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Background: IV vancomycin is widely used for infections 
caused by Gram-positive bacteria; however, nephrotoxicity is 
commonly associated with its use. Clinical trials have shown an 
increased incidence of acute kidney injury (AKI) using normal sa-
line (NS) for fluid resuscitation. This study evaluated differences 
in AKI and other patient outcomes associated with vancomycin 
diluted in NS compared with dextrose 5% in water (D5W).

Methods: This retrospective cohort study conducted at a sin-
gle US Department of Veterans Affairs hospital included vet-
erans who received vancomycin for at least 48 hours between 
July 1, 2015 and June 30, 2020. This study compared adverse 
events (AEs) of patients receiving vancomycin diluted in either 
NS or D5W. The primary outcome was incidence of AKI. Sec-
ondary outcomes included incidence of hyperglycemia, hy-

perchloremia, hypernatremia, metabolic acidosis, in-hospital 
mortality, and 30-day posthospitalization mortality.
Results: The study included 123 patients in each group  
(N = 246). The percentage of AKI was 22.8% in the D5W group 
compared with 14.6% the NS group (P = .14). There were no 
significant differences in the rates of hyperglycemia, hyper-
chloremia, hypernatremia, or metabolic acidosis between the 
2 groups. In-hospital mortality and 30-day posthospitalization 
mortality were similar between the groups.
Conclusions: This study comparing the AEs of IV vancomycin 
diluted in NS and D5W found no significant differences in AKI 
or other patient outcomes. These study results do not suggest 
the crystalloid used to dilute IV vancomycin is associated with 
differences in nephrotoxicity or other relevant AEs.
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V ancomycin is a widely used IV antibi-
otic due to its broad-spectrum of activ-
ity, bactericidal nature, and low rates of 

resistance; however, adverse effects (AEs), 
including nephrotoxicity, are commonly 
associated with its use.1 The vancomycin 
therapeutic monitoring guidelines recognize 
the incidence of nephrotoxicity and suggest 
strategies for reducing the risk, including 
area under the curve/mean inhibitory con-
centration (AUC/MIC) monitoring rather 
than trough-only monitoring. Vancomy-
cin-associated acute kidney injury (AKI) 
has been defined as an increase in serum 
creatinine (SCr) over a 48-hour period of  
≥ 0.3 mg/dL or a percentage increase of ≥ 
50%, which is consistent with the Acute Kid-
ney Injury Network (AKIN) guidelines.2,3 
Vancomycin-associated AKI is a common 
AE, with its incidence reported in previous 
studies ranging from 10 to 20%.4,5 

The most common crystalloid fluid ad-
ministered to patients in the United States is 
0.9% sodium chloride (NaCl), also known as 
normal saline (NS), and recent trials have ex-
plored its potential to cause AEs.6-8 Balanced 
crystalloid solutions, such as Plasma-Lyte 
and lactated Ringer’s solution (LR), con-
tain buffering agents and lower concentra-
tions of sodium and chloride compared with 
that of NS. Trials in the intensive care unit 
(ICU) and emergency department, such as 
the SMART-MED, SMART-SURG, and SALT-

ED have reported a significantly lower rate of 
AKI when using balanced crystalloids com-
pared with NS due to the concentration of 
sodium and chloride in NS being supraphysi-
ologic to normal serum concentrations.6,7 Al-
ternatively, the SPLIT trial evaluated the use 
of NS compared with Plasma-Lyte for ICU 
fluid therapy and did not find a statistically 
significant difference in AKI.8 Furthermore, 
some studies have reported increased risk for 
hyperchloremia when using NS compared 
with dextrose 5% in water (D5W) or bal-
anced crystalloids, which can result in meta-
bolic acidosis.6,7,9,10 These studies have shown 
how the choice of fluid can have a large effect 
on the incidence of AEs; bringing into ques-
tion whether these effects could be additive 
when combined with the nephrotoxicity as-
sociated with vancomycin.6-9

Vancomycin is physically and chemically 
stable if diluted in D5W, NS, 5% dextrose in 
NS, LR, or 5% dextrose in LR.1 It is not known 
whether the selection of diluent has an effect 
on nephrotoxicity or other AEs of vancomy-
cin therapy. Furthermore, clinicians may be 
unaware or unable to specify which diluent 
to use. There are currently no practice guide-
lines that favor one diluent over another for 
vancomycin; however, trials showing higher 
rates of AKI and hyperchloremia using NS for 
fluid resuscitation may indicate an increased 
potential for vancomycin-associated AKI 
when using NS as a diluent.6,7,9 This study was  
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performed to evaluate whether the type of 
crystalloid used (D5W vs NS) can influence 
adverse outcomes for patients. While many 
factors may contribute to these AEs, the po-
tential to reduce the risk of negative adverse 
outcomes for hospitalized patients is a signifi-
cant area of exploration.

