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ill patients with methicillin-resistant Staphylococcus aureus 
pneumonia 

Jin Gu Yoon1#, Kyungmin Huh2#, You Min Sohn3, Hyo Jung Park3, Soo Jin Na1, Kyeongman Jeon1,4^

1Department of Critical Care Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of Korea; 
2Division of Infectious Diseases, Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic 

of Korea; 3Department of Pharmaceutical Services, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of 

Korea; 4Division of Pulmonary and Critical Care Medicine, Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of 

Medicine, Seoul, Republic of Korea

Contributions: (I) Conception and design: JG Yoon, K Huh, K Jeon; (II) Administrative support: K Jeon; (III) Provision of study materials or patients: 

JG Yoon, K Huh; (IV) Collection and assembly of data: JG Yoon, K Huh, YM Sohn, HJ Park; (V) Data analysis and interpretation: All authors; (VI) 

Manuscript writing: All authors; (VII) Final approval of manuscript: All others
#These authors contributed equally to this work.

Correspondence to: Kyeongman Jeon, MD, PhD. Division of Pulmonary and Critical Care Medicine, Department of Medicine and Critical Care 

Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 06351, Republic of Korea. 

Email: kjeon@skku.edu.

Background: Vancomycin is the treatment of choice for serious methicillin-resistant Staphylococcus aureus 
(MRSA) infections. Current guidelines recommend giving an initial loading dose (LD) of 25–30 mg/kg to 
rapidly increase the serum concentration. However, high-quality evidence for the clinical benefit of LD is 
lacking. Herein, we aim to examine the association between vancomycin LD and clinical outcome.
Methods: A retrospective cohort study was conducted on adult patients treated for MRSA pneumonia with 
vancomycin in medical intensive care units from April 2016 to August 2018. MRSA pneumonia was defined 
by the Centers for Disease Control and National Healthcare Safety Network definition. The primary 
outcome was the clinical cure of pneumonia. Secondary outcome measures included time to pharmacokinetic 
(PK) target attainment, microbiological cure, acute kidney injury, and all-cause mortality.
Results: A total of 81 patients were included; of these 22 (27.2%) received LD. The mean initial dose was 
significantly higher in the LD group. Clinical cure was similar in both groups (68.2% vs. 66.1% in the LD 
and non-LD groups, respectively; P=0.860). No significant difference was observed in the microbiological 
cure, all-cause mortality, and incidence of acute kidney injury. Furthermore, no difference was observed in 
terms of time to PK target attainment (69.2 vs. 63.4 h in the LD and non-LD groups, respectively; P=0.624). 
Vancomycin minimum inhibitory concentration of <2 mg/L was identified as an independent predictive 
factor for clinical cure in multivariable analysis, whereas vancomycin LD was not.
Conclusions: Initial LD is not associated with better clinical outcome or rapid pharmacological target 
attainment in critically ill patients with MRSA pneumonia. Further studies are warranted to provide better 
evidence for this widely recommended practice.
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is one of 
the most frequently identified pathogens causing hospital-
acquired pneumonia (HAP) and ventilator-associated 
pneumonia (VAP) worldwide (1-3). In critically ill patients, 
MRSA pneumonia is associated with significant morbidity 
and mortality (4,5). Vancomycin is a drug of choice for 
serious MRSA infections and has been widely used as an 
empirical and definitive antibiotic in critically ill patients. 
However, complicated pharmacokinetic/pharmacodynamic 
(PK/PD) parameter of the drug led to controversies on 
optimal drug dosage and interval (6). The most accurate 
PK/PD indicator for effective bacterial killing by 
vancomycin is known to be an area under the curve (AUC) 
to minimum inhibitory concentration (MIC), as AUC/MIC 
≥400 has been shown to be associated with better clinical 
outcomes (7,8). However, multiple measurements of peak 
and trough concentration is required to estimate AUC/
MIC, making it less practical in real-world settings. In 
practice, vancomycin serum trough concentration (Ctrough) 
of 15–20 mg/L has been widely used as a surrogate marker 
for the ideal AUC/MIC level (9).

