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Aims: To evaluate clinical outcomes and allocation of hospital costs associated with empirical
use of vancomycin or linezolid for hospital-acquired pneumonia (HAP) in the People’s Republic
of China.
Methods: Hospital episodes including HAP treated by vancomycin or linezolid between 2008
and 2012 in a Chinese tertiary care hospital were retrospectively identified from hospital administrative databases. Propensity score methods created best-matched pairs for the antibiotics.
The matched pairs were used for adjusted comparisons on clinical response and allocation of
hospital costs. Multiple regression analyses adjusting residual imbalance after matching were
performed to confirm adjusted comparisons.
Results: Sixty matched pairs were created. Adjusted comparisons between vancomycin and
linezolid showed similar clinical response rates (clinical cure: 30.0% versus 31.7%, respectively;
P=0.847; treatment failure: 55.0% versus 45.0%, respectively; P=0.289) but a significantly
lower in-hospital mortality rate for vancomycin (3.3% versus 18.3%, respectively; P=0.013).
After further adjusting for the imbalanced variables between matched treatment groups, the
risks of treatment failure associated with the two antibiotics were comparable (odds ratio: 1.139;
P=0.308) and there was a nonsignificant trend of lower risk of in-hospital mortality associated with vancomycin (odds ratio: 0.186; P=0.055). The total hospital costs associated with
vancomycin had a nonsignificant trend of being lower, likely because of its significantly lower
acquisition costs (median: RMB 2,880 versus RMB 8,194; P,0.001; 1 RMB =0.16 USD).
Conclusion: In tertiary care hospitals in the People’s Republic of China, empirical treatment
of patients with HAP with vancomycin had a comparable treatment failure rate but likely had a
lower in-hospital mortality rate when compared with linezolid. Vancomycin also costs significantly less for drug acquisition than linezolid when treating HAP empirically.
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Hospital-acquired pneumonia (HAP) is the second most common nosocomial infection, occurring in 0.5%–2% of general hospital admissions1,2 and in 15%–20% of
patients in intensive care units,3 likely because of the prevalent use of mechanical
ventilation. HAP is a life-threatening condition that is associated with increased
in-hospital mortality of 22%–60%.4 With extended hospital length of stay and
an increasing number of patients with multidrug-resistant HAP, treating HAP is
expensive. One episode of HAP has been shown to increase hospitalization costs by
up to USD 40,000 in the USA.5
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The incidence of HAP in Chinese tertiary care hospitals
ranges from 5.9% in general hospitalized patients6 to 28.2%
in critically ill patients. 7 Overall mortality in Chinese
patients with diagnosed HAP was reported as 25.3%.8
Of the reported deaths, Pseudomonas aeruginosa and
Staphylococcus aureus infections accounted for 70.6%
and 66.7% of cases, respectively. Differences have been
observed in the causative pathogens patterns associated
with HAP in the People’s Republic of China compared to
Western countries, with more than half of Chinese patients
with HAP caused by Gram-negative pathogens.7,8 As a
result, it is expected that Chinese patients might respond
differently to the empirical use of different antibiotics.
Vancomycin and linezolid are the first-line treatments
for methicillin-resistant S. aureus (MRSA),1 and with the
increasing risk of HAP caused by MRSA,9 the empirical
use of vancomycin and linezolid for HAP is becoming
commonplace in the People’s Republic of China. However,
because the HAP causative pathogen(s) is not routinely
identified in Chinese tertiary care hospitals, the empirical
use of vancomycin and linezolid for suspected MRSA
infection is common. There is a paucity of evidence concerning the use of vancomycin and linezolid in the People’s
Republic of China for the treatment of difficult HAP under
routine clinical practice. Thus, to address the current evidence gap, this retrospective cohort study was conducted
using a hospital administrative database to collect information from routine clinical use of vancomycin and linezolid
for patients with HAP and compare their associated impact
on clinical outcomes and health resource utilization.

Patients and methods
A representative tertiary care hospital in Shanghai, People’s
Republic of China was selected to conduct this retrospective
cohort study. The study observation time was set from January
1, 2008 to February 28, 2012, which was the time period that
both vancomycin and linezolid had hospital prescription records
and were available for use at the hospital.

Identifying eligible hospital episodes
Linked hospital administrative databases, using a unique
patient identifier, were used to identify eligible hospital
episodes with occurrence of HAP. The hospital prescription
database was searched using the key words “vancomycin”
and “linezolid” during the study observation time. The
hospital radiological examination database was further interrogated for any chest radiograph or computed tomography
reports containing the key words for radiological signs for
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pneumonia including infiltrate, consolidation, and/or pleural
effusion. The hospital admission registry database was interrogated to exclude hospital episodes with a diagnosis of
pneumonia at hospital admission, age younger than 18 years,
or survival time less than 72 hours. The hospital prescription
database was also accessed to exclude hospital episodes with
a treatment duration of vancomycin or linezolid that was less
than 48 hours. To control the heterogeneity associated with
the highly varied admission diagnoses, the study cohort only
included hospital episodes with admission diagnoses ranked
in the top ten in distribution for the two antibiotics.