The primary outcome of this study was the 
incidence of AKI, defined using AKIN guide-
lines where the increase in SCr occurred at 
least 24 hours after starting vancomycin and 
within 36 hours of receiving the last van-
comycin dose.3 AKI was staged using the 
AKIN guidelines (stage 1: increase in SCr of  
> 0.3 mg/dL or by 50 to 99%; stage 2: increase 
in SCr by 100 to 199%; stage 3: increase in 
SCr by > 200%) based on changes in SCr 
from baseline during vancomycin therapy 
or within 36 hours of stopping vancomycin 
therapy.3 Secondary outcomes included the 
incidence of hyperglycemia, hyperchloremia, 
metabolic acidosis, hypernatremia, mortality 

in hospital, and mortality within 30 days from 
hospital discharge.

METHODS
This single-center, retrospective study of vet-
erans who received IV vancomycin within the 
North Florida/South Georgia Veterans Health 
System (NF/SGVHS) in Gainesville, Florida, 
from July 1, 2015 to June 30, 2020, compared 
veterans who received vancomycin diluted in 
NS with those who received vancomycin di-
luted in D5W to assess for differences in AEs, 
including AKI, metabolic acidosis (serum bi-
carbonate level < 23 mmol/L), hyperchloremia 
(serum chloride levels > 108 mmol/L), hyper-
natremia (serum sodium > 145 mmol/L), and 
hyperglycemia (blood glucose > 180 mg/dL). 
The endpoint values were defined using the ref-
erence ranges determined by the local labora-
tory. At NF/SGVHS, vancomycin is diluted in 
D5W or NS based primarily on factors such as 
product availability and cost. 

TABLE 1 Baseline Characteristics of Study Patients by Solution
Characteristics Vancomycin in D5W (n = 123) Vancomycin in NS (n = 123)

Age, median (IQR), y 73.0 (68.0, 80.5) 66.0 (60.0, 74.0)

Sex, male, No. (%) 116 (94.3) 123 (100)

Race/ethnicity, No. (%) 
White
African American
Hispanic
Native Hawaiian
Unknown/declined to answer

103 (83.7)
10 (8.1)
4 (3.3)
0 (0.0)
6 (4.9)

91 (74.0)
16 (13.0)

3 (2.4)
6 (4.9)
7 (5.7)

Patient location, No. (%)
Intensive care unit
Step-down unit
General medicine floor

50 (40.7)
28 (22.8)
45 (36.6)

46 (37.4)
18 (14.6)
59 (48.0)

Metabolic levels, median (IQR), mg/dL
Serum creatinine
Serum glucose
Serum sodium
Serum chloride
Serum bicarbonate

1.1 (0.9, 1.5)
135.0 (106.0, 164.0)
138.0 (136.0, 140.0)
101.0 (97.0, 104.0)
23.0 (21.0, 25.0)

1.1 (0.8, 1.5)
133.0 (108.0, 191.5)
137.0 (135.0, 140.0)
101.0 (98.0, 103.0)

23.0 (20.5, 25.0)

 Concomitant piperacillin/tazobactam, No. (%) 34 (27.6) 50 (40.7)

Concomitant cefepime, No. (%) 56 (45.5) 50 (40.7)

Concomitant aminoglycosides, No. (%) 0 (0.0) 0 (0.0)

Highest vancomycin trough, median (IQR), mcg/mL 19.0 (15.5, 21.7) 18.0 (15.0, 22.2)

Cumulative vancomycin dose, median (IQR), mg 5250.0 (3000.0, 7500.0) 7000.0 (3750.0, 11,250.0)

Average vancomycin daily dose, median (IQR), mg 1142.9 (854.2, 1500.0) 1708.3 (1250.0, 2100.0)

Duration of vancomycin therapy, median (IQR), d 4.0 (3.0, 7.0) 4.0 (3.0, 7.0)

Abbreviations: D5W, 5% dextrose in water; IQR, interquartile range; NS, normal saline.
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Study Criteria
Veterans were included if they received IV 
vancomycin between July 1, 2015 and 
June 30, 2020. The cohorts were grouped 
into those receiving vancomycin doses di-
luted in NS and those receiving vancomy-
cin doses diluted in D5W. Veterans were 
excluded if they received < 80% of van-
comycin doses diluted in their respec-
tive fluid, if they were on vancomycin for  
< 48 hours, or if they did not have laboratory 
results collected both before and after vanco-
mycin therapy to assess a change. There were 
more patients receiving vancomycin in D5W, 
so a random sample was selected to have an 
equal size comparison group with those re-
ceiving NS. A sample size calculation was per-
formed with an anticipated AKI incidence of 
14%.5 To detect a 10% difference in the pri-
mary outcome with an α of 0.05 and 75% 
power, 226 patients (113 in each cohort) were 
needed for inclusion. 

