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Background: Vancomycin is one of the most common therapeutic agents for treating gram-
positive infections, particularly in critically ill patients. The aim of this study was to identify
factors associated with initial therapeutic vancomycin trough levels and mortality in
a tertiary-care intensive care unit (ICU).

Methods: This retrospective study evaluated 301 adult ICU patients admitted to King
Abdulaziz Medical City in Riyadh between October 1, 2017 and December 31, 2018 with
confirmed gram-positive infections and received intravenous vancomycin. Vancomycin
trough levels of 15-20 mg/L for severe infections and 10-15 mg/L for less severe infections
were considered therapeutic.

Results: The patients were relatively older with a mean age of 60 (SD +20) years. Initial
vancomycin trough levels were therapeutic in 168 (55.8%). Factors associated with initial
therapeutic vancomycin trough levels were female gender (adjusted odds ratio [aOR]=2.575),
older age (aOR=1.024), receiving a loading dose (aOR=2.445), having bacteremia
(aOR=2.061), and high platelet count (aOR=1.003). On the other hand, the increase of
estimated glomerular filtration rate (¢GFR) (aOR=0.993) and albumin levels (aOR=0.944)
were associated with lower odds of initial therapeutic vancomycin trough levels. Factors
associated with higher mortality were female gender (adjusted hazard ratio [aHR]=2.630),
increased body weight (aHR=1.021), cancer (aHR=3.451), and high APACHE II score
(aHR=1.068).

Conclusion: The study identified several factors associated with achieving initial therapeu-
tic vancomycin trough levels (i.e. older age, female gender, receiving a loading dose,
bacteremia, high platelets count, low eGFR and albumin level). These factors should be
considered in the dosing of vancomycin in critically ill patients with gram-positive
infections.

Keywords: vancomycin dosage, pharmacokinetics, renal function, serum trough levels,

mortality

Introduction

Vancomycin, a glycopeptide antibiotic, is frequently used for treating severe infec-
tions caused by gram positive bacteria in critically ill patients. These infections
include bacteremia, pneumonia, skin and soft tissue infections, and other methicillin-
resistant Staphylococcus aureus-induced sepsis or septic shock.! According to the
Infectious Diseases Society of the United States of America (IDSA), the initial dose
for adult patients ranges from 15-20 mg/kg of actual body weight, and dosing
frequency depends on creatinine clearance.” The recent guidelines recommended

an initial dose is 25-30 mg/kg as loading dose in treating complicated infections in
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the critically ill.* Physicians/clinical pharmacists should
also consider age, sex, disease status, and volume of dis-
tribution. These factors can lead to variations in the phar-
macokinetics of vancomycin and should be considered to
provide the appropriate dose and achieve therapeutic
effectiveness.

The recommendations suggest that trough vancomycin
levels should be checked at steady-state conditions before
the fourth dose (without a loading dose) and before the
third dose (with loading dose).*> A higher vancomycin
target trough level is required for selected infections (ie,
sepsis, pneumonia, meningitis, osteomyelitis, and endocar-
ditis) of 15-20 mg/L and 10-15 mg/L for less severe
infections, respectively.®” New guidelines recommended
the trough vancomycin level to be 15-20 mg/L.* Under-
dosing of vancomycin might contribute to antimicrobial
resistance and failure of treatment, while over-dosing leads
to toxicity such as nephrotoxicity and ototoxicity.®
Nephrotoxicity remains the most severe vancomycin
adverse effect and is reversible. Studies showed that van-
comycin trough 20 > mcg/mL was an independent predic-
tor of  nephrotoxicity.”'®  Vancomycin-associated
nephrotoxicity is associated with increased length of hos-
pital stay, costs, and mortality.'' Results from a recent
systematic review and meta-analysis revealed that the
implementation of the recommended therapeutic levels
for vancomycin resulted in improved clinical outcomes
and lowers the risk of nephrotoxicity.'?

