
Objective 
Pneumonia is a very serious medical complication in patients with hemorrhagic stroke such as 
spontaneous intracerebral hemorrhage and subarachnoid hemorrhage. In the case of hemorrhagic 
stroke patients, hospital-acquired pneumonia increases morbidity, mortality and medical costs in 
addition to the already poor prognosis of hemorrhagic stroke. The purpose of this study was to 
identify risk factors for hospital-acquired pneumonia in hemorrhagic stroke patients treated in the 
intensive care unit. 
Methods 
Our study was a retrospective review of 112 hemorrhagic stroke patients treated in an intensive care 
unit who were hospitalized in the neurosurgery department of Gyeonsang National University 
Hospital from August 2019 to July 2020. The data included basic demographic data, the underlying 
disease, lifestyle factors, neurological evaluation results, severity of the condition and other charac-
teristics. The radiological data and medical records of the patients were retrospectively analyzed. 
Results 
A total of 97 patients were included in the study, and 10 of them met the diagnostic criteria for 
hospital-acquired pneumonia. Diabetes mellitus, a high simplified acute physiology score 3 
(SAPS3), a low glasgow coma scale (GCS) score, mechanical ventilation, tracheostomy, dyspha-
gia and nasogastric tube feeding were identified as risk factors for the development of hospital-ac-
quired pneumonia (p<0.05). Six of 10 bacterial pathogens isolated from sputum were identified 
as multidrug-resistant pathogens. Hospital-acquired pneumonia led to further antibiotic treatment 
and general deterioration, which in turn increased the intensive care unit length of stay (p<0.001). 
Conclusion 
We found that mechanical ventilation, tracheostomy, dysphagia, tube feeding, a high SAPS3, and 
a low GCS score were risk factors for hospital-acquired pneumonia (HAP) in hemorrhagic stroke 
patients. Efforts will be needed to prevent pneumonia by understanding the risk factors for HAP 
identified in our study.  
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INTRODUCTION 

Hemorrhagic stroke, including spontaneous intracerebral hem-
orrhage and subarachnoid hemorrhage, accounts for 10 to 20% of 
all strokes1,2). The mortality risk is highest in the first week after a 
hemorrhagic stroke, and the overall patient mortality rate for the 
first month is reported to be approximately 40% for intracerebral 
hemorrhage and approximately 30% for subarachnoid hemor-
rhage1). For this reason, it is essential that patients with hemorrhag-
ic stroke are treated in the intensive care unit (ICU), and it is im-
portant to understand the associated medical complications and 
focus on prevention and treatment. Of the many complications, 
chest infection is the most common medical complication of acute 
stroke. Hospital-acquired pneumonia (HAP) is the most common 
infection in the ICU. This infection encompasses two different en-
tities: pneumonia associated with mechanical ventilation and se-
vere pneumonia developed during a hospital stay3,4). 

Patients with hemorrhagic stroke are generally exposed to the 
risk of nosocomial infection, and respiratory infections account for 
30 to 60% of all infections in the ICU. The incidence of pneumo-
nia in the ICU was reported to range from 10% to 60%5,6). The oc-
currence of pneumonia increases the duration of the ICU stay, 
mortality rate, and associated health care costs. In addition, the risk 
of delayed neurological deficits in patients is increased by the fever 
that accompanies the infection and aggravates functional disability 
and cognitive impairments7,8). 

In hemorrhagic stroke patients, pneumonia can be seen as an ex-
tension of the treatment of hemorrhagic stroke that is probably un-
avoidable, and the control of pneumonia is closely related to pa-
tient prognosis. Several studies have been conducted to identify 
risk factors that increase the incidence of pneumonia in hemor-
rhagic stroke patients. Accurately recognizing these risk factors and 
focusing on treatment will be helpful in patient treatment and 
prognosis assessment. 

To understand the risk factors associated with hospital-acquired 
pneumonia after hemorrhagic stroke and benefit from more active 
treatment of at-risk patients, we retrospectively evaluated 112 hem-
orrhagic stroke patients in the ICU. 

