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Supervisor:  Christopher R. Frei 

 

Background 

Healthcare-associated pneumonia (HCAP) guidelines were first proposed in 2005 but 

have not yet been validated. The objective of this study was to compare 30-day mortality 

and length of stay (LOS) in HCAP patients treated with either guideline-concordant 

HCAP (GC-HCAP) therapy or guideline-concordant community-acquired pneumonia 

(GC-CAP) therapy.  

 

Methods 

We performed a retrospective cohort study of >150 hospitals in the Veterans Health 

Administration. Patients were included if they had ≥1 HCAP risk factor and received 

antibiotic therapy within 48 hours of admission. Patients were excluded if they received 

ICU care, had cardiovascular or respiratory organ failure, or received invasive 

mechanical ventilation and/or vasopressors. We determined independent risk factors for 
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30-day mortality with a multivariable logistic regression model including baseline 

characteristics, individual HCAP risk factors, comorbidities, and organ failure as 

dichotomous covariates. Propensity scores were calculated for the probability to receive 

GC-HCAP therapy and incorporated into a second logistic regression model. 

 

Results 

 A total of 15,071 patients met study criteria and received GC-HCAP therapy (8.0%), 

GC-CAP therapy (75.7%), or non-guideline-concordant therapy (16.3%). GC-HCAP 

patients were more likely to have neoplastic disease; whereas, GC-CAP patients had a 

higher prevalence of other comorbidities, tobacco use, and recent medication use. In 

multivariable regression, recent hospital admission (OR 2.47, 95% CI 2.10-2.91) and GC-

HCAP therapy (2.13, 1.82-2.48) were the strongest predictors of 30-day mortality. 

Hematologic organ failure, non-invasive mechanical ventilation, neoplastic disease, renal 

organ failure, and cerebrovascular disease were also independent risk factors. Use of 

cardiovascular medications, inhaled corticosteroids, and tobacco were protective. GC-

HCAP therapy continued to be an independent risk factor for 30-day mortality (OR 2.12, 

95% CI 1.82-2.48) in the propensity score analysis. 

 

Conclusions 

GC-HCAP therapy is not associated with improved survival in HCAP patients. 
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CHAPTER ONE 

Introduction 

 

Pneumonia and other lower respiratory tract infections are a major cause of 

morbidity and mortality both globally and in the United States (U.S.).
1-3

 In 2004, the 

World Health Organization (WHO) reported nearly 430 million cases of pneumonia and 

other lower respiratory tract infections worldwide, ranking these diseases the second most 

common infectious disease processes behind diarrheal disease (Table 1).
1
 As a cause of 

death, pneumonia and other lower respiratory tract infections were responsible for nearly 

4.2 million deaths in 2004 (7.1% of total global mortality) and ranked as the third leading 

cause of death globally after ischemic heart disease and cerebrovascular disease (Table 

2).
1
 In the United States, data from the Centers for Disease Control and Prevention 

(CDC) indicate that influenza and pneumonia are the leading causes of infectious disease-

related death in the U.S., killing more than 56,000 Americans in 2006. Pneumonia 

patients consume a significant amount of fiscal resources and are responsible for over 1.2 

million of the 35 million annual U.S. hospitalizations.
3, 4

  

Currently, there are four major types of pneumonia recognized by international 

consensus pneumonia guidelines.
5, 6

 The newest category of pneumonia, healthcare-

associated pneumonia (HCAP), was created with the idea that patients receiving recent 

and sometimes routine contact with the healthcare system may be at a higher risk for 

drug-resistant pneumonia pathogens than other pneumonia patients from the community. 

Table 3 provides a definition for each type of pneumonia. 



 2 

Table 1: Global Incidence of Selected Infectious Disease Conditions, 2004 

Condition Incidence (Millions) 

Diarrheal disease 4,620.4 

Lower respiratory infections 429.2 

Malaria 241.3 

Measles
†
 27.1 

Pertussis 18.4 

Dengue 9.0 

Tuberculosis
†
 7.8 

HIV infection
†
 2.8 

Meningitis 0.7 

Tetanus
†
 0.3 

World Health Organization 2008.  The global burden of disease: 2004 update. Available 

from 

http://www.who.int/healthinfo/global_burden_disease/2004_report_update/en/index.html. 

HIV = human immunodeficiency virus 
†
new cases; otherwise, reported incidence represents episodes of illness  

 

Table 2: Global Causes of Death, 2004 

Disease or Injury Deaths (Millions) Total Deaths, % 

Ischemic heart disease 7.2 12.2 

Cerebrovascular disease 5.7 9.7 

Lower respiratory tract infections 4.2 7.1 

Chronic obstructive pulmonary disease  3.0 5.1 

Diarrheal diseases 2.2 3.7 

HIV/AIDS 2.0 3.5 

Tuberculosis 1.5 2.5 

Trachea, bronchus, lung cancers 1.3 2.3 

Road traffic accidents 1.3 2.2 

Prematurity and low birth weight 1.2 2.0 

World Health Organization 2008.  The global burden of disease: 2004 update. Available 

from 

http://www.who.int/healthinfo/global_burden_disease/2004_report_update/en/index.html.  

HIV = human immunodeficiency virus; AIDS = acquired immunodeficiency syndrome 
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Table 3: Types of Pneumonia 

Type of Pneumonia “Signs, symptoms, and radiologic evidence of pneumonia . . .” 

Community-acquired 

pneumonia (CAP) 

In the first 48 hours of hospital admission 

Healthcare-associated 

pneumonia (HCAP) 

In a CAP patient with recent contact with the health system 

      

Hospital-acquired 

pneumonia (HAP) 

48-72 hours after hospital admission 

 

Ventilator-associated 

pneumonia (VAP) 

48-72 hours after endotracheal intubation 

 

The publication of the 2005 American Thoracic Society (ATS) / Infectious 

Diseases Society of America (IDSA) guidelines formally introduced HCAP and 

recognized it as a distinct clinical entity that merits antimicrobial therapy beyond that 

recommended for CAP. In fact, the recommended HCAP therapy is equal to that 

recommended for hospital-acquired and ventilator-associated pneumonia (HAP and VAP, 

respectively).
6
 These recommendations have prompted increased scrutiny and heated 

debate regarding this large population formerly managed as community-acquired 

pneumonia (CAP). As HCAP is a relatively new entity, there are little data from which to 

provide evidence-based recommendations, and many questions remain on how to 

properly care for these patients. 

The following chapters provide: (1) a comprehensive evaluation of the available 

literature concerning HCAP and its associated risk factors, (2) an original research 

project that describes the effect of HCAP guideline-concordant antibiotic therapy on the 

health outcomes of HCAP patients, and (3) a discussion of the implications of these 

findings on the management and future of HCAP.  
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CHAPTER TWO 

Healthcare-Associated Pneumonia:  Refining the HCAP Criteria 

 

Search Strategy  

A query of the U.S. National Library of Medicine’s MEDLINE database 

(available at www.pubmed.gov) was used to identify relevant articles related to HCAP.  

The medical subject heading (MeSH) term “pneumonia” was combined with a 

combination of key words (“healthcare-associated” or “health care associated” or “health-

care-associated” or “health-care associated”) to return a listing of 99 MEDLINE-indexed 

articles.  In total, 43 publications were directly relevant to HCAP and considered in this 

literature review.  Twelve of 43 were original research publications.
7-18

 Two of the 12 

original research publications focused solely on vancomycin pharmacokinetic indices in 

patients with methicillin-resistant Staphylococcus aureus (MRSA) HCAP and are not 

discussed hereafter.
8, 11

 Additional publications were reviewed and included on a case-by-

case basis during a review of each publication’s bibliography. 

Of the 56 articles excluded, 32 were not directly relevant to HCAP and included 

17 review articles, 12 original research articles, two case reports, and one editorial 

commentary. The remaining 24 publications were excluded because their subject content 

focused on healthcare-associated infections (HAIs) acquired during treatment in a 

healthcare facility for separate medical conditions.
19

 Despite similarities in name, these 

HAIs are nosocomial in nature and include, but are not limited to, central line-associated 
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bloodstream infections, catheter-associated urinary tract infections, surgical site 

infections, VAP, MRSA infections, and Clostridium difficile infections.
20

 These 

nosocomial infections are often preventable, and large initiatives to improve quality care 

and avoid HAIs have been put into place by government agencies, professional 

organizations, and hospitals systems alike.
19, 20

 

HCAP Epidemiology 

As healthcare expands and technology advances, patients are increasingly 

managed outside of a hospital and traditional inpatient services are offered in non-acute 

healthcare facilities or even at home. This is visible in U.S. society with the explosion of 

long-term care, skilled-nursing, dialysis, and home-infusion facilities. The aging 

population, patient preferences, and renewed political focus on cost-containment 

strategies ensure that demand for these outpatient services will continue to increase.  This 

emphasis on outpatient management has led to an increase in the number of community 

patients with recent and sometimes routine exposure to the healthcare system. In turn, the 

term “healthcare-associated infection” is doubly used to identify infections among 

community-dwelling patients with recent healthcare exposure.
21

  

Knowledge surrounding the epidemiology of HCAP is still in its infancy. In CAP, 

the majority of studies have documented that Streptococcus pneumoniae is the most 

common pathogen, followed by atypical pathogens and Haemophilus influenzae (Table 

4).
5, 22

 In HAP and VAP, concerns swell for resistant pathogens, particularly MRSA and 

Pseudomonas aeruginosa.
6, 23, 24

 Some recent studies suggest HCAP etiology is most 
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similar to HAP and VAP, and this is reflected by the inclusion of HCAP in the 2005 

ATS/IDSA pneumonia guidelines for the management of HAP, VAP and HCAP.
6
   

Generating an accurate estimate of the number of patients with HCAP is a 

difficult task. Pneumonia is not a reportable disease in the U.S.,
25

 and variability in 

HCAP inclusion criteria makes for a heterogeneous population (see Table 5). There are 

currently six publications that identify groups of patients with HCAP, with the HCAP 

population ranging from 17-67% of all pneumonia patients admitted from the community 

(see Figure 1).
7, 9, 10, 13, 15, 17

 With HCAP replacing a substantial portion of the traditional 

CAP population, it is clear that HCAP treatment decisions will impact a significant 

number of patients.   

