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Background: Appropriate utilization of vancomycin is important

to attain therapeutic targets while avoiding clinical failure and the

development of antimicrobial resistance. Our aim was to observe

the use of vancomycin in an intensive care population, with the

main focus on achievement of therapeutic serum concentrations

(15–20 mg/l) and to evaluate how this was influenced by dose

regimens, use of guidelines and therapeutic drug monitoring.

Methods: A prospective observational study was carried out in the

intensive care units at two tertiary hospitals in Norway. Data were

collected from 83 patients who received vancomycin therapy, half of

these received continuous renal replacement therapy. Patients were

followed for 72 h after initiation of therapy. Blood samples were

drawn for analysis of trough serum concentrations. Urine was col-

lected for calculations of creatinine clearance. Information was gath-

ered frommedical records and electronic health records.

Results: Less than 40% of the patients attained therapeutic

trough serum concentrations during the first 3 days of therapy.

Patients with augmented renal clearance had lower serum trough

concentrations despite receiving higher maintenance doses and

more loading doses. When trough serum concentrations were out-

side of therapeutic range, dose adjustments in accordance to thera-

peutic drug monitoring were made to less than half.

Conclusion: The present study reveals significant challenges in

the utilization of vancomycin in critically ill patients. There is a

need for clearer guidelines regarding dosing and therapeutic drug

monitoring of vancomycin for patient subgroups.

Editorial Comment

In this observation study of dosing of vancomycin in critically ill patients at two large university

hospitals, the authors found that therapeutic trough serum concentrations for the antibiotic were

often not reached within 3 days, despite the fact that clinicians increased dose and decreased dos-

ing intervals. The authors suggest that a more structured dosing protocol could help in this setting.
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Vancomycin is a glycopeptide antibiotic for use

against infections with gram-positive bacteria.

Recently, consumption has increased due to an

increase in the incidence of infections by methi-

cillin-resistant S. aureus (MRSA). Increased use

has been associated with higher minimum inhi-

bitory concentration (MIC)-levels, the so-called

“MIC-creep”.1–3 Although the reason for this

creep is debatable, it has caused clinical concern

in regards to the use of vancomycin.4,5 Focus on

appropriate utilization of the drug has intensi-

fied.

Intensive care units (ICU) are especially

extensive in their use of antimicrobial agents

and the use is increasing.6 Their contribution to

the development of antibacterial resistance may

therefore be significant. Additionally, due to the

severity of the illness of most patients in the

ICU, particular care must be taken to avoid ther-

apeutic failure. Despite the production of

numerous protocols and guidelines to guide

critical care practitioners in giving appropriate

therapy, failure to achieve the recommended tar-

get trough serum concentrations of 15–20 mg/l

for vancomycin is still frequent in the

ICU-population.7 Regular collaboration with

infectious disease practitioners and clinical

pharmacists has been shown to have positive

effects on attaining therapy targets, and decreas-

ing the overuse of antibiotics.8,9

The aim of the present study was to find the

proportion of ICU-patients whose vancomycin

trough serum concentrations reached therapeutic

levels during the first 3 days of therapy in two

different tertiary hospitals. Both CRRT- and

non-CRRT-patients were included. The study

also aimed to find the proportions of trough

serum concentrations within resistance-driving

levels, and to observe the use of vancomycin in

terms of indication, dose regimens, and thera-

peutic drug monitoring (TDM).

Methods

The present study was carried out as a part of

PharmacoCRRT2012 (NCT01582360 at clinical-

trials.gov). It is a prospective observational

study, which was initiated in 2013 at the inten-

sive care units at two tertiary hospitals: Rik-

shospitalet (RH) and Ullevaal (UUS), which are

parts of Oslo University Hospital. UUS is the

major trauma center in Norway, RH is the major

organ transplant center. The study protocol was

approved by the Regional Committees for Medi-

cal and Research ethics and the Data Inspec-

torate Health Authority at Oslo University

Hospital on 5 November 2012.