MATERIALS AND METHODS 

Patient Selection and Study Design 
Our study was conducted through retrospective chart reviews of 

112 hemorrhagic stroke patients who were admitted to the Gyeo-
ngsang National University Hospital between August 2019 and 
July 2020. Fifteen of the 112 patients were excluded for the follow-
ing reasons: five people had pneumonia at the time of hospitaliza-

tion, seven people died of brain herniation and other causes within 
three days of hospitalization, and three people were transferred to 
other hospitals (Fig. 1). 

The diagnosis of pneumonia was based on American Thoracic 
Society Guidelines, which are as follows. HAP is nosocomial pneu-
monia that occurs 48 hours after admission, and ventilator-associ-
ated pneumonia (VAP) is pneumonia that occurs 48 hours to 72 
hours after intubation. Regardless of the presence of progressive 
hypoxemia, patients with two or more clinical signs of lung infec-
tion, such as fever, purulent sputum, and leukocytosis, can be diag-
nosed with HAPif new or progressive radiographic infiltrates are 
seen on chest X-ray9). 

Variables and Data Collection 
The radiological data and medical records of the patients were 

retrospectively analyzed. In addition to basic demographic data 
(age and sex), the following categories of data were collected for 
each patient: underlying disease (hypertension, diabetes mellitus, 
and dyslipidemia), lifestyle factors (smoking and alcohol use), neu-
rological evaluation and severity of condition at the time of the pa-
tient’s hospitalization and upon discharge from the ICU [Glasgow 
Coma Scale (GCS), Glasgow Outcome Scale (GOS), the Simpli-
fied Acute Physiology Score 3 (SAPS3), and ICU stay period], and 
invasive treatments and procedures (ventilator application and tra-
cheostomy). Finally, we collected data on dysphagia and tube feed-
ing, which are thought to be common complications of hemor-
rhagic stroke patients. 

Statistical Analysis 
Categorical variables are presented as the number, and continu-

ous variables are presented as the mean ±  SD. Comparisons of 
continuous variables between groups were made by independent 
sample t-tests. For the comparison of categorical variables between 
groups, the chi-square test or Fisher’s exact test was used when ap-

HAP: 10 Non HAP: 87

Patients were excluded

1 > Pneumonia in admission: 5
2 > Death: 7
3 > Transfer to another hospital: 3

97 patients were involved in this study

Fig. 1. Patient selection of the study.
HAP: Hospital-acquired pneumonia

112 patients were admitted  
(2019/08/01 – 2020/07/31)
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propriate. The significance level was set at p = 0.05. The statistical 
software used for analyses was SPSS for Windows software (SPSS 
21.0, IBM, Inc., NY). 

RESULTS 

Patient Characteristics 
A total of 97 patients were included in the study, and 10 of them 

met the diagnostic criteria for hospital-acquired pneumonia. All 10 
patients were diagnosed with pneumonia by pulmonology special-
ists at Gyeongsang National University Hospital; 6 of the patients 
were male, and 4 were female. The mean age of the patients with 
pneumonia was 62.9 ±  12.8, compared to 57.9 ±  13.3 for those 
who did not experience pneumonia. 

Among the patients without pneumonia, 48 patients had hyper-
tension, 20 patients had diabetes mellitus, and 10 patients had a 
history of dyslipidemia. Of 26 diabetes mellitus patients, 6 patients 
had pneumonia (p = 0.02). There were 26 smokers in the study, of 
whom 3 had pneumonia. Of the 87 patients without pneumonia, 
29.8% (26) consumed alcohol compared to 20% (2) of the pa-
tients with pneumonia. 

In this study, we describe the severity of the condition of each 
patient with the SAPS3, GCS, GOS, and length of ICU stay. The 
SAPS3 of patients with and without pneumonia were 48 ±  12.7 
and 36.9 ±  10.9, respectively. Patients with pneumonia had lower 

GCS scores at admission and lower GOS scores at discharge. Pa-
tients with pneumonia showed an average GCS score of 7.2 ±  3.52 
and GOS score of 2.8 ±  0.9, and patients without pneumonia 
showed an average GCS score of 12.88 ±  2.48 and 3.9 ±  0.9. As a 
result, the length of ICU stay of patients with pneumonia was 28 ±  
10.2 days, which is 2 times longer than that of patients who did not 
have pneumonia (10.0 ±  9.1). All parameters of the severity of the 
patient’s neurologic condition that we set were significantly cor-
related with pneumonia (p < 0.05). 