Table 4: Expected CAP Pathogen Distribution, By Site of Care 

Outpatient Inpatient, non-ICU Inpatient, ICU 

S pneumoniae 

M pneumoniae  

H influenzae 

C pneumoniae 

Resp viruses 

S pneumoniae 

M pneumoniae 

C pneumoniae 

H influenzae 

Legionella sp 

Aspiration / respiratory viruses 

S pneumoniae 

S aureus 

Legionella sp 

Gram-negative bacilli (GNB) 

H influenzae 

 

Adapted from:  File TM. Community-acquired pneumonia. Lancet 2003;362:1991-2001. 
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Table 5:  HCAP Inclusion Criteria, By Publication 

HCAP Risk Factor 
Publication 

1 2 3 4 5 6 7 8 9 10 

Hospital admission in past 30 days  X         

Hospital admission in past 90 days X  X   X  X X  

Hospital admission or pneumonia treatment in 90 days          X 

Hospital admission/surgery in past 180 days       X    

Hospital admission in past 12 months    X X      

Admission from nursing home/extended-care facility X  X X X X X X X X 

Transfer from other health facility  X         

Home infusion/IV therapy X  X     X X  

Chronic dialysis X X    X  X  X 

Home wound care X       X X  

Family member with MDR pathogen X          

Attended hospital or HD clinic past 30d   X    X  X  

Regular clinic visits (HD, PD, infusions)    X X      

IV chemotherapy in past 30 days   X    X    

Immunocompromised state    X
†
 X

‡
 X

Ψ
    X

§
 

1
ATS/IDSA Guidelines 2005, 

2
Kollef 2005, 

3
Carratalá 2007, 

4
Micek 2007,  

5
Zilberberg 2008, 

6
Shorr 2008, 

7
Venditti 2009, 

8
Shindo 2009, 

9
Rello 2009, 

10
Cecere 2010 

IV=intravenous; MDR=multi-drug resistant; HD=hemodialysis; PD=peritoneal dialysis 
†
Defined as daily administration of corticosteroids (at least 5mg per day of prednisone or an equivalent drug), seropositivity for human 

immunodeficiency virus, having received either a solid organ transplant or bone marrow transplant, treated with radiation therapy or 

chemotherapy for an underlying malignancy during the 6 months prior to hospital admission, and having an underlying acquired 

immune deficiency disorder (hypogammaglobulinemia, combined variable immunodeficiency)
10

 
‡
Defined as an HIV/AIDS, cancer with chemotherapy, or the use of immunosuppressive drugs 

Ψ
Defined as presence of neutropenia, concurrent use of an oral corticosteroid or other immunosuppressive agent (e.g., cyclosporine), 

active chemotherapy for malignancy, or infection with human immunodeficiency virus)
13

 
§
Defined as HIV infection, neutropenia in the past 2 weeks, use of ≥20mg of prednisone per day, or the use of other 

immunosuppressant drugs
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Figure 1:  Comparative Distribution of Community-Dwelling Pneumonia Patients 

Admitted to the Hospital, CAP vs. HCAP 
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CAP vs. HCAP 

In 2005, Kollef and colleagues published the first study to delineate and analyze a 

cohort of HCAP patients.
7
 All patients were culture-positive and nearly half (49.6%) of 

HCAP patients were admitted from skilled-nursing facilities. The most common 

pathogens in all pneumonia cohorts (CAP, HCAP, HAP, and VAP) were S. aureus and P. 

aeruginosa (see Figure 2). Mortality among HCAP patients was significantly greater than 

CAP patients (19.8% vs. 10.0%, p<0.0001) and similar to HAP patients (18.8%). In this 

study, HCAP etiology more closely resembled HAP and VAP than CAP. The authors 

concluded HCAP should be a separate category of pneumonia and that its microbial 

etiology necessitates empiric coverage for resistant organisms. The major limitation of 

this study is the fact that 25.5% of CAP pathogens were S. aureus (one-third MRSA) and 

17.1% were Pseudomonas. The high incidence of resistant organisms among CAP 

patients challenges current beliefs regarding CAP etiology and would effectively make 

current CAP treatment recommendations irrelevant if it were widely true.
5
  

A 2007 prospective observational analysis of CAP and HCAP in Spain provides a 

different perspective.
9
 In this study by Carratalà and colleagues, previous hospitalization 

(43.7%) was the most common reason for classification as HCAP and approximately 

one-quarter (23.9%) of patients had more than one HCAP risk factor. Microbial etiology 

was similar for CAP and HCAP, with S. pneumoniae the leading pathogen in both groups 

(33.9% and 27.8%, respectively).  Three of 727 total patients had S. aureus pneumonia; 

all three were HCAP patients, and one isolate was methicillin-resistant. Inappropriate 

antimicrobial therapy and 30-day mortality were both significantly more common in the 
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HCAP group (5.6% vs. 2%, p=0.03; 10.3% vs. 4.3%, p=0.007). The authors concluded 

that HCAP should be considered a separate category of pneumonia, but that 

Pseudomonas coverage may not be necessary in these patients. Although not explicitly  
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Figure 2: Bacterial Etiology and Outcomes in Studies Comparing HCAP and CAP 

Patients 

*Statistics not provided in original publication.  P-values determined using chi-square tests. 

 



 12 

stated, these data also suggested MRSA coverage may not be necessary in HCAP. 

Investigators indicated differences between CAP and HCAP with regards to pathogens, 

receipt of inappropriate therapy, and mortality; however, these results do not reflect the 

increased prevalence of resistant pathogens like some U.S. HCAP research.
7, 10

 Notably, 

this is the first HCAP cohort that included both culture-positive and culture-negative 

pneumonia patients.   

Also in 2007, Micek and colleagues published the results of a single-center 

retrospective cohort analysis of culture-positive CAP and HCAP patients.
10

 

Immunosuppressed patients composed 39% of the HCAP cohort in this study. The 

leading pathogens in HCAP were S. aureus (44.5%, two-thirds MRSA) and 

Pseudomonas (25.5%).  Among CAP patients, the most common pathogens were S. 

pneumoniae (40.9%), Haemophilus species (17.3%), and S. aureus (25.5%, one-half 

MRSA). Overall hospital mortality and inappropriate initial antimicrobial therapy were 

significantly higher in the HCAP population (24.6% vs. 9.1%, p<0.001; 28.3% vs. 

13.0%, p<0.001, respectively). Additionally, initial inappropriate antibiotic therapy was 

independently associated with hospital mortality (adjusted odds ratio [aOR] 2.19, 95% CI 

1.27-3.78). This study demonstrated a more traditional CAP pathogen distribution, but it 

was limited by its single-center design and inclusion of only culture-positive patients. In 

2008, Zilberberg and colleagues further analyzed this same HCAP cohort and 

demonstrated that initial inappropriate antibiotic therapy remained an independent 

predictor of hospital mortality exclusively among HCAP patients (odds ratio [OR] 2.88, 
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95% confidence interval [CI] 1.46-5.67).
12

 Escalation of antibiotic therapy after 48 hours 

did not improve mortality in patients with initial inappropriate therapy. 

In 2009, two additional studies compared the CAP and HCAP populations. First, 

Venditti and colleagues conducted a multi-center, prospective observational study in Italy 

and determined that HCAP patients, when compared to CAP patients, presented with 

more severe disease, experienced higher mortality rates, and had longer hospital lengths 

of stay (see Figure 3).
15

 Multivariable regression analysis demonstrated that depression of 

consciousness, leukopenia, and receipt of an empirical antibiotic not recommended by 

international guidelines were all independently associated with death. Data regarding 

specific causative pathogens was not reported. Second, Shindo and colleagues conducted 

a single-center retrospective observational study in Japan of culture-positive and culture-

negative CAP and HCAP patients.
14

 The most common pathogen in both cohorts was S. 

pneumoniae (CAP and HCAP, 19.1% and 13.5%, respectively). HCAP patients had an 

increased amount of pneumonia due to Pseudomonas and MRSA (HCAP vs. CAP, 5.7% 

vs. 1.7%, and 3.5% vs. 1.9%, respectively); however, these rates were not as striking as 

those previously reported. Again, mortality was also higher in the HCAP group (21.3% 

vs. 7.4%, p<0.001).  

Most recently, Rello and colleagues retrospectively analyzed CAP and HCAP 

patients with pneumococcal bacteremic pneumonia.
26

 Three S. pneumoniae isolates were 

non-susceptible to penicillin, and only one patient in each cohort (CAP and HCAP) 

received inappropriate antibiotic therapy. Despite this, 30-day mortality rates remained 

significantly higher in HCAP patients (29.5% vs. 7.6%, p<0.001). At admission, HCAP 
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patients were older, had higher Charlson scores, and presented with more severe disease; 

however, CAP patients were more likely to be admitted to the ICU and had a numerically 

higher utilization of vasopressors and mechanical ventilation. These authors concluded 

that increased mortality in HCAP was independent of bacterial susceptibility and may be 

more attributable to age, comorbid conditions, and limitations on aggressive intervention. 

HCAP Empiric Antibiotic Recommendations 

If empiric antibiotic treatment is based on expected pathogens, the HCAP 

evidence leads to conflicting recommendations on optimal treatment for these patients. 

Current ATS/IDSA guidelines suggest HCAP patients are at risk for resistant pathogens 

and should receive empiric therapy with two antipseudomonal agents and one MRSA-

active agent.
6
 This approach is necessary for some patients; however, significant 

heterogeneity among HCAP patients makes a blanket approach to treatment problematic. 

Risk Factors for Multi-Drug Resistant Pathogens  

The major difference between recommended therapies for HCAP and CAP is the 

additional coverage for Pseudomonas and MRSA in HCAP therapy.
5, 6

 HCAP was 

created to delineate a group of patients more likely to be infected with these resistant 

pathogens; however, criteria are overly broad. The diversity with which today’s 

community-dwelling pneumonia patients present necessitates that clinicians consider 

each patient’s individual risk factors. Common HCAP risk factors include recent 

hospitalization, admission from a nursing home, chronic hemodialysis, home healthcare, 

and immunosuppression.
6, 7, 9, 10, 13-15, 17, 26

 Each will be discussed in turn, and the authors 
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will offer an assessment concerning the value of each HCAP risk factor to predict multi-

drug resistant pathogens.     