Studies have shown that up to 40% of ICU patients receiv-
ing vancomycin did not reach the initial therapeutic trough
level.'*'* This alarming prevalence rate necessitates under-
standing of factors that increase the odds of therapeutic van-
comycin trough levels and mortality in critically ill patients
with gram positive infections. This has become more impor-
tant as studies have demonstrated increased use of vancomycin
in the ICUs, including those in Saudi Arabia."> A standardized
loading dose can be considered as a simple and sustainable
intervention that can enhance the achievement of therapeutic
vancomycin levels in critically ill patients.'®'® In these
patients, 30-day mortality is associated with age, malignancy,
increased illness severity scores, residence in long-term care
facilities, and chronic renal failure.'*°

To our knowledge there has not been any recent study
conducted in Saudi Arabia to determine the factors affecting
reaching therapeutic levels of vancomycin and mortality rate
in ICU patients. The aim of this study was to identify factors
associated with initial therapeutic vancomycin trough levels

and mortality in the intensive care unit (ICU) at King
Abdulaziz Medical City-Riyadh (KAMC-R).

Materials and Methods

A retrospective study was conducted in adult ICU patients
(aged >18 years) who had confirmed gram-positive infec-
tions and received intravenous vancomycin between
October 1, 2017 and December 31, 2018 at KAMC-R.
The ICU at KAMC-R followed the closed unit concept,
admitted a variety of medical, surgical and trauma
patients, and were covered by board-certified intensivists
24/7. Clinical pharmacists were part of the multidisciplin-
ary rounds during the weekdays. The IRB of King
Abdullah International Medical Research Center approved
the study (IRB SP19/025/R) and waived informed consent
due to the study nature. Ethical standards complied with
the Declaration of Helsinki.

The study data were obtained from BESTCare, the
hospital information system, and included data on vanco-
mycin trough level after the fourth dose (without a loading
dose) and the third dose (with loading dose), demographic
characteristics (height, body-weight, age, and gender),
clinical characteristics (type of comorbidities, Gram-
positive organisms, the associating chronic diseases,
admission category, hemodialysis, renal function, creatine
serum, loading dose and the fluid balance alongside that of
vancomycin antibiotics, date of administration vancomy-
cin, therapeutic levels, length of ICU stay, shock types,
source of bloodstream infection, recurrence of disease,
duration of vancomycin, vancomycin trough concentra-
tions, death, date of death, the Glasgow coma scale the
Vasoactive-Inotropic and APACHE-II Score). Vancomycin
therapeutic trough levels of 15-20 mg/L for severe infec-
tions (ie, sepsis, pneumonia, meningitis, osteomyelitis, and
endocarditis) and 10-15 mg/L for less severe infections
was considered therapeutic.> All of the patients received
15-20 mg/kg (as actual body weight) as an initial dose and
some patients received a loading dose of vancomycin
25-30 mg/kg (based on actual body weight).” The out-
comes of the study were 1) achieving therapeutic level in
the initial trough level of vancomycin and 2) all cause 30-
day mortality.

A total of 456 ICU patients presented between the
study period (Figure 1). As per the study subject defini-
tion, the authors excluded 109 patients who had vancomy-
cin treatment for less than 3 days, 44 no vancomycin
trough levels readings, and two who had contaminated
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Inclusion:

1st October 2017 and December 31st 2018.
e Patients Above 18 years old.

e AllICU patients diagnosed with confirmed gram-positive infection who received vancomycin between

NS

456 records

301 records

N=155 excluded for multiple reasons:

e Used as empirical without continued treatment < 3 days (N=109).
e No available vancomycin trough reading (N=44).
e Contaminant sample according to Lab report (N=2).

Figure | The inclusion and exclusion criteria used during the screening process.

samples from the Microbiology lab report. Hence, 301
were eligible and therefore included in the analysis.

Statistical Analysis

Data were analyzed using SAS software for Windows
version 9.4 (SAS Corp., Cary, NC, USA). Data were
summarized as means with standard deviations (SD) and
frequencies with percentages as appropriate. Chi-square
test will be reported to test whether severity of infection
is associated with achieved initial vancomycin trough
levels. A stepwise binary logistic regression model was
performed to identify factors associated with initial vanco-
mycin trough levels. The effect estimate was reported as
odds ratio (OR) and adjusted odds ratio (aOR). The
Hosmer-Lemeshow test was used to assess the goodness-
of-fit of the final model. A stepwise Cox proportional
hazards regression model was constructed to identify fac-
tors associated with 30-day mortality and an effect esti-
mate was reported as a hazard ratio (HR) and adjusted
hazard ratio (aHR). All tests were two-sided and a P<0.05
was considered significant.