From May 2013 until October 2015, patients

were screened to see if they met the following

inclusion criteria: Initiation of vancomycin ther-

apy within the last 24 h, age > 18, and expected

treatment-time > 72 h. In accordance with the

PharmacoCRRT2012-protocol, half of the

patients included were in need of continuous

renal replacement therapy (CRRT), the other

half were not. An informed consent from the

patient or next of kin was obtained prior to

inclusion.

Observation time was 72 h after initiation of

vancomycin therapy. Blood samples for analyzes

of vancomycin trough concentrations were

drawn immediately prior to vancomycin dosing

at 24 h (24 h), 48 and 72 h after the initial dose.

Vancomycin concentrations were determined

using a commercial assay (Cobas C Systems,

Roche). For patients not in need of CRRT, urine

was collected for calculation of creatinine clear-

ance from initiation of therapy until the next

morning, and then for every 24 h at a time, for

calculation of creatinine clearance. The follow-

ing information was gathered from medical

records: 90-day mortality, documentation of ini-

tiation and indications for vancomycin therapy,

whether or not a dose adjustment was made,

vancomycin doses, and clinical laboratory data

results. Data were entered into a case report

form.

Rybak et al. suggest loading doses of 25–
30 mg/kg for critically ill patients in interna-

tional consensus guidelines.10 We therefore

defined loading dose as ≥ 25 mg/kg in this

investigation.

Endpoints

The primary endpoints of the study were the

proportions of vancomycin trough serum con-

centrations within therapeutic range (15–20 mg/

l) and proportions of resistance-driving trough

serum concentrations (< 10 mg/l).10 Secondary

endpoints were as follows: (1) Indication for

use. (2) Dose regimens used. (3) Use of
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guidelines (a): Norwegian Directorate of Health,

National guidelines for use of antibiotics in hos-

pitals 2013. (b): Local guidelines on glycopep-

tide antibiotics (UUS 2010)). (4) Regular

support from pharmacists. (5) Therapeutic drug

monitoring (TDM).

Groups

Since the patient subpopulation admitted to

UUS and RH differs, and the two hospitals also

have organizational differences which might

influence how antibiotic therapy is given, we

chose to compare the two hospitals. We also

compared patients in need of CRRT (CRRT-

group) with those who did not receive CRRT

(non-CRRT-group).

Statistical analysis

Normally distributed data were expressed as

means and standard deviation (SD), non-

normally distributed data as medians with

interquartile range (IQR). Independent samples

t-test was used when comparing mean values,

Pearson Chi-Square test was used when compar-

ing categorical data. Mann–Whitney Test was

used when comparing median values, and Spear-

man’s correlation coefficient was used to calculate

the association between two continuous vari-

ables. Changes in categorical variables within a

group over time were analyzed using a McNemars

test. A significance level of 5% was used. Data

were analyzed using IBM SPSS Statistics 22.

Results

Patient characteristics

A total of 83 patients were included in the

study. Demographic characteristics are presented

in Table 1. The groups at UUS and RH were

similar in terms of age, sex, SAPS II, 90-day

mortality, body weight, and RIFLE score.

Table 1 Baseline demographics.

RH (n = 40) UUS (n = 43)

P valueMissing, n Missing, n

Age, mean (95% CI) 53.6 (49.6–58.1) 0 49.2 (44.3–54.1) 0 0.184

Male gender, n (%) 28 (70.0) 0 33 (76.7) 0 0.410

Body weight (kg), mean (95% CI) 81.1 (75.3–86.9) 1 87.9 (79.3–96.5) 0 0.198

SAPS II, mean (95% CI) 49.3 (43.7–55.0) 5 43.2 (39.2–47.2) 2 0.070

90 days mortality, n (%) 11 (27.5) 0 11 (25.6) 0 0.843

CRRT, n (%) 16 (40.0) 20 (46.5)

Patients with AKI, n (%) according to RIFLE-criteria 25 (64.1) 1 24 (55.8) 0 0.445

Diagnosis, n (%)

