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Abstract

Background: Vancomycin is a first-line therapy for infections due to Methicillin-Resistant Staphylococcus aureus (MRSA). Nephro-
toxicity subsequent to vancomycin administration has been discussed in many previous researches.
Objectives: The present study aimed to determine the nephrotoxic potential of vancomycin among ventilator-associated pneumo-
nia (VAP) poisoned patients after restricting the effect of risk factors such as rhabdomyolysis and other nephrotoxicants.
Methods: This two-year cross-sectional retrospective study was conducted among VAP patients, who received vancomycin at the
toxicological intensive care unit of Loghman Hakim hospital of Iran from 2013 to 2015. Baseline and laboratory data of eligible
patients were extracted from medical records. Nephrotoxicity was defined based on the risk, injury, failure, loss, and end state
(RIFLE) criteria.
Results: One hundred and fifty-four VAP patients’ profiles were reviewed, of whom 110 were eligible. The median age was 33.50
(12 to 94) years and 73.6% were male. The median time interval between poisoning and admission was four (0 to 48) hours. The
most common cause of poisoning was opioids (33%). Ten patients developed new-onset nephrotoxic event, including four in risk,
four in injury and two in failure class. Median vancomycin treatment time until a nephrotoxic event was three days. There was
no significant difference between those who developed nephrotoxicity compared to those who did not except median vancomycin
trough level (14.5 in nephrotoxic versus 13.7 in non-nephrotoxic, P = 0.007).
Conclusions: The result of this study indicated that nephrotoxicity rate among patients treated with vancomycin is under the
influence of the poisoning by nephrotoxicants. Higher vancomycin trough level was associated with increasing nephrotoxicity
rate.
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1. Background

Methicillin-Resistant Staphylococcus aureus (MRSA), a
leading cause of invasive infections is one of the most im-
portant causes of nosocomial pneumonia, which increases
morbidity, mortality and health care resources usage. Van-
comycin is a first-line therapy for infections due to MRSA,
recommended by the infectious diseases society of amer-
ica (IDSA) (1, 2). The prevalent use of intensive vancomycin
dosing schedule, which was endorsed by the latest guide-
line, has increased debates of its unfavorable effects (3).
Nephrotoxicity subsequent to the vancomycin administra-
tion is discussed in many previous researches (4-6).

A literature review showed the range incidence of
vancomycin-induced nephrotoxicity to be between 5 and
35 (7). The incidence of vancomycin-induced nephrotox-

icity is highly variable depending on the ward to which
the patients are admitted. Critically ill patients are usu-
ally more vulnerable to renal failure due to the severity
of their illness (8-10). The good thing is that vancomycin-
associated nephrotoxicity has a reversible nature, which
means small likelihood of permanent damage. This is the
case if the dosing is ceased and the dose is modified in the
right way immediately after the occurrence of renal failure
(11).

An elevated production of reactive oxygen species and
oxidative stress has been reported as a mechanism for
vancomycin-associated nephrotoxicity (6). Other prob-
able risk factors of vancomycin-induced nephrotoxicity
have also been suggested. The trough level in excess of
15 mg/liter was found to substantially increase the risk of
a nephrotoxic event (5). Treatment duration is a factor
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that raises the probability of a nephrotoxic event, with
most episodes occurring after seven days of therapy (5),
and ranges between 4.3 and 17 days after initiation of van-
comycin therapy (5). Additionally, prolonged length of
hospital stay is more likely associated with nephrotoxic
event (12). Some medical factors are likely to affect the Van-
comycin trough concentration such as concomitant treat-
ment with nephrotoxic agents, and admission to an inten-
sive care unit (5, 13).

In humans, nephrotoxicity due to vancomycin
monotherapy with typical dosage regimens is uncom-
mon, is usually reversible, and occurs with an incidence
only slightly above what is reported with other antimicro-
bials not considered to be nephrotoxic (14).

2. Objectives

The present study aimed to determine the pure
nephrotoxicity potential of vancomycin amongst
ventilator-associated pneumonia (VAP) and according
to our rhabdomyolysis rate in poisoned patients, address-
ing this issue seems necessary. These observed results
could have important clinical implications regarding
initial trough concentrations as a prognostic indicator
for nephrotoxicity and identifying patients that require
careful monitoring.