The previous guideline on the dosage and monitoring 
of vancomycin commonly recommend an initial loading 
dose (LD) of 25–30 mg/kg actual body weight (ABW) to 
achieve rapid attainment of target concentration in critically 
ill patients (9), although the dose has been changed to  
20–35 mg/kg in the recent guideline (10). Several 
pharmacological studies have shown that the initial LD of 
vancomycin is associated with more rapid attainment of 
target Ctrough in critically ill patients, which in theory may 
reduce the chance of treatment failure and emergence of 
resistance (11-13). However, direct evidence showing that 
vancomycin LD improves clinical outcome, especially in 
critically ill patients with MRSA pneumonia, are lacking 
(14,15). In addition, vancomycin LD might cause more 
nephrotoxicity than conventional dose in patients with 
higher risk for kidney injury, which is a particularly 
important concern in intensive care units (ICUs) (16). The 
pharmacological action of vancomycin would be even more 
complicated in critically ill patients, as increased volume of 
distribution and augmented or decreased renal clearance 
may substantially alter the PK/PD profiles of antibiotics (17).  
Thus, evidence on the effect of vancomycin LD on clinical 
outcomes are urgently needed.

Herein, we aim to examine whether the initial LD of 
vancomycin is associated with improved clinical outcome 

in critically ill patients with microbiologically confirmed 
MRSA pneumonia. In addition, the PK target attainment 
evaluated by Ctrough and incidence of nephrotoxicity between 
LD and non-LD groups were investigated. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/jtd-20-
2243).

Methods 

Study design and population

This observational study was conducted at Samsung Medical 
Center (a 1,989-bed, university-affiliated, tertiary referral 
hospital in Seoul, South Korea) between April 2016 and 
August 2018. Adult patients diagnosed with HAP or VAP 
caused by MRSA and treated with intravenous vancomycin 
in medical ICUs were retrospectively reviewed. Patients 
were included if all the following conditions were satisfied: 
(I) admitted to the ICU, (II) MRSA was identified from 
lower respiratory specimen (sputum, tracheal aspiration, and 
bronchoalveolar lavage) as a pathogen in microbiological 
tests, and (III) received intravenous vancomycin for the 
treatment of pneumonia for at least 72 h.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The 
Institutional Review Board at Samsung Medical Center 
approved the study (IRB No. 2018-05-184) and waived 
the requirement for informed consent because of the 
observational nature of the study. All patient records and 
data were anonymized and de-identified before analysis.

Diagnosis of pneumonia and microbiological tests

Pneumonia was diagnosed when a new and progressive 
pulmonary infiltrate on chest radiography was accompanied 
by clinical evidence, including fever, purulent sputum, 
leukocytosis, or decrease in oxygenation (18). HAP was 
defined as pneumonia that developed more than 48 h after 
admission. VAP was defined as pneumonia that developed 
more than 48 h after endotracheal intubation.

If a patient was diagnosed with pneumonia, respiratory 
specimens for quantitative culture were obtained before 
initiation of new antibiotics. Respiratory specimens included 
sputum, transtracheal aspirate, bronchoalveolar lavage fluid, 
and pleural fluid. The Clinical and Laboratory Standards 
Institute interpretive criteria were used to determine 
antimicrobial susceptibilities. Follow-up cultures were 
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performed at least 72 h after the initiation of vancomycin 
treatment to assess the microbiological response. The 
minimum inhibitory concentration (MIC) of MRSA 
isolates was determined by broth microdilution (VITEK 2, 
bioMérieux, France).

Treatment regimen

In the hospital, before the hospital guidelines were 
established, patients received intravenous vancomycin 
using a physician-selected vancomycin dosage regimen 
without an LD. As the guidelines for vancomycin dosing 
were developed in April 2017, physicians used an LD to 
attain target trough serum vancomycin levels earlier, based 
on the individual physician’s discretion (9). The hospital’s 
guidelines recommended an LD of 25 mg/kg followed by 
15–20 mg/kg every 12 h and then adjusted for the target 
Ctrough of 15–20 mg/L. LD never exceeded 2,000 mg even 
if the patient weighed more than 80 kg. For patients 
with impaired renal function [creatinine clearance (CrCl)  
<50 mL/min/1.73m2], the maintenance dose was adjusted 
on the concentration at 12 h after LD. Vancomycin 
concentrations were analyzed using a kinetic interaction 
of microparticles in a solution (cobas c702 module, Roche 
Diagnostics GmbH, Germany). However, the frequency of 
Ctrough was left to the clinical pharmacist’s discretion during 
the ICU multidisciplinary team rounding.