Data were collected using the Data Access 
Request Tracker tool through the US Depart-
ment of Veterans Affairs (VA) Informatics and 
Computing Infrastructure. Data collected in-
cluded demographics, laboratory data at 
baseline and during vancomycin therapy, char-
acteristics of antibiotic therapy, and mortality 
data. Of note, all laboratory values assessed in 
this study were obtained while the veteran was 
receiving vancomycin or within 36 hours of 
receiving the last vancomycin dose to appro-
priately assess any changes.

Statistical analysis of categorical data 
were analyzed using a χ2 test on the Graph-
Pad online program. This study received in-
stitutional review board approval from the 

University of Florida and was conducted 
in accordance with protections for human  
subjects. 

RESULTS 
A total of 792 veterans received IV vanco-
mycin NF/SGVHS in the defined study pe-
riod. Of these, 381 veterans were excluded, 
including having < 80% of doses in a single 
solution (213 veterans), receiving IV van-
comycin for < 48 hours (149 veterans), and 
not having necessary laboratory data avail-
able to assess a change in kidney function 
(19 veterans). An additional 165 veterans 
were randomly excluded from the D5W co-
hort in order to have an equal comparison 
group to the NS cohort; therefore, a total of 
246 veterans were included in the final as-
sessment (123 veterans in each cohort). The 
median patient age was 73 years (IQR, 68.0, 
80.5) in the D5W group and 66 years (IQR, 
60.0, 74.0) in the NS group; 83.7% of veter-
ans in the D5W group and 74% veterans in 
the NS group were white; 94.3% of the D5W 
group and 100% of the NS group were male  
(Table 1). 

Adverse Effects by Solution
The percentage of AKI in the D5W group was 
22.8% compared with 14.6% in the NS group 
(P = .14), and all cases were classified as stage 
1 AKI. Baseline cases of hyperglycemia, hy-
pernatremia, hyperchloremia, or metabolic 
acidosis were not included in the reported 
rates of each in order to determine a change 
during vancomycin therapy (Table 2). 

The percentage of patients with hypergly-
cemia in the D5W group was 32.5% com-
pared with 39.8% in the NS group (P = .29). 
The percentage of patients with hypernatre-
mia in the D5W group was 15.4% compared 
with 10.6% in the NS group (P = .34). The 
percentage of patients with hyperchloremia 
in the D5W group was 22.8% compared with 
17.9% in the NS group (P = .43). The per-
centage of patients with metabolic acidosis 
in the D5W group was 48.0% compared with 
49.6% in the NS group (P = .90). 

There were no significant differences in ei-
ther in-hospital or posthospital mortality be-
tween the D5W and NS groups (in-hospital: 
4.9% vs 5.7%, respectively; P = .78; 30-day 
posthospitalization: 8.5% vs 4.5%, respec-
tively; P = .30).

TABLE 2 Adverse Effects by Solution

Adverse Effects
Vancomycin in D5W 

No. (%) (n = 123)
Vancomycin in NS
No. (%) (n = 123)

P 
value

Acute kidney injury 28 (22.8) 18 (14.6) .14

Hyperglycemia 40 (32.5) 49 (39.8) .29

Hypernatremia 19 (15.4) 13 (10.6) .34

Hyperchloremia 28 (22.8) 22 (17.9) .43

Metabolic acidosis 59 (48.0) 61 (49.6) .90

Hospital mortality 6 (4.9) 7 (5.7) .78

30-d posthospitalization mortality 10 (8.5) 5 (4.5) .30

Abbreviations: D5W: 5% dextrose in water; NS: normal saline.
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DISCUSSION
This retrospective cohort study comparing 
the AEs of vancomycin diluted in NS and 
vancomycin diluted with D5W showed no 
statistically significant differences in the in-
cidence of AKI or any metabolic AEs. 
Although these results did not show an as-
sociation between the incidence of AEs and 
the dilution fluid for vancomycin, other fac-
tors may contribute to the overall incidence 
of AEs. Factors such as cumulative vanco-
mycin dose, duration of therapy, and pres-
ence of concomitant nephrotoxins have been 
known to increase the incidence of AKI and 
may have a greater impact on this incidence 
than the fluid used in administering the  
vancomycin.