Data extraction
All eligible hospital episodes were identified within the hospital administrative databases, and the necessary information
was extracted. The hospital admission registry database was
used to extract patient demographic information, including
age, gender, health insurance plan, hospital admission diagnosis, hospital admission and discharge dates, and vital status
at hospital discharge. The hospital radiological examination
database was used to collect information on the radiological
signs for pneumonia. The hospital drug prescription database was used to extract information on specified antibiotics
between the first diagnosis of HAP and initial administration
of vancomycin or linezolid, as well as information on dosage
and treatment duration for vancomycin and linezolid, antibiotics combined with vancomycin or linezolid for treating HAP,
and any additional use of antibiotics after the treatment with
vancomycin or linezolid. The hospital discharge summary
database was used to obtain information on comorbidities,
the primary intervention for the hospital admission diagnosis,
type of hospital ward at the time of diagnosis of HAP, the
use of mechanical ventilation prior to and after a diagnosis of
HAP, signs and symptoms of pneumonia, pneumonia-related
complications, and cause of death. The hospital daily management database was used to extract information on body
temperature, pulse rate, breath frequency, blood pressure, and
arterial oxygen saturation during treatment with vancomycin
or linezolid. The hospital laboratory database was used to
extract white blood cell counts, bacteria Gram stain and culture test results, and bacteria antibiotic resistance test results
obtained during treatment. The hospital billing summary
database was used to extract billing summary information
for medications, medical examinations, medical supplies,
and other unclassified expense items. Unit prices and dosage information associated with vancomycin and linezolid
were extracted from the hospital prescription databases to
calculate the drug costs for these two antibiotics.
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Diagnosis of HAP
In this study, HAP was defined as any pneumonia diagnosed after hospital admission. The diagnosis of HAP was
established using a combination of radiological signs seen
on chest radiographs or computed tomography examination
and at least one of the following signs or symptoms prior
to initiation of treatment with vancomycin or linezolid:
auscultatory findings of pneumonia, dyspnea, tachypnea,
or hypoxemia in the hospital discharge summary; body
temperature .37.8°C; respiratory rate .30 breaths/minute;
systolic blood pressure ,90 mmHg; pulse rate $120 beats/
minute; arterial oxygen saturation ,90%; elevated total
peripheral white blood cell count .10,000 cells/mm3; and/or
positive bacterial test from cultures of respiratory tract, sputum, or blood samples.

Outcome measures
The primary clinical outcome measures used were the clinical
responses at the end of treatment. Clinical responses were
further classified as clinical cure, clinical improvement, and
treatment failure. Clinical cure was defined as the resolution
of the baseline clinical signs and symptoms of pneumonia
with improvement or lack of progression of radiographic
findings. Clinical improvement was defined if a clinical
cure was not achieved but any improvements of the baseline
signs and symptoms of pneumonia were seen at the end of
treatment. Treatment failure was defined as the persistence or
progression of the baseline signs and symptoms of pneumonia
and/or administration of another effective antibiotic because
of lack of clinical improvement from the treatment with
either of the two antibiotics of interest. Secondary clinical
outcome measures included any occurrences of pneumoniarelated complications (pulmonary edema, sepsis, infection
shock, and/or respiratory failure), pneumonia-related mortality (defined as any death caused by pneumonia-related
complications), and all-cause mortality at the end of treatment and at hospital discharge, respectively. The primary
cost outcome measures used were the hospital costs that
were classified into the acquisition costs of vancomycin or
linezolid, other medication costs, medical examination costs,
medical supply costs, and other unclassified costs.