Cardiovascular 3 (7.5) 4 (9.3) 0.771

Hematological 7 (17.5) 0 (0) 0.006

Neurological 5 (12.5) 3 (7.0) 0.400

Pneumonia 8 (20.0) 2 (4.7) 0.037

Septicemia 14 (35.0) 6 (14.0) 0.027

Postoperative complications 13 (32.5) 16 (37.2) 0.658

Trauma 0 (0) 19 (44.2) < 0.001

Others 14 (35.0) 9 (20.9) 0.156

CRP, mean (95% CI) 143.4 (113.7–173.2) 0 232.7 (195.3–270.1) 0 0.000

S-creatinine (lmol/l), mean (95% CI)

Total average 138.4 (91.9–184.9) 0 133.9 (102.8–165.0) 0 0.869

CRRT 216.8 (109.1–324.6) 185.8 (130.3–241.3) 0.570

Non-CRRT 86.1 (67.2–105.1) 88.7 (66.2–111.3) 0.855

S-bilirubin (lmol/l), median, (IQR) 43.0 (10.0–131.0) 1 15.0 (9.0–34.0) 0 0.035

CI, Confidence interval; RH, Rikshospitalet; UUS, Ullevaal Hospital; SAPS, Simplified Acute Physiological Score; CRRT, continuous renal replace-

ment therapy; AKI, acute kidney injury; RIFLE, Risk, Injury, and Failure; and Loss; and End-stage kidney disease; IQR, inter-quartile range.
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CRP was significantly higher at UUS than RH

on all days. The proportion of patients with a

diagnosis of sepsis or pneumonia was signifi-

cantly higher at RH than UUS. Creatinine clear-

ance was significantly higher at UUS than RH

during the observation time of the study

(Table 2).

Primary endpoints

Trough serum concentrations of vancomycin

Trough serum concentrations within therapeutic

range. A total of 237 trough serum concentra-

tions were drawn (114 from RH, 123 from

UUS), twelve were missing. The proportion of

trough serum concentrations within therapeutic

range (15–20 mg/l) was 21.0% at 24 h, 16.3% at

48 h, and 32.9% at 72 h (Fig. 1). There were no

significant differences between RH and UUS on

any of the days. Neither were there significant

differences between the CRRT- and non-CRRT-

groups at the two hospitals.

Furthermore, there was no significant change

in the proportion of trough serum concentrations

within therapeutic range from 24 to 72 h

(P = 0.19).

Trough serum concentrations which may contribute to

antibiotic resistance. The proportion of patients

with resistance-driving trough serum concentra-

tions (< 10 mg/l) was 35.8% at 24 h, 17.5% at

48 h, and 11.8% at 72 h (Fig. 1). There was no

significant difference between UUS and RH on

any of the study days. However, there was a sig-

nificant decrease in the proportion of trough

serum concentrations < 10 mg/l from 24 to 72 h

(P ≤ 0.001).

Secondary endpoints

Indications for therapy and documentation

Initiation of vancomycin therapy was docu-

mented in the medical records by a critical care

physician in 90.2% of the treatments. The

Table 2 Creatinine clearance (non-CRRT-patients only) (ml/min).

Number of hours after initiation of therapy

Rikshospitalet (RH) Ullevaal (UUS)

P valueMean (95% CI) No. of patients Mean (95% CI) No. of patients

24 h 88.8 (62.0–115.6) 16 138.3 (114.6–161.9) 21 0.006

48 h 90.7 (64.9–116.5) 18 136.7 (113.9–159.5) 21 0.008

72 h 96.5 (63.3–129.6) 18 138.6 (117.1–160.0) 23 0.025

Fig. 1. Distribution of vancomycin trough serum concentrations in percentages during the first 72 h after initiation of vancomycin therapy.

[Colour figure can be viewed at wileyonlinelibrary.com]
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indication for initiation of therapy was empiric

in 66.3% and directed in 26.5% of therapies. In

the remaining 7.2%, a clear indication was not

documented. In those cases where therapy was

directed, S. epidermidis and E. faecium were the

most common pathogens (Table 3.)