A total of 32 patients underwent mechanical ventilation, includ-
ing 9 of the 10 patients with pneumonia (90%) and 23 of the 87 
patients without pneumonia (26.4%). Additionally, 9 tracheosto-
mies were performed in the pneumonia group, compared to 12 
tracheostomies in the group of patients without pneumonia. Fac-
tors associated with the risk of pneumonia were tube feeding (9 of 
10 patients with pneumonia, 31 of 87 patients without pneumo-
nia) and dysphagia (9 of 10 patients with pneumonia, 27 of 87 pa-
tients without pneumonia). All of the factors are described in  
Table 1. 

DISCUSSION 

HAP is the most common infection in the intensive care unit. 
This infection comprises two different entities: pneumonia re-
lated to mechanical ventilation and severe pneumonia devel-

Table 1. Characteristics of the patients with pneumonia and without pneumonia

Characters Patients with pneumonia (n=10) Patients without pneumonia (n=87) pvalue
Basic demographic data
 M 6 28 0.13*
 F 4 54 0.22*
 Age (years) 57.9 ± 13.3 62.9 ± 12.8 0.87
Underlying disease
 Hypertension 9 48 0.92*
 Diabetes mellitus 6 20 0.02*
 Dyslipidemia 1 10 0.84*
Life style
 Smoking 3 23 0.89*
 Alcohol use 2 26 0.49*
Neurological evaluation & severity of condition
 SAPS3 48 ± 12.7 39.6 ± 10.9 0.02
 GCS 7.2 ± 3.52 12.88 ± 2.48 < 0.001
 GOS 2.8 ± 0.9 3.9 ± 0.9 < 0.001
 ICU length of stay 28 ± 10.2 10.0 ± 9.1 < 0.001
Other characteristics
 Mechanical ventilator 9 23 < 0.001*
 Tracheostomy 9 12 < 0.001*
 Tube feeding 9 31 0.002*
 Dysphagia 9 27 < 0.001*
SAPS3: Simplified acute physiology score 3, GCS: Glasgow coma scale, GOS: Glasgow outcome score.
*Calculated using Fisher’s exact test; the chi-square test was used for other calculations to compare the categorical variables between groups.
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oped during the hospital stay. VAP continues to complicate the 
course of 8 to 28% of patients receiving mechanical ventilation. 
In the ICU, HAP is associated with an approximate mortality 
rate of 20%. Hemorrhagic stroke is a severe disease that requires 
intensive care and causes several medical complications, the 
most common of which is pneumonia10,11). We conducted a ret-
rospective study on pneumonia that occurred during ICU care 
and its risk factors in hemorrhagic stroke patients and identified 
several significant factors.  

Patients treated with a ventilator due to respiratory failure or hy-
perventilation to control increasing intracranial pressure had a high 
risk of airway bacterial colonization and lung infection. The mech-
anism suggested by LaForce was colonization of the lower respira-
tory tract with microorganisms, continuous microaspiration, and 
overcoming of lung defense mechanisms. For this reason, VAP is 
strongly associated with the duration of mechanical ventila-
tion12,13). The subsequent need for tracheostomy in some patients 
who require prolonged use of mechanical ventilation significantly 
increases the risk of pneumonia. Patients with a tracheostomy are 
at increased risk of ventilator-associated tracheobronchitis, which 
is usually a precursor to VAP. Bronchial colonization by bacteria in 
the upper airways during the tracheostomy procedure represents a 
reservoir for lower airway colonization and increases the risk of 
pneumonia14). 