Data analysis
Patient baseline characteristics associated with each hospital episode were summarized using descriptive statistical methods. Student’s t-test for continuous variables and
chi square test for proportional variables were performed
to identify unbalanced patient baseline characteristics
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associated with the antibiotic treatment groups. Multiple
logistic regression analysis was conducted to identify
those baseline characteristics independently predicting the
treatment selection for HAP in this tertiary care hospital.
Patients with the same primary hospital admission diagnosis
were included to perform propensity score matching and
identify the best matched pairs (1:1) for the two antibiotics using the greedy approach.10 The matched pairs for the
top ten hospital admission diagnoses were pooled to create
matched treatment groups for adjusted comparisons on
clinical effectiveness and resource consumption and costs
associated with the antibiotics.
Paired t-test and McNemar’s test were used for adjusted
comparisons on clinical responses, pneumonia-related complications, pneumonia-related mortality, and all-cause mortality.
Wilcoxon signed-rank test was performed in the adjusted comparisons on the median hospital costs because the distribution
of hospital costs was often skewed.11 To further adjust residual
imbalance of patient baseline characteristics after matching,
multiple logistic regression analyses using the generalized
estimating equation were performed to adjust those unbalanced
baseline characteristics12 and estimate the risk differences in
treatment failure at the end of treatment – pneumonia-related
in-hospital mortality and all-cause in-hospital mortality,
respectively. Multiple linear regression analyses using the generalized estimating equation were also performed to explore
any differences in the common logarithm of categorized
hospital costs between the two antibiotics after adjustment of
unbalanced baseline characteristics between the propensity
score matched treatment groups. Statistical significance was
defined as a two-sided P-value less than 0.05. The data analyses
were performed using the SAS version 9.2 statistical package
(SAS Institute Inc., Cary, NC, USA).

Results
The initial screening of the hospital prescription database
identified 3,708 hospital episodes with vancomycin prescription records and 273 hospital episodes with linezolid
prescription records. After further excluding hospital
episodes without radiological evidence for pneumonia
(n=1,841), patients with a diagnosis of pneumonia at hospital admission (n=93), those younger than 18 years (n=22),
those with a survival time less than 72 hours (n=13), or
those with less than 48 hours of treatment with vancomycin
or linezolid (n=402), 1,610 patients were included. These
were then ranked by hospital admission diagnoses and the
681 hospital episodes that were associated with the top ten
most common admission diagnoses (621 for vancomycin
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Initial screening hospital drug prescription dataset
(2008 to 2012)

Hospitalized patients containing
vancomycin prescription records
(n=3,708)
Excluded hospitalized patients
• Patients without radiologically
documented pneumonia
(n=1,778)
• Patients with diagnosed
pneumonia at hospital
admission (n=64)
• Patients with age <18
years (n=21)
• Patients deceased within
72 hours after hospital
admission (n=9)
• Vancomycin treatment <48
hours (n=372)

Excluded hospitalized patients
• Patients without radiologically
documented pneumonia
(n=63)
• Patients with diagnosed
pneumonia at hospital
admission (n=29)
• Patients with age <18
years (n=21)
• Patients deceased within
72 hours after hospital
admission (n=1)
• Linezolid treatment <48
hours (n=30)

1,464 qualified hospitalized patients

146 qualified hospitalized patients

621 hospitalized patients with top
10 admission diagnoses

60 hospitalized patients with top 10
admission diagnoses

Figure 1 Flow chart to identify eligible hospitalized patients receiving empirical treatment with vancomycin or linezolid for hospital-acquired pneumonia.

and 60 for linezolid) were included to create the study
cohort (Figure 1).

Patient’s baseline characteristics
and predictors of empirical
treatment selection
The study cohort of patients with a study-specified criteria case of HAP consisted of 621 and 60 cases who were
administered vancomycin and linezolid, respectively. These
patients had a mean age of 56.7 years and were more likely
to be men (70.6%). The most common hospital admission
diagnoses among this restricted cohort were highly related
to heart diseases (72.8%), including coronary heart disease
(23.0%), multiple valve diseases (19.7%), aortic aneurysm
and dissection (14.4%), rheumatic mitral valve diseases
(8.8%), and non-rheumatic aortic valve disorders (6.9%).
Over four out of five patients (82.5%) included in this cohort
received heart-related surgery, and mechanical ventilation was
previously or currently used in more than half of the study
cohort (55.8%). In addition, 95.7% of patients developed HAP
48 hours or longer after hospital admission and 83.7% of HAP
cases were diagnosed using a chest radiograph. The most
frequently used first-line antibiotics for HAP in this cohort
were cephalosporins (42.8%) and other β-lactams (45.2%).
454
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Hospitalized patients containing
linezolid prescription records
(n=273)
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HAP causative pathogen and antibiotics resistance were not
routinely assessed during treatment in the study cohort.
Some patient baseline characteristics were not balanced
between the two antibiotic treatment groups (Table 1). When
compared to the linezolid group, the vancomycin group was
significantly younger (mean age: 56.4 versus 60.2 years,
respectively; P=0.035), more likely to have comorbid
heart failure (23.4% versus 10.0%, respectively; P=0.015),
have a hospital admission diagnosis of multiple valve diseases (20.0% versus 3.3%, respectively; P=0.001), have
heart-related surgery (84.4% versus 36.7%, respectively;
P,0.001), and have been treated initially with cephalosporins
for HAP (43.8% versus 23.3%, respectively; P=0.002).
However, the linezolid group had significantly higher proportions of hospital admission diagnoses concerning lung or
digestive system cancers (40.0% versus 9.2%, respectively;
P,0.001), chronic obstructive pulmonary disease (5.0%
versus 1.0%, respectively; P=0.037), surgery related to
the liver (11.7% versus 2.9%, respectively; P=0.004) or
stomach (16.7% versus 2.6%, respectively; P,0.001),
symptom control management (15% versus 3.5%, respectively; P=0.001), and current use of mechanical ventilation
(46.7% versus 26.3%; P,0.001). Multiple regression
analysis further confirmed that no current use of mechanical
ClinicoEconomics and Outcomes Research 2014:6
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Table 1 Summary of patient baseline characteristics associated with empirical use of vancomycin and linezolid for treating difficult
hospital-acquired pneumonia
Treatment
Sample size
Variables