Results

A total 301 critically ill patients with gram-positive infec-
tions were included in the analysis. The characteristics of
the study patients are presented in Table 1. Briefly, 66.1%
were males, mean (SD) age was 60 (20) years, mean
weight was 69 kg (21.5), and 60.5% had at least one

preexisting comorbidity. At baseline, mean (SD)
APACHE 1I score was 15.9 (7.11), GCS score 9.2 (4.7),
and 64.8% received invasive mechanical ventilation. The
majority of patients (n=168, 55.8%) achieved initial ther-
apeutic vancomycin trough levels (61 patients had severe
infection, 107 had other infection); and 133 patients
(44.2%) did not achieve initial therapeutic trough levels
(39 patients had severed infection, 94 had other infection)
(P=0.201). The bar chart in Figure 2 describes patients
who reached initial therapeutic trough level by age groups.

Table 2 depicts the results of the bivariate analysis of
factors associated with the initial therapeutic vancomycin
trough levels (within range). More importantly, the factors
associated with initial vancomycin therapeutic trough levels
on the multivariable logistic regression analysis were female
gender (aOR=2.575, 95% CI=1.371-4.834), age (aOR=1.024,
95% CI=1.007-1.040), receiving a loading dose (aOR=2.445,
95% CI=1.112-5.377), having bacteremia (aOR=2.061, 95%
CI=1.139-3.729), and platelet count (aOR=1.003, 95%
CI=1.001-1.005) (Table 3). Additionally, estimated glomeru-
lar filtration rate (aOR=0.993, 95% CI=0.987-1.000) and
albumin levels (aOR=0.944, 95% CI=0.902-0.988) were
associated with lower odds of initial therapeutic vancomycin
trough levels (Table 3). The goodness-of-fit indicates that the
model fits the data well (P-value of Hosmer and Lemeshow
test=0.820).

The 30-day mortality rate of the patients were 57
(18.9%). Bivariate analysis of factors associated with the
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Table | Sample Characteristics (n=301)