Recent Hospitalization 

Recent hospitalization is frequently the most common reason for classification as 

HCAP,
9, 10, 15, 26

 accounting for up to 93% of HCAP patients in one cohort (see Table 6).
10

 

The definition of recent hospitalization varies by investigator but is most commonly 

defined as a hospital admission in the previous 90 days. To date, few studies have 

evaluated recent hospitalization as a risk factor for resistant pathogens among 

community-dwelling pneumonia patients. Arancibia and colleagues identified previous 

hospitalization within 30 days as an independent risk factor for Pseudomonas pneumonia 

among community patients (OR 3.8, 95% CI 1.8-8.3).
27

 Lescure and colleagues and 

Shorr and colleagues demonstrated previous hospitalization (within 3 years and within 90 

days, respectively) as risk factors for MRSA pneumonia among community patients (OR 

3.8, 95% CI 1.8-7.9; and 2.35, 1.52-3.64, respectively).
13, 28

 Limited data provide 

evidence specifically on recent hospitalization; however, the large proportion of recently 

hospitalized patients in HCAP studies implies the importance of this risk factor. Specific 

knowledge of previous admissions including reason for admission, duration of 

hospitalization, and antibiotic exposure should be used to weigh the likelihood of drug-

resistant pneumonia and improve clinical decisions.  
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Table 6: Prevalence of HCAP Risk Factors Among HCAP Patients, By Study 

HCAP Risk Factors Kollef Carratalà Micek / Shorr Venditti Shindo Rello Cecere 

HCAP cohort (n) 988 126 431 90 141 44 164 

Recent Hospitalization, % 

     Within 90 days  

     Within 180 days 

     Within 365 days 

*  

43.7 

--- 

--- 

 

68.9 

89.1 

93.3 

 

--- 

80.0 

--- 

 

39.0 

--- 

--- 

 

56.8 

--- 

--- 

 

23.8 

--- 

--- 

Nursing home/LTCF, % 49.6 25.4 28.1 10.0 61.0 38.5 29.9 

Chronic hemodialysis, % * 31.7 10.0 3.3 7.1 2.3 4.9 

Home healthcare/recent IV therapy, % ** 14.3 ** 6.7 2.1 18.2 ** 

Immunosuppression, % ** ** 39.2 ** ** ** 57.9 

HCAP=healthcare-associated pneumonia; LTCF=long-term care facility; IV=intravenous 

* = data not provided in study 

** = cohort not included in study population 
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Admission from a Nursing Home 

Patients admitted from nursing homes with pneumonia, termed nursing home-

acquired pneumonia (NHAP), have been heavily studied and may constitute up to 61% of 

HCAP patients.
14

 All studies of HCAP patients have included patients admitted from 

nursing-homes and/or long-term care facilities; however, variations in level of care 

provided by individual facilities may result in fundamentally different patient 

populations. In the outpatient setting, NHAP is often treated at the nursing home with 

traditional CAP therapy. A comparison of oral levofloxacin to usual care describes 

decreased rates of hospitalization and similar mortality with levofloxacin for NHAP 

patients treated on-site.
29

 Among hospitalized, non-intensive care NHAP patients, recent 

studies report pathogen distributions similar to expected CAP distributions. Lim and 

colleagues identified S. pneumoniae and atypical pathogens (54.5% and 18.2%, 

respectively) as the most common causes of NHAP without any cases of S. aureus or 

Pseudomonas pneumonia.
30

  Maruyama and colleagues identified atypical pathogens as 

most frequent (37.3%), followed by S. pneumoniae (33.3%), with low rates of S. aureus 

and Pseudomonas (both 4.0%).
31

 Drug resistant pathogens emerged in a 2001 study from 

El Solh and colleagues comparing NHAP and CAP patients in the ICU. These severe 

NHAP patients (all admitted to the intensive care unit [ICU] and mechanically-

ventilated) have higher rates of S. aureus than their CAP counterparts (29.8% vs. 7.0%). 

Three of 14 NHAP S. aureus isolates in this study were MRSA.
32

 A 2004 El Solh study 

of long-term care patients with severe NHAP found S. pneumoniae to be the most 
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frequent pathogen (25.3%); however, MRSA (20.2%), Pseudomonas (9.1%), and other 

gram-negative enteric bacteria were common.
33

  

Nursing home-acquired pneumonia patients are also the only HCAP subgroup 

where functional status has been consistently evaluated. Poor functional status has been 

linked to increased mortality and an increased risk of developing an infection with drug-

resistant pathogens among NHAP patients.
30-34

 CAP studies evaluating functional status 

have also demonstrated it to be a powerful predictor of mortality.
34, 35

 Functional status 

may serve as a surrogate marker for nursing care and an increased potential for cross-

colonization. The activities of daily living (ADL) score,
32, 33, 36

 Eastern Cooperative 

Oncology Group (ECOG) performance score,
30, 31, 37

 Barthel Index,
30, 37

 and Karnofsky 

Index
37

 have been used to measure functional status in pneumonia studies; however, no 

single instrument has documented superiority over another in this patient population.  

By itself, residence in a nursing home does not necessitate HCAP therapy. Based 

on the evidence, NHAP patients with severe disease (admitted to an ICU) and/or poor 

functional status are at the highest risk of drug-resistant pathogens and poor outcomes 

and are the subset of NHAP patients that may benefit the most from HCAP therapy. 

Chronic Hemodialysis 

In HCAP cohorts, dialysis patients comprised up to one-third of HCAP patients.
9
 

Two large retrospective studies of Medicare data provide the limited evidence available 

for pneumonia etiology in these patients.
38, 39

 In 2006, Slinin and colleagues published 

results from the U.S. Renal Data System.
38

 Streptococcus pneumoniae (3.4%) and P. 
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aeruginosa (2.8%) were the most common pneumonia pathogens isolated (culture-

positive and culture-negative patients) in a cohort of greater than 10,000 hospitalized 

dialysis patients. Less than 1% of infections were caused by S. aureus. In 2008, a 

subsequent analysis from Guo and colleagues demonstrated that the most common 

pathogens were S. aureus (3.2%), S. pneumoniae (2.8%), and P. aeruginosa (2.2%).
39

 

Neither of these studies was able to provide data on methicillin-resistance. 

Staphylococcus aureus, including MRSA, is a major pathogen of concern in dialysis-

associated infections overall;
40

 however, this has not been clearly established for 

pneumonia in dialysis patients. Dialysis seems to be included as an HCAP risk factor 

more by convention than evidence, and studies are needed with the ability to provide a 

better description of pneumonia etiology in dialysis patients. 

Home  Healthcare 

Patients utilizing home healthcare are the smallest cohort of HCAP patients.  

Most HCAP studies have not included these patients; however, of the two studies that 

have included these patients, home healthcare patients comprised 2-14% of the HCAP 

population.
9, 14

  Among studies of home healthcare patients alone, there is no 

epidemiological data specifically on pneumonia risk factors, pathogens, or outcomes.  

The best insight to this group comes from a 2006 case-control study comparing 

methicillin-susceptible S. aureus (MSSA) and MRSA infections isolated within the first 

48 hours of hospital admission.
28

  The respiratory system was the site of infection in 

27.3% of cases. The presence of home nursing care was determined to be an independent 
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risk factor for isolation of MRSA (OR, 95% CI; 3.7, 2.0-6.7).
28

 Because of its limited 

evidence, it does not seem appropriate to classify home healthcare patient as HCAP at 

this time. 

Immunosuppression 

Immunosuppression is not listed in guidelines as an HCAP risk factor; however, 

three studies (two from the same cohort) have included immunosuppression as HCAP 

criteria.
10, 13, 17

 Immunosuppressed patients represented a significant portion of the HCAP 

populations in their respective cohorts (39% and 58%). Within these HCAP studies, the 

term immunosuppression referred to a diverse group of patients including, but not limited 

to, patients with bone marrow or solid organ transplants, those found to be infected with 

the human immunodeficiency virus (HIV), patients recently receiving treatment for 

malignant disease, and the use of certain immunosuppressive medications (i.e., daily 

corticosteroids, cyclosporine).  

The two largest groups under this category, cancer patients and HIV-positive 

patients, both have pneumonia recommendations from specialty-specific guidelines.
41, 42

 

There is no evidence in pneumonia with non-neutropenic cancer patients or those 

receiving chemotherapy; however, when a patient presents with suspected pneumonia 

and febrile neutropenia, the National Comprehensive Cancer Network recommends 

coverage for Pseudomonas.
41

 In HIV-infected patients, the most common pathogens are 

S. pneumoniae and H. influenzae, but there is evidence to suggest that Pseudomonas and 

S. aureus may be prominent in patients with advanced disease.
42

 Current 
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recommendations from the Department of Health and Human Services HIV/acquired 

immunodeficiency syndrome (AIDS) guidelines are similar to the ATS/IDSA CAP 

guidelines and do not recommend treatment for resistant organisms without specific risk 

factors (see guidelines for more details).
5, 42

 As defined in HCAP studies, 

immunosuppression encompasses a wide range of patients with varying risk at different 

stages of disease processes.  These populations should not be included as HCAP patients, 

but disease-specific characteristics (febrile neutropenia in cancer, CD4 count in HIV) 

should be considered while making treatment decisions.  

Drug-Resistant Pneumonia 

Because of the limited evidence among individual HCAP risk factors, delineating 

independent risk factors for pathogens that require coverage beyond that recommended 

for CAP may prove useful. In 2008, Shorr and colleagues published a retrospective 

cohort study to determine risk factors predictive of pneumonia due to drug-resistant 

pathogens (defined as MRSA, extended-spectrum beta-lactamase [ESBL]-producing 

Klebsiella species, and other non-fermenting gram-negative rods).
13

 A combined cohort 

of CAP and HCAP patients found 45.2% of isolated pathogens to be drug-resistant. All 

HCAP risk factors were significantly more prevalent in the cohort with resistant 

infections; however, 51.4% of patients with infections due to non-resistant pathogens 

(most commonly S. pneumoniae) had at least 1 HCAP risk factor as well. Variables 

independently associated with resistant infections among the group of CAP and HCAP 

patients included previous hospitalization, residence in a nursing home, long-term 
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hemodialysis, and ICU admission (OR 4.21, 2.75, 2.11, and 1.62; all p<0.05). In 2009, 

Shindo and colleagues determined that the use of broad-spectrum antibiotics in the past 

90 days and tube feeding were independent risk factors for drug-resistant pathogens 

among HCAP patients (OR 3.1 and 2.5, both p<0.05); however, use of any antibiotic, 

chronic lung disease, probably aspiration, poor functional status, and immunosuppression 

were not.
14

  

When the presence of HCAP criteria are considered as a diagnostic test, the 

positive predictive value for resistant infections in the Shorr study was only 58.2%. 

