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Abstract

Background Although the correlation between liver toxicity and vancomycin is generally considered low, it

has been observed that the use of vancomycin can lead to abnormal liver function indicators, such as elevated aspar-
tate aminotransferase, alanine aminotransferase, alpha fetoprotein, and jaundice. To further understand the clinical
features associated with vancomycin-induced liver toxicity and to provide clinical guidance, we conducted an analysis
of the characteristics and clinical manifestations of vancomycin-induced liver injury.

Methods Patients with liver function injury who received vancomycin treatment at the Third Xiangya Hospital

of Central South University and Hunan Maternal and Child Health Hospital between 2016 and 2021 were selected

for retrospective analysis of their general characteristics, vancomycin course, dose, liver function index, severity of liver
injury, and concomitant medications.

Results Of the 4562 patients who received vancomycin, 17 patients were finally included, with an incidence rate

of 0.37%. Of these patients, 12 were male (70.6%) and 5 were female (29.4%), ranging in age from 17 to 84 years

with a mean average age of 45.41+20.405 years. All patients were evaluated using Naranjo's score, with score > 3. The
dosage, time, and plasma concentration of vancomycin were analyzed and it was found that nine patients (52.94%)
had abnormal liver function when initially given a dose of 1 g every 12 hours. In total, 14 patients (82.35%) with liver
injury were taking vancomycin in combination with two to four drugs, and severe liver injury occurred in patients
taking vancomycin in combination with two drugs. The occurrence time of liver injury was 2—12 days after starting
vancomycin, with a mean of 4.53+2.401 days. Of these patients, 16 patients (94.1%) showed liver function abnor-
malities within 7 days of taking the drug, and 2 patients with grade 3—4 liver injury both showed liver function
abnormalities within 3 days of taking the drug. Only 4 of the 17 patients (23.53%) had vancomycin blood concen-
trations within the normal range, and there was no correlation found between blood concentration and severity

of liver injury. Analysis of the correlation between the severity of liver injury and vancomycin showed that none

of the patients had allergies such as rash, two patients (11.76%) had jaundice, and fatigue occurred in five patients
(29.41%). The remaining ten patients (58.82%) had no symptoms related to liver injury. All 17 patients had abnormal
aspartate aminotransferase/alanine aminotransferase levels and 9 patients also had abnormal bilirubin levels. In 15
patients (88.24%), the severity of liver injury was grade 1, indicating mild liver injury, and no correlation was observed
between the severity of liver injury and creatinine. Of the 17 patients, 1 patient received no intervention, 4 patients
stopped taking vancomycin after developing liver injury, 1 patient reduced the dose, and 11 patients (64.7%) were
treated with hepatic protectant.
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Conclusion Although the study concluded that the incidence of liver injury was not high, the liver toxicity of van-
comycin should still be considered and liver function indicators should be monitored during the clinical use

of vancomycin.

Keywords Vancomycin, Liver toxicity, Liver injury, Abnormal liver function, Blood concentration, Case analysis

A preprint has previously been published [1].

Background

Various drugs can cause injury, including antibiotics, anti-
diabetic drugs, antipsychotic drugs, antitubercular drugs,
and antineoplastic drugs. Among these, antibiotics have
been shown to be the most common agent involved in
adverse drug reactions in hospitalized patients, with effects
ranging from gastrointestinal to organ dysfunction and
hypersensitivity reactions [2]. Vancomycin is a glycopep-
tide antibiotic that is primarily active against Gram-positive
bacteria, such as Staphylococcus aureus, Streptococcus,
Clostridium, Actinomycetes, Enterococcus, Listeria, and so
on. It does not show cross-resistance with other antibiot-
ics. It exerts antibacterial effects by inhibiting the synthesis
of bacterial cell wall glycopeptides, altering the permeabil-
ity of the bacterial cell membrane and destroying its bar-
rier function, and selectively inhibiting the biosynthesis of
bacterial RNA to prevent bacterial replication [3]. Stud-
ies have reported that the incidence of adverse events in
the vancomycin group was 12.5%, and the most common
adverse reactions were nephrotoxicity, ototoxicity, red man
syndrome, allergic reactions, and abnormal liver function
indicators, such as abnormal aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and alpha-fetopro-
tein (AFP) level [4]. Owing to the excretion of more than
80% of vancomycin in the urine in the form of prototype
[5], its nephrotoxicity has also received widespread atten-
tion. Although the correlation between liver toxicity and
vancomycin is very low, abnormal liver function indicators,
such as elevated AST, ALT, AFP, and jaundice, have been
observed with the use of vancomycin. A meta-analysis of
20 randomized controlled trial (RCT) studies from 1950
to 2010 showed that 321 patients (6.83%) treated with van-
comycin experienced liver function abnormalities, which
were mainly mild to moderate increases in serum transami-
nases [6]. To further investigate the clinical characteristics
of vancomycin liver toxicity, we analyzed the clinical data of
patients with vancomycin-induced liver injury.