Data collection and outcome measures

Clinical, laboratory, and outcome data were collected 
by a retrospective review of electronic hospital records. 
Demographic data, including age, sex, body mass index 
(BMI), comorbidity, immune state, sequential organ 
failure assessment score, and antibiotic susceptibility, were 
recorded on the day of first administration of intravenous 
vancomycin. Data on the use of concomitant nephrotoxic 
agents and other antibiotics and the initiation of renal 
replacement therapy (RRT) during intravenous vancomycin 
therapy were also collected. Baseline CrCl was calculated by 
Cockcroft-Gault and Modification of Diet in Renal Disease 
equations (19).

The primary outcome was the clinical cure of MRSA 
pneumonia, which was defined as the improvement 
of all signs and symptoms associated with pneumonia, 
including fever, laboratory abnormalities (leukocytosis 
and elevated C-reactive protein),  and pulmonary 
infiltrates on chest radiographs. The clinical response 

of all patients was assessed by two authors who were not 
aware of which treatment was given to the patient. In 
the event of a discrepancy, two reviewers discussed and 
reached a consensus. The secondary outcomes included 
microbiological cure defined as the absence of MRSA in 
the final culture of specimens during hospitalization, time 
to PK target attainment calculated as the time between 
the first dose of vancomycin and the first measurement 
of Ctrough >15 μg/mL, nephrotoxicity during vancomycin 
therapy, initiation of RRT, and mortalities. Nephrotoxicity 
was defined as a risk, injury, failure, loss of kidney function, 
and end-stage kidney disease classification of injury or 
more, with injury defined as a greater than twofold increase 
in serum creatinine, a greater than 50% reduction in 
glomerular filtration rate compared to the value at the start 
of treatment, or oliguria (≤0.5 mL/kg/h) for ≥12 h (20,21). 
Patients on RRT at the time of intravenous vancomycin 
initiation were excluded from nephrotoxicity analysis.

Statistical analysis

Data are presented as median with interquartile range (IQR) 
for continuous variables and number (%) for categorical 
variables. Data were compared using χ2 or Fisher’s exact 
test for categorical variables and Student’s t-test or Mann-
Whitney test for continuous variables, as appropriate. 
Logistic regression analysis was performed to identify 
the variables associated with clinical outcomes. Variables 
with P<0.2 on univariate analyses (22), as well as a priori 
variables that were clinically relevant, were entered into 
a multiple logistic regression model in which early target 
attainment within 48 h, clinical cure, or acute kidney injury 
was the outcome variable of interest. Odds ratios (ORs) with 
95% confidence intervals (95% CIs) were calculated. For 
the subgroup analysis of patients with CrCl >30 mL/min,  
each case in LD group was matched to a control in non-LD 
group by a CrCl with a caliper of 15 mL/min. All tests were 
two-tailed and P<0.05 was considered significant. SPSS 
Statistics version 25 (IBM, Armonk, NY, USA) were used 
for analysis.

Results

Baseline clinical characteristics

Of the 81 patients who were eligible for analysis, 22 (27.2%) 
patients received vancomycin LD. The baseline clinical 
characteristics of LD and non-LD groups are summarized 
in Table 1. LD group had better renal function at baseline 
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Table 1 Baseline characteristics of critically ill patients with or without vancomycin loading dose for MRSA pneumonia

