusion criteria). Sixty patients were categorized 
according to preoperative serum taurine level into 
three groups: group I (>30 μmol L-1), group II (30–-
20 μmol L-1), and group III (<20 μmol L-1). All patients’ 
data were complete.

Table 1 summarizes the characteristics of the stu-
died recipients. The age ranged from 19 to 65 years- 
old, with an average of 49.0 ± 11.5 years. The body 
mass index (BMI) ranged from 19.3 to 30 Kg m-2, with 
an average of 25.8 ± 2.6 Kg m-2. Most patients were 
men (73.3%). The model for end-stage liver disease 
score ranged from 6 to 27, with an average of 
16.9 ± 4.6. Hepatitis C and B, as well as HCC were 
present in 70%, 1.7%, and 36.7% of patients, respec-
tively. The length of ICU stay ranged from 2 to 67 days, 
with a median of 5 days. The hospital stay ranged from 
less than 1 day to 180 days, with a median of 24 days. 
Only six patients (10%) suffered from PGD. Nine 
patients (15%) died within the first 30-days post- 
transplant. Comparison between the three categories 
of patients showed that age was significantly higher in 
group III compared to group I (54.3 ± 7.3 vs 44.6 ± 13.5; 
p = 0.014). The mean BMI was also significantly higher 
in group III compared to group I (27.0 ± 2.2 vs 
24.9 ± 2.7; p = 0.030). Group III was significantly asso-
ciated with higher percentage of patients with HCV 
(95%; P = 0.007) and HCC (100%; P < 0.001). There 
was a significantly higher percentage of patients with 
cryptogenic hepatitis in group II compared with group 
I (35% vs 5%; p = 0.044). The median hospital stay was 
significantly longer in group II compared to group 
I (median = 28 days vs 19 days; p = 0.049). There 
were no significant differences between the three 
groups as regards gender (p = 0.551), model for end- 
stage liver disease score (p = 0.321), graft weight to 
recipient weight ratio (p = 0.217), HBV (p = 1.000), the 
length of ICU stay (p = 0.456), PGD (p = 0.150), or 30- 
day mortality (p = 0.150). Only two patients (3.3%) with 
taurine levels less than 30 µm L-1 developed 7DS, one 
in group II and the other in group III, with no statisti-
cally significant difference (p = 1.000).

Table 2 shows the results of preoperative laboratory 
investigations in the studied recipients. There were no 
significant differences among the three studied groups 
as regards liver function tests, CRP, or procalcitonin 
(p > 0.05).
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Serum taurine level had a steady increase on the 
7th, 14th, and 30th days post-transplant, with signifi-
cant difference between each time point.

Table 3 demonstrates the presence of negative, 
moderate, significant correlation between serum taur-
ine on the 7th day and each of AST (rs = -0.396; 
p = 0.002), ALT (rs = -0.385; p = 0.003), total bilirubin 
(rs = -0.379; p = 0.003), direct bilirubin (rs = -0.324; 
p = 0.012), and INR (rs = -0.349; p = 0.007). Similar 
correlation was detected between serum taurine on 
the 14th day and AST (rs = -0.365; p = 0.007), ALT (rs 

= -0.301; p = 0.027), total bilirubin (rs = -0.416; 
p = 0.002), direct bilirubin (rs = -0.354; p = 0.009), and 
INR (rs = -0.495; p < 0.001).

Table 4 shows the results of univariate and multi-
variate binomial logistic regression analyses, which 
were conducted to assess factors contributing to 
PGD. Variables in the univariate regression that had 
a p value <0.2 were entered multivariate regression 
model. The multivariate analysis showed that preo-
perative serum taurine level did not affect significantly 
the probability of PGD. On the other hand, increased 
serum taurine level at the 7th postoperative day by 
one unit was significantly associated with decreased 
likelihood of PGD (OR = 0.815, 95% CI = 0.687–0.966, 

p = 0.018) when the model was adjusted for the effects 
of gender, cryptogenic hepatitis, and preoperative 
taurine level.