Methods

Data source

A total of 4562 hospitalized patients who received van-
comycin treatment in the Third Xiangya Hospital from
2016 to 2021 were selected. According to the inclusion

and exclusion criteria, 17 patients were finally included.
Inclusion criteria: (1) received vancomycin treatment
during hospitalization, (2) blood concentration of van-
comycin was monitored during medication, (3) had a
Naranjo score of >3 with vancomycin. Exclusion criteria:
patients who did not meet the above inclusion criteria.

Methods

Retrospective research methods were used to read and
sort the patient records, and to extract information, such
as sex, age, site of infection, vancomycin dosage, blood
concentration, adverse reaction time, symptoms, indica-
tors, treatment measures, and outcomes.

Observation indicators

The purpose of using vancomycin in enrolled patients;
time of adverse reactions; symptoms; liver function indi-
cators: AST, ALT, direct bilirubin, indirect bilirubin; renal
function: creatinine; plasma concentration; outcomes;
and concurrent diseases and medications.

Statistical methods
SPSS 22.0 was used for statistical analysis.

Results

General situation

A total of 17 patients with liver injury were included with
an incidence rate of 0.37%, including 12 males (70.6%)
and 5 females (29.4%) aged 17-84 years with an aver-
age age of 45.41+20.405 years. Among the 17 patients,
1 patient had a history of cholecystectomy, 1 patient had
a history of hepatitis B, and 1 patient had a history of
alcohol consumption. Overall, 6 patients had aggravated
liver injury and the remaining 11 patients had new-onset
liver dysfunction. Naranjo’s assessment scale was used to
evaluate all patients for the correlation of adverse reac-
tions and score > 3, which was very likely relevant in ten
patients and possibly relevant in seven patients. Physi-
cians discontinued vancomycin in all patients. The gen-
eral information of the patients is presented in Table 1,
and the clinical information of the patients is presented
in Table 2.
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Table 1 Patient characteristics
Characteristics Stratification Cases (n=17) No. (%)
Age (years)
<18 1 5.88
>181to<41 8 47.06
>41to<66 5 2941
>66 3 17.65
Site of infection
Lung 11 64.71
Intracranial 1
Urinary tract 1
Postoperative prevention 1
Pulmonary infection with bacteremia 1
Intracranial infection with bacteremia 1
Concomitant disease (species)
1-3 12 70.59
4-6 4 2353
7-9 1 5.88
Purpose of medication
Surgical prophylaxis 1 5.88
Empiric medication 14 82.35
Targeted treatment 2 11.77
Naranjo's score
3 1 5.88
4 6 3530
5 6 35.30
6 4 2353

Analysis of dosage, time, and plasma concentration

of vancomycin in patients with liver injury

Vancomycin dosage and treatment course

Among the 17 patients, 9 patients (52.94%) were given
vancomycin at a dose of 1 g every 12 hours, among which
four patients had higher-than-normal blood concentra-
tions of vancomycin, and one patient had liver injury
severity of grade 4; the severity of liver injury was grade
1 in three cases, which was lower than normal. In total,
four patients (23.53%) were given 1 g every 8 hours after
the initial administration of 1 g every 12 hours. Out of
these four patients, the blood concentration of vancomy-
cin was higher than the normal value in one patient, two
patients were lower than the normal range, and one case
had a normal range with grade 3 liver injury severity. The
dose adjustment of all patients was based on their vanco-
mycin blood concentration. The average administration
time was 6.82+3.264 days, ranging from 3 to 15 days.
There were four patients (23.53%) who received vanco-
mycin for 3—-6 days, and one of them had grade 4 liver
injury. Overall, six patients (35.28%) received vancomy-
cin for 6-9 days, and one case had grade 3 liver injury
(Table 3).

Concomitant medication

The study examined the effect of drug combination in 17
patients. The mean number of concomitant medications
was 2.82, and 14 patients (82.35%) used two to four drugs
at the same time (Table 3), of which five patients (29.41%)
used two drugs, another five patients (29.41%) used three
drugs, and four patients (23.53%) used four drugs; two
patients with grade 3—4 liver injury were treated with two
drugs at the same time.