Vancomycin

Linezolid

N

Mean/%

SD

N

Mean/%

SD

Age (years)
Male
Basic medical insurance for urban residents
Out-of-pocket
Main comorbidities
 Hypertension
Heart failure
Diabetes
Atrial fibrillation
Coronary heart disease
Hospital admission diagnosis
 Coronary heart disease
Multiple valve diseases
Aortic aneurysm and dissection
Acute and subacute endocarditis
Lung or digestive system cancer
Rheumatic mitral valve diseases
Non-rheumatic aortic valve disorders
Cardiomyopathy
Myocardial infarction
Bronchoalveolitis
Main intervention for hospital admission diagnosis
 Heart surgery
Liver surgery
Stomach surgery
Symptom control
Breath status
 Spontaneous breath
Mechanical ventilation
Tracheotomy
Type of ward
 General ward
ICU
Image method for HAP diagnosis
 Chest X-ray
CT
HAP-related information
 Hospital stay length prior to HAP diagnosis (days)
Hospital stay length .48 hours prior to HAP diagnosis
Body temperature
White blood cell count
Previous use of mechanical ventilation
Antibiotics resistance test
Positive antibiotics resistance test
Previous antibiotics treatment
 Cephalosporins
Anti-pseudomonal β-lactams
Other β-lactams
Penicillins
Quinolones
Aminoglycosides
Macrolides
Treatment information
 Treatment duration (days)
Treatment dosage (mg/day)

621
437
192
422

56.4
70.4
30.9
68.0

12.7

60
44
13
43

60.2
73.3
21.7
71.7

17.3

161
145
36
36
25

25.9
23.4
5.8
5.8
4.0

12
6
3
1
1

20.0
10.0
5.0
1.7
1.7

0.355
0.015
1.000
0.240
0.720

146
124
86
77
57
56
44
13
12
6

23.5
20.0
13.9
12.4
9.2
9.0
7.1
2.1
1.9
1.0

8
2
11
4
24
2
2
2
2
3

13.3
3.3
18.3
6.7
40.0
3.3
3.3
3.3
3.3
5.0

0.077
0.001
0.335
0.293
,0.001
0.152
0.417
0.634
0.354
0.037

524
18
16
22

84.4
2.9
2.6
3.5

22
7
10
9

36.7
11.7
16.7
15.0

,0.001
0.004
,0.001
0.001

376
18
13

60.6
30.4
2.1

38
16
2

63.3
26.7
3.3

0.782
0.659
0.634

545
76

87.8
12.2

50
10

83.3
16.7

0.311
0.311

521
100

83.9
16.1

49
11

81.7
18.3

0.715
0.714

621
596
131
543
132
3
3

10.2
96.0
37.2
10.9
21.3
0.5
0.5

60
56
20
57
28
2
2

15.6
93.3
37.2
12.3
46.7
3.3
3.3

272
5
267
27
36
2
6

43.8
0.8
43.0
4.4
5.8
0.3
1.0

14
4
30
3
7
0
1

23.3
6.7
50.0
5.0
11.7
0.0
1.7

621
621

7.9
1,497.7

60
60

9.3
1,110.5

621

P-value

60

14.6
0.8
5.7

8.8
592.9

0.035
0.767
0.144
0.664

9.3

0.005
0.312
0.903
0.081
,0.001
0.064
0.064

1.0
5.5

0.002
0.005
0.340
0.741
0.090
1.000
0.477
12.6
347.9

0.287

(Continued)
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Treatment
Sample size
Variables

Vancomycin

Linezolid

621

Concomitant antibiotic treatment
 Cephalosporins
Anti-pseudomonal β-lactams
Other β-lactams
Quinolones
Penicillins
Macrolides
 Aminoglycosides
Others