Table 5 displays the diagnostic and predictive per-
formance of taurine preoperatively and on the 7th day 
post-transplant as regards PGD and 30-day mortality. 
Preoperative serum taurine level showed poor predic-
tion of PGD (AUC = 0.662; p = 0.038) and 30-day 
mortality (AUC = 0.642; p = 0.202). Serum taurine on 
7th day after transplant had good diagnostic perfor-
mance for PGD (AUC = 0.827; p < 0.001) and good 
predictive value of 30-day mortality (AUC = 0.888; 
p < 0.001). At a cut-off value of 24 µmol L-1 or less, 
serum taurine had a sensitivity, specificity, positive 
predictive value, and negative predictive value of 
83.3%, 81.5%, 33.3%, and 97.8% as a predictor of 
PGD, respectively. At a cut-off value of 22 µmol L-1 or 
less, serum taurine had a sensitivity, specificity, positive 
predictive value, and negative predictive value of 
88.9%, 98%, 88.9%, and 98% as a predictor of 30-day 
mortality, respectively.

Table 6 compares between patients with MELD 
score <20 and those with MELD score ≥20. There 
were no significant differences in serum taurine 
between the two groups at any of the measurement 

Table 1. Baseline patients’ characteristics (total n = 60).
Groups according to serum taurine level Tests of significance

Group I 
(> 30 μmol L-1) 

(n = 20)

Group II 
(20–30 μmol L-1) 

(n = 20)

Group III 
(< 20 μmol L-1) 

(n = 20)
Total 

(n = 60) Test statistic p

Age (years) Range 19.0–61.0 25.0–61.0 34.0–65.0 19.0–65.0 4.785 0.014*
Mean ± SD 44.6 ± 13.5 c 48.2 ± 11.1 54.3 ± 7.3 a 49.0 ± 11.5

BMI (kg m-2) Range 20.0–29.0 19.3–29.1 21.0–30.0 19.3–30.0 3.749 0.030*
Mean ± SD 24.9 ± 2.7 c 25.5 ± 2.6 27.0 ± 2.2 a 25.8 ± 2.6

Gender Female 7 (35.0%) 5 (25.0%) 4 (20.0%) 16 (26.7%) 1.193 0.551
Male 13 (65.0%) 15 (75.0%) 16 (80.0%) 44 (73.3%)

MELD score Range 10.0–26.0 9.0–27.0 6.0–24.0 6.0–27.0 1.160 0.321
Mean ± SD 16.9 ± 4.0 18.0 ± 4.6 15.7 ± 5.0 16.9 ± 4.6

GRWR Range 0.8–2.0 0.8–1.6 0.8–1.5 0.8–2.0 1.569 0.217
Mean ± SD 1.2 ± 0.3 1.1 ± 0.2 1.1 ± 0.2 1.2 ± 0.3

HCV 13 (65.0%) c 10 (50.0%) c 19 (95.0%) a,b 42 (70.0%) 10.000 0.007*
HBV 0 (0.0%) 0 (0.0%) 1 (5.0%) 1 (1.7%) 1.851 1.000
HCC 0 (0.0%) b,c 2 (10.0%) a,c 20 (100.0%) a,b 22 (36.7%) 52.249 < 0.001*
Other AIH 4 (20.0%) 1 (5.0%) 0 (0.0%) 5 (8.3%) FE 0.342

AIH/SLE 1 (5.0%) 0 (0.0%) 0 (0.0%) 1 (1.7%) FE 1.000
BCS 0 (0.0%) 2 (10.0%) 0 (0.0%) 2 (3.3%) FE 0.487

Cryptogenic 1 (5.0%) b 7 (35.0%) a 0 (0.0%) b 8 (13.3%) FE 0.044*
PSC 1 (5.0%) 0 (0.0%) 0 (0.0%) 1 (1.7%) FE 1.000

ICU stay (days) Range 2.0–14.0 3.0–67.0 2.0–23.0 2.0–67.0 1.571 0.456
Median 

(IQR)
4.0 

(3.5–5.5)
5.0 

(4.0–7.5)
5.0 

(3.5–7.5)
5.0 

(4.0–7.0)
Hospital stay (days) Range <1.0–48 <1.0–180 <1.0–77 <1.0–180.0 6.047 0.049*

Median 
(IQR)

19 
(19–25) b

28 
(23–32) a

25 
(14–32)

24.0 
(19.0–31.0)

PGD No 20 (100.0%) 16 (80.0%) 18 (90.0%) 54 (90.0%) 4.239 0.150
Yes 0 (0.0%) 4 (20.0%) 2 (10.0%) 6 (10.0%)

