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Abstract
Purpose  Hospital-acquired pneumonia (HAP) is becoming a serious problem in China, especially caused by multi-drug 
resistant (MDR), which is a risk factor for poor prognosis of intracranial cerebral hemorrhage (ICH). We investigate the risk 
factors for HAP among patients with ICH and study the antibiotic use and medical costs of MDR infection.
Methods  We performed a retrospective, case–control, parallel study in Xiangya Hospital. Patients included in this study and 
diagnosed with basal ganglia hemorrhage were admitted between January 2017 and December 2019.
Results  Univariate analysis discovered some personal risk factors including gender (p = .002), age (p = .023), and underlying 
conditions such as diabetes (p = .036), coronary heart disease (p = .009), and renal insufficiency (p = .001). Invasive medical 
operations including endotracheal intubation, tracheotomy, ventilator use, lumbar puncture, urinary catheter insertion, and 
peripherally inserted central catheter (PICC) (p < .001 all) were also risk factors for HAP. Binary logistics regression indicated 
hospital duration, antibiotic exposure, and urinary catheter insertion explained 91.4% of the variance on HAP (p < 0.01). 
As for the antibiotic treatment, there were no difference in the duration of use days and total dose per patient between MDR 
and non-MDR group, except for Tigecycline. Antibiotic costs for the MDR group were significantly higher than those for 
the non-MDR group and no infection group (p < 0.001).
Conclusion  To better prevent HAP particularly caused by MDR bacteria, we emphasize the aseptic technique especially in 
the management of equipment in patient care.

Keywords  Intracranial cerebral hemorrhage · Hospital-acquired pneumonia · Multi-drug-resistant bacteria · Risk factors · 
Disease burden

Introduction

Hospital-acquired pneumonia (HAP) is not only one of 
the common complications but also a potential risk fac-
tor for poor prognosis of intracranial cerebral hemorrhage 

in intensive care unit (ICU), which consumes vast medi-
cal resources [1]. However, the incidence of HAP depends 
on the population studied. Previous studies have shown the 
incidence of HAP among patients with stroke, especially 
those characterized by advanced age, immune suppression, 
and long-term bed rest, can increase to 40% approximately 
[2, 3]. The mortality rate of intracranial cerebral hemor-
rhage (ICH), as the most severe subtype of stroke, is around 
29% within 1 year of onset [4, 5]. The occurrence of HAP 
not only increases the expense of ICH, but also aggravates 
the disease, which brings heavy financial and psychological 
burdens on patients’ families [6]. Therefore, it is important 
to have a better understanding of the risk factors and disease 
burden of HAP in ICH patients, which is helpful to more 
timely and effective intervention so as to improve patients’ 
survival and quality of life comprehensively.
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Due to the fact that HAP is the main cause of infection 
associated mortality in quite a few countries including 
China, increased use of antibiotic is common to see in 
hospitals [7]. In China, HAP is often treated with broad-
spectrum antibiotics empirically [8]. However, a increas-
ing isolation rate of multi-drug resistant (MDR) organisms 
(MDROs) is noticed in most respiratory secretions from 
patients in ICU. In recent years, growing evidence has 
shown that MDROs has serious epidemic characteristics 
in different degrees in different provinces of China [9, 10]. 
As a result, limited antibiotics can be used to treat HAP 
caused by MDROs, which means heavier social burdens 
than the burdens brought by HAP caused by non-drug-
resistant organisms.

Epidemiologic study of HAP among ICH patients is 
needed for infection prevention. Therefore, the aim of this 
study was to assess risk factors and disease burden resulting 
from HAP caused by MDRO infection among hospitalized 
patients treated for ICH.