Dysphagia is a common complication of stroke, but estimates 
of its frequency vary considerably. It is a significant cause of 
pneumonia on the first day after stroke, and previous studies 
have reported an increased risk of mortality in the acute phase. In 
addition, dysphagia has been shown to be associated with malnu-
trition, dehydration and an increased length of hospital stay15). 
Patients with dysphagia had a much higher risk for pneumonia 
than those with normal swallowing, which could lead to higher 
hospitalization costs. This finding is consistent with a review that 
showed a 3-fold increased risk of pneumonia among patients 
with dysphagia and an 11-fold increased risk among those with 
aspiration16). In addition, the use of tube feeding was associated 
with an increased risk of pneumonia in our study. Whether the 
placement of a nasogastric tube further increases the risk of 
pneumonia by promoting colonization of the oropharynx with 
pathogenic bacteria is still controversial, as most aspiration pneu-
monia has a bacterial origin. However, one important problem is 
that the feeding tube does not prevent the aspiration of gastro-
esophageal reflux17). A retrospective review indicated nasogastric 
tubes and immobility to be stronger predictors for respiratory in-
fections than dysphagia in acute stroke18). 

Diabetic subjects may have increased susceptibility to pneumo-
nia for several reasons. They are at increased risk of aspiration, hy-

perglycemia, decreased immunity, impaired lung function, pulmo-
nary microangiopathy, and coexisting morbidities19). Microvascular 
changes in the basement membranes of pulmonary blood vessels 
and the respiratory epithelium in diabetic patients increase the risk 
of pneumonia-related hospitalization20). Therefore, strict glycemic 
control is important for diabetic subjects to prevent pneumonia. In 
addition, the worse the neurologic status was, the more frequent 
the occurrence of HAP, which resulted in a longer ICU length of 
stay. Thus, HAP increases the duration of hospital stay and affects 
morbidity and outcomes. For this reason, early antibiotics for treat-
ing HAP should be selected carefully, because HAP increases ICU 
mortality and costs. 

In patients at high risk of infection caused by multidrug-resistant 
bacteria, combined antibiotic therapy is performed from the be-
ginning. Empirical antibiotics should be adjusted after antibiotic 
resistance evaluation based on the results of the sputum culture. In 
one prospective study, 45% of patients with HAP presented with 
multidrug-resistant organisms21). Our study also found that six of 
the 10 microorganisms identified in the sputum culture showed 
multidrug resistance (Table 2). The knowledge of local bacterial 
flora and resistance patterns is of crucial importance and is strongly 
recommended. This evidence increases the probability of success 
of empiric antibiotic therapy. 

Like any retrospective study, our study has several limitations. 
Selection bias can exist, as this was a retrospective study in a single 
center. The variables did not include the size and location of the 
hemorrhage. In addition, our study is limited in that it is a small 
case study and the results may not be generalized. 

CONCLUSION 

ICU care is essential for patients with hemorrhagic stroke. A 
major medical complication of hemorrhagic stroke is hospi-
tal-acquired pneumonia. We analyzed the risk factors for HAP 

Table 2. Bacterial pathogens isolated from sputum

Hospital day with ventilator Sputum Culture Findings
Casel. Do not apply ventilator K.Pneumoniae ESBL†*
Case2. 11th day of hospitalization K.Pneumoniae ESBL†*
Case3. 4th day of hospitalization Acinetobacter nosocomialis*
Case4, 4th day of hospitalization Streptococcus pneumoniae
Case5. 4th day of hospitalization Haemophilus influenza
Case6. 4th day of hospitalization Enterobacter cloacae complex
Case7. 6th day of hospitalization Haemophilus influenza
Case8. 14th day of hospitalization Pseudomonas. Aeruginosa*
Case9. 9th day of hospitalization Pseudomonas. Aeruginosa*
Case 10, 4th day of hospitalization K. Pneumoniae ESBL†*
*MDR: Multidrug resistance
†Extended-spectrum beta-lactamase

www.e-jnic.org50

Retrospective study of Hospital-Acquired Pneumonia in hemorrahgic stroke patients Sol Ji Jung et al.



in hemorrhagic stroke patients and found that mechanical venti-
lation, tracheostomy, dysphagia, tube feeding, a high SAPS3 
score, and a low GCS score were risk factors for HAP.  

In addition, multidrug-resistant pathogen infection is common, 
so caution is required during antibiotic selection by referring to 
sputum culture results and antibiotic sensitivity tests. Efforts are 
needed to prevent pneumonia by understanding the risk factors for 
HAP identified in our study. 
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