Sensitivity, specificity, and negative predictive value were 86.9%, 48.6%, and 81.7%, 

respectively. A 2010 study by Schreiber and colleagues encountered similar results, 

demonstrating that HCAP as a tool for predicting resistant infections had a sensitivity and 

specificity of 78.3% and 56.2%, and positive and negative predictive values of 45.2% and 

84.9%.
43

 These results emphasize the lackluster ability of HCAP criteria to predict 

patients who will have pneumonias due to drug-resistant pathogens and indicate that a 

greater understanding of risk factors for specific pathogens may be more clinically-

relevant than the HCAP classification system. 

Clinically, there is justified debate over the utility of the HCAP criteria. Most are 

aware of and agree with guideline recommendations for HCAP; however, many do not 

adhere to them in daily practice. A survey of physicians responsible for choosing initial 

antibiotic therapy reports that 79% of participants agree with and practice according to 

published HCAP guidelines; yet, guideline-concordant HCAP therapy was selected in 

only 9% of HCAP clinical scenarios.
18

 These findings, coupled with the poor predictive 
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value of HCAP criteria, question the value of HCAP as a distinct clinical entity and 

suggest that an overhaul of current recommendations may be necessary to provide 

optimum care and avoid unnecessarily treating a large number of patients with overly 

broad spectrum antibiotics.  

Additional Considerations  

There are a number of other issues that need further exploration in HCAP. First, 

certain combinations of HCAP guideline-concordant therapy do not provide coverage for 

atypical pathogens (i.e., a regimen with an antipseudomonal beta-lactam, 

aminoglycoside, and vancomycin). In CAP, the need for atypical coverage has been a 

matter of debate for more than a decade.
44-46

 In HCAP, concerns for atypical pathogens 

remain and some clinicians may add a macrolide to any HCAP regimen without atypical 

coverage, citing both the risk of atypical pathogens and the anti-inflammatory potential of 

macrolides.
5, 47

  

Second, the role of previous antibiotic therapy in HCAP patients needs further 

analysis. As stated previously, Shindo and colleagues reported the use of broad-spectrum 

antibiotics in HCAP patients in the past 90 days to be an independent risk factor for drug-

resistant pathogens (OR, 95% CI; 3.1, 1.2-8.1), but the use of any antibiotic in the past 90 

days was not statistically significant (2.5, 0.8-8.0).
14

 Previous antibiotic therapy is 

considered a risk factor for resistant pathogens among many types of infections;
48

 

however, this should be further researched in HCAP patients. 
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Third, HCAP is based on the assumption that HCAP guideline-concordant 

therapy will improve outcomes in HCAP patients. Inappropriate antibiotic therapy is 

higher in HCAP patients than CAP patients and has been independently-associated with 

increased mortality, even with late escalation of therapy.
9, 10, 12, 14, 15

 However, even with 

minimal inappropriate therapy, Rello and colleagues still observed significant increases 

in mortality for HCAP patients.
26

 Additionally, a 2008 study of non-ICU hospitalized 

patients admitted from nursing homes reported no difference in clinical outcomes (time to 

clinical stability, in-hospital and 30-day mortality) when patients were treated with either 

guideline-concordant HCAP therapy or guideline-concordant CAP therapy.
16

 Studies that 

replicate or refute this finding will be integral to the future of HCAP.   

Summary of HCAP 

Studies that have compared HCAP to CAP have consistently identified HCAP 

patients as older patients with more severe disease and at an increased risk of pneumonia 

due to drug-resistant pathogens.
7, 9, 10, 14, 15, 17

 Most importantly, all studies demonstrate 

increased mortality among HCAP patients.   

HCAP was created with the best of intentions; however, the evidence is hampered 

with limitations. First, the presence of regional studies makes it difficult to extrapolate 

results, and the inclusion of only culture-positive patients in many studies may introduce 

a selection bias. Recent data has demonstrated increased severity of illness, hospital 

length of stay, and mortality among culture-positive HCAP patients compared to culture-

negative HCAP patients.
49
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Second, individual risk factors identified for HCAP are primarily a compilation of 

risk factors for resistant pathogens elucidated from previous research in patients with 

bloodstream infections.
21, 50, 51

 Aside from patients admitted from nursing-home or long-

term care facilities, the evidence for each of the individual HCAP risk factors is 

incomplete and unsatisfactory.  

Third, evidence published since the guidelines reveals that HCAP criteria are a 

poor predictor of patients with drug-resistant pneumonia patients.
13, 43

 Extraneous 

administration of broad spectrum antibiotics leads to increased adverse events, increased 

costs, and increased bacterial resistance.   

And last, despite the increased emphasis placed on the detrimental effects of 

inappropriate initial antibiotic therapy and the need for HCAP guideline-concordant 

therapy, there is no definitive data to support that HCAP guideline-concordant antibiotic 

therapy will improve outcomes in HCAP patients over traditional CAP guideline-

concordant therapy. 

Conclusion 

This evidence-based review demonstrates the complexity of HCAP patients. It is 

currently unclear which patient characteristics are most associated with the isolation of 

resistant pathogens; however, evidence in this area has emerged and is promising for the 

future. Current evidence supporting the guidelines is strongest for nursing-home patients 

with severe disease and/or poor functional status.
33, 36

 Recent hospitalization is also 

probably important because this is the largest group of HCAP patients in the HCAP 
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studies demonstrating increased resistant pathogens and poor outcomes. For patients on 

chronic hemodialysis or receiving home healthcare, clinicians must use sound clinical 

judgment in determining initial antibiotic therapy. Evaluating additional factors, such as 

functional status and recent antibiotic exposure, may also be necessary. For all HCAP 

patients in an ICU setting, initial broad-spectrum therapy seems indicated because of the 

increased risk of mortality and frailty among this group. HCAP recommendations are 

more of a concern in non-ICU settings, where the risks of broad-spectrum therapy may 

outweigh benefits and contribute to increased lengths of stay and the risk of additional 

nosocomial infections.   
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CHAPTER THREE  

Guideline-Concordant Antibiotic Therapy Is Not Associated with 

Improved Outcomes in Healthcare-Associated Pneumonia 

 

Guidelines are used throughout clinical practice to positively influence clinical 

decision-making and improve patient outcomes. Validation of guideline 

recommendations is an essential process to ensure the highest standards of care. The 

HCAP evidence provides important information on the differences between CAP and 

HCAP patients; however, the HCAP treatment recommendations have not yet been 

validated.  The following study aimed to validate HCAP guideline recommendations by 

comparisons of 30-day mortality and length of stay (LOS) in HCAP patients treated with 

either guideline-concordant HCAP therapy or guideline-concordant CAP therapy. 

 

Methods 

Administrative data from the Veterans Health Administration (VHA) was used to 

examine trends in pneumonia care and mortality among patients with healthcare-

associated pneumonia (HCAP).  The VHA databases are repositories of clinical data from 

more than 150 VHA hospitals and 850 VHA clinics. The Institutional Review Board of 

the University of Texas Health Science Center at San Antonio and the South Texas 

Veterans Health Care System Research and Development committee approved this study. 
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Objectives and Hypotheses 

The primary objective of this study was to compare the effects of guideline-

concordant HCAP therapy, guideline-concordant CAP therapy, and non-guideline-

concordant therapy on patient mortality and hospital length of stay (LOS) in a cohort of 

hospitalized, non-critically-ill HCAP patients. The secondary objective was to describe 

differences in both patient mortality, LOS, and selected bacterial pathogens based on the 

number of HCAP risk factors present in each patient.  

The study hypotheses are stated below.  “GC-HCAP” refers to the group of 

HCAP patients who received HCAP guideline-concordant therapy.  “GC-CAP” refers to 

the group of HCAP patients who received CAP guideline-concordant therapy.  “Non-

GC” refers to the group of patients who received non-guideline-concordant therapy. 

 

Ho1: There will be no significant difference in 30-day mortality between the GC-

HCAP and GC-CAP groups. 

Ho2: There will be no significant difference in 30-day mortality between the GC-

HCAP and non-GC groups. 

Ho3: There will be no significant difference in 90-day mortality between the GC-

HCAP and GC-CAP groups. 

Ho4: There will be no significant difference in 90-day mortality between the GC-

HCAP and non-GC groups. 

Ho5: There will be no significant difference in hospital length of stay (LOS) between 

the GC-HCAP and GC-CAP groups. 
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Ho6: There will be no significant difference in LOS between the GC-HCAP and non-

GC groups. 

Ho7: There will be no relationship between the number of HCAP risk factors per 

patient and mortality rates. 

Ho8: There will be no relationship between the number of HCAP risk factors per 

patient and LOS. 

Ho9: There will be no relationship between the number of HCAP risk factors per 

patient and the isolation of selected bacterial pathogens (Streptococcus 

pneumoniae, Staphylococcus aureus, and Pseudomonas). 

Ho10: Among patients with positive cultures, there will be no significant difference in 

patient mortality for patients with or without S. pneumoniae. 

Ho11: Among patients with positive cultures, there will be no significant difference in 

patient mortality for patients with or without S. aureus. 

Ho12: Among patients with positive cultures, there will be no significant difference in 

patient mortality for patients with or without Pseudomonas.  

Patient Eligibility 

All patients were required to have an International Classification of Disease, 

Ninth Edition, Clinical Modification (ICD-9-CM) principal discharge diagnosis of 

pneumonia (ICD-9-CM codes 480.0-483.99 or 485-487) in fiscal years 2002 to 2007 and 

at least one documented risk factor for healthcare-associated pneumonia. HCAP risk 

factors were defined as hospital admission in the previous 90 days, residence in a nursing 
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home in the previous 90 days, receipt of outpatient intravenous antibiotics in the past 90 

days, and hemodialysis. Patients undergoing hemodialysis were identified using ICD-9-

CM codes (Table 7). Other HCAP risk factors were obtained from patient records 

maintained in VHA databases.  