Dose regimens

Loading and maintenance doses. A total of 82 initial

doses were registered, one was missing. A total

of 28% of the patients received a loading dose

(> 25 mg/kg). The percentage of patients who

received a loading dose was significantly higher

at UUS than at RH (39.5% vs. 15.4%, P = 0.02).

When subgrouped into CRRT –and non-CRRT-

groups, the proportion receiving a loading dose

was significantly higher in the non-CRRT-group

at UUS than at RH (52.2% vs. 17.4%, P = 0.01).

There was no significant differences in the use

of loading dose between the CRRT-groups

(P = 0.35).

A total of 238 maintenance doses were gath-

ered, eleven were missing. Maintenance doses

were significantly higher at UUS than RH on all

study days. However, when subgrouped into

CRRT- and non-CRRT-groups, the difference

between the hospitals only remained in the

non-CRRT-group (Table 4).

Dose frequency. A total of 245 average dose fre-

quencies were registered (117 from RH, 128

from UUS), four were missing (Fig. 2). The

mean dosing interval was significantly higher at

UUS than RH (13.6 h vs. 11.1, P = 0.003). When

subgrouped into CRRT- and non-CRRT-groups,

the mean dose interval was significantly higher

in the CRRT-group at UUS than the CRRT-

group at RH, respective values being 16.5 and

12.4 h (P < 0.001). There was no significant dif-

ference between the two non-CRRT-groups

(P = 0.22).

Effect of creatinine clearance

We gathered 115 creatinine clearance values

(non-CRRT-patients only), twelve were missing.

Creatinine clearance was significantly higher in

the patient population at UUS than RH on all

study days (Table 2). There was a significant

negative correlation between creatinine clear-

ance and trough serum concentrations

(r = �0.53, P ≤ 0.001) (Fig. 3).

Clinical guidance in vancomycin therapy

Clinical decision support at RH and UUS are

presented in Table 5. A total of 245 vancomycin

doses were evaluated to see whether dosage

adjustments were made when trough serum

concentrations were outside of therapeutic

range, four were missing. One hundred and

eighty-two (76.8%) of the trough serum concen-

trations drawn were outside of therapeutic range

(Fig. 4). A change was made to the dose regi-

men in 48.9% of these. UUS made significantly

more changes to dose regimens than RH in

response to nontherapeutic trough serum con-

centrations, the respective values being 62.9%

and 37.1% (P = 0.002). The total proportion of

dosage adjustments increased significantly from

24 to 48 h (P = 0.001) and from 24 to 72 h

(P = 0.02).

Table 3 Identified pathogens in directed vancomycin therapy.

Pathogen

Source of identified

pathogen

Number of

specimens %

Enterococci

E. faecium 9* 38

Abdominal 4

Blood culture 4

Intravascular catheter 2

Pleural drain 1

E. faecalis 2 8

Wound secretion 1

Blood culture 1

Staphylococci

MRSA Blood culture 1 4

S. epidermidis 9* 38

Blood culture 6

Intravascular catheter 2

Dialysis catheter 1

Pleural biopsy

(pyothorax)

1

S. hominis Blood culture 1 4

S. lugdumensis Blood culture 1 4

S. aureus

(suspected MRSA)

Blood culture 1 4

Total 24 100

MRSA, methicillin-resistant staphylococcus aureus. *The numbers

beneath add up to a greater total than the number with the

asterix. This is because in some of the patients the pathogen

was found in more than one source.
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In fear of being too strict when analyzing dose

adjustments based on only the range 15–20 mg/

l, an additional analysis was done to find the

proportion of adjustments made when concen-

trations were < 10 or > 25 mg/l. An appropriate

dosage adjustment was made in 46.2% of these

concentrations.

Documentation of TDM

Considerations of vancomycin trough serum

concentration and whether or not an adjustment

was necessary were documented in 18.9% of

the patient journals. Among those cases where

an adjustment to therapy was made, considera-

tions were documented in the patient journal in

Table 4 Maintenance dose at RH and UUS when subgrouped into CRRT- and non-CRRT-groups (mg/kg).