Characteristics LD group (n=22) Non-LD group (n=59) P value

Age, years 63 (58–70) 65 (59–75) 0.269

Male 16 (72.7) 42 (71.2) 0.891

Weight 58.1 (46.0–70.0) 60.0 (53.5–59.50 0.251

BMI, kg/m2 22.0 (17.3–24.1) 22.7 (20.3–25.0) 0.207

CRP, mg/dL 11.1 (5.0–17.7) 8.2 (4.2–14.2) 0.373

Serum lactate, mmol/dL 1.5 (1.1–2.0) 1.6 (1.2–2.6) 0.330

Blood urea nitrogen 21.6 (15.6–24.7) 28.0 (19.4–44.4) 0.013

Serum creatinine 0.7 (0.5–0.9) 1.0 (0.7–1.8) 0.003

Estimated GFR by MDRD, L/min/1.73 m2 108.4 (79.6–130.9) 68.2 (28.4–110.1) 0.003

CrCl by Cockroft-Gault, L/min/1.73 m2 87.9 (57.7–120.9) 57.1 (29.8–103.6) 0.015

Comorbidities

Diabetes 7 (31.8) 17 (28.8) 0.792

Cardiovascular disease 3 (13.6) 14 (23.7) 0.377

Cerebrovascular disease 0 (0.0) 9 (15.3) 0.105

Chronic lung disease 5 (22.7) 7 (11.9) 0.292

Chronic kidney disease 0 (0.0) 9 (15.3) 0.105

Dialysis 0 (0.0) 1 (1.7) >0.999

Chronic liver disease 2 (9.1) 8 (13.6) 0.720

Solid cancer 2 (9.1) 16 (27.1) 0.132

Hematological malignancy 2 (9.1) 2 (3.4) 0.297

Solid organ transplant 1 (4.5) 2 (3.4) >0.999

Autoimmune disease 3 (13.6) 2 (3.4) 0.121

Immunosuppressant use 6 (27.3) 6 (10.2) 0.078

Recent hospitalization 15 (68.2) 34 (57.6) 0.387

Clinical status on vancomycin initiation

Mechanical ventilation 21 (95.5) 57 (96.6) >0.999

CRRT 4 (18.2) 17 (28.8) 0.331

Status of post-CPR 0 (0.0) 4 (6.8) 0.570

ECMO 4 (18.2) 4 (6.8) 0.203

Vancomycin MIC 0.408

<0.5 7 (31.8) 13 (22.0)

1 14 (63.6) 38 (64.4)

2 1 (4.5) 8 (13.6)

Bacteremia 3 (13.6) 7 (11.9) >0.999

Polymicrobial infection 9 (40.9) 18 (30.5) 0.377

Concomitant antibiotics

Colistin 11 (50.0) 11 (18.6) 0.005

Piperacillin/tazobactam 7 (31.8) 21 (35.6) 0.751

Values are median with interquartile range or n (%). MRSA, methicillin-resistant Staphylococcus aureus; CRP, C-reactive protein; GFR, 
glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; CrCl, creatinine clearance; CRRT, continuous renal replacement 
therapy; CPR, cardiopulmonary resuscitation; ECMO, extracorporeal membrane oxygenation; MIC, minimum inhibitory concentration.
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compared to non-LD group. However, the prevalence 
of chronic kidney disease or dialysis was not significantly 
different between the two groups. Needs for organ support, 
including mechanical ventilation, RRT, and extracorporeal 
membrane oxygenation, and the severity of pneumonia 
were similar between the two groups. The distribution of 
vancomycin MIC of MRSA isolates was also comparable 
between the two groups. However, colistin was co-
administered more frequently in LD group compared to 
non-LD group (50.0% vs. 18.6%, P=0.005).

Vancomycin treatment

LD group received a significantly higher initial dose of 
vancomycin [24.4 (21.6–25.5) vs. 15.2 (12.1–17.5) mg/kg 
ABW, P<0.001; Table 2]. The timing of subsequent Ctrough 
measurements did not differ significantly between the two 
groups. Despite 1.6 times higher mean weight-based dose 
of the first vancomycin, LD group did not reach PK target 
earlier compared to non-LD group (Table 3). Both groups 
showed similar median time to target attainment [54 h (24–110)  
vs. 60 h (24–93), P=0.981] and proportion of patients 
attaining target within 24 h (28.6% vs. 30.9%, P=0.843). In 
a multiple logistic regression model for variables associated 

with early target attainment within 48 h from the initial 
vancomycin dose, lower CrCl (adjusted OR 0.98, 95% 
CI: 0.97–0.99, P=0.003) was identified as an independent 
predictive factor (Table 4). However, vancomycin LD was 
only marginally associated with early target attainment 
(adjusted OR 2.76, 95% CI: 0.84–9.07, P=0.096).