The time of liver damage after medication

The time of liver damage occurrence in 17 patients was
analyzed. Abnormal liver function indexes appeared
within 2-12 days after patients began taking vancomy-
cin, with an average onset of 4.41 +2.293 days. In total, 16
patients (94.1%) showed abnormal liver function within
7 days after drug administration (Table 3), 1 patient had
abnormal liver function 12 days after treatment, and 2
patients had grade 3—4 liver injury 3 days after treatment.

Vancomycin plasma concentration
After vancomycin administration, the plasma concentra-
tion of all patients was determined by high-performance
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Table 3 Analysis of vancomycin use in patients with liver injury
Results Stratification Cases (n=17) No. (%)
Dosage
1 gevery 12 hours 9 5294
1 gevery 12 hours— 1 g every 8 hours 4 23.53
1 gevery 8 hours— 0.5 g every 12 hours 1
1 gevery 12 hours— 0.5 g every 8 hours— 0.5 g 1
every 12 hours
0.5 g every 12 hours 1
0.5 g every 8 hours— 1.0 g every 8 hours 1
Dosing days (days)
<3 3 17.65
3<days<6 4 2353
6<days<9 6 35.28
9<days<12 2 11.77
12<days<15 2 11.77
Concomitant medication (types)
1 2 11.77
2 5 29.41
3 5 2941
4 4 23.53
5 1 5.88
Time to liver damage after medication (days)
3 days inside 8 471
3-7 days 8 471
>7 days 1

liquid chromatography (HPLC). The blood drug concen-
tration ranged from 1.20 to 37.19 pg/ml, with an average
of 14.8906+11.21257 pg/ml. Among them, six patients
(35.29%) did not reach effective blood concentration.
Overall, seven patients (41.18%) had a vancomycin level
beyond the normal range. Among these seven patients,
six patients (85.71%) had a Naranjo’s score indicating a
possible reaction, and one case had a probable reaction.
However, only one patient with grade 3—4 liver function
damage had a blood drug concentration above the upper
limit of normal, which is grade 4 liver function damage,
suggesting that there may be no correlation between
severity and plasma concentration.

Correlation analysis between the severity and vancomycin
Whether there is drug rash with eosinophilia and systemic
symptoms (DRESS) syndrome

DRESS syndrome, also known as drug hypersensitiv-
ity syndrome or drug eruption syndrome with eosino-
philia and systemic symptoms. It has been reported that
the typical clinical manifestations of DRESS syndrome
induced by vancomycin include extensive rash, fever,
eosinophilia, and involvement of multiple organ func-
tions. Among these, rash and fever are the main clinical

manifestations [7]. In this study, 13 patients developed
fever, which was initially attributed to an infection, but
none of them displayed clinical manifestations related to
allergy, such as rash.

Changes of liver and kidney function and severity of liver
injury

Among the 17 patients, yellow skin staining was pre-
sent in 2 patients (11.76%), with 1 of them having mul-
tiple organ failure, while 5 patients (29.41%) experienced
fatigue. The remaining ten patients (58.82%) showed
no evidence of liver function damage. All 17 patients
had abnormal liver function indexes, mainly including
increased AST/ALT and increased direct/indirect biliru-
bin levels. All 17 patients had abnormal AST/ALT levels,
with 14 patients (82.35%) having both elevated AST and
ALT levels, only 2 patients had an elevated AST level, and
1 patient had an elevated ALT level. In total, nine patients
(52.94%) showed abnormal bilirubin levels, with four
cases (23.53%) displaying abnormal AST/ALT and bili-
rubin levels. Among the 17 patients, 7 patients (41.18%)
had AST/ALT <3 upper limit of normal (ULN), while
2 patients (11.76%) had 3 ULN<AST/ALT <5 ULN, 7
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Table 4 Test index anomaly combination

ALT (n=15) AST (n=16) Bilirubin Creatinine Cases
(n=9) (n=5) (n=17)
Abnormal 1
Abnormal Abnormal 1
Abnormal Abnormal Abnormal Abnormal 4
Abnormal Abnormal Abnormal 1
Abnormal Abnormal 6
Abnormal Abnormal Abnormal 3
Abnormal Abnormal 1

patients (41.18%) had 5 ULN < AST/ALT <20 ULN, and 1
patient (5.88%) had >20 ULN.