P-value

60

N

Mean/%

222
6
117
54
9
5
1
87

35.8
0.9
18.8
8.7
1.5
0.8
0.2
14.0

SD

N

Mean/%

11
4
5
7
1
1
0
14

18.3
6.7
8.3
11.7
1.7
1.7
0.0
23.3

SD
0.007
0.005
0.051
0.474
0.605
0.426
1.000
0.058

Abbreviations: CT, computed tomography; HAP, hospital-acquired pneumonia; ICU, intensive care unit; SD, standard deviation.

ventilation (odds ratio [OR]: 0.200; 95% confidence interval
[CI]: 0.099–0.404; P,0.001), heart-related surgery (OR:
8.183; 95% CI: 2.538–26.388; P,0.001), and previous treatment with cephalosporins (OR: 3.747; 95% CI: 1.562–8.987;
P=0.003) were significantly and independently associated
with the selection of vancomycin versus linezolid for HAP
empirical treatment.

Creating propensity score matched
treatment groups for vancomycin
versus linezolid
One-to-one propensity score matching of the vancomycin to
the linezolid cases resulted in 60 best-matched pairs from
the initial study cohort (Figure 2). The average dosages

of vancomycin and linezolid in the matched patients were
1,485 and 1,111 mg/day, respectively. Treatment duration
was slightly longer (11.8 versus 9.3 days, respectively;
P=0.319) in the matched vancomycin group. In addition, the
matched vancomycin treatment group was associated with a
significantly higher proportion of combination treatment with
cephalosporins (43.3% versus 18.3%, respectively; P=0.007).
After matching, vancomycin versus linezolid group imbalance persisted for prevalence of current (16.7% versus 46.7%,
respectively; P=0.001) and previous use (46.7% versus
63.3%, respectively; P=0.033) of mechanical ventilation and
the front-line antibiotic treatment with cephalosporins (51.7%
versus 23.3%, respectively; P=0.001) and other β-lactams
(36.7% versus 56.7%, respectively; P=0.029).

Unadjusted comparison for
vancomycin (n=621) vs linezolid (n=60)
Variable
Demography
Age (years)
Main comorbidities
Heart failure
Hospital admission diagnosis
Multiple value diseases
Lung or digestive system cancer
Bronchoalveolitis
Main intervention for hospital admission diagnosis
Heart-related surgery
Liver-related surgery
Stomach-related surgery
Symptom control
Breath status
Current use of mechanical ventilation
HAP-related information
Hospital stay length prior to HAP diagnosis (days)
Previous use of mechanical ventilation
Previous antibiotic treatment
Cephalosporins
Other β-lactams
Combination treatment with other antibiotics
Cephalosporins

Mean/%

Adjusted comparison for
vancomycin (n=60) vs linezolid (n=60)

P-value

Mean/%

P-value
0.242

56.4 vs 60.2

0.035

59.6 vs 60.2

23.4 vs 10.0

0.015

13.3 vs 10.0

0.564

20.0 vs 3.3
9.2 vs 40.0
1.0 vs 5.0

0.001
<0.001
0.037

3.3 vs 3.3
40.0 vs 40.0
5.0 vs 5.0

1.000
1.000
1.000

84.4 vs 36.7
2.9 vs 11.7
2.6 vs 16.7
3.5 vs 15.0

<0.001
0.004
<0.001
0.001

46.7 vs 36.7
11.7 vs 11.7
15.0 vs 16.7
5.0 vs 15.0

0.083
1.000
0.563
0.057

21.3 vs 46.7

<0.001

16.7 vs 46.7

0.001

10.2 vs 15.6
60.6 vs 63.3

0.005
0.782

17.2 vs 15.6
46.7 vs 63.3

0.630
0.033

43.8 vs 23.3
43.8 vs 56.7

0.002
0.058

51.7 vs 23.3
36.7 vs 56.7

0.001
0.029

43.3 vs 18.3

0.007

35.8 vs 18.3

0.007
1 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1
P-value before matching
P-value after matching

Figure 2 The changes in P-values associated with unbalanced patient baseline characteristics between the empirical use of vancomycin and linezolid after propensity score
matching.
Note: The P-values in bold are significant.
Abbreviations: HAP, hospital-acquired pneumonia; vs, versus.
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Comparing vancomycin versus
linezolid for clinical outcomes

with vancomycin was approaching statistical significance
(OR: 0.186; 95% CI: 0.033–1.039; P=0.055) (Figure 3).