No. of hours Hospital N Mean Std. deviation 95% CI P value

Non-CRRT 24 h RH 23 12.7 3.9 11.0–14.4 < 0.001

UUS 22 23.0 7.8 19.5–26.4

48 h RH 23 13.6 5.7 11.1–16.1 0.007

UUS 23 20.2 9.4 16.2–24.3

72 h RH 23 12.2 6.5 9.4–15.0 < 0.001

UUS 23 21.0 8.0 17.6–24.5

CRRT 24 h RH 15 12.8 4.2 10.5–15.2 0.100

UUS 19 16.7 8.0 12.9–20.6

48 h RH 15 12.1 3.2 10.3–13.9 0.908

UUS 19 12.3 6.1 9.3–15.2

72 h RH 15 11.7 3.8 9.6–13.8 0.684

UUS 18 12.4 5.7 9.6–15.2

RH, Rikshospitalet; UUS, Ullevaal Hospital; CRRT, continuous renal replacement therapy.

Fig. 2. Dosing intervals between vancomycin administration during the first 72 h of vancomycin therapy. [Colour figure can be viewed at

wileyonlinelibrary.com]

Fig. 3. Creatinine clearance vs. vancomycin trough serum

concentrations (r = �0.53, P < 0.001).
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34 out of 121 (28.1%) cases. In those cases

where no dose adjustment was made, considera-

tions were documented in 13 of 125 (10.4%)

cases.

Discussion

Optimizing vancomycin therapy in a critical care

setting has been the focus of numerous studies

over the past few years.6,10–15 Guidelines have

been produced in an attempt to reduce the

occurrence of therapeutic failure and the devel-

opment of resistant pathogens.10 Despite these

measures, the present study demonstrates dis-

couraging results with vancomycin trough

serum concentrations of subtherapeutic levels in

70–80% in ICU-patients during the first 3 days

of therapy. This applied to all groups, indepen-

dent of whether they received CRRT or not.

Additionally, our data show that the proportion

of vancomycin trough serum concentrations

which might contribute to antibiotic resistance

(< 10 mg/l) was high 24 h after initiation of

therapy, and remained high after three days of

therapy.

Our study is not the first to present frequent

occurrence of subtherapeutic trough serum con-

centrations. Blot et al. presented similar results

in their multicenter point-prevalence study.7

Forty-five percent of the patients did not achieve

the minimum threshold value of ≥ 15 mg/l. Wil-

son and Burns also presented frequent subthera-

peutic serum concentrations in patients

receiving continuous veno-venous hemodialysis

(therapeutic value defined as ≥ 15 mg/l), the

values being 44% of medical ICU-patients and

46% of surgical ICU-patients.15

This leads us to the following question: Why

are success rates so low?

Less than one-third of the patients received a

loading dose, which is a prerequisite to attain

therapeutic concentrations rapidly. There were,

however, significant differences between the

two hospitals in dosing regimens. Loading

doses were administered more frequently and

maintenance doses were higher at UUS than at

RH. This could partly be explained by daily

availability of pharmacists and use of guidelines

in the ICU at UUS.7 Despite these differences,

success rates were not significantly higher at

UUS.

A possible explanation for this is that the

patient group at UUS largely consisted of a

trauma subgroup. Trauma patients are at a

greater risk of augmented renal clearance

(ARC),16 and this was reflected in the average

creatinine clearance at UUS, which was

> 130 ml/min on all days of the study. Cam-

passi et al. demonstrated that patients with

ARC had lower plasma concentrations of van-

comycin during the first days of therapy despite

higher doses, and none of the patients reached

therapeutic levels on the first day of therapy.11

Medellin-Garibay and co-workers recently

(2016) proposed guidelines for vancomycin dos-

ing in trauma patients with the aim of greater

achievement of trough concentrations within

therapeutic range (15–20 mg/l).12 However,

their proposed guidelines largely resemble the

doses that were administered to the patients in

our study. Based on our data, we can conclude

Table 5 Available guidelines and clinical decision support from

pharmacists and infectious disease practitioners at Rikshospitalet

and Ullevaal university hospitals.