7th day syndrome No 20 (100.0%) 19 (95.0%) 19 (95.0%) 58 (96.7%) 1.276 1.000
Yes 0 (0.0%) 1 (5.0%) 1 (5.0%) 2 (3.3%)

30-day Mortality Survival 18 (90.0%) 18 (90.0%) 15 (75.0%) 51 (85.0%) 2.098 0.474
Death 2 (10.0%) 2 (10.0%) 5 (25.0%) 9 (15.0%)

FE: Fisher’s exact test; IQR: interquartile range; n: number; SD: standard deviation; a: significant difference with group I; b: significant difference with group 
II; c: significant difference with group III; BMI: body mass index; MELD: model for end-stage liver disease; GRWR: graft weight to recipient weight ratio; 
HCV: hepatitis C virus; HBV: hepatitis B virus; HCC: hepatocellular carcinoma; ICU: intensive care unit; PGD: primary graft dysfunction; AIH/SLE: 
autoimmune hepatitis/systemic lupus erythematosus; BCS: Budd Chiari syndrome; PSC: primary sclerosing cholangitis 

*significant at p < 0.05.
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Table 2. Comparison of the results of preoperative laboratory investigations between the studied groups.
Groups according to serum taurine level Tests of significance

Group I 
(> 30 μmol L-1) 

(n = 20)

Group II 
(20–30 μmol L-1) 

(n = 20)

Group III 
(< 20 μmol L-1) 

(n = 20)
Total 

(n = 60) Test statistic p

WBCs*103 (U L-1) Range 1.9–11.4 1.5–8.0 1.6–6.1 1.5–11.4 2.816 0.245
Median (IQR) 4.3 (3.1–6.4) 3.7 (2.6–4.7) 3.7 (2.9–4.4) 3.8 (3.0–4.9)

Platelets*103 (U L-1) Range 38.0–189.0 18.0–227.0 43.0–190.0 18.0–227.0 0.560 0.756
Median (IQR) 62.0 (54.0–104.5) 76.0 (53.0–112.5) 78.5 (65.5–103.5) 77.0 (55.0–104.5)

Urea (mg dl-1) Range 6.0–83.0 9.0–45.0 7.0–31.0 6.0–83.0 4.975 0.083
Median(IQR) 14.0 (11.0–19.5) 22.0 (16.5–32.5) 17.0 (11.5–23.0) 18.0 (11.0–24.0)

Creatinine (mg dl-1) Range 0.4–1.4 0.6–1.9 0.5–1.7 0.4–1.9 4.252 0.019*
Mean ± SD 0.9 ± 0.3 b 1.2 ± 0.4 a 0.9 ± 0.3 1.0 ± 0.4

Creatinine clearance (ml min-1) Range 64.0–235.0 36.0–293.0 49.0–240.0 36.0–293.0 1.468 0.244
Mean ± SD 105.4 ± 38.9 94.3 ± 60.4 126.3 ± 59.2 108.9 ± 54.3

AST (U L-1) Range 10.0–120.0 10.0–74.0 6.0–98.0 6.0–120.0 1.985 0.371
Median (IQR) 45.0 (25.5–84.0) 47.0 (25.5–52.5) 33.0 (25.0–52.0) 41.5 (25.0–55.5)

ALT (U L-1) Range 13.0–165.0 12.0–135.0 8.0–129.0 8.0–165.0 4.663 0.097
Median (IQR) 54.5 (36.5–67.0) 37.0 (20.0–51.5) 36.0 (21.5–51.0) 41.5 (21.5–57.0)

Total bilirubin (mg dl-1) Range 0.7–18.0 0.8–14.4 0.4–8.5 0.4–18.0 1.786 0.409
Median (IQR) 3.2 (1.4–6.1) 2.7 (1.9–5.4) 2.2 (1.1–5.0) 2.0 (1.4–6.0)

Direct bilirubin (mg dl-1) Range 0.3–8.7 0.3–7.6 0.1–7.1 0.1–8.7 3.503 0.173
Median (IQR) 1.6 (0.6–3.3) 1.5 (0.8–3.2) 0.8 (0.3–2.5) 1.2 (0.5–3.3)

Albumin (g dl-1) Range 1.5–4.0 1.8–3.6 1.8–4.1 1.5–4.1 0.720 0.491
Mean ± SD 2.8 ± 0.5 2.6 ± 0.5 2.7 ± 0.8 2.7 ± 0.6