A comparison of the clinical responses at the end of
treatment between vancomycin and linezolid showed an
almost identical clinical cure rate (30.0% versus 31.7%,
respectively; OR: 0.923; P=0.847) associated with the
two antibiotics and slightly higher treatment failure rate
(55.0% versus 45.0%, respectively; OR: 1.494; P=0.289)
associated with vancomycin in the created 60 matched pairs
(Table 2). The hospital stay length associated with vancomycin was slightly longer than that for linezolid without
statistical significance (46.0 versus 39.1 days, respectively;
P=0.311). No significant differences in the occurrences
of pneumonia-related complications, pneumonia-related
death, and all-cause death at the end of treatment were
identified between the two matched treatment groups.
However, higher rates of pneumonia-related mortality
(10.0% versus 1.7%, respectively; OR: 6.425; P=0.059)
and all-cause mortality (18.3% versus 3.3%, respectively;
OR: 6.564; P=0.013) at hospital discharge were observed in
the matched linezolid treatment group. With further adjusting for the unbalanced baseline characteristics between
the two matched treatment groups, the risk difference of
treatment failure rate associated with the two antibiotics
was further reduced (OR: 1.139; 95% CI: 0.887–1.461;
P=0.308). The risk differences of pneumonia-related mortality and all-cause mortality at hospital discharge were also
reduced and the lower risk of all-cause mortality associated
Table 2 Head-to-head comparisons on clinical outcomes between
empirical use of vancomycin and linezolid for difficult hospitalacquired pneumonia in propensity score matched patients
Treatment
Sample size
Clinical outcomes
At the end of treatment
 Clinical cure
Clinical improvement
Treatment failure
Pneumonia-related
complications
 Respiratory failure
Infection shock
Pneumonia-related
mortality
All-cause death
At hospital discharge
 Pneumonia-related
mortality
All-cause mortality

Vancomycin

Linezolid

60

60

P-value

n

%

n

%

18
4
33

30.0
6.7
55.0

19
6
27

31.7
10.0
45.0

0.847
0.480
0.289

1
0
0

1.7
0.0
0.0

3
1
1

5.0
1.7
1.7

0.317
1.000
1.000

0

0.0

1

1.7

1.000

1

1.7

6

10.0

0.059

2

3.3

11

18.3

0.013

Note: The P-value in bold is significant.
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Comparing vancomycin versus linezolid
for the allocation of hospital costs
The median total hospital costs associated with the study cohort
exceeded RMB 85,033 (or USD 13,471), the gross domestic
product per capita in Shanghai in 2012.13 Directly comparing
the allocation of hospital costs in the matched patients indicated that vancomycin was associated with significantly lower
median drug acquisition cost (RMB 2,880 versus RMB 8,194,
respectively; median difference: -RMB 5,314; P,0.001;
1 RMB =0.16 USD), medical examinations (RMB 3,059 versus RMB 3,807, respectively; median difference: -RMB 748;
P=0.042), and other unclassified care (RMB 27,686 versus
RMB 44,826, respectively; median difference: -RMB 17,141;
P=0.006) when compared to linezolid (Table 3). However,
this study only observed a strong but nonsignificant trend
indicating lower median total hospital costs associated with
vancomycin in the comparison with linezolid (RMB 113,160
versus RMB 133,825, respectively; median difference: -RMB
20,665; P=0.076). After further adjustment of unbalanced
baseline characteristics between the two matched treatment
groups, vancomycin was associated with significantly lower
common logarithm of acquisition cost (coefficient: -0.826;
95% CI: -1.088 to -0.564; P,0.001) but similar common
logarithm of hospital costs for other medications (coefficient:
0.072; 95% CI: -0.260–0.404; P=0.671), medical examinations (coefficient: -0.061; 95% CI: -0.348–0.227; P=0.679),
medical supplies (coefficient: -0.102; 95% CI: -0.552–0.348;
P=0.657), and other unclassified care (coefficient: -0.101; 95%
CI: -0.381–0.178; P=0.478) when compared to linezolid.

Discussion
To the authors’ knowledge, this is the first real-world study
describing the clinical characteristics and management
associated with a large cohort of patients with difficult HAP
in a Chinese tertiary care hospital. This study confirmed
that the causative pathogen was not routinely identified for
HAP in current clinical practice in the People’s Republic of
China. However, the patients in the study cohort were treated
using vancomycin or linezolid when HAP did not respond
to first-line antibiotic treatment. Although the initial search
identified approximately 4,000 eligible hospital episodes,
highly varied hospital admission diagnoses and the relatively
small number of patients receiving linezolid substantially
reduced the sample size of the study cohort used in the data
analyses. After adjusting for possible confounding effects
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A

Treatment failure at the end of treatment
95% CI of OR P-value
OR

Variable name
Intervention
Vancomycin vs linezolid

1.139

(0.887, 1.461)

0.308

Unbalanced baseline characteristics
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HAP developed >48 hours after admission

0.715

(0.171, 2.986)

0.646

Heart-related surgery

0.870

(0.611, 1.241)

0.443

Symptom control treatment

0.737

(0.249, 2.183)