Clinical outcomes

Clinical outcomes were also similar between the two 
groups. The primary outcome of clinical cure was not 
significantly better in LD group compared to non-LD 
group (68.2% vs. 66.1%, P=0.860). Two groups showed 
comparable microbiological cure rates (72.7% vs. 86.4%, 
P=0.188). However, 90-day mortality tended to be higher 
in LD group than in non-LD group (36.4% vs. 18.6%, 
P=0.094), although ICU mortality was not different 
between the two groups (18.2% vs. 15.3%, P=0.742). 
The results of univariable and multivariable analyses with 
the multiple logistic regression model for the probability 
of clinical cure are presented in Table 5. After adjusting 
for potential confounding factors, vancomycin MIC  
<2 mg/dL was independently associated with clinical cure 
(adjusted OR 0.19, 95% CI: 0.04–1.00, P=0.050), whereas 

Table 2 Vancomycin dose and Ctrough measurement between loading dose (LD) and non-LD groups

Characteristics LD group (n=22) Non-LD group (n=59) P value

First dose of vancomycin

Median dose per weight, mg/kg 24.4 (21.6–25.5) 15.2 (12.1–17.5) <0.001

Groups by median dose per weight, mg/kg <0.001

<15 0 (0.0) 29 (49.2)

15–20 2 (9.1) 23 (39.0)

20–25 14 (63.6) 7 (11.9)

25–30 5 (22.7) 0 (0.0)

>30 1 (4.5) 0 (0.0)

Timing of trough measurement after initial dose, days

Firsta 0.5 (0.4–0.5) 0.5 (0.5–0.5) 0.283

Secondb 2 (1–2) 2 (2–2) 0.594

Thirdc 3 (3–3) 3 (3–3) 0.553

Fourthd 4 (4–4) 4 (4–5) 0.823

Fifthe 5 (5–6) 5 (5–6) 0.885

Values are median with interquartile range or n (%). an=22 and 54, respectively; bn=21 and 53, respectively; cn=21 and 49, respectively; 
dn=19 and 47, respectively; en=16 and 44, respectively.
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Table 3 Proportion of pharmacokinetic target (trough concentration >15 mg/L) attainment between vancomycin loading dose (LD) and non-LD 
groups

Characteristics LD group (n=22) Non-LD group (n=59) OR (95% CI) P value

Time to target attainment, h 54 (24–110) 60 (24–93) NA 0.981

Target attainment within 24 h 6 (28.6) 17 (30.9) 0.89 (0.30–2.70) 0.843

Target attainment within 48 h 10 (47.6) 22 (40.0) 1.36 (0.50–3.75) 0.547

Values are median with interquartile range or n (%). OR, odds ratio; CI, confidence interval

Table 4 Univariable and multivariable analyses with logistic regression model for probability of pharmacokinetic target (≥15 mg/L) attainment 
within 48 h

Variables
Univariable Multivariable

OR (95% CI) P value Adjusted OR (95% CI) P value

Age, per year NA 0.291

Sex, female 0.93 (0.34–2.55) 0.893

Vancomycin LD 1.36 (0.50–3.75) 0.547 2.76 (0.84–9.07) 0.096

CrCl by Cockroft-Gault NA 0.001 0.98 (0.97–0.99)* 0.003

CRRT 1.17 (0.42–3.29) 0.760

ECMO 1.43 (0.33–6.20) 0.714

OR, odds ratio; CI, confidence interval; LD, loading dose; CrCl, creatinine clearance; CRRT, continuous renal replacement therapy; ECMO, 
extracorporeal membrane oxygenation. *Per each mL/min increase.