Patients were excluded if they were critically ill or did not receive antibiotic 

therapy within 48 hours of hospital admission.  Critically-ill patients were excluded to 

minimize differences in level of care between the groups, as critically-ill patients suffer 

increased morbidity and mortality compared to those managed on general medical 

wards.
52

 Patients not receiving antibiotics within 48 hours were excluded to reduce 

potential cases of hospital-acquired pneumonia, defined as pneumonia that develops ≥48 

hours after hospital admission. Critical illness was identified by: (1) admission to the 

intensive care unit (ICU) at any time during hospitalization; (2) the presence of ICD-9-

CM codes indicating respiratory organ failure, cardiovascular organ failure, or invasive 

mechanical ventilation; or (3) the receipt of any vasopressor or inotrope. Vasopressors 

and inotropes included dobutamine, dopamine, epinephrine, isoproterenol, metarminol, 

norepinephrine, and vasopressin. 
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Table 7: ICD-9-CM Definitions for HCAP Risk Factors, Comorbid Conditions, and 

Bacterial Pathogens 

Variable ICD-9-CM Codes 

Hemodialysis 403.01, 403.11, 403.91, 404.02, 404.12, 404.92, 404.93, 

584, 585, 586 

Critical Illness  

     Organ failure, respiratory 518.81, 518.82, 518.85, 518.89, 786.09, 799.01, 096.7 

     Organ failure, cardiovascular 458.0, 458.8, 458.9, 785.5, 796.3 

     Invasive mechanical ventilation 096.7 

Comorbid conditions  

     Myocardial infarction 410, 412 

     Congestive heart failure 428 

     Cerebrovascular disease 430-438 

     COPD 490-496, 500-505, 506.4 

     Liver disease 571.2, 571.4, 571.5, 571.6, 572.2-572.8, 456.0-456.21 

     Diabetes  250.0-250.3, 250.4, 250.5, 250.6, 250.7, 250.8, 250.9 

     Renal disease  582, 583, 585, 586, 588 

     Neoplastic disease 140-172, 174-208 

     Tobacco use 305.1 , V15.82 

     HIV/AIDS 42-44, V08 

     Alcohol abuse or dependence  291, 303, 305.0 

     Organ failure  

          Respiratory 518.81, 518.82, 518.85, 518.89, 786.09, 799.1, 096.7 

          Cardiovascular 458.0, 458.8, 458.9, 785.5, 796.3 

          Neurologic 293, 348, 348.3, 780.01, 780.09, 089.14 

          Renal 580, 584, 585, 039.95 

          Hematologic 286.2, 286.6, 286.9, 287.3, 287.4, 287.5 

          Hepatic 570, 572.2, 573.3 

Bacterial Pneumonia Pathogens  

     Streptococcus pneumoniae 481 

     Streptococcus, other 482.30, 482.31, 482.32, 482.40 

     Staphylococcus, unspecified 482.40 

     Staphylococcus aureus 482.41 

     Klebsiella pneumoniae 482.0 

     Pseudomonas  482.1 

     Haemophilus influenzae 482.2 

     Escherichia coli  482.82 

     Other gram-negative bacteria 482.83 

     Legionnaire’s disease      482.84 

     Mycoplasma pneumoniae 483.0 

     Chlamydia pneumonia 483.1 

HCAP = healthcare-associated pneumonia; COPD = chronic obstructive pulmonary disease; 

HIV/AIDS = human immunodeficiency virus/acquired immunodeficiency syndrome 
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Baseline Characteristics  

Baseline demographics were recorded at the time of admission and comorbid 

illnesses were determined using ICD-9-CM codes from outpatient and inpatient care in 

accordance with the Charlson comorbidity scoring system.
53, 54

 Patient race was recorded 

for White and Black patients, and ethnicity was reported for patients identifying 

themselves as Hispanic. Native Americans, Hawaiians, and patient records missing racial 

information were reported as “other.” Tobacco use was defined as patients with a 

recorded visit to a VHA tobacco cessation clinic or a prescription for Zyban® or 

varenicline. ICD-9-CM codes were used to identify patients with alcohol 

abuse/dependence and organ failure.
55-57

 Medication use in the 90 days prior to admission 

was documented for cardiovascular medications, antidiabetic medications, inhaled 

corticosteroids, systemic corticosteroids (oral and/or injectable), and pulmonary 

medications (Table 8). 

Antibiotic Therapy and Bacterial Pathogens 

Antibiotic therapy received within the first 48 hours of admission was evaluated 

using established consensus guidelines (Table 9).
5, 6

 Patients receiving additional 

antibiotics beyond the minimum required to satisfy GC-HCAP or GC-CAP therapy 

remained in their respective treatment groups. The subset of patients who received both 

GC-HCAP and GC-CAP therapy was considered to have received GC-HCAP therapy.  

Patients receiving antibiotics that were not concordant with either CAP or HCAP 

guidelines were considered to have received non-guideline-concordant (non-GC) therapy. 
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Table 8: List of Medications, By Class 

Drug Class Medications 

Cardiovascular 

medications 

Aliskiren, ambrisentan, amiloride, amlodipine, atenolol, 

atorvastatin, benazepril, bendroflumethizide, bepridil, 

betaxolol, bisoprolol, bretylium, bumetanide, carteolol, 

carvedilol, chlorothiazide, chlorthalidone, clevidipine, 

clonidine, diazoxide, digoxin, diltiazem, disopyramide, 

dofetilide, doxazosin, eplerenone, epoprostenol, esmolol, 

ethacrynic acid, felodipine, fenoldopam, flecainide, 

furosemide, guanabenz, guanadrel, guanethidine, guanfacine, 

hydralazine, hydrochlorothiazide, ibutilide, iloprost, 

inamrinone, indapamide, isosorbide, isoxsuprine, isradipine, 

labetalol, mannitol, mecamylamine, methyclothiazide, 

methyldopa, metolazone, metoprolol, metyrosine, 

mexiletine, milrinone, minoxidil, moricizine, nadolol, 

nebivolol, nesiritide, nicardipine, nifedipine, nimodipine, 

nisoldipine, nitroglycerin, papaverine, penbutolol, 

perindopril, phentolamine, pindolol, polythiazide, prazosin, 

procainamide, propafenone, propranolol, quinidine, 

reserpine, sotalol, spironolactone, terazosin, timolol, 

tocainidine, tolazoline, torsemide, treprostinil, triamterene, 

trimethaphan, verapamil 

Antidiabetic medications Acarbose, chlorpropamide, exenatide, glimepiride, glipizide, 

glyburide, insulin, metformin, miglitol, nateglinide, 

pioglitazone, pramlintide, repaglinide, rosiglitazone, 

sitagliptin, tolazamide, tolbutamide 

Inhaled corticosteroids Flunisolide, fluticasone, mometasone, triamcinolone 

Systemic corticosteroids Betamethasone, budesonide, cortisone, dexamethasone, 

hydrocortisone, methylprednisolone, prednisolone, 

prednisone, triamcinolone 

Pulmonary medications  Acetylcysteine, albuterol, aminophylline, arformoterol, 

beractant, bitolterol, caffeine, calfactant, cetyl alcohol, 

ciclesonide, colfosceril, cromolyn, dornase alfa, doxapram, 

formoterol, ipratropium, levalbuterol, metaproterenol, 

montelukast, nedocromil, nitric oxide, omalizumab, 

pirbuterol, poractant alfa, salmeterol, terbutaline, 

theophylline, tobramycin, tyloxapol, zafirlukast, zileuton 
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Table 9: Definitions of CAP and HCAP Guideline-Concordant Therapy (Non-ICU 

Patients) 

Guideline-Concordant CAP Therapy Guideline-Concordant HCAP Therapy 

Beta-lactam plus macrolide
†
 

 

Respiratory fluoroquinolone 

Antipseudomonal beta-lactam
‡
 plus 

antipseudomonal fluoroquinolone plus 

vancomycin or linezolid 

 

Antipseudomonal beta-lactam
‡
 plus 

aminoglycoside plus 

vancomycin or linezolid 
†
Doxycycline may be substituted for macrolide 

‡
Aztreonam may be substituted for antipseudomonal beta-lactam in penicillin-allergic 

patients 

*Beta-lactam includes cefotaxime, ceftriaxone, ampicillin, or ertapenem 

**Macrolide includes azithromycin, clarithromycin, or erythromycin 

***Respiratory fluoroquinolone includes moxifloxacin, levofloxacin, or gatifloxacin 

****Antipseudomonal beta-lactam includes cefepime, ceftazidime, imipenem-cilastatin, 

meropenem, piperacillin-tazobactam, or ticarcillin-clavulanate 

*****Aminoglycoside includes gentamicin, tobramycin, or amikacin 

 

Pneumonia pathogens were identified using ICD-9-CM discharge diagnosis 

codes. Proportions of pneumonia due to Streptococcus pneumoniae, S. aureus, and 

Pseudomonas were compared by the number of HCAP critieria per patient. Patient 

mortality and LOS were also compared between culture-positive patients with and 

without these selected pathogens. Streptococcus pneumoniae was selected because it is 

the most common pathogen in community-acquired pneumonia and is generally 

susceptible to guideline-recommended CAP regimens.
5
 Staphylococcus aureus and 

Pseudomonas were selected because guideline-recommended CAP therapy often has 

inadequate, if any, activity against methicillin-resistant S. aureus (MRSA) and 

Pseudomonas. Previous research indicates that up to 57% of S. aureus in HCAP patients 

is MRSA.
7
  



 35 

Hospital Length of Stay and Mortality 

The primary outcome was 30-day mortality. Previous research has demonstrated 

that 30-day mortality is a stronger predictor of pneumonia-related mortality than 90-day 

mortality.
58

 Admission and discharge dates were abstracted for each hospital stay and 

LOS was defined as the date of discharge minus the date of admission plus one day. 

Thirty-day and 90-day mortality were determined using date of death provided by the 

VHA status file. This method has a 98% exact agreement with the gold standard method 

(the National Death Index) to ascertain mortality.
59

Statistical Analysis 

All statistical analyses were conducted using JMP 8.0® (SAS Corp., Cary, NC). 