risk of 30-day mortality are shown in Table 4. On multi-

Age (Years), (Mean, SD) 60 | 20 variate analysis, factors associated with the risk of 30-day
mortality were: female gender (aHR=2.630, 95%
Female, (n, %) 102 339 . 0
Weight (kg), (mean, SD) 69 215 CI=1.446-4.782), weight (aHR=1.021, 95%
Obese (body mass index>30 kg/m?), 73 243 CI=1.010-1.031), cancer (aHR=4.429, 95%
(n, %) CI=2.259-8.684), and APACHE II score (aHR=1.068,
Diabetes mellitus, (n, %) 161} 535 95% CI=1.027-1.110) (Table 5). Failure to achieve thera-
Hypertension, (n, %) 182 60.5 . . . .
Liver disease, (n, %) 3 106 pel:ltlc .1€vel was assoc1a'fed Wlth an 1nc.reased 30jday mor-
Chronic kidney disease, (n, %) 64 213 tality risk only on the bivariate analysis. According to the
Heart failure, (n, %) 49 16.4 Kaplan Meier analysis (Figure 3), the probability of survival
APACHE Il Score (mean, SD) 159 7.1 differed significantly by cancer.
Acute coronary syndrome, (n, %) 63 20.9
Admission GCS (mean, SD) 9.2 4.7
Intubated on mechanical ventilation, 195 64.8 Discussion
(n %) This research outlines the potential benefit of early van-
Shock (n, %) Any shock 95 316 comycin individualized dose in critically ill adult patients
Septic 48 15.9 with gram positive infections. In the present study, being
Cardiogenic 22 73 . . .
female, age, loading dose, bacteremia, low eGFR, high
Hypovolemic 20 6.6 . R . .
Distributi platelets, and low albumin were associated with achiev-
istributive 3 |
Obstructive 2 0.7 ing initial therapeutic vancomycin trough levels. Also,
vasoacive-inotropic score (n, %) g s | 382 l?elng female,. weight, cancer, and APziACHE II. (increased
<l 186 | 618 illness severity scores) were associated with 30-day
mortality.
Serum creatinine (umol/L), (mean, 1347 | 1273 . . .
sD) The failure to achieve a therapeutic level of vancomy-
cin is common and may be associated with treatment
B 2, [
eGFR (mL/min/1.73 m®), (n. %) :gfso Z ;Tz failure.?! Walraven et al?? found that in MRSA bacteremia
50 199 66:3 caused by endocarditis or pneumonia, vancomycin failure
was common, reaching 48.2%. Moise et al*® also illu-
Albumin (g/L), (mean, SD) 30.6 6.3 .
Platelets count (1000%10°6/L), (mean, 2659 | 1577 strated that MRSA bloodstream isolates could have
decreased sensitivity to vancomycin in vitro in patients
sD)
previously treated with vancomycin within 30 days.
Type of infection (n, %) Severe* 100 332 . . R
Less severe 201 | 68 A study suggested that initial vancomycin dose with
a loading dose for MRSA bacteremia may decrease clin-
S f -positive infecti , | B i 182 60.5 . . . . . ..
ources of gram-positive Infection (n acteremia ical failures without increasing toxicity.”* We found that
%) Respiratory 76 25.2 Lo . Lo
infection the initial vancomycin trough level was within the target
Skin infection 18 59 range in 55.8% of patients in the ICU with gram positive
Others 25 84 infections.
Organism, Staphylococeus MRSA 70 233 A standardized loading dosage can be used as a simple
(, %) aureus and safe way that can improve the acquisition of therapeu-
MSSA 13 | 375 tic vancomycin levels in critically ill patients.'®'®
Staphylococeus non 66 | 220 However, there are factors that may affect vancomycin
aureus . . .
oret dosing in the ICU. Legal and Wan® illustrated that
Streptococcus Spp 19 6.3 ) ] o )
Enterococcus Spp 24 8 young patients require more frequent administration of
Others 9 3 the vancomycin dosage than older patients. The findings
Loading dose, (n, %) 50 6 also indicated that females had more chances to reach the
Initial vancomycin levels within 168 | 558 therapeutic level as compared with males, which was
therapeutic range, (n, %) confirmed by O’Donnell et al's?® results. A study found

Notes: *Sepsis, pneumonia, meningitis, osteomyelitis, and endocarditis. patients with severe hypoalbuminemia (<25 g/L) may not
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Figure 2 Patient who reached the target trough in initial vancomycin trough by age groups.

require a loading dose to achieve the therapeutic vanco-
mycin level as they had high vancomycin trough levels

61-70

71-80

P =0.001

81-90

glomerular filtration rate has been associated with elevated
vancomycin level.?® A recent review shows an association

after vancomycin loading.”” Besides, a lower estimated between the highest trough level of vancomycin and

Table 2 Bivariate Analyses of Factors Associated with the Initial Vancomycin Trough Levels (Within Range)

Factors B SE Chi-Square P-value 95% CI for OR

OR LCL ucL
Female 1.083 0.263 16.888 0.001* 2.95 1.762 4.947
Age (years) 0.038 0.007 33.875 0.001* 1.04 1.025 1.052
Weight (kg) 0.008 0.006 2.121 0.145 1.01 0.997 1.019
Microorganism- MRSA** -0.081 0.274 0.086 0.769 0.92 0.539 1.579
Previous MDR 0.492 0311 2.507 0.113 1.64 0.889 3.011
Loading dose 0.728 0.334 4.76 0.029* 2.07 1.077 3.98
Septic shock 0.273 0319 0.73 0.393 1.31 0.703 2457
Diabetes mellitus 0.886 0.238 13.868 0.001* 243 1.521 3.864
Hypertension 1.355 0.249 29.625 0.001* 3.88 238 6313
liver disease -0.402 0.375 1.149 0.284 0.67 0.321 1.395
Cancer -0.577 0.354 2.653 0.103 0.56 0.28 1.125
Intubated on mechanical ventilation -0.109 0.244 0.199 0.655 0.9 0.556 1.446
Heart failure 0.691 0.335 4.265 0.039* 2 1.036 3.846
Acute coronary syndrome 0.849 0.308 7.62 0.006* 2.34 1.279 4.271
Asthma 0.107 0.597 0.032 0.858 111 0.345 3.589
Chronic kidney disease 0.434 0.291 2224 0.0136 1.54 0.872 2733
Bacteremia 0.588 0.239 6.067 0.014 1.8 1.128 2.873
Respiratory infection (Source) —0.67 0.268 6.231 0.013* 0.51 0.302 0.866
eGFR (mL/min/1.73 m?) —-0.012 0.003 23.654 0.001* 0.99 0.983 0.993
Serum creatinine (mmol/l) 0.004 0.001 9.083 0.003* | 1.001 1.006
Platelets (1000% 1076/L) 0.002 0.001 6.299 0.012* | | 1.004
GCs 0.044 0.025 3.035 0.081 1.05 0.994 1.099
VIS -0.268 0.122 4.844 0.028* 0.77 0.602 0.971
APACHE I Score 0.029 0.017 2.934 0.087 1.03 0.996 1.063
Albumin (g/L) —0.059 0.02 8.742 0.003* 0.94 0.906 0.98