Table 5 Univariable and multivariable analyses with logistic regression model for probability of clinical cure

Variables
Univariable Multivariable

OR (95% CI) P value Adjusted OR (95% CI) P value

Age, per year N/A 0.486 0.97 (0.93–1.01) 0.109

Sex, female 1.20 (0.43–3.40) 0.727 1.52 (0.47–4.94) 0.484

Vancomycin LD 1.10 (0.39–3.13) 0.860 0.91 (0.27–2.99) 0.870

Target attainment in 48 h 0.83 (0.30–2.24) 0.706

Cardiovascular disease 2.80 (0.73–10.76) 0.123 4.79 (0.99–23.17) 0.051

Mechanical ventilation 1.00 (0.87–11.54) >0.999

CRRT 0.33 (0.12–0.93) 0.031 0.31 (0.09–1.04) 0.058

Status of post-CPR 0.48 (0.06–3.61) 0.597

ECMO 0.46 (0.11–2.00) 0.431

Vancomycin MIC

≤1 Reference Reference

2 0.21 (0.05–0.90) 0.054 0.19 (0.04–1.00) 0.050

Bacteremia 0.28 (0.07–1.10) 0.076 0.31 (0.07–1.40) 0.128

OR, odds ratio; CI, confidence interval; LD, loading dose; CRRT, continuous renal replacement therapy; CPR, cardiopulmonary resuscitation; 
ECMO, extracorporeal membrane oxygenation; MIC, minimum inhibitory concentration
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vancomycin LD was not (adjusted OR 0.91, 95% CI:  
0.27–2.99, P=0.870).

Acute kidney injury tended to be higher in LD group 
compared to non-LD group (45.5% vs. 28.8%, P=0.158), 
while the difference was not statistically significant. In a 
multiple logistic regression model for variables associated 
with acute kidney injury, colistin use (adjusted OR 4.72, 
95% CI: 0.94–23.83, P=0.060) and higher serum lactate 
(adjusted OR 1.39/mmol/L, 95% CI: 0.95–2.05, P=0.095) 
were marginally associated. However, vancomycin LD was 
not associated with increased risk of acute kidney injury.

Subgroup analysis

As LD group had a significantly higher baseline CrCl, 
the possibility that a higher renal clearance negated a 
potential benefit of vancomycin LD was considered. Thus, 
a subgroup analysis was conducted after excluding patients 
with baseline CrCl ≤30 mL/min. Baseline CrCl was similar 
between the two groups after matching by CrCl. Weight-
based dose was still significantly higher in LD group  
[24.5 (22.3–25.8) vs. 14.9 (12.7–18.7) mg/kg ABW, P<0.001; 
Table S1]. However, time to PK target attainment and clinical 
outcome measures, including acute kidney injury, were not 
different between the two groups (Tables S2 and S3).

Discussion

The objective of this study was to evaluate an association of 
initial LD of vancomycin with improved clinical outcome 
in critically ill patients with microbiologically confirmed 
MRSA pneumonia. Although there was a higher initial 
dose of vancomycin administrated in LD group compared 
to non-LD group, there was neither significant difference 
in time to PK target attainment nor clinical cure of MRSA 
pneumonia between the two groups.

The current recommendation of initial vancomycin LD 
is based on PK studies and expert opinions (6,9), but high-
quality data to guide the use of vancomycin LD are lacking (14).  
Previous PK studies reported that vancomycin LD has 
significant advantage in rapid attainment of PK without 
increased risk of adverse events (11,12,23). However, to 
the authors’ best knowledge, there is no comparative study 
evaluating the clinical benefit of vancomycin LD for MRSA 
pneumonia in critically ill patients to a control group. A 
recent retrospective cohort study by Jeon et al. showed 
that an initial daily dose of vancomycin (<40 mg/kg) was 
independently associated with the non-responsiveness of 