INR Range 1.3–2.1 1.2–2.4 1.0–2.3 1.0–2.4 1.030 0.364
Mean ± SD 1.6 ± 0.2 1.7 ± 0.4 1.6 ± 0.4 1.6 ± 0.3

Factor V (%) Range 17.6–82.0 12.1–76.0 17.8–97.0 12.1–97.0 0.965 0.617
Median (IQR) 39.0 (33.5–42.5) 41.5 (25.8–52.5) 39.0 (29.0–70.0) 39.0 (29.8–52.0)

AFP (ng ml-1) Range 1.2–14.7 0.6–24.0 1.7–298.0 0.6–298.0 12.192 0.002*
Median (IQR) 3.5 (2.0–8.6) c 2.8 (1.8–4.2) c 13.0 (3.5–33.5) a,b 3.7 (2.1–10.0)

CRP (mg dl-1) Range 0.3–5.1 0.3–3.4 0.1–3.7 0.1–5.1 5.699 0.058
Median (IQR) 1.9 (0.6–3.0) 1.0 (0.6–2.0) 0.8 (0.3–1.6) 1.4 (0.5–2.0)

Procalcitonin (pg dl-1) Range 0.10–0.50 0.10–0.40 0.04–0.40 0.04–0.50 1.009 0.604
Median (IQR) 0.20 (0.10–0.25) 0.20 (0.10–0.25) 0.10 (0.10–0.30) 0.20(0.10–0.30)

IQR: interquartile range; n: number; SD: standard deviation; a: significant difference with group I; b: significant difference with group II; c: significant 
difference with group III; WBCs: white blood cells; AST: aspartate aminotransferase; ALT: alanine transaminase; AFP: alpha-fetoprotein; CRP: C-reactive 
protein; INR: international normalized ratio 

*significant at p < 0.05.

Table 3. Correlation between serum taurine and results of laboratory investigations at different time points.
Serum taurine level

7th day 14th day 30th day

WBCs*103 (U L-1) rs -0.029 0.008 0.007
p 0.825 0.954 0.962
n 59 54 51

Platelets*103 (U L-1) rs 0.318 0.094 0.154
p 0.014* 0.499 0.286
n 59 54 50

Urea (mg dl-1) rs -0.160 -0.183 -0.170
p 0.226 0.186 0.234
n 59 54 51

Creatinine (mg dl-1) r -0.386 -0.175 -0.173
p 0.003* 0.206 0.225
n 59 54 51

AST (U L-1) rs -0.396 -0.365 -0.167
p 0.002* 0.007* 0.243
n 59 54 51

ALT (U L-1) rs -0.385 -0.301 -0.162
p 0.003* 0.027* 0.257
n 59 54 51

Albumin (g dl-1) r 0.036 0.093 0.319
p 0.786 0.503 0.022*
n 59 54 51

Total bilirubin (mg dl-1) rs -0.379 -0.416 -0.171
P 0.003* 0.002* 0.231
N 59 54 51

Direct bilirubin (mg dl-1) rs -0.324 -0.354 -0.213
P 0.012* 0.009* 0.133
N 59 54 51

INR r -0.349 -0.495 -0.223
P 0.007* <0.001* 0.119
N 58 53 50

r: coefficient of Pearson’s correlation; rs: coefficient of Spearman’s rank-order correlation; WBCs: white blood cells; AST: aspartate transaminase; ALT: alanine 
transaminase; INR: international normalized ratio 

*significant at p < 0.05.
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time points (p > 0.05). In addition, no significant differ-
ences were found regarding patients’ outcomes, 
including PGD (p = 0.179), 7th day syndrome 
(p = 0.466), 30-day mortality (p = 1.000), or length of 
ICU stay (p = 0. 826) and hospital stay (p = 0.638).

Table 7 shows the results of multiple regression 
analysis that examined the effects of age, BMI, gender, 
HCV, HBV, HCC, and cryptogenic hepatitis on preopera-
tive serum taurine level. Only HCC and cryptogenic 
hepatitis were found to affect serum taurine level sig-
nificantly (p < 0.001 and p = 0.003, respectively).

4. Discussion

Previous studies have reported the association 
between low serum taurine levels and liver impairment 
[20,21]. The present study attempted to cover a gap in 
the knowledge about the relationship between serum 
taurine level and outcome in patients undergoing 
LDLT.