3. Methods

3.1. Study Design and Population

A retrospective study was conducted for VAP patients,
who received vancomycin in toxicological intensive care
units (ICUs) of Loghman Hakim hospital during the last
two years (2013 - 2015). In this study, all VAP patients’ pro-
files were reviewed and only eligible patients remained in
the final analysis. The medical profiles of all patients dur-
ing this time span were retrieved, which summed up to 154
patients. Loghman Hakim hospital poison center (LHHPC)
is the largest poison center in Iran with more than 65 years
of experience in managing poisoned patients. The annual
reference to this center has been estimated to be 25000 pa-
tients a year (15). The research ethics committee of Shahid
Beheshti University, Tehran, Iran, approved the study pro-
tocol (94.10.20-13). Data confidentiality was considered.

Non-hemolyzed serum samples were collected from el-
igible individuals, and analysis was done by Roche diag-
nostic kits in Cobas Integra 400 plus instrument. Our lab-
oratory equipment were calibrated by Preciser TDM I cal-
ibrator (includes six calibrators) and calibration intervals
occurred each Lot, every 10 weeks and as required follow-
ing quality control procedures.

Patient baseline and laboratory data were extracted
from medical records by a trained nurse using a structured
data instrument. Baseline variables included age, gender,
weight, admission diagnosis, and APACHE II (acute phys-
iology and chronic health evaluation II) score at admis-
sion, treatment received while in ICU, vancomycin doses
and trough level. Information pertaining to patient co-
morbidities was also collected. This study only used the
collected data from the patient’s profile and data confiden-
tiality was considered. The final outcome of hospitaliza-
tion including recovery or death was recorded for all pa-
tients.

The definition of nephrotoxicity is on the basis of the
risk, injury, failure, loss, and end state (RIFLE) criteria de-
veloped in 2004 (16). Estimated glomerular filtration rate
and creatinine clearance were not used as a measure of re-
nal function, as changes from baseline creatinine are ad-
equately sensitive in detecting nephrotoxicity (17). Serum
Creatinine (SCr) concentrations and urine output were
recorded for the duration of vancomycin administration.
Patients were classified accordingly to the maximum RI-
FLE class (risk, injury or failure), reached during their third
and seventh day of vancomycin treatment commence. It
is worth mentioning that hemodialysis was done twice for
one patient, so we did not have any classes of loss and end-
stage in this study.

3.2. Statistics

Continuous data are reported as mean ± standard de-
viation (SD) for normal distributions, and median (range)
for non-normal distributions. The normality was checked
statistically. Categorical data are presented as counts (%).
Initial vancomycin trough values were considered as con-
tinuous variables. Univariate comparisons were made be-
tween those with and without nephrotoxicity, using non-
parametric tests of significance. Analysis was performed
using the SPSS version 20.0 software (IBM Corp., Armonk,
NY, USA).

4. Results

In this study, 154 VAP patient’s profiles were reviewed,
of whom 110 were eligible to remain in the final analysis.

The patients were included in the present study if they
1, had definite VAP; 2, received vancomycin for > 72 hour;
3, had ≥ 1 vancomycin trough level collected within 96
hours of vancomycin therapy; and 4, had aSCr level of < 1.3
mg/dL at initial onset of vancomycin. Patients were omit-
ted from final analysis if they 1, had a diagnosis of cys-
tic fibrosis, rhabdomyolysis, diabetes mellitus, severe hy-
potension, bed sore, sepsis and organ failure or history of
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chronic hemodialysis; 2, weight ≥ 100 kilogram; or 3, con-
comitantly received nephrotoxic agent such as aminogly-
cosides, colistin and amphotericin B angiotensin convert-
ing enzyme inhibitors, diuretics, amphotericin, iodinated
contrast agents, acyclovir, cyclosporine and non-steroidal
anti-inflammatory drugs. In this study, 154 VAP patient’s
profile were reviewed, of whom 110 were eligible to remain
in the final analysis. The reasons for exclusion of 44 pa-
tients were rhabdomyolysis, ATN (Acute tubular necrosis)
and nephrotoxic medications.

The causes of exclusion of 44 patients, according to our
criteria were rhabdomyolysis, ATN and nephrotoxic medi-
cations. The median age was 33.50 (12 to 94) years and 73.6%
(81 of 110) were male. The median time interval between
poisoning and admission was four (0 to 48) hours. The
most common cause of poisoning was opioids (33%). The
mean APACHE II score was 16.41±4.18. Eighteen (16.4%) and
three (2.7%) patients died at the ICU and general ward, re-
spectively. The baseline characteristics of the samples are
summarized in Table 1.