MRSA pneumonia in hospitalized patients (24). However, 
the study evaluated daily doses of vancomycin on the first 
day in patients with MRSA pneumonia and compared 
them by clinical responsiveness. In addition, the majority 
of patients received the initial daily dose of vancomycin 
(<40 mg/kg) and the mean daily dose was not different 
between responders and non-responders. In the present 
study, the clinical outcomes in patients who received 
vancomycin LD were compared to those who did not, and 
vancomycin LD did not lead to significant improvements in 
clinical outcomes. There are several potential explanations 
for the observations in this study. First, the initial LD 
of vancomycin did not lead to more rapid attainment of 
target Ctrough, which has been widely regarded as a surrogate 
indicator of optimal AUC/MIC. This is likely to be the 
most important mechanism behind the observed similar 
clinical outcomes between LD and non-LD groups, as 
PK target attainment might be an intervening variable 
on the causal pathway from vancomycin LD to clinical 
outcome of MRSA pneumonia. Second, the proportion 
of subjects who reached PK target within 24 h in non-LD 
group (30.9%) was higher than those reported in previous 
studies (12,14,25). Interestingly, most patients (88.9%) in 
this study had their first Ctrough checked before the second 
or third dose of vancomycin, as the frequency of Ctrough 
was left to the clinical pharmacist’s discretion during the 
ICU multidisciplinary team rounding. More frequent tests 
than commonly recommended (before the fourth dose) 
might have helped patients in non-LD group reach PK 
target faster than would have reached otherwise (9,26). In 
addition, baseline renal function was significantly better 
in LD group, so there is a possibility that higher renal 
clearance of vancomycin might have negated the benefit 
of a higher initial dose and resulted in a similar serum 
concentration. However, in a subgroup analysis of subjects 
with CrCl > 30 mL/min matched by CrCl, there was no 
significant difference in time to PK target attainment 
and clinical outcomes between the two groups. Thus, it 
was unlikely that the difference in baseline renal function 
exerted a significant effect in the results of this study.

Furthermore, rapid PK target attainment was also 
not associated with clinical outcome in this study. Time 
to target attainment and the proportion of patients who 
reached PK target within 48 h was not significantly different 
between patients with or without clinical cure (Table 5). 
The clinical outcome of critically ill patients is determined 
by numerous factors, including comorbidities, severity of 
infection and organ failure, non-antibiotic treatment, and 

https://cdn.amegroups.cn/static/public/JTD-20-2243-supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-20-2243-supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-20-2243-supplementary.pdf
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complications. Any single pharmacological intervention is 
unlikely to improve outcome dramatically in these severely 
ill patients, which has been demonstrated repeatedly (27). 
In addition, most clinical studies on vancomycin LD and 
clinical outcome were conducted in patients with bacteremia 
or septic shock, not with pneumonia (14,15). Therefore, 
the added benefit of even faster target attainment might 
be too small to be detected, although the PK target was 
attained earlier in the subjects of this study compared to 
those in previous studies. In addition, previous studies have 
demonstrated that Ctrough may not be an optimal surrogate 
for AUC values (28,29). Therefore, the recent revised 
guideline on therapeutic monitoring of vancomycin no 
longer recommend through-only monitoring (10).

Lower vancomycin MIC of MRSA was the only 
independent predictive factor for clinical cure in this study, 
which is in concordance with previous studies (30,31). It was 
suggested that vancomycin LD might be more helpful in 
cases with higher vancomycin MIC. However, a subgroup 
analysis could not be performed, as only nine patients were 
infected with MRSA isolates with MIC of 2 mg/L. Future 
studies on infections caused by isolates with MIC >1.5 mg/L  
may clarify the effect of vancomycin LD in this situation.

Many clinicians have a traditional fear of nephrotoxicity 
to give vancomycin LD (32). Critically ill patients are of 
particular concern, as they often harbor multiple risk factors 
for kidney injury. Also, in this study, patients in non-LD 
group had significantly worse baseline renal function, so it 
could be assumed that physicians avoided vancomycin LD 
in patients with impaired renal function due to concern 
for nephrotoxicity. However, no association was observed 
between vancomycin LD and risk for acute kidney injury. 
Patients in LD group showed nominally higher incidence 
of acute kidney injury, but the difference did not reach 
statistical significance. Vancomycin LD was not associated 
with acute kidney injury in multivariable analysis.