0.582

Previous use of mechanical ventilation

0.301

(0.084, 1.081)

0.066

Current use of mechanical ventilation

1.674

(0.544, 5.151)

0.369

2.229

(1.717, 2.893)

<0.001

1.087

(0.727, 1.626)

0.683

1.007

(0.419, 2.420)

0.988

Previous use of cephalosporins
Previous use of other β-lactams
Combination treatment with cephalosporins
0

2

1

3

5

4

6

Pneumonia-related mortality at hospital discharge

B

OR 95% CI of OR P-value

Variable name
Intervention
Vancomycin vs linezolid

0.191

(0.015, 2.431)

0.202

Unbalanced baseline characteristics
0.244

(0.023, 2.547)

0.239

Symptom control treatment

1.182

(0.142, 9.864)

0.877

Previous use of cephalosporins

2.930

(0.164, 52.505)

0.465

Previous use of other β-lactams

1.564

(0.115, 21.245)

0.737

Combination treatment with cephalosporins

0.568

(0.048, 6.747)

0.654

Heart-related surgery

0

1

2

3

4

5

6

7

C

8

9

10

All-cause mortality at hospital discharge
OR 95% CI of OR P-value

Variable name
Intervention
Vancomycin vs linezolid

0.186

(0.033, 1.039)

0.055

Heart-related surgery

1.077

(0.269, 4.321)

0.916

Symptom control treatment

3.168

(0.539, 18.634)

0.202

0.745

(0.106, 5.217)

0.767

Current use of mechanical ventilation

1.418

(0.231, 8.686)

0.706

Previous use of cephalosporins

1.204

(0.175, 8.271)

0.850

0.948

(0.170, 5.296)

0.951

0.534

(0.093, 3.052)

0.481

Unbalanced baseline characteristics

Previous use of mechanical ventilation

Previous use of other β-lactams
Combination treatment with cephalosporins
0

1

2

3

4

5

6

7

8

9

10

Figure 3 Risk differences in treatment failure at the end of treatment, pneumonia-related mortality and all-cause mortality at hospital discharge between vancomycin and
linezolid after adjusting unbalanced patient baseline characteristics between the propensity score matched treatment groups. (A) Treatment failure at the end of treatment.
(B) Pneumonia-related mortality at hospital discharge. (C) All-cause mortality at hospital discharge.
Note: The P-value in bold is significant.
Abbreviations: CI, confidence interval; HAP, hospital-acquired pneumonia; OR, odds ratio; vs, versus.

with propensity score methods and conventional regression
methods, the two antibiotics were found to have comparable
clinical responses at the end of treatment. However, the inhospital mortality rate associated with linezolid was five
times higher than that for vancomycin in the study cohort.
Even though vancomycin was associated with significantly
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lower acquisition costs and the higher in-hospital mortality
associated with the linezolid group increased utilization of
health resources,14 the longer length of hospital stay associated with vancomycin treatment likely led to more consumption of health resources and reduced total hospital cost saving
in patients receiving vancomycin for their HAP.
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Table 3 Head-to-head comparisons on the allocation of hospital costs associated with empirical use of vancomycin and linezolid for
difficult hospital-acquired pneumonia in propensity score matched patients
Treatment
Sample size
Allocation of hospital costs

Vancomycin

Linezolid

Mean

SD

Median

Mean

SD

Median

Drug acquisition for studied antibiotic
Other medications
Medical examinations
Medical supplies
Other unclassified care
Total hospital costs

4,062
96,888
4,594
24,862
44,195
174,601

3,276
141,202
5,420
19,375
46,351
196,307

2,880
55,594
3,059
20,598
27,686
113,160

9,062
90,807
5,460
31,940
56,112
193,380

6,922
80,412
4,926
27,604
45,437
141,979

8,194
69,061
3,807
25,532
44,826
133,825

60

60

Median
difference

P-value

–5,314
–13,467
–748
–4,934
–17,141
–20,665

,0.001
0.626
0.042
0.125
0.006
0.076

Note: Data in RMB (1 RMB =0.16 USD).
Abbreviation: SD, standard deviation.