Table 1. Summary of Baseline Characteristics of Patients Included in the Final
Analysisa

Factors n = 110

Age, median (range) 33.50 (12 to 94)

Lag from poisoning to admission, hours median,
range

4 (0 to 48)

Length of hospital stay 13 (5 to 63)

Duration of vancomycin therapy, days median,
range

6 (2 to 18)

Vancomycin level, median, range 13.70 (9.80 to 14.90)

APACHE II, mean ± SD 16.41 ± 4.18

Gender, male 81 (73.6)

Death at the ICU 18 (16.4)

Death in Ward 3 (2.7)

AKI 10 (9.1)

Dependence on dialysis 1 (0.9)

Type of poisoning, No. (%)

Opioid 33 (30)

Amphetamine 6 (5.5)

Antidepressant and anticonvulsant 15 (13.6)

Toxins 11 (10)

CO 2 (1.8)

Alcohol 2 (1.8)

Multi drugs or substances 41 (37.3)

aToxins include aluminum phosphate, Organophosphate, paraquat.

In spite of VAP, the other sources of infection for pa-
tients receiving vancomycin were bloodstream catheter-
related (18.2%, n = 20) and genitourinary (30.9%, n = 34). The
median baseline SCr level was 0.9 mg/dL.

Ten patients (9.1%) developed new-onset of kidney in-
jury following vancomycin administration, including four
in risk, four in injury and two in the failure class. Median
of vancomycin treatment time to kidney injury was three
days.

There was no significant difference between those,
who developed nephrotoxicity compared to those, who
did not than vancomycin trough level.

It is important to mention that median vancomycin
trough concentrations were significantly higher in
nephrotoxic patients compared to non-toxic patients
(P = 0.007).

Table 2 summarizes the key differences between the
nephrotoxic and non- nephrotoxic groups.

Table 2. Comparison of Patients Who Developed Nephrotoxicity Versus Those Who
Did Not, While Receiving Vancomycin at the Intensive Care Unita

Variable Nephrotoxicb (n
= 10)

Non-Nephrotoxic
(n = 100)

P Value

Age, median
(range)

42.5 (16 to 84) 33 (12 to 94) 0.740

Lag from
poisoning to
admission, hours
median (range)

6 (5 to 8) 3 (0 to 48) 0.078

Length of
hospital stay day,
median (range)

19 (8 to 32) 13 (5 - 63) 0.651

Duration of
vancomycin
therapy, days
median (range)

4.5 (2 to 12) 6 (2 to 17) 0.564

Vancomycin
level, median
(range)

14.3 (13.80 to 14.90) 13.70 (9.8 to 14.90) 0.007

APACHE II, mean
± SD)

16.62 ± 3.88 16.54 ± 3.88 0.764

Gender, male, No.
(%)

7 (70) 74 (74) 0.722

Outcome, No. (%) 0.183

Death in
ICU

4 (40) 14 (14)

Death in
Ward

0 3 (3.3)

aReported as mean ± SD, as data was normally distributed.
bReported as median (range), as data was non-normally distributed.
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5. Discussion

The present study determined the prevalence of
vancomycin-associated nephrotoxicity among poisoned
patients with VAP attributed to MRSA (Methicillin resis-
tant S. aureus); the patients were restricted based on the
exclusion criteria to limit some confounders and biases.
Nephrotoxicity rate was 9% and all were reversible. In
most of our nephrotoxic patients, risk and injury were
more common than failure based on the RIFLE (Risk, In-
jury, Failure, Loss of kidney function, and End-stage kidney
disease) criteria.

Noticeably, patient’s condition and kidney function af-
fected its pharmacokinetics, volume of distribution and
clearance (18). Early life cycle of vancomycin, significant
adverse effects such as infusion-related toxicities, nephro-
toxicity and ototoxicity were related to impurities of orig-
inal formulations (19). Despite the wide variety of nephro-
toxicity rate, vancomycin-induced nephrotoxicity was con-
sidered to be infrequent around 5% and reversible. Al-
though several evaluations noted vancomycin nephrotox-
icity rates as high as 35%, particularly among patients with
vancomycin trough values of 10 mg/L, the associations
between vancomycin exposure and nephrotoxicity were
largely attributed to baseline differences in disease sever-
ity and concomitant nephrotoxins use (19-21)