The studied patients were divided into three groups 
according to their preoperative serum taurine level 
(>30 μmol L-1, 30–20 μmol L-1, and <20 μmol L-1). This 
categorization was based on previous studies that 

Table 4. Univariate and multivariate binomial logistic regression analyses to identify factors affecting significantly PGD.
Univariate analysis Multivariate analysis

Wald p OR 95% CI for OR Wald p OR 95% CI for OR
Age (years) 0.023 0.880 0.994 0.925–1.069 - - - -
BMI (Kg m-2) 0.610 0.435 1.151 0.809–1.637 - - - -
Gender (male) 1.718 0.190 0.317 0.057–1.766 4.170 0.041* 0.077 0.007–0.902
MELD score 0.104 0.747 0.970 0.805–1.169 - - - -
HCV 1.203 0.273 0.385 0.070–2.121 - - - -
HCC 0.499 0.480 1.842 0.338–10.033 - - - -
Cryptogenic hepatitis 2.050 0.152 4.000 0.600–26.683 3.404 0.065 10.048 0.866–116.576
GRWR 0.132 0.716 0.514 0.014–18.602 - - - -
Preoperative Taurine (µmol L-1) 2.280 0.131 0.890 0.765–1.035 0.073 0.787 1.032 0.823–1.293
Taurine at 7th day (µmol L-1) 4.629 0.031* 0.847 0.729–0.985 5.576 0.018* 0.815 0.687–0.966

CI: confidence interval; OR: odds ratio; PGD: primary graft dysfunction 
*significant at p < 0.05.

Table 5. Diagnostic and predictive performance of serum taurine at different time intervals.

Outcome Variable AUC 95% CI p
Cut-off 

(µmol L-1)
Sensitivity 

(%)
Specificity 

(%)
PPV 
(%)

NPV 
(%)

PGD Serum Taurine preoperative 0.662 0.528–0.779 0.038* ≤ 28 100.0 44.4 16.7 100.0
Serum Taurine at the 7th day 0.827 0.708–0.913 < 0.001* ≤ 24 83.3 81.5 33.3 97.8

30-day Mortality Serum Taurine preoperative 0.642 0.507–0.761 0.202 ≤ 19.5 55.6 70.6 25.0 90.0
Serum Taurine at the 7th day 0.888 0.780–0.955 < 0.001* ≤ 22 88.9 98.0 88.9 98.0

AUC: area under the ROC curve; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value; PGD: primary graft dysfunction 
*significant at p < 0.05.

Table 6. Comparison between patients with low and high MELD scores.
MELD score Tests of significance

20 or less 
(n = 45)

> 20 
(n = 15) Test statistic p

Preoperative serum Taurine (µmol/L) Range 17.5–39.5 17.5–39.0 0.236 0.814
Mean ± SD 26.6 ± 7.9 27.2 ± 7.7

Serum Taurine at 7th day (µmol/L) Range 18.0–49.0 21.0–49.5 0.203 0.840
Mean ± SD 32.9 ± 9.7 33.5 ± 9.3

Serum Taurine at 14th day (µmol/L) Range 17.5–54.0 30.0–54.0 1.194 0.238
Mean ± SD 40.8 ± 9.9 44.2 ± 7.1

Serum Taurine at 30th day (µmol/L) Range 21.0–61.0 47.0–60.5 1.341 0.186
Mean ± SD 50.6 ± 8.7 53.9 ± 4.7

PGD No 38 (86.4%) 16 (100.0%) FE 0.179
Yes 6 (13.6%) 0 (0.0%)

7th day syndrome No 43 (97.7%) 15 (93.8%) FE 0.466
Yes 1 (2.3%) 1 (6.2%)

30-day mortality No 37 (84.1%) 14 (87.5%) FE 1.000
Yes 7 (15.9%) 2 (12.5%)

ICU stay days Range 2.0–67.0 3.0–8.0 0.220 0.826
Median 

(IQR)
5.0 

(4.0–7.5)
4.5 

(4.0–6.5)
Hospital stay days Range 0.0–180.0 0.0–45.0 0.470 0.638

Median 
(IQR)

25.0 
(19.0–32.0)

23.5 
(19.0–28.5)

FE: Fisher’s exact test; IQR: interquartile range; n: number; SD: standard deviation
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considered hepatic patients are in the safe zone when 
their serum taurine levels were above 50 μmol L-1, 
while those with taurine levels between 40 and 
50 μmol L-1 were highly susceptible to hepatic compli-
cations, whereas advanced liver cirrhosis and suscept-
ibility for HCC increased when taurine levels decreased 
below 30 μmol L-1. A lot of researches considered 
taurine levels less than 20 μmol L-1 as a cut off value 
for HCC [6,7].