Materials and methods

Study design, population, inclusion, and exclusion 
criteria

The retrospective study was conducted on patients with cer-
ebral hemorrhage presenting with subsequent HAP from 
January 2017 to December 2019. All participants were adult 
patients admitted to Xiangya Hospital, a tertiary university 
hospital with approximately 100,000 admissions annually in 
China. Participants included were patients diagnosed with 
basal ganglia hemorrhage after first admission. Patients 
with multiple cerebral hemorrhages including basal ganglia 
hemorrhage at least were also included. Patients who were 
readmitted with cerebral hemorrhage were excluded. The 
included patients had no pulmonary infection on admission 
and had pulmonary infection on discharge. Patients diag-
nosed with HAP were defined as parenchymal lung infection 
that occurs ≥ 48 h after admission according to the defini-
tion in 2010, including ventilator associated pneumonia 
(VAP). Patients were divided into ICH-HAP group and 
ICH-non-HAP group. Additionally, ICH-HAP group were 
divided into multi-drug resistant (MDR) bacteria group and 
non-resistant bacteria group in terms of respiratory secre-
tion detection. Data were extracted from the participants’ 
medical records by using structured report formats. Demo-
graphic data, underlying conditions, treatments and proce-
dures during admission, total dose, and duration of anti-HAP 
therapy were included in variables analysis. Each patient was 
assigned with a unique ID after abstracting record informa-
tion from the patients’ admission number.

Detection of multi‑drug‑resistant bacteria

The distiguishment of MDR bacteria were based on the 
results of respiratory secretion culture and drug sensitiv-
ity test. The “Technical Guidelines for the Prevention and 
Control of Multidrug-resistant Bacteria Nosocomial Infec-
tions (Trial)” promulgated by the Ministry of Health in 2011 
clearly pointed out that MDR bacteria refer to bacteria that 
are resistant to 3 or more types of antimicrobial drugs used 
in clinical practice. The sputum specimens were inoculated 
on the nutrient medium under certain conditions such as 
temperature and humidity, in order to reproduce the bac-
teria with high nutritional requirements, including methi-
cillin-resistant Staphylococcus aureus (MRSA), Vancomy-
cin resistant enterococci (VRE), Acinetobacter baumannii 
(Ab), Pseudomonas aeruginosa, and Stenotrophomonas 
maltophilia. After drug susceptibility identification, MRSA 
is resistant to oxacillin or/and cefoxitin; VRE is resistant to 
Vancomycin; Ab and Pseudomonas aeruginosa are not sensi-
tive to all antibacterial drugs; Stenotrophomonas maltophilia 
is resistant to cephalosporins, carbapenems, monocyclic 
β-lactams, and aminoglycoside antibiotics.

Statistical analysis

All demographic data were analyzed descriptively. Nominal 
data was presented as frequencies as well as percentages, 
and continuous data was presented as means and standard 
variations (mean ± SD). The differences between the mean 
scores in demographic characteristics were tested with two 
independent sample t-test. The chi-square test was used for 
comparison of different groups regarding the categorical 
variables. Regression analysis of binary logistics was used 
to elevate the risk of HAP among patients with cerebral 
hemorrhage. A p value of less than 0.05 was considered 
statistically significant. Statistical analysis was performed 
using the SPSS 22.0 package program.

Results

Risk factors for cerebral hemorrhage‑HAP

Univariate analyses were conducted to compare the dif-
ferences between the cerebral hemorrhage-HAP group 
and cerebral hemorrhage-non-HAP group on demo-
graphic and clinical characteristics of the patients 
(Table 1). Patients with cerebral hemorrhage-HAP (mean 
age 58.11, range 23–90 years) were older than cerebral 
hemorrhage-non-HAP patients (mean age 54.78, range 
15–86 years) (p = 0.002). About 50% of the patients in the 
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hemorrhage-HAP group were over 58. The hemorrhage-
HAP group required longer periods of hospitalization 
(mean 17 versus 12 days) (p < 0.001), and suffered from 
more complications including diabetes mellitus (22.95% 
versus 13.86%, OR = 1.851, p = 0.036), coronary heart dis-
ease (18.85% versus 8.91%, OR = 2.375, p = 0.009), and 
renal insufficiency (14.75% versus 4.46%, OR = 3.712, 
p = 0.001). Higher percentage of the patients in cerebral 
hemorrhage-HAP group received antibiotics (95.08% 
versus 87.13%, OR = 2.856, p = 0.02) and glucocorticoids 
(62.30% versus 7.92%, OR = 19.21, p < 0.001) during the 

hospitalization compared with cerebral hemorrhage-non-
HAP group.