Identification of the causative pathogen for HAP was
not routinely conducted in the study cohort as only five of
the 681 included patients had laboratory records for bacterial culture testing. Thus, the treatment with vancomycin
and linezolid was largely empirical. When compared with
published randomized trials comparing vancomycin versus
linezolid for HAP caused by Gram-positive organisms15
or MRSA,16 the current study observed that the clinical
cure rates associated with the two antibiotics were almost
reduced by half. Because Gram-negative organisms are the
predominant causative pathogens for HAP in Chinese tertiary
hospitals,10 it was suspected that MRSA was not the main
pathogen associated with HAP in the current study cohort,
and the clinical responses associated with the two antibiotics were substantially diminished as a result. In addition,
linezolid was reported to increase mortality when compared
to vancomycin, oxacillin, or dicloxacillin when used for the
treatment of patients infected with Gram-negative bacteria
alone or in patients infected with both Gram-positive and
Gram-negative bacteria.17 It was suspected that the high risk
of Gram-negative infection in the current study cohort was
a factor that increased the in-hospital mortality associated
with treatment with linezolid. The possible high risk of HAP
caused by Gram-negative bacteria in the study cohort also
explained why the previously reported superiority of linezolid
in clinical response was not observed.18 According to the latest randomized trial comparing linezolid and vancomycin in
patients with HAP caused by MRSA, the clinical cure rate
associated with linezolid was only increased by 11%.13 Such
small increase on clinical response could be easily diluted
if half of the study cohort were infected by Gram-negative
bacteria.
Health care resource utilization associated with this study
cohort was considerable, with the median total hospitalization
costs associated with the two antibiotics exceeding the local

ClinicoEconomics and Outcomes Research 2014:6

gross domestic product per capita. This study did not differentiate between hospital costs attributable to medical care
related to HAP and other causes; however, it did demonstrate
that the lower acquisition cost of vancomycin likely led to the
observed nonsignificant trend showing lower total hospital
cost associated with vancomycin. It is also suspected that the
lower in-hospital mortality associated with vancomycin likely
extended the hospital stay length, which likely increased
hospital resources utilization19 and neutralized the saved
acquisition costs associated with vancomycin and reduced
the likelihood of observing significant difference in total
hospital costs between the two antibiotics.
This study has several strong implications for clinical
practice and future research. It confirmed that HAP causative
pathogens were not routinely assessed for after the initial
empirical use of antibiotics in Chinese tertiary care hospitals.
Because MRSA is unlikely to be the predominant causative
pathogen for HAP in Chinese tertiary care hospitals, current
empirical treatment strategy without guidance by identified
HAP causative pathogens unlikely optimizes health outcomes
but may cause harm and unnecessary usage of health care
resources associated with the misuse of antibiotics. In addition, the increased mortality associated with the empirical
use of linezolid for difficult cases of HAP further addressed
the need for HAP causative pathogen assessment to avoid the
treatment with linezolid in HAP caused by Gram-negative
bacteria. Finally, this study suggested that empirical use of
vancomycin to treat difficult HAP was cost-effective by having lower in-hospital mortality but likely costing less than
linezolid. Future clinical practice guidelines could use this
evidence to further support the established first-line treatment
with vancomycin for difficult HAP.20
This retrospective cohort study had several limitations that need to be considered when interpreting the
study results. Although this study initially identified
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approximately 4,000 hospital episodes, the small number
of patients receiving linezolid and strict propensity score
matching dramatically reduced the sample size of patients
to 60 matched pairs in the adjusted comparisons. Thus,
the study results were based on a highly selected study
cohort with a relatively small sample size and the risk of
selection bias is high. The data sources used for the study
were hospital administrative databases that did not contain
information on disease severity, contraindications of two
antibiotics (vancomycin was not likely used in patients with
renal failure21 and linezolid was not likely used in patients
receiving select serotonergic agents22), or the socioeconomic
status of the patient, which could substantially confound
both clinical and cost outcomes. In addition, incomplete or
missing information in the hospital administrative databases
was common. Although this study used several indicators
to measure clinical response assessment, approximately
10% of patients did not have a clinical response assessment
due to missing information. The study did not adjust for
the hospital admission year in the cost analyses. Because
linezolid was launched in the People’s Republic of China
in 2007, the number of patients receiving linezolid was not
likely to be similarly well distributed by hospital admission
year as those receiving vancomycin, a medication that has
been available and widely used in hospital practice for many
years. In addition, the high currency inflation rates occurring
in the People’s Republic of China during the study observation time period could lead to an overestimation of hospital
costs associated with linezolid.

Conclusion
This retrospective observational cohort study suggested that
the empirical use of vancomycin and linezolid was associated with comparable clinical responses for HAP that failed
with first-line antibiotic treatment in a Chinese tertiary care
hospital. However, the study showed a higher in-hospital
mortality rate associated with linezolid treatment, possibly
due to the lack of the treatment guidance by HAP causative
pathogen assessment. Although the acquisition cost of vancomycin was significantly lower, the longer length of hospital
stay associated with vancomycin likely increased the use of
health resources and discounted total hospital costs saved
by vancomycin. Thus, vancomycin was considered more
cost-effective than linezolid by leading to lower in-hospital
mortality but likely costing less for empirically treating difficult HAP in Chinese tertiary care hospitals where causative
pathogens for HAP were not routinely assessed.
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