We found that the mean preoperative serum taur-
ine was 26.8 ± 7.8 μmol L-1 in our series of patients, 
which is nearly similar to the taurine levels reported in 
cirrhotic patients [6] (28.865 ± 3.07661 μmol L-1), but 
lower than the level reported in hepatitis patients 
(46.7 ± 3.3 μmol L-1) [7]. These differences among the 
studies may be attributed to variations in the severity 
of liver injury in the studied patients that mandated 
liver transplantation, as the level of serum taurine was 
reported to correlate with the severity of liver insult. 
A serum taurine level ranging from 40 to 50 μmol L-1 

may indicate liver impairment in the early stages of 
disease, whereas a level below 40 μmol L-1 is asso-
ciated with a higher likelihood of developing cirrhosis 
within 5 or 10 years [7].

Preoperative serum taurine level did not correlate 
significantly with liver function tests in the present 
series of patients, most probably due to low levels of 
taurine and deteriorated liver functions in all patients, 
with little variations among the patients. However, 
serum taurine showed significant, negative, moderate 
correlation with AST, ALT, bilirubin, and INR on 7th and 
14th day post-transplant. This indicated that improve-
ment in liver function over the first two post-operative 
weeks was associated with increased levels of serum 
taurine. The relationship between taurine levels and 
liver function could be explained by the fact that taur-
ine synthesis takes place mainly in the liver. Therefore, 
impairment of liver function results in reduced taurine 
synthesis, with low plasma taurine levels being seen in 
severe liver damage or cirrhosis [22,23].

Earlier research suggests that the relationship 
between serum taurine and liver function is bidirec-
tional; liver impairment results in low taurine levels and 
elevated taurine levels can prevent/improve liver 
injury. Its hepatoprotective role was reported by 

experimental studies in animals [24–26]. Liver protec-
tion was attributed to taurine-mediated modulation of 
pro-inflammatory cells [27].

A major challenge of liver transplantation is the 
need to clamp portal vein during hepatectomy in the 
donor, which could lead later to I/R injury in the reci-
pient. The precise mechanism of I/R injury in these 
cases is not yet known [28]. However, several intermin-
gling factors are suggested, including disturbed hepa-
tic microcirculation [29], interaction between platelets 
[30], leukocytes [31], activation of Kupffer cells [32], 
and the expression of adhesion molecules [33].

The activation of Kupffer cells plays a principal role 
in the pathogenesis of I/R injury. The activated Kupffer 
cells release pro-inflammatory mediators (e.g., tumor 
necrosis factor α, interleukin-1) that result in induction 
of graft reperfusion injury. These cells represent a main 
source of free radicals that contribute to the inflamma-
tory reaction [34,35]. In addition, the expression of 
adhesion molecules is induced by Kupffer cells in the 
liver vasculature, resulting in recruitment of leukocytes 
and augmentation of the inflammatory reaction [36].

Taurine was reported to prevent I/R injury in in vitro 
animal models [37–39]. Similarly, preoperative treat-
ment with taurine in in vivo experimental animal mod-
els improved graft survival and reduced liver 
injury [9,40].

The mechanisms underlying this effect involve the 
binding of taurine to cellular chloride ion channel, 
leading to hyperpolarization of the Kupffer cell mem-
brane, thereby reducing the lipopolysaccharide- 
induced increase in intracellular calcium ions and the 
production of tumor necrosis factor α [9,40,41].

Seventh-day Syndrome is one of the most serious 
and fatal complications of liver transplant and is char-
acterized by sudden failure of a graft that had been 
working normally about 1 week after transplantation. 
In the current study, two patients (3.3%) developed 
7DS with serum taurine levels less than 30 μmol L-1. 
Likewise, a retrospective analysis of 111 consecutive 
LDLT over a 17-year period revealed that three patients 
(2.7%) developed clinical sequences typical of 7DS [17].