The regression model established to explain the effects 
of variables on HAP has been demonstrated in Table 2. The 
results of binary logistics regression indicated that three pre-
dictors explained 91.4% of the variance on HAP. Accord-
ing to the results, the effect of hospital duration on HAP 
was statistically significant (p = 0.003), which explained 
11.5% of the total variance. The effect of antibiotic expo-
sure on HAP was statistically significant (p < 0.001), which 
explained 49.7% of the total variance. The effect of urinary 

Table 1   Comparison of ICH-HAP and ICH-non-HAP groups in terms of the demographic and risk factors

*p-value is < 0.05; **p-value is < 0.01; ***p-value is < 0.001. (Mark of statistical significance is indicated in bold.)

ICH-HAP ICH-non-HAP OR (95%CI) P value

n (122) % n (202) %

Male** 94 77.05 121 59.90 2.247 (1.353–3.732) 0.002
Age (mean ± SD)* 58.11 ± 12.95 54.78 ± 12.55 (0.468–6.198) 0.023
Age group
18–40 10 8.20 24 11.88 0.662 (0.305–1.437) 0.294
41–64*** 36 29.51 136 67.33 0.203 (0.125–0.331)  < 0.001
 > 65*** 76 62.30 42 20.79 6.294 (3.819–10.732)  < 0.001
Hospital duration (days) (mean ± SD)*** 17.08 ± 12.83 12.38 ± 5.27 (2.247–7.072)  < 0.001
Underlying conditions
Hypertension 105 86.07 172 85.15 1.077 (0.567–2.048) 0.820
Diabetes mellitus* 28 22.95 28 13.86 1.851 (1.036–3.309) 0.036
Hepatitis 11 9.02 14 6.93 1.331 (0.584–3.033) 0.495
Coronary heart disease** 23 18.85 18 8.91 2.375 (1.233–4.661) 0.009
Renal insufficiency*** 18 14.75 9 4.46 3.712 (1.610–8.554) 0.001
During hospital admission
Used antibiotics* 116 95.08 26 12.87 130.872 (52.253–327.777) 0.020
Used immunosuppressant 0 0.00 0 0.00 – –
Used glucocorticoids*** 76 62.30 16 7.92 19.21 (10.246–36.002)  < 0.001
Invasive procedures during hospitalization
Tracheal intubation*** 37 30.33 2 0.99 43.529 (10.259–184.705)  < 0.001
Incision of trachea*** 35 28.69 1 0.50 80.862 (10.904–599.659)  < 0.001
Lumbar puncture*** 50 40.98 21 10.40 5.985 (3.357–10.671)  < 0.001
Urinary catheter insertion*** 102 83.61 51 25.25 15.100 (8.498–26.832)  < 0.001
PICC*** 58 47.54 6 2.97 29.604 (12.198–71.847)  < 0.001
CVC 6 4.92 2 0.99 5.172 (1.027–26.047) 0.066
Hematoma drainage tube*** 3 2.46 51 25.25 0.075 (0.023–0.245)  < 0.001
Invasive ventilator assisted ventilation*** 25 20.49 4 1.98 12.758 (4.319–37.683)  < 0.001

Table 2   Regression analysis 
of binary logistics showing the 
association of risk factors with 
cerebral hemorrhage-HAP

Variable B S.E Wals df Sig Exp(B) Predicted 
percentage 
correct

Hospital duration (days)  − 0.115 0.039 8.530 1 0.003 0.891 91.4
Antibiotic exposure  − 0.497 0.645 59.437 1  < 0.001 0.007
Urinary catheter insertion 0.143 0.033 19.211 1  < 0.001 1.154
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catheter insertion on HAP was also statistically significant 
(p < 0.001), which explained 3.3% of the total variance.