In comparison with the study of Cano et al., the inci-
dence of nephrotoxicity (15.4%) in intensive care unit pa-
tients, who received vancomycin for the treatment of VAP
was higher than our results (22). In our previous study, we
evaluated VAP poisoned patients treated with vancomycin
and the incidence of renal toxicity (32%), which was within
the range of recent researches utilizing standard defini-
tion of nephrotoxicity (11% - 42%) (6, 18). This rate was an
overestimation, as we did not exclude the effects of in-
fluential factors such as rhabdomyolysis and concomitant
nephrotoxic agents. Rhabdomyolysis is a common event
in poisoned patients, which elevates creatinine levels. It
was prevalent in a previous study on the admission day.
Thus creatinine increase may be attributed to either van-
comycin administration or rhabdomyolysis (18). As we ex-
cluded those patients with SCr ≥ 1.3 at initial ingestion of
vancomycin, the reported prevalence in the present study
did not contribute to poisoning by nephrotoxicants such
as alcohol and amphetamine. Lodise et al. restricted their
sample to those with baseline SCr level < 2 reached to 12.6 %
nephrotoxicity, which is a little higher than ours (19). This
may be a consequence of including those with SCr level <
1.3 in this study.

Although the rate of vancomycin-induced nephrotoxi-
city was extremely variable, the relationship between van-
comycin trough and nephrotoxicity was largely uniform

across studies (5, 23). The results of this study showed that
patients, who developed nephrotoxicity were significantly
more likely to have greater median vancomycin serum
trough concentrations than patients, who did not develop
nephrotoxicity (P = 0.007). Also, our patients’ initial van-
comycin trough value ranged from 9.8 mg/L to 14.9. Paral-
lel to our findings, Jeffres et al. reported that the observed
occurrence of renal toxicity was greatest among patients
with higher initial vancomycin serum trough value, but
initial vancomycin trough value around 10 mg/L was con-
sidered as a border of renal toxicity (24). Similarly, Lodise et
al. considered vancomycin trough values as the preferable
pharmacodynamic index for describing the association be-
tween vancomycin exposure and toxicity (8). This is con-
sist with another investigation, in which patients with the
highest initial vancomycin trough value (during the first
96 hours of therapy)≥ 9.9 mg/L had a significantly higher
incidence of nephrotoxicity compared to those with val-
ues of < 9.9 mg/L. Vancomycin serum trough concentra-
tion threshold from approximately 10 mg/L to 20 mg/L has
been associated with the development of renal toxicity. It
has been suggested that the relationship between higher
trough levels and nephrotoxicity event is true in the early
days of vancomycin therapy and after this point it is un-
common and was typically reversible (25).

In this study, we surveyed the nephrotoxicity of van-
comycin in poisoned patients with rhabdomyolysis and
VAP for the first time. One of the strengths of the present
study was exclusion of patients with weight of > 100 Kg.
Previous researches showed a positive association between
greater weight and nephrotoxicity development (8, 19).
Likewise, in a recent guideline, initial weight-based dos-
ing and following adjustment based on serum trough level
was recommended (26). Therefore, in the current study,
vancomycin was ingested 1 g every 12 hours for all patients
and dose adjustment was performed up to 1 g every 96 hon,
the basis of SCr and trough level. According to another
study, the rate of nephrotoxicity was significantly higher
among patients, who received > 4 g of vancomycin daily
than patients, who received less than 4 g (19).

Jeffres et al. mentioned that APACHE II scores as a
marker of the illness severity were greater in patients de-
veloping renal toxicity, while we did not detect any signifi-
cant difference between mean APACHE II scores of nephro-
toxic and non-nephrotoxic patients (24). We did not ob-
serve any other significant differences between nephro-
toxic and non-nephrotoxic patients based on gender, age,
duration of therapy and pantoprazole concomitant ad-
ministration.

We did not check the SCrafter on the seventh day of van-
comycin treatment that seems to be our study limitation;
however most of the patients developed nephrotoxicity so
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far.

5.1. Conclusion

The result of this study indicated that Nephrotoxic-
ity rate among vancomycin treated patients was under
the influence of poisoning by nephrotoxicants. High van-
comycin trough levels had an important role in increasing
nephrotoxicity rate. Further investigations are required to
determine which amongst vancomycin levels and nephro-
toxicity is the cause and which is the effect.
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