Among these 17 patients, 5 patients (29.41%) had
increased creatinine levels, 3 patients had AST/ALT
between 5 ULN and 20 ULN, and 1 patient had AST/
ALT above 20 ULN. In total, three of these patients had
grade 1 liver injury and one had grade 3 liver injury with
an AST/ALT ratio between 5 ULN and 20 ULN. There
was no correlation between the severity of liver func-
tion injury and increased creatinine level. According
to the grading standard of the severity of drug-induced
liver injury [8], the liver function of the patients was
evaluated, revealing that the severity of liver injury in
15 patients (88.24%) was grade 1; 2 patients with grade
3—4 liver injury showed systemic skin jaundice. Only one
patient with vancomycin blood concentration beyond the
normal range had grade 4 liver function injury (Table 4).

Interventions and outcomes

Among the 17 patients, 1 patient did not receive any
intervention, 4 patients stopped taking vancomycin after
experiencing liver injury, 1 patient was given a reduc-
tion in vancomycin dosage, and 11 patients (64.7%) were
treated with hepatic protectants. Among the patients
receiving treatment, seven patients were treated with
reduced glutathione, three patients were treated with two
kinds of hepatic protectants (phosphatidylcholine +aden-
osylmethionine, magnesium isoglycyrrhizinate + reduced
glutathione, reduced glutathione+ polyene phosphati-
dylcholine), one patient was treated with three kinds
of hepatic protectants (reduced glutathione, enephos-
phatidylcholine, and adenosylmethionine). Overall, 11
patients (64.71%) were treated for 3-29 days, with an
average of 12.27+9.76 days, and 12 patients (70.59%)
showed improvement in liver function after interven-
tion. Among them, eight patients (47.06%) returned to
the normal level of liver function index and four patients
(23.53%) had continued to decline, but did not return
to the normal level during hospitalization. In total, two
patients (11.76%) were discharged upon request by their
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family members without any signs of improvement, with
no follow-up data available, and three patients (17.65%)
died owing to multiple organ failure caused by the pro-
gression of the primary disease, including two patients
with respiratory failure and one patient with acute car-
diac failure.

Discussion

When administered intravenously, vancomycin can be
distributed through most of the body’s tissues and fluids.
It can achieve effective bacterial concentrations in serum,
pleural fluid, pericardial fluid, ascites, urine, and atrium,
but not in bile. At the same time, the medication is not
metabolized in the body and is ultimately excreted in the
urine as a prototype. In patients with kidney dysfunction,
vancomycin excretion will be mitigated, and studies have
shown that abnormal liver function affects the pharma-
cokinetics of vancomycin. Previous pharmacokinetic
studies have shown levels of vancomycin in liver tissue
and bile to be below the detection limit [5]. In a Japanese
study, vancomycin-conjugated monoclonal antibodies
were used to target vancomycin molecules in the kidney
and liver of rats, and immunohistochemistry was used to
monitor the uptake of vancomycin in the kidney and liver
of rats. The study showed that vancomycin is not metab-
olized by the liver [9].

Compared with nephrotoxicity, even though the cor-
relation between hepatotoxicity and vancomycin was
low, abnormal markers of liver function, such as AST,
ALT, elevated AFP, and jaundice, were associated with
the use of vancomycin. Results of a meta-analysis of 20
RCTs conducted between 1950 and 2010 showed that
patients who received vancomycin had a significantly
higher incidence of abnormal liver function, especially
serum transaminases, compared with patients who did
not receive vancomycin. Although the levels are elevated,
most are mild to moderate [6]. In a retrospective cohort
study of patients receiving vancomycin with hepatic
impairment, it was observed that 237 patients with no or
mild hepatic impairment and 171 patients with moder-
ate-to-severe hepatic impairment were observed. Patients
with hepatic impairment had very high mean concentra-
tions, lower clearance rates, longer half-lives, and higher
rates of acute renal damage [10]. Another study demon-
strated the significant impact of liver function on vanco-
mycin pharmacokinetics [11] and showed that patients
with acute or chronic liver failure are at a higher risk
of reduced survival rates [12]. At present, the cause of
abnormal liver function indices caused by vancomycin
remains unclear; however, timely use of regular doses of
vancomycin in patients with liver damage may result in
increased blood concentrations [13]. Studies have shown
that higher intensive care unit (ICU) mortality rates are
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observed when the average plasma concentration of van-
comycin is 15-20 mg/L or>20 mg/L [14], and greater
incidences of nephrotoxicity are observed when the
trough concentration of vancomycin is>15 mg/L [15].
For the Chinese population, the guidelines recommend
that the plasma concentration of vancomycin in adult
patients be no higher than 20 mg/L [16]. In this study,
through a detailed retrospective analysis of the case data
of patients with vancomycin-induced hepatotoxicity, the
characteristics of vancomycin hepatotoxicity, includ-
ing occurrence time, blood concentration, intervention
measures, and liver function indicators, were described
in detail. In this study, 0.37% of the patients had liver
function impairment. Consistent with previous findings,
most patients had mild liver injury, mainly characterized
by mild to moderate transaminase abnormalities; how-
ever, no correlation was observed between the severity
of liver injury and blood drug concentration or kidney
injury. To confirm whether there was a correlation, the
correlation between the time of administration of vanco-
mycin, the total dose, and the blood level was assessed in
17 patients. The results showed that there was no corre-
lation between the increase in liver function indices and
the administration time, total dose, and blood concentra-
tion of vancomycin, which may be related to the small
sample size. Further work is required.