Due to the large sample size, we defined statistical significance as a two-tailed alpha 

≤0.0001 for bivariate comparisons to avoid spurious associations. For multivariable 

logistic regression models, a two-tailed alpha ≤0.05 was used. In bivariate comparisons 

among the three treatment groups, GC-HCAP was used as the reference group and 

compared to both GC-CAP group and non-GC groups.  

Patient demographics, baseline characteristics, comorbid conditions, bacterial 

pathogens, and mortality were compared between groups. Dichotomous variables were 

compared using chi-square tests or Fisher’s exact tests. All continuous variables (age, 

Charlson Index, and LOS) were tested for normality with the Shapiro Wilk W test and 

found to have non-normal distributions; therefore, comparisons were performed with 

Wilcoxon rank sum tests. 
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Pearson correlation coefficients (r) were calculated to correlate the rate of GC-

HCAP, GC-CAP, and non-GC therapy with time, and coefficients of determination (r
2
) 

were used to describe the strength of relationships between annual rate of therapy and 

time. Chi-square and Kruskal-Wallis tests were used to compare differences in bacterial 

pathogens, mortality, and LOS with the number of HCAP criteria per patient. Chi-square 

tests were also used in patients with positive cultures to compare mortality rates based on 

isolation of S. pneumoniae, S. aureus, or Pseudomonas.  

  A multivariable logistic regression model was used to examine the association 

between the receipt of guideline-concordant antibiotics and 30-day mortality.  To isolate 

the effects of guideline-concordant therapy (GC-HCAP vs. GC-CAP), patients who 

received non-GC therapy were excluded from the model. The dependent variable was 30-

day mortality and covariates included: patient sex, race, Hispanic ethnicity, individual 

HCAP risk factors, individual comorbid conditions, tobacco use, alcohol abuse or 

dependence, prescription for medications from selected medication classes in the 

previous 90 days, non-invasive mechanical ventilation, organ failure, and guideline-

concordant antibiotic therapy.  All covariates were considered to be clinically-relevant a 

priori. Because almost all patients with chronic kidney disease as a comorbidity were on 

dialysis (98.5%), chronic kidney disease was excluded from all multivariable models to 

avoid multiple testing of highly-correlated confounders.
60, 61

  

Sensitivity analyses were conducted to ensure independent risk factors for 30-day 

mortality were robust. In the first sensitivity analysis, variables for individual HCAP risk 

factors were removed from the logistic regression model and replaced with a variable 
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stratifying patients by the presence or absence of two or more HCAP risk factors. In the 

second sensitivity analysis, variables for the presence or absence of positive cultures for 

S. pneumoniae, S. aureus, and Pseudomonas were added to the logistic regression model.   

To reduce potential bias in this non-randomized cohort, a propensity score for the 

receipt of GC-HCAP therapy vs. GC-CAP therapy was calculated using a logistic 

regression model with guideline-concordant therapy as the dependent variable and all 

additional variables in the original model as covariates. Guideline-concordant antibiotic 

therapy and the propensity scores were included as covariates in a second multivariable 

logistic regression model with 30-day mortality as the dependent variable.  

Results  

Overall Population 

Figure 3 provides a flow diagram with detailed information regarding exclusion 

criteria and the final cohort. Of the 62,682 patients with a principal ICD-9-CM discharge 

diagnosis code of pneumonia, a cohort of 15,071 met study inclusion and exclusion 

criteria. Most of the patients who were excluded (85.2%) did not meet one of the four 

HCAP criteria (hospital admission in previous 90 days, residence in a nursing home/long-

term care facility in the previous 90 days, hemodialysis, or outpatient IV antibiotic 

therapy in the previous 90 days). Other patients were excluded due to either critical 

illness (9.7%) or no antibiotic therapy within 48 hours of hospital admission (6.0%). 

Patients meeting inclusion criteria were then stratified by receipt of GC-HCAP (8.0%), 

GC-CAP (75.7%), or non-GC therapy (16.3%). 
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Figure 3: Patient Inclusion and Exclusion Flow Diagram 
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Patients were elderly (median age 76 years) and predominantly consisted of 

White males (82.1% White, 98.3% males). Nearly one-quarter of patients (23.1%) had 

more than one HCAP risk factor on admission. The most prevalent HCAP risk factor was 

hospitalization in the previous 90 days (66.3%). The median Charlson Index score was 3 

(interquartile range [IQR], 2-5) and common comorbid conditions included chronic 

obstructive pulmonary disease (56.6%), chronic kidney disease (44.0%), diabetes 

(38.7%), heart failure (36.7%), and neoplastic disease (29.0%). Tobacco use was 

common (37.6%), and cardiovascular medications were the most prescribed medications 

in the 90 days prior to admission (76.1%). A small group of patients (1.2%) received non-

invasive mechanical ventilation during admission. Additional baseline characteristics are 

listed in Table 10.   

Baseline Characteristics, By Group 

There were no significant differences between the GC-HCAP, GC-CAP, and non-

GC groups in age, sex, or race. Charlson Index scores were similar between GC-HCAP 

and GC-CAP patients (median, interquartile range [IQR]; 4, 2-6 vs. 4, 2-5, p<0.0311) and 

higher for GC-HCAP vs. non-GC patients (median, IQR; 4, 2-6 vs. 3, 2-5, p<0.0001). 

Rates of individual comorbid disease states, substance abuse, and medication use in the 

previous 90 days were generally higher for the GC-CAP group than the GC-HCAP 

group. GC-CAP patients had a higher prevalence of heart failure, COPD, tobacco use, 

and prescriptions for cardiovascular medications, inhaled corticosteroids, and pulmonary 
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medications; but, GC-HCAP patients were more likely to have neoplastic disease. Organ 

failure did not differ significantly between GC-HCAP and GC-CAP patients. 

HCAP Risk Factors  

In all 3 groups, hospitalization in the previous 90 days was the most common 

HCAP risk factor (Table 10). The proportion of patients with multiple HCAP risk factors 

was higher in GC-HCAP vs. GC-CAP patients (31.7% vs. 21.5%, p<0.0001). GC-HCAP 

patients were more likely to have had a recent hospitalization than GC-CAP patients 

(77.7% vs. 62.4%, p<0.0001). There were no differences between GC-HCAP and GC-

CAP patients regarding nursing home residence in the previous 90 days, hemodialysis, or 

outpatient IV antibiotic therapy in the previous 90 days. 
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Table 10: Baseline Characteristics 

Patient Characteristics Overall 

(n=15,071) 

GC-HCAP 

(n=1,211) 

GC-CAP 

(n=11,408) 

Non-GC 

(n=2,452) 

GC-HCAP vs. 

GC-CAP 

(P-value) 

GC-HCAP vs. 

Non-GC 

(P-value) 

Age in years; median, IQR 76, 70 – 80 76, 70 – 80 76, 70 – 80 76, 70 – 81 0.7445 0.4456 

Male, % 98.3 98.2 98.4 98.2 0.6115 0.8919 

Race, %     0.0215 0.0383 

     White 82.1 79.4 82.5 81.3   

     Black 13.4 15.5 13.3 12.6   

     Other 4.5 5.1 4.2 6.0   

Hispanic ethnicity, %  7.2 13.1 5.8 10.6 <0.0001 0.0215 

HCAP Risk Factors, %       

     Recent hospitalization, 90d 66.3 77.7 62.4 78.9 <0.0001 0.4175 

     Nursing home resident, 90d 2.9 3.0 2.8 3.5 0.7105 0.3631 

     Hemodialysis 43.4 42.4 45.5 33.9 0.0397 <0.0001 

     Outpatient IV antibiotic therapy, 90d 12.1 12.6 11.9 12.4 0.5327 0.8946 

≥2 HCAP Risk Factors, % 23.1 31.7 21.5 26.6 <0.0001 0.0011 

Charlson Index score; median, IQR 3, 2 – 5 4, 2 – 6 4, 2 – 5 3, 2 – 5 0.0311 <0.0001 

Comorbid conditions, %       

     Myocardial infarction 10.3 10.0 10.2 11.3 0.8317 0.2468 

     Heart failure 36.7 31.5 37.8 34.3 <0.0001 0.0913 

     Cerebrovascular disease 23.0 24.9 22.4 24.6 0.0460 0.8404 

     COPD 56.6 50.7 58.0 52.6 <0.0001 0.2768 

     Liver disease 1.4 1.3 1.3 1.5 0.9542 0.7236 

     Chronic kidney disease  44.0 43.2 46.1 34.8 0.0511 <0.0001 

     Diabetes 38.7 41.6 38.7 37.4 0.0464 0.0137 

     Neoplastic disease  29.0 35.8 28.0 30.4 <0.0001 0.0011 
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     HIV/AIDS 0.3 0.3 0.3 0.4 0.5632 0.8604 

Substance abuse or dependence       

     Tobacco use 37.6 33.1 38.9 33.9 <0.0001 0.6220 

     Alcohol abuse or dependence 4.9 4.0 4.8 5.8 0.2642 0.0287 

Medication use, 90d, %         

     Cardiovascular medications 76.1 65.7 78.9 68.3 <0.0001 0.1168 

     Antidiabetic medications 26.8 25.5 27.5 24.3 0.1427 0.4090 

     Inhaled corticosteroids 25.0 19.5 26.4 20.9 <0.0001 0.3115 

     Systemic corticosteroids
†
 29.6 26.5 30.5 26.5 0.0036 0.9800 

     Pulmonary medications 41.9 35.6 43.6 37.1 <0.0001 0.3812 

Non-invasive mechanical ventilation, %  1.2 2.0 1.1 1.0 0.0111 0.0120 

Organ failure, %        

     Any organ failure 18.0 22.0 17.9 16.4 0.0005 <0.0001 

          Neurological 1.6 1.7 1.5 2.0 0.7711 0.5186 

          Renal 17.6 21.9 17.6 15.7 0.0002 <0.0001 

          Hematologic 2.3 2.6 2.2 2.7 0.2926 0.9880 

          Hepatic  0.2 0.2 0.2 0.2 0.7365 0.7245 

IQR = interquartile range; HCAP = healthcare-associated pneumonia; CKD = chronic kidney disease; IV = intravenous;  

COPD = chronic obstructive pulmonary disease; HIV/AIDS = human immunodeficiency virus / acquired immunodeficiency 

syndrome 

Statistical analysis: Wilcoxon rank sum test for age and Charlson Index score comparisons; chi-square or Fisher’s exact test for 

all other comparisons 
†
Includes oral and/or injectable corticosteroids 
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Guideline-Concordant Antibiotic Therapy 

Tables 11 and 12 contain a breakdown of GC-HCAP and GC-CAP therapy, 

respectively. Most patients (83.7%) received antibiotic therapy concordant with either 

CAP or HCAP guidelines within the first 48 hours of hospital admission. The most 

common GC-HCAP antibiotic regimen included an antipseudomonal beta-lactam, an 

antipseudomonal fluoroquinolone, and either vancomycin or linezolid (82.1%). Most 

other GC-HCAP patients received similar regimens, with an aminoglycoside replacing or 

adding to the antipseudomonal fluoroquinolone (21.7%).   