Guidelines for

dosing and

therapeutic drug

monitoring

of vancomycin

Routine

collaboration

with infectious

disease

practitioner

Routine

collaboration

with pharmacists

RH No Once weekly 2.5 days per week

UUS Yes Once weekly 5 days per week

Fig. 4. Dosage modification in response to vancomycin trough serum

concentrations < 15 mg/l or > 20 mg/l at 24, 48, and 72 h. [Colour

figure can be viewed at wileyonlinelibrary.com]
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that the guidelines presented by Medellin-Gari-

bay and co-workers are not sufficient to attain

therapeutic serum concentrations in this popula-

tion.

Others have proposed that increased loading

doses and higher dose frequencies or continuous

infusions are necessary in order to achieve

higher success rates.10,13,14,17 However, even

with continuous infusion, a sufficiently high

loading dose is necessary to prevent subthera-

peutic concentrations.17 This may be due to an

increase in distribution volume for hydrophilic

drugs such as vancomycin in critically ill

patients. Additionally, vancomycin serum con-

centrations during the first days of therapy will

also depend on creatinine clearance. Low crea-

tinine clearance levels can result in suprathera-

peutic vancomycin concentrations.18

The low success rates presented in our data

were somewhat surprising, as we would have

expected subtherapeutic trough serum concen-

trations to be corrected through the process of

therapeutic drug monitoring (TDM). TDM is the

traditional clinical method of monitoring van-

comycin therapy, and has been so for many

years. Ye and co-workers concluded in their sys-

tematic review that TDM “significantly increases

the rate of clinical efficacy” in patients treated

with vancomycin.19 Unfortunately, this study

demonstrates that appropriate dose adjustments

were only made to half of patients with trough

serum concentrations outside of therapeutic

range. Hence, there is room for considerable

improvement. Increased pharmaceutical collabo-

ration and implementation of a protocol for van-

comycin dose adjustments to aid in TDM might

increase the proportion of appropriate dose

adjustments. Such a protocol can easily be inter-

nalized in modern electronic medical records,

and thereby ensure improved follow-up.

Vancomycin therapy is used for treatment of

gram-positive infections such as Staphylococci and

Enterococci. In accordance with data presented by

Candeloro et al., vancomycin is more commonly

used as empiric treatment rather than directed

therapy.20 Only a quarter of the therapies were

directed. Both units in this study routinely meet

with infectious disease practitioners. Rimawi

and co-workers demonstrated that daily collabo-

ration between infectious disease practitioners

and critical care practitioners can “significantly

reduce medical ICU antibiotic overuse” without

increasing mortality, which in turn can reduce

healthcare costs.9

The present study has several limitations.

Firstly, we were not always able to gather pre-

cise weights of the patients. In those cases where

precise weights could not be obtained, estimated

weight was used. Secondly, the most precise tar-

get for vancomycin therapy is the attainment of

an AUC/MIC ≥ 400. However, trough serum

concentrations were used as a surrogate marker

for AUC/MIC. Last, but not least, due to the nat-

ure of this study, the physicians at the units

were aware of its occurrence, and may have been

affected by this knowledge when making deci-

sions regarding vancomycin therapy.

In conclusion, the present study reveals sig-

nificant challenges in the utilization of van-

comycin in a critically ill patient population.

Trough serum concentrations were frequently

subtherapeutic. This represents an immediate

threat to the patients of therapeutic failure and

increases the risk of developing bacteria with

reduced antibiotic susceptibility. Patients with

augmented renal clearance such as trauma

patients are particularly in need of close

monitoring to achieve proper vancomycin

concentrations. The study also reveals that the

proportion of appropriate dose adjustments in

accordance with TDM was low. The implemen-

tation of a dosing protocol would be likely to

contribute to more appropriate dose adjust-

ments. Unfortunately, guidelines for vancomycin

dose regimens are still warranted for patient

subgroups.13,17,18,21
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