Antimicrobials use in HAP

A total of 95.90% cerebral hemorrhage-HAP and 12.87% 
the cerebral hemorrhage-non-HAP patients received one 
or more antimicrobial therapy. Univariate analyses were 
conducted to compare the differences between patients of 
cerebral hemorrhage-HAP caused by drug-resistant bac-
teria and non-resistant bacteria on antimicrobial therapy 
(Table 3). The top three drug-resistant pathogens causing 
HAP among patients with cerebral hemorrhage were aci-
netobacter baumannii (40.48%), klebsiella pneumoniae 
(26.19%), and pseudomonas aeruginosa (23.81%) accord-
ing to results of respiratory secretion detection. The top four 
antimicrobials taken by cerebral hemorrhage-HAP patients 

caused by drug-resistant bacteria during hospitalization were 
Cefoperazone sulbactam (61.90%), Piperacillin tazobactam 
(52.38%), Meropenem (52.38%), and Vancomycin (40.48%). 
A total of 28.57% patients with cerebral hemorrhage-HAP 
caused by drug-resistant bacteria were treated with Tigecy-
cline, and none patients with HAP caused by non-resistant 
bacteria were treated with Tigecycline. Except for Tigecy-
cline, there were no statistically differences of duration of 
use days and total dose of per patient in other antimicrobials 
we collected.

Expense of antibiotic treatment

The mean expense of antibiotic treatment for patients 
with cerebral hemorrhage-HAP caused by MDR bac-
teria was 32,849.62 ± 5068.80 ($5081.84 ± 784.14), 
which was significantly higher than that of patients with 

Table 3   Comparison of 
antimicrobial therapy between 
patients of cerebral hemorrhage-
HAP caused by multi-drug 
resistant bacteria and non-
resistant bacteria

Characteristics HAP caused by 
MDR bacteria 
(n = 42)

HAP caused by 
non-MDR bacteria 
(n = 80)

OR (95%CI) P value

No./days/
dose(g)

% No./days/
dose(g)

%

Cefoperazone sulbactam 26 61.90 13 16.25 8.375 (3.542–19.804)  < 0.001
Piperacillin tazobactam 22 52.38 39 48.75 1.156 (0.548–2.442) 0.703
Meropenem 22 52.38 19 23.75 3.532 (1.595–7.820) 0.001
Vancomycin 17 40.48 12 15.00 3.853 (1.615–9.194) 0.002
Tigecycline 12 28.57 0 0.00 -
Fluconazole 10 23.81 4 5.00 5.938 (1.734–20.332) 0.005
Ceftriaxone 9 21.43 17 21.25 1.011 (0.406–2.514) 0.982
Levofloxacin 8 19.05 6 7.50 2.902 (0.934–9.017) 0.057
Ceftazidime 5 11.90 16 20.00 0.541 (0.183–1.596) 0.260

Fig. 1   Comparison of costs 
of antibiotic treatment among 
patients with ICH-HAP caused 
by MDR bacteria (Group A) 
and non-MDR bacteria (Group 
B) and patients with cerebral 
hemorrhage-non-HAP (Group 
C)
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cerebral hemorrhage-HAP caused by non-resistant bac-
teria (6242.05 ± 697.88 ($965.65 ± 107.96)) and patients 
with cerebral hemorrhage-non-HAP (567.34 ± 298.67 
($87.77 ± 46.20)) (p values were all < 0.001) (Fig. 1).

Discussion

HAP, one of the serious complications in patients with cere-
bral hemorrhage, is the major cause of multiple organ failure 
and death among patients with cerebral hemorrhage. Previ-
ous studies have shown the 30-day fatality rate of patients 
with acute stroke complicated with lower respiratory tract 
infection was almost three times higher than those uninfected 
[11]. Studies have shown that in ICH patients, pneumonia is 
associated with an increase in morbidity, length of stay, and 
mortality. The mortality rate of pneumonia patients (25.6%) 
is higher than that of non-pneumonia patients (12%) [12]. As 
a result, it is necessary to focus on the risk factors associated 
with HAP, so as to reduce the incidence of HAP and improve 
the prognosis. This study is one of the first to elevate risk 
factors and economic burden for hospital-acquired pneumo-
nia caused by MDR bacteria among patients with ICH in 
Southern China.