In GC-CAP patients, a respiratory fluoroquinolone was the most common 

regimen (67.1%), followed by beta-lactam plus macrolide (45.0%). A significant number 

of patients prescribed GC-CAP antibiotics received both a respiratory fluoroquinolone 

and beta-lactam plus macrolide (15.5%). Nearly two-thirds (62.8%) of GC-CAP 

regimens included levofloxacin, the only respiratory fluoroquinolone with Pseudomonas 

activity. 

Non-GC patients received antibiotic regimens that did not meet minimum criteria 

for either CAP or HCAP guideline-concordance. Many of these patients received partial 

HCAP coverage, with single antipseudomonal coverage present in 47.8% and double 

antipseudomonal coverage present in 13.5%. One-third (30.9%) received either 

vancomycin or linezolid, and 25.2% received a combination of an MRSA-active agent 

and one antipseudomonal agent.  
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Table 11: Antibiotic Regimens in Guideline-Concordant HCAP Therapy  

 

HCAP Guideline-Concordant Therapy  n=1,211 

Regimen (%)  

     Antipseudomonal  beta-lactam + antipseudomonal fluoroquinolone +    

     vancomycin or linezolid 

82.2 

     Antipseudomonal  beta-lactam + aminoglycoside + vancomycin or 

     linezolid 

21.7 

     Aztreonam + antipseudomonal fluoroquinolone + vancomycin or 

linezolid 

2.4 

     Aztreonam + aminoglycoside + vancomycin or linezolid 0.8 

Anti-MRSA drug (%)  

     Vancomycin 78.1 

     Linezolid 21.9 

Atypical coverage (%) 91.8 

CAP guideline-concordant (%) 73.2 

 

Table 12: Antibiotic Regimens in Guideline-Concordant CAP Therapy  

 

CAP Guideline-Concordant Therapy n=11,408 

Regimen, %  

     Beta-lactam + macrolide 45.0 

     Beta-lactam + doxycycline 6.4 

     Respiratory fluoroquinolone 67.1 

     Beta-lactam + macrolide + respiratory fluoroquinolone 15.5 

     Beta-lactam + doxycycline + respiratory fluoroquinolone 2.0 

Pseudomonas coverage, % 62.8 

 

The proportion of GC-HCAP patients increased from 5.5% in 2002 to 9.3% in 

2007 (r
2
=0.85, p=0.01) as the proportion of non-GC patients decreased from 20.2% in 

2002 to 15.3% in 2007 (r
2
=0.72, p=0.03) [Figure 4]. The annual rate of GC-CAP therapy 

remained stable throughout the study period (r
2
=0.19, p=0.39).  
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Figure 4: Receipt of GC-HCAP, GC-CAP, and Non-GC Therapy, By Year  

 

Statistical analysis: Pearson correlation for annual rate of GC-HCAP, GC-CAP, and Non-GC therapy vs. time
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Bacterial Pathogens 

Microorganisms were identified in 9.2% of patients (Table 13). GC-HCAP patients were 

more likely to have a positive culture than GC-CAP patients (18.6% vs. 7.3%, p<0.0001). In 

patients with a positive culture, the most commonly isolated pathogens were Streptococcus 

pneumoniae (27.8%), Staphylococcus aureus (26.0%), Pseudomonas aeruginosa (14.4%), and 

Haemophilus influenzae (6.8%). Atypical organisms and anaerobes were rare (<3%). 

Pseudomonas and S. aureus were identified more commonly in patients who received 

GC-HCAP vs. GC-CAP therapy (24.4% vs. 10.5%, p<0.0001; and 38.7% vs. 16.7%, p<0.0001, 

respectively). Compared to GC-HCAP patients, GC-CAP patients were more likely to have a 

positive culture for S. pneumoniae (36.5% vs. 14.2%, p<0.0001) or H. influenzae (9.3% vs. 

0.9%, <0.0001). In non-GC patients, S. aureus and Pseudomonas were the most frequently 

isolated pathogens (40.8% and 17.4%, respectively). GC-HCAP and non-GC patients were 

similar without any statistically-significant differences in bacterial pathogens. 
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Table 13: Bacterial Pathogen Distribution for GC-HCAP, GC-CAP, and Non-GC Patients 

Patient Characteristics Overall GC-HCAP GC-CAP Non-GC GC-HCAP vs. 

GC-CAP 

(P-value) 

GC-HCAP vs. 

Non-GC 

(P-value) 

All patients, n 15,071 1,211 11,408 2,452   

     Organism identified  9.2 18.6 7.3 13.6 <0.0001 <0.0001 

     Single organism identified  8.0 15.9 6.6 10.7 <0.0001 <0.0001 

     Multiple organisms identified 1.2 2.7 0.7 2.9 <0.0001 0.7700 

Culture-positive patients, n 1390 225 832 333   

     Gram-positive pathogens       

          S. pneumoniae 27.8 14.2 36.5 15.0 <0.0001 0.7953 

          Streptococcus, other 4.6 3.1 5.6 3.0 0.1250 0.9419 

          Staphylococcus aureus 26.0 38.7 16.7 40.8 <0.0001 0.6070 

     Gram-negative pathogens                

          K. pneumoniae  5.4 7.1 4.7 6.0 0.1464 0.6022 

          Pseudomonas 14.4 24.4 10.5 17.4 <0.0001 0.0427 

          H. influenzae 6.8 0.9 9.3 4.5 <0.0001 0.0148 

          E. coli 1.6 1.8 1.3 2.1 0.5380 0.5374 

          Other gram-negatives 5.5 5.3 5.0 6.6 0.8631 0.7869 

     Atypical pathogens       

          Legionella 1.2 0 1.6 0.9 0.0825 0.2768 

          Mycoplasma  0.6 0.4 0.6 0.6 1.0000 1.0000 

          Chlamydia  0.1 0 0.1 0 1.0000 -- 

     Anaerobes 0.8 0.4 1.0 0.6 0.6933 1.0000 

Statistical analysis: chi-square or Fisher’s exact test for all bacterial pathogen comparisons
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Health Outcomes 

Median hospital length of stay was 5 days (IQR, 3-8 days) with 30- and 90-day 

mortality rates of 12.6% and 23.3%, respectively (Table 14). Compared to GC-CAP 

patients, GC-HCAP patients had a longer hospital length of stay (median, IQR; 7, 4-13 

vs. 4, 3-7, p<0.0001) and experienced higher rates of 30-day and 90-day mortality (22.8% 

vs. 9.9%, p<0.0001; 37.8% vs. 19.8%, p<0.0001, respectively). There were no significant 

differences in LOS, 30-day mortality, or 90-day mortality between GC-HCAP and non-

GC patients. 

Multivariable regression analysis of GC-HCAP and GC-CAP patients revealed 

several variables that were independently associated with 30-day mortality (Table 15). 

The strongest independent predictors of 30-day mortality were hospital admission in the 

previous 90 days and GC-HCAP therapy (OR, 95% CI; 2.47, 2.10-2.91 and 2.13, 1.82-

2.48, respectively). Other independent risk factors for 30-day mortality included 

cerebrovascular disease, neoplastic disease, non-invasive mechanical ventilation, renal 

failure, and hematologic failure. Tobacco use, recent prescription for cardiovascular 

medications, and recent prescription for inhaled corticosteroids were protective.  

In separate sensitivity analyses accounting for patients with more than one HCAP 

risk factor and then for patients with S. pneumoniae, S. aureus, or Pseudomonas, GC-

HCAP remained an independent risk factor for 30-day mortality (ORs, 95% CIs; 2.31, 

1.98-2.69 and 2.1, 1.80-2.46). 



 49 

  When a propensity score for receipt of GC-HCAP therapy was calculated and 

entered into a second multivariable logistic regression model, GC-HCAP therapy 

continued to be an independent risk factor for 30-day mortality (OR 2.12, 95% CI 1.82-

2.48).
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Table 14: Health Outcomes for GC-HCAP, GC-CAP, and Non-GC Patients 

Health Outcomes Overall 

(n=15,071) 

GC-HCAP 

(n=1,211) 

GC-CAP 

(n=11,408) 

Non-GC 

(n=2,452) 

GC-HCAP vs. 

GC-CAP 

(P-value) 

GC-HCAP vs. 