Notes: *Significant at =0.05; ** As compared with non-MRSA microorganism.
Therapeutics and Clinical Risk Management 2020:16 submit your manuscript 983
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Table 3 Multivariate Analysis of Factors Associated with Achieve Initial Vancomycin Trough Levels (Within Range)

B SE Chi-Square P-value 95% CI for aOR

aOR LCL UCL
Intercept 0.763 1.048 0.531 0.466
Female 0.473 0.161 8.66 0.003* 2.575 1.371 4.834
Age 0.023 0.008 8.15 0.004* 1.024 1.007 1.040
Loading dose 0.447 0.201 4.942 0.026* 2.445 1.112 5.377
Bacteremia 0.362 0.151 5.719 0.017* 2.061 1.139 3.729
eGFR (mL/min/1.73 m?) —0.007 0.003 4.440 0.035* 0.993 0.987 |
Platelets (1000%1076/L) 0.003 0.001 8.733 0.003* 1.003 1.001 1.005
Albumin (g/L) —0.058 0.023 6.248 0.012%* 0.944 0.902 0.988

Notes: *Significant at ¢=0.05.

thrombocytopenia.”’ However, the platelet counts might
be a surrogate of organ dysfunction or disease severity.*
Aubron et al*' indicated that peak and trough concentra-
tion was lower in patients with severe organ dysfunction.
In this current study, we found that female gender, increas-
ing age, receiving a loading dose, having bacteremia,

platelet count, lower estimated glomerular filtration rate,
and albumin levels were associated with initial therapeutic
vancomycin trough levels.

We found that female gender, weight, cancer, and
APACHE I score were associated with 30-day mortality
in ICU patients with gram positive infections. Female

Table 4 Bivariate Analyses of Factors Associated with the Risk of 30-Day Mortality in Patients Who Received Vancomycin

B SE Chi-Square P-value 95% CI for HR

HR LCL UCL
Female 0.890 0.266 11.206 0.001* 2436 1.446 4.103
Age (years) 0.022 0.007 9.072 0.003* 1.023 1.008 1.038
Weight (kg) 0.016 0.005 12.21 0.001* 1.016 1.007 1.026
Microorganism - MRSA —0.023 0.316 0.005 0.942 0.977 0.526 1.815
Previous MDR —0.365 0.381 0917 0.338 0.694 0.329 |.465
Loading dose —0.206 0.381 0.291 0.590 0.814 0.386 1.719
Cardiogenic shock 1.139 0.364 9.777 0.002* 3.123 1.530 6.378
Diabetes mellitus 0.192 0.268 0.513 0.474 1.212 0.716 2.050
Hypertension 0.623 0.301 4.283 0.039* 1.864 1.034 3.361
Asthma 0.597 0.519 1.325 0.250 1.816 0.657 5.019
Liver disease 0.774 0.336 5311 0.021* 2.168 1.123 4.188
Cancer 1.013 0.308 10811 0.001* 2.753 1.505 5.036
Intubated on mechanical ventilation 0.756 0.325 5.408 0.020* 2.129 1.126 4.025
Heart failure 0.648 0.301 4.632 0.031* 1911 1.060 3.446
Acute coronary syndrome 0.502 0.290 3.012 0.083 1.653 0.937 2915
Chronic kidney disease 0.564 0.285 3.923 0.048* 1.758 1.006 3.074
Bacteremia —-0.123 0.268 0.211 0.646 0.884 0.523 1.496
Respiratory infection (Source) 0.064 0.301 0.046 0.831 1.066 0.591 1.923
eGFR (mL/min/1.73 m?) —0.009 0.003 9.764 0.002%* 0.991 0.985 0.996
Serum creatinine (mmol/l) 0.001 0.001 0.973 0.324 1.001 0.999 1.003
Platelets (1000 1076/L) —0.001 0.001 0.533 0.465 0.999 0.998 1.001
GCs —0.018 0.030 0.372 0.542 0.982 0.926 1.000
APACHE Il Score 0.070 0.017 16.328 0.001* 1.072 1.037 I.110
VIS —0.355 0.178 3.973 0.046* 0.701 0.494 0.994
Albumin (g/L) —0.013 0.022 0.356 0.551 0.987 0.946 1.030
Fail to reach trough level** 0.660 0.290 5.197 0.023* 1.935 1.097 3413