Similar to nephrotoxicity, the mechanism of hepatox-
icity is also linked to oxidative stress and mitochondrial
malignant lesions [17]. The reason for the large difference
between vancomycin nephrotoxicity and hepatotoxicity
may be related to the different types of transporters on
liver cells and renal tubular cells. Vancomycin nephro-
totoxicity primarily causes damage to kidney cells by
affecting renal tubular mitochondria. While the major-
ity of drug delivery to mitochondria requires transmem-
brane transport proteins. Recent studies have shown
that the expression of Oat1/3 and Oct2 was observed in
the rat vancomycin renal injury model, which may play
an important role in the transport of vancomycin to the
renal proximal tubule cells. At the same time, vancomy-
cin can inhibit the expression of oats 1, oats 3, and oct2,
leading to decreased transport of endogenous toxins and
increased kidney injury [18]. In the liver, members of
the organic anion transporter (OAT) family involved in
vancomycin transport are less expressed, which can be
the main cause of nephrotoxicity and hepatotoxicity. At
the same time, studies have shown that vancomycin can
be detected in the hepatic sinusoidal endothelial cells
of the liver for up to 8 days after injection, while it was
not detected on the surface of hepatocytes and bile cap-
illaries with the therapeutic dose of vancomycin in rats,
indicating that vancomycin cannot pass through cells
and enter the liver [9]. The study also demonstrates that
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the vancomycin-bound carrier is absent from the surface
of the hepatic cell membrane. At the same time, some
studies have shown that the genes of oats and OCT are
expressed in certain rat hepatocytes [19], which can be
related to the onset of vancomycin hepatotoxicity.

During this study, 17 patients were assessed for liver
damage caused by the use of vancomycin. The general
condition, severity of liver injury, liver function indices
(AST/ALT, direct bilirubin/indirect bilirubin), and liver
injury were assessed. The correlation between the sever-
ity and vancomycin was analyzed. In all patients, the type
of liver injury was mainly asymptomatic abnormal liver
function indicators, two patients had jaundice and even-
tually died of systemic multi-organ failure due to concur-
rent disease progression. The dosage, time, and blood
concentration were analyzed and nine patients (52.94%)
had abnormal liver function when they initially used van-
comycin with a conventional dose of 1 g every 12 hours.
Most of the patients had one to three complications and
were necessarily treated with two to four drugs at the
same time, including antibacterial drugs, antiviral drugs,
antihypertensive drugs, and a few patients were treated
with antitumor drugs, which may exacerbate hepato-
toxicity and severe liver injury in patients who used two
drugs. Overall, 94.1% of patients reported abnormal liver
function within 7 days of taking vancomycin. In 76.47% of
patients, the blood concentration was out of the range of
effective blood concentration. Among the seven patients
who exceeded the normal value, the Naranjo’s score of
85.71% patients was probably related, suggesting that
higher blood concentration may lead to the occurrence
of abnormal liver function, but no linear relationship
between blood concentration and liver injury was found.
In this study, the hepatic toxicity induced by vancomycin
was described in detail, and patient data were analyzed
to provide a baseline for the clinical use of vancomycin.
However, owing to the small amount of data and large
patient differences, more data are needed for more in-
depth analysis.

Conclusion

In the clinical setting, the focus should be on the liver
toxicity of vancomycin, and the liver function indicators
of patients should be monitored.
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