Up to the best of the authors’ knowledge, the rela-
tionship of preoperative serum taurine levels in the 
recipients and the occurrence of PGD and 7DS has 

Table 7. Multiple regression test to examine effect of relevant patients’ parameters on preoperative serum taurine.
Unstandardized Coefficients

t p

95.0% Confidence Interval for B

B Standard Error Lower Bound Upper Bound

Age (years) 0.000 0.067 0.004 0.997 -0.135 0.135
BMI (kg m-2) -0.179 0.216 -0.828 0.411 -0.613 0.255
Gender (female) 0.526 1.251 0.421 0.676 -1.984 3.036
HCV -0.023 2.184 -0.011 0.992 -4.406 4.360
HBV 0.979 4.802 0.204 0.839 -8.658 10.615
HCC -14.117 1.329 -10.620 <0.001* -16.784 -11.450
Cryptogenic hepatitis -7.547 2.438 -3.095 0.003* -12.441 -2.654

BMI: body mass index; HCV: hepatitis C virus; HBV: hepatitis B virus; HCC: hepatocellular carcinoma. 
*significant at p < 0.05.
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not yet been investigated. Although patients who 
developed PGD had lower mean preoperative serum 
taurine levels than those with intact graft, this differ-
ence did not reach statistical significance.

Logistic regression analysis was conducted to deter-
mine factors that contributed significantly to the 
occurrence of PGD. We found that increased serum 
taurine level at the 7th postoperative day, and not 
preoperative taurine level, was significantly associated 
with decreased probability of developing PGD, after 
adjusting for potential confounders. Statistical analysis 
with receiver operating characteristic curve showed 
that preoperative taurine had poor prognostic value 
for PGD (AUC = 0.662; p = 0.038) or 30-day mortality 
(AUC = 0.642; p = 0.202).

However, we found that taurine level on the 7th day 
after transplant had good diagnostic value for PGD 
(AUC = 0.827; p < 0.001) and good predictive value of 
30-day mortality (AUC = 0.888; p < 0.001). The value of 
taurine level on the 7th day as a predictor of 30-day 
mortality have potential important implications in the 
care of those patients. Early identification of patients at 
high risk of mortality can help providing optimal care 
which may improve their outcomes. On the 7th day, 
serum taurine level of 22 μmol L-1 or less had a sensi-
tivity of 88.9%, a specificity of 98%, a positive predic-
tive value of 88.9%, and a negative predictive value of 
98% as a predictor of 30-day mortality. In light of these 
results, it appears that taurine level before the 7th day 
post-transplant could potentially predict PGD and 30- 
day mortality. Further research is warranted to explore 
this point.

The present study also investigated the relationship 
between serum taurine and other parameters. 
Significant differences in mean age, BMI, HCV, HCC, 
and cryptogenic hepatitis were found in univariate 
analysis among the three studied groups. However, 
multiple regression analysis revealed that age, BMI, 
gender, HCV, and HBV did not contribute significantly 
to changes in preoperative taurine levels (p = 0.997, 
0.411, 0.676, 0.992, and 0.839, respectively). Only HCC 
and cryptogenic hepatitis were found to affect signifi-
cantly preoperative taurine level (p < 0.001 and 
p = 0.003, respectively), which is in partial agreement 
with previous studies that reported significantly low 
taurine levels in HCV [4] and HCC [5] patients.

5. Conclusions

Preoperative serum taurine level had no prognostic 
value for PGD or 30-day mortality. However, taurine 
level at the 7th day post-transplant had good diagnostic 
value for PGD and good prognostic value for 30-day 
mortality. Future research should investigate the poten-
tial value of taurine levels within the first week post- 
transplant as a predictor or diagnostic marker for PGD 
and seventh day syndrome post liver transplant. In 

addition, randomized clinical trials are required to eval-
uate the safety and efficacy of perioperative taurine 
supplementation in patients who are candidates for 
LDLT.

6. Limitations of the study

The sample size was relatively small as it was an 
exploratory study, and follow-up after 30 days was 
not recorded in the current study. Included patients 
were all Egyptians who suffered from liver diseases 
common in Egypt, thus generalizability of the results 
to other populations with different liver diseases is 
questionable. Daily assessment of serum taurine levels 
starting from first day post-transplant is warranted to 
assess early graft dysfunction and possibility of 7DS.
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