These results specifically the incidence of 
AKI were not consistent with previous trials 
evaluating the AEs of NS. Based on previous 
trials, we expected the vancomycin in the NS 
cohort to have a significantly higher incidence 
of hypernatremia, hyperchloremia, and AKI. 
Our results may indicate that the volume of 
crystalloid received played a greater role on 
the incidence of AEs. Our study assessed the 
effect of a diluent for one IV medication that 
may have been only a few hundred milliliters 
of fluid per day. The total volume of IV fluid 
received from vancomycin was not assessed; 
thus, it is not known how the volume of fluid 
may have impacted the results.

One consideration with this study is the 
method used for monitoring vancomycin 
levels. Most of the patients included in this 
study were admitted prior to the release of 
the updated vancomycin guidelines, which 
advocated for the transition from tradi-
tional trough-only monitoring to AUC/MIC. 
In September 2019, NF/SGVHS ICUs made 
the transition to this new method of mon-
itoring with a hospital-wide transition fol-
lowing the study end date. The D5W group 
had a slightly higher percentage of pa-
tients admitted to the ICU, thus were more 
likely to be monitored using AUC/MIC dur-
ing this period. Literature has shown the 
AUC/MIC method of monitoring can result 
in a decreased daily dose, decreased trough 
levels, and decreased incidence of nephro-
toxicity.11-14 Although the method for moni-
toring vancomycin has the potential to affect 
the incidence of AKI, the majority of patients 
were monitored using the traditional trough-

only method with similar trough levels re-
ported in both groups.

Limitations
This study is limited by its retrospective na-
ture, the potential introduction of biases, and 
the inability to control for confounders that 
may have influenced the incidence of AEs. 
Potential confounders present in this study 
included the use of concomitant nephrotoxic 
medications, vancomycin dose, and underly-
ing conditions, as these could have impacted 
the overall incidence of AEs. 

The combination of piperacillin/tazobac-
tam plus vancomycin has commonly been 
associated with an increased risk of nephro-
toxicity. Previous studies have identified this 
nephrotoxic combination to have a signifi-
cantly increased risk of AKI compared with 
vancomycin alone or when used in combi-
nation with alternative antibiotics such as ce-
fepime or meropenem.15,16 In our study, there 
was a higher percentage of patients in the NS 
group with concomitant piperacillin/tazobac-
tam, so this difference between the groups 
may have influenced the incidence of AKI. 
Nephrotoxic medications other than antibiot-
ics were not assessed in this study; however, 
these also could have impacted our results 
significantly. While the vancomycin duration 
of therapy and highest trough levels were 
similar between groups, the NS group had a 
larger average daily dose and overall cumu-
lative dose. Studies have identified the risk of 
nephrotoxicity increases with a vancomycin 
daily dose of 4 g, troughs > 15 mg/mL, and a 
duration of therapy > 7 days.15,16 In our study, 
the daily doses in both groups were < 4 g, so 
it is likely the average daily vancomycin dose 
had little impact on the incidence of AKI. 

Another potential confounder identified 
was assessment of underlying conditions in 
the patients. Due to the limitations associated 
with the data extraction method, we could 
not assess for underlying conditions that may 
have impacted the results. Notably, the po-
tential nephrotoxicity of NS has mostly been 
shown in critically ill patients. Therefore, the 
mixed acutely ill patient sample in this study 
may have been less likely to develop AKI 
from NS compared with an exclusively criti-
cally ill patient sample.

Selection bias and information bias are 
common with observational studies. In our 
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study, selection bias may have been present 
since prospective randomization of patient 
samples was not possible. Since all data were 
extracted from the medical health record, in-
formation bias may have been present with 
the potential to impact the results. Due to the 
single-center nature of this study with a pre-
dominantly older, white male veteran patient 
sample, generalizability to other patient pop-
ulations may be limited. We would expect the 
results of this study to be similar among other 
patient populations of a similar age and de-
mographic; however, the external validity of 
this study may be weak among other popula-
tions. Although this study included enough 
patients based on sample size estimate, a larger 
sample size could have allowed for detection 
of smaller differences between groups and de-
creased the chance for type II error.

CONCLUSIONS
Overall, the results of this study do not suggest 
that the crystalloid used to dilute IV vancomy-
cin is associated with differences in nephro-
toxicity or other relevant AEs. Future studies 
evaluating the potential for AEs from medica-
tion diluent are warranted and would benefit 
from a prospective, randomized design. Fur-
ther studies are both necessary and crucial for 
enhancing the quality of care to minimize the 
rates of AEs of commonly used medications.
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