Although this study provided additional information 
on the clinical benefit of vancomycin LD in critically 
ill patients with MRSA pneumonia, there are several 
limitations that should be acknowledged. First, the 
sample size was relatively small. Thus, the results are 
underpowered to rule out the possibility of small difference 
in clinical outcome measures by vancomycin LD. Second, 
this was a retrospective study and the decision to use 
LD was at the discretion of treating physicians. Despite 
institutional protocol for vancomycin LD, uptake of this 
recommendation had been poor at the authors’ institution 
possibly due to clinicians’ unfamiliarity with weight-based 

LD. The authors tried to reduce the effect of potential bias 
and the difference in baseline characteristics by adjusted 
multivariate analysis. However, the potential for bias due to 
an unmeasured confounder remains. Third, although the 
most accurate PK/PD indicator for effective bacterial killing 
by vancomycin is known to be an AUC/MIC (8,33-35),  
AUC/MIC was not be measured. However, multiple 
measurement of peak and trough concentration is required 
to estimate AUC/MIC, making it less practical in real-
world settings. Ctrough was the only PK parameter that 
could be obtained, and it cannot be ascertained that Ctrough 
reflected AUC closely in the population of this study. Last, 
some cases of polymicrobial infection have been included 
in our study, and it suggests the possibility that antibiotics 
other than vancomycin may affect clinical outcomes. 
However, the proportion of polymicrobial infection and 
microbiological cure rate were comparable between the two 
groups.

Conclusions

In conclusion, an initial LD of vancomycin was not 
associated with higher chance of clinical cure or more 
rapid attainment of PK target in critically ill patients with 
MRSA pneumonia. Further studies with prospective design 
are warranted to provide clearer evidence on the widely 
adopted practice of vancomycin LD in this population.
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Table S1 Vancomycin dose and Ctrough measurement between vancomycin loading dose (LD) and non-LD groups in subgroup analysis with 
patients who had creatinine clearance (CrCl) of >30 mL/min and were matched by CrCl

Characteristics LD group (n=20) Non-LD group (n=20) P value

CrCl by Cockroft-Gault 87.9 (57.4–112.9) 84.6 (56.7–112.9) 0.947

First dose of vancomycin

Median dose per weight, mg/kg 24.5 (22.3–25.8) 14.9 (12.7–18.7) <0.001

Groups by median dose per weight, mg/kg

<15 0 (0.0) 10 (50.0) <0.001

15–20 2 (10.0) 7 (35.0)

20–25 12 (60.0) 3 (15.0)

25–30 5 (25.0) 0 (0.0)

>30 1 (5.0) 0 (0.0)

Values are median with interquartile range or n (%).

Table S2 Proportion of pharmacokinetic target (trough concentration ≥15 mg/L) attainment between vancomycin loading dose (LD) and non-
LD groups in subgroup analysis with patients who had creatinine clearance (CrCl) of >30 mL/min and were matched by CrCl

Characteristics LD group (n=20) Non-LD group (n=20) P value

Time to target attainment, h 48 (24–108) 42 (24–93) 0.845

Target attainment within 24 h 6 (31.6) 8 (44.4) 0.420

Target attainment within 48 h 10 (52.6) 10 (55.6) 0.858

Values are median with interquartile range or n (%). OR, odds ratio; CI, confidence interval.

Table S3 Clinical outcomes between vancomycin loading dose (LD) and non-LD groups in subgroup analysis with patients who had creatinine 
clearance (CrCl) of >30 mL/min and were matched by CrCl

Outcomes LD group (n=20) Non-LD group (n=20) OR (95% CI) P value

Clinical cure 14 (70.0) 12 (60.0) 1.56 (0.42–5.76) 0.507

Microbiological cure 14 (70.0) 17 (85.0) 0.41 (0.09–1.95) 0.451

ICU mortality 4 (20.0) 4 (20.0) 1.00 (0.21–4.71) >0.999

90-day mortality 8 (40.0) 5 (25.0) 2.00 (0.52–7.72) 0.311

Adverse drug reaction 9 (45.0) 7 (35.0) 1.52 (0.43–5.43) 0.519

Acute kidney injury 9 (45.0) 7 (35.0) 1.52 (0.43–5.43) 0.519

OR, odds ratio; CI, confidence interval; ICU, intensive care unit.
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