GC-CAP 

(P-value) 

Length of stay in days; median, 

IQR 

5, 3 – 8 7, 4 – 13 4, 3 – 7 5, 3 – 9 <0.0001 <0.0001 

30-day mortality, % 12.6 22.8 9.9 20.1 <0.0001 0.0646 

90-day mortality, % 23.3 37.8 19.8 32.7 <0.0001 0.0022 

IQR = interquartile range 

Statistical analysis: Wilcoxon rank sum test for length of stay comparisons; chi-square test for mortality comparisons 
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Table 15: Risk Factors for 30-Day Mortality in GC-HCAP and GC-CAP Patients 

Risk Factors
†
 Odds Ratio 95% Confidence Interval P-value 

Sex  0.94 0.62 - 1.49 0.7809 

Race 1.13 0.96 - 1.32 0.1585 

Hispanic ethnicity 0.89 0.70 - 1.12 0.3406 

HCAP risk factors    

     Recent hospital admission, 90d 2.47 2.10 - 2.91 <0.0001 

     Nursing home admission, 90d 0.83 0.54 - 1.22 0.3502 

     Hemodialysis 1.11 0.96 - 1.29 0.1443 

     Outpatient IV antibiotics, 90d 1.06 0.88 - 1.28 0.5155 

Comorbid conditions    

     Myocardial infarction 0.95 0.78 - 1.15 0.5932 

     Heart failure 1.02 0.90 - 1.16 0.7253 

     Cerebrovascular disease 1.21 1.06 - 1.39 0.0048 

     Chronic obstructive pulmonary disease 0.93 0.81 - 1.07 0.2964 

     Liver disease 1.02 0.61 - 1.65 0.9251 

     Diabetes 0.85 0.72 - 1.01 0.0681 

     Neoplastic disease 1.66 1.47 - 1.87 <0.0001 

     HIV / AIDS 1.11 0.32 - 2.90 0.8486 

Substance abuse or dependence    

     Tobacco use 0.74 0.66 - 0.85 <0.0001 

     Alcohol abuse 1.09 0.83 - 1.41 0.5198 

Medication use, by class    

     Cardiovascular medications 0.66 0.58 - 0.76 <0.0001 

     Antidiabetic medications 0.88 0.73 - 1.07 0.2158 

     Inhaled corticosteroids 0.68 0.58 - 0.81 <0.0001 

     Systemic corticosteroids 1.01 0.88 - 1.16 0.8470 

     Pulmonary medications 1.04 0.89 - 1.20 0.6500 

Non-invasive mechanical ventilation 1.71 1.08 - 2.63 0.0237 

Organ failure    

     Neurological 1.44 0.96 - 2.10 0.0742 

     Renal 1.36 1.16 - 1.59 0.0001 

     Hematologic 1.80 1.30 - 2.45 0.0005 

     Hepatic 2.10 0.73 - 5.25 0.1566 

GC-HCAP vs. GC-CAP 2.13 1.82 - 2.48 <0.0001 

HCAP=healthcare-associated pneumonia; IV=intravenous; HIV / AIDS=human 

immunodeficiency virus / acquired immunodeficiency syndrome 

Statistical analysis: multivariable logistic regression model with 30-day mortality as the 

dependent variable; all listed variables as covariates 
†
Variables were ordered to compare presence vs. absence of characteristic when possible;  

patient sex and race were ordered as male vs. female and Black vs. non-Black, 

respectively 
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Pathogen-Specific Health Outcomes 

Figures 5 and 6 represent 30-day and 90-day mortality rates for patients with 

positive cultures for S. pneumoniae, Pseudomonas, or S. aureus compared to culture-

positive patients without S. pneumoniae, Pseudomonas, or S. aureus, respectively. 

Patients with positive cultures for S. pneumoniae experienced lower mortality than 

culture-positive patients without S. pneumoniae (30-day mortality, 9.8% vs. 14.9%, 

p=0.0128), and patients with positive cultures for S. aureus had higher mortality rates 

than culture-positive patients without S. aureus (30-day mortality, 19.1% vs. 11.6%, 

p=0.0003). There were no differences in mortality in culture-positive patients with or 

without Pseudomonas.  

Figure 5: 30-Day Mortality Among Culture-Positive HCAP Patients (n=1,390) 

 

Statistical analysis: chi-square tests 
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Figure 6: 90-Day Mortality Among Culture-Positive HCAP Patients (n=1,390)  

 

Statistical analysis: chi-square tests 
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Key Pathogens and Health Outcomes, By Number of HCAP Risk Factors 

As the number of HCAP risk factors increased in an individual patient, changes 
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p<0.0001; Pseudomonas, 14.1% to 22.2%, p=0.9062). Patient mortality followed a 

similar pattern. From one to greater than two risk factors, 30-day mortality increased 

from 11.6% to 16.7% (p<0.0001), and 90-day mortality increased from 21.9% to 28.8% 

(p<0.0001). Median hospital length of stay was unchanged by the number of HCAP risk 

factors per patient.  

Figure 7: Bacterial Pathogens in Culture-Positive HCAP Patients, By Number of HCAP 

Risk Factors (n=1,390)   

 

Statistical analysis: chi-square tests 
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Figure 8: 30-Day and 90-Day Mortality in HCAP Patients, By Number of HCAP Risk 

Factors (n=15,071) 

 

Statistical analysis: chi-square tests 
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CHAPTER FOUR   

Discussion 

 

The present study compares the effect of GC-HCAP therapy and GC-CAP 

therapy on health outcomes of patients with HCAP. In this national cohort of non-

critically-ill HCAP patients, GC-HCAP therapy did not result in decreased patient 

mortality or hospital length of stay. 

Several recent studies have characterized the HCAP population with regards to 

baseline characteristics, bacterial pathogens, and outcomes.
7, 9, 10, 12-15

 Compared to CAP 

patients, HCAP patients presented with more severe disease, had an increased risk for 

resistant pathogens, and experienced longer lengths of hospital stay and increased 

mortality. Many similarities between HCAP patients in previous studies and HCAP 

patients in the present study were observed; however, mortality rates and hospital length 

of stay were lower for HCAP patients in this study compared to previous research. This 

possibly reflects the exclusion of critically-ill patients, which may have resulted in less 

severe disease and improved outcomes compared to cohorts including critically-ill 

patients.
52

 

Initial inappropriate antimicrobial therapy has been associated with increased 

mortality in a number of studies comparing HCAP and CAP patients.
10, 12, 14, 15

 Two of 

these studies, one specific to only HCAP patients, determined that initial inappropriate 

therapy is an independent risk factor for in-hospital mortality.
10, 12

 In contrast, Rello and 

colleagues recently evaluated HCAP and CAP patients with bacteremic pneumococcal 
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pneumonia and demonstrated that despite low rates of inappropriate antibiotic therapy,  

mortality rates remained significantly higher in HCAP patients.
26

 Only two patients, one 

in HCAP group and one in the CAP group, received inappropriate antibiotic therapy 

(defined by a patient’s individual isolate of S. pneumoniae not being fully sensitive in 

vitro to at least one prescribed antibiotic). Mortality results were unchanged when these 

two patients were excluded.  

Because HCAP patients have increased rates of pathogens not covered with 

traditional CAP therapy, guidelines recommend that HCAP patients be treated with 

antibiotics similar to those used in nosocomial pneumonia. This is agreed upon in the 

healthcare-associated pneumonia literature; however, there is currently no evidence to 

demonstrate that guideline-concordant HCAP antibiotics will improve the survival rates 

of HCAP patients. In 2009, El Solh and colleagues studied non-ICU pneumonia patients 

admitted to the hospital from nursing homes to compare differences in outcomes for 

those treated with guideline-concordant HCAP therapy and guideline-concordant CAP 

therapy.
16

 No differences regarding in-hospital mortality or 30-day mortality were found 

between the GC-CAP and GC-HCAP groups, and CAP-concordant patients actually had 

a decreased time to oral therapy and a decreased hospital length of stay. Our analysis 

supports these findings. Additionally, our study was not limited to only nursing home 

patients. In the present study, GC-HCAP therapy was not associated with improvement in 

length of stay or patient mortality. In fact, GC-HCAP was associated with a longer length 

of stay and increased mortality rates. 
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Despite our findings, we believe it is unlikely that GC-HCAP therapy itself is 

responsible for the detriment in length of stay and mortality. Rather, we believe these 

differences are likely driven by confounding factors not captured in our study. 

Confounders like severity of disease and functional status may have contributed to the 

increased length of stay and mortality for GC-HCAP patients. Prognostic scoring systems 

validated in CAP patients, such as the Pneumonia Severity Index and CURB-65, have 

demonstrated an increased mortality in patients with an increased severity of disease on 

admission.
62, 63

 Use of these methods, along with the included Charlson Index scores, 

may have helped to explain mortality differences between treatment groups. Additionally, 

poor functional status has proven to be a strong predictor of mortality in pneumonia 

patients.
34, 35

 In nursing home patients, poor functional status is not only associated with 

an increased risk of mortality, but also an increased risk of resistant pathogens.
32, 33

  

It has also been proposed that physician- and/or patient-directed limitations on 

advanced care and aggressive intervention (e.g., ICU admission, invasive mechanical 

ventilation, and/or vasopressor therapy) may be partially responsible for increased 

mortality in some HCAP patients.
26

 By excluding patients with critical illness, we were 

able to potentially limit the role that critical illness may have contributed to increased 

mortality; however, it is possible that physician decision and family wishes to limit 

aggressive intervention in terminally-ill patients could have affected mortality if these 

patients were not distributed equally between treatment groups.  

Currently, two studies have evaluated the impact of individual HCAP risk factors 

on the risk of infection with a drug-resistant pathogen.
13, 43

 Each group of investigators 
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identified multiple individual risk factors that were independent predictors of pneumonia 

due to a resistant pathogen. Residence in a nursing home or long-term care facility was 

the only predictor common to both studies. Schreiber and colleagues took this a step 

further and described an increased risk of resistant pathogens in patients with two or more 

HCAP risk factors compared to those with either one or zero risk factors.
43

 Similarly, we 

described the impact of cumulative HCAP risk factors and found increased rates of S. 

aureus and Pseudomonas as patients possessed more HCAP criteria. Furthermore, we 

identified a positive correlation between the number of HCAP risk factors and patient 

mortality. Future research characterizing the negative effects of cumulative HCAP 

criteria may help focus attention to the group of HCAP patients with the highest risk for 

poor outcomes.  

While the current study provides valuable information among a national patient 

cohort, it has its limitations. First, it was a retrospective cohort study in a predominantly 

elderly male population and is subject to the inherent limitations of all retrospective 

research. Logistic regression, propensity scores, and sensitivity analyses were used in 

attempt to account for confounders and limit any potential biases; however, these 

methods were unable to fully account for all confounders and are not equivalent to the 

strengths of a prospective, randomized study.  

Second, the use of ICD-9-CM codes to identify pneumonia patients, pathogens, 

and baseline characteristics can be potentially problematic.
64, 65

 This approach is common 

in large database studies and often necessary to enable efficient data collection. Many 

current HCAP studies are limited by single-center or regional study sites and relatively 
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small sample sizes; however, the use of ICD-9-CM codes enabled us to obtain significant 

amounts of information from a large national cohort of patients in a closed health system, 

a major strength of this study.  

Third, we were unable to compare baseline severity of disease between treatment 

groups. The Charlson Index score was used as an alternative; however, the use of a 

prognostic scoring system like the Pneumonia Severity Index or CURB-65 would have 

strengthened the results and may have provided additional insight to aid in interpretation 

of differences between treatment groups.  

Fourth, we were unable to compare differences in functional status between 