Notes: *Significant at ¢=0.05. **Fail to reach therapeutic range (Initial trough).
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Table 5 Multivariate Analysis of Factors Associated with the Risk of 30-Day Mortality in Patients Who Received Vancomycin

B SE Chi-Square P-value 95% CI for aHR
aHR LCL UCL
Female 0.967 0.305 10.039 0.002%* 2.63 |.446 4.782
Weight (kg) 0.020 0.005 14.812 0.001* 1.021 1.010 1.031
Cancer 1.488 0.344 18.769 0.001* 4.429 2.259 8.684
APACHE Il Score 0.066 0.020 10.857 0.001* 1.068 1.027 I.110

Notes: *Significant at ¢=0.05.

gender has been found to be an independent predictor of
ICU mortality for patients with severe sepsis.’> Having an
initial therapeutic vancomycin level was not associated
with 30-day mortality. There are many potential explana-
tions for this finding. First, we only evaluated the initial
vancomycin level; second, only one quarter of our patients
had MRSA; and, third, patients may already had been on
another antibiotic (such as a beta lactam) to which the
bacteria were susceptible.

There are several limitations in this study. These
include that a small sample size was used; the research
was conducted at a single center and was further limited to
only adult ICU population; and a retrospective design
without control group was employed. Besides, data on
concomitant antibiotics were absent, vancomycin peak

levels were not performed, and there were a lot of mon-

itoring skips. However, the current study is important as it
marks the first recent study on factors affecting reaching
therapeutic vancomycin levels in Saudi Arabia. Therefore,
future research should consider investigating the same
research objectives but with a broader scope, that is
using a larger sample size and multiple sites. Researchers
can also examine the pathogen relationship with vancomy-
cin level and also calculate the daily area under the curve
and further reassessit with the identified factors.

Conclusion

Our study found that achieving an initial therapeutic
vancomycin trough level in critically ill patients with
gram positive infection was associated with older age,
female gender, loading dose, bacteremia, high platelets
count, low estimated glomerular filtration rate, and low

Product-Limit Survival Estimates

0.6

Sunvival Probability

+ Censored
Logrank p=0.0006

15 20 25 30

Time to death

Cancer

Figure 3 30-day survival curves by cancer.
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albumin level. Factors associated with 30-day morality
for patients who received vancomycin with gram posi-
tive infection were being female, weight, cancer, and
increased APACHE II score. Markedly, cancer had the
highest impact on the patient’s survival rate. These
factors should be considered in management of criti-
cally ill patients with severe infections caused by gram
positive bacteria. Further studies with a larger sample
size and multiple sites are required to confirm our
findings.

Abbreviations
VIS, APACHE, Acute
Physiology Assessment and Chronic Health Evaluation II;

vasoactive-inotropic  score;
MYV, mechanical ventilation; MRSA, methicillin-resistant
staphylococcus aureus; MSSA, methicillin-susceptible sta-
phylococcus aureus; GCS, Glasgow coma scale.
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