The incidence of ICH has shown a clear upward trend in 
recent years and age performs as an independent risk fac-
tor for the occurrence of ICH. Risk factors of HAP among 
patients with ICH can be divided into personal factors and 
medical operation factors. The destruction of patient’s self-
defense system increases the possibilities of suffering from 
HAP. In this study, univariate analysis of the two case–con-
trol groups discovered some personal factors including 
gender (p = 0.002), age (p = 0.023), and underlying condi-
tions such as diabetes (p = 0.036), coronary heart disease 
(p = 0.009), and renal insufficiency (p = 0.001). Mean age 
of patients with ICH and HAP was 58.11 ± 12.95, which 
was significantly higher than the ICH-non-HAP group 
(54.78 ± 12.55), indicating age could be an important risk 
factor for ICH patients with HAP [13, 14]. Basal metab-
olism, physiological function, and self-regulation func-
tion decrease significantly with age. Growing evidence 
has shown diabetes is one of the risk factors for HAP in 
patients with ICH [15]. An elevated level of blood glucose, 
especially during the period of acute cerebral hemorrhage, 
combined with a long-term history of diabetes, leads to the 
patient’s condition worse, which is more likely to induce 
HAP. Besides diabetes, coronary heart disease and renal 
insufficiency were also found to be associated with HAP in 
this study, which was scarcely reported [16–18].

Invasive operations are risk factors of HAP, includ-
ing endotracheal intubation, tracheotomy, and ventila-
tor use [19–21], which can also be found in our study. 

These operations destroy the respiratory barrier. Airway 
mucosa becomes dryer without humidification and filtra-
tion of inhaled air in the upper airway, which obstructs the 
discharge of secretions and increases the risk of bacteria 
being inhaled and fixed into the lower respiratory tract 
[22]. Therefore, indications of tracheal intubation and inci-
sion should be controlled strictly so as to reduce the possi-
bilities of iatrogenic infection. Furthermore, lumbar punc-
ture (p < 0.001), urinary catheter insertion (p < 0.001), and 
peripherally inserted central catheter (PICC) (p < 0.001), 
which were common to see during the treatment of ICH, 
were also found to be risk factors associated with HAP 
statistically. Although these invasive procedures cannot 
cause HAP directly, they can suppress immune function 
by causing intracranial infection and urinary tract infection 
[23, 24], which emphasizes the importance of safe prac-
tice, especially the management of equipment in patient 
care, such as the aseptic technique in catheter use. Inter-
estingly, hematoma drainage tube insertion was found to 
be a protective factor associated with HAP (p < 0.001). 
This may be because timely drainage can reduce the local 
inflammatory response, thereby reducing the occurrence of 
adverse prognostic events. On the other hand, patients with 
hematoma drainage often have greater intracranial hemor-
rhage, worse systemic conditions, and lower immunity.

HAP not only prolongs hospitalization time, but also 
reduces the effect of rehabilitation, which is a both eco-
nomic and psychological burden to patients and society. 
To increase the clinical cure rate and reduce the mortality 
rates caused by HAP, the importance of appropriate broad-
spectrum antibiotic treatment has been stressed during the 
management of HAP [25]. MDR bacteria, an important 
source of pathogens for iatrogenic infection, undoubtedly 
have a more adverse effect on the prognosis of patients 
with ICH. In this study, there is no difference in the dura-
tion of use days and total dose per patient between two 
groups of patients with ICH-HAP caused by MDR bacteria 
and non-drug resistant bacteria, except for Tigecycline. 
Tigecycline, the first generation of glycimecycline antibi-
otics with broad-spectrum activity, is suitable for patients 
with severe clinical infections, especially against MDR 
bacteria [26, 27]. The method of short-duration, high-dose 
antibiotic courses seems useful to reduce the risk of anti-
biotic resistance [28].

However, there are some limitations in this study. We 
cannot assess whether there was a patient-to-patient infec-
tion transmission. If there were any epidemic outbreaks 
during the study period, the results would be affected 
undoubtedly. In addition, the small number of patients 
with ICH and HAP caused by MOD bacteria involved in 
this study is also a limitation.
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Conclusion

This study suggests that HAP may be associated with gen-
der, age, hospital duration, diabetes, cardiovascular and 
urinary system diseases, and antibiotic and glucocorticoid 
exposure among patients with ICH. Further, some invasive 
operations including tracheal intubation, trachea incision, 
lumbar puncture, PICC, and invasive ventilator assisted 
ventilation are risk factors. Based on these results, to bet-
ter prevent HAP particularly caused by MDR bacteria, we 
emphasize the aseptic technique especially in the manage-
ment of equipment in patient care. Further, it is necessary to 
avoid excessive use of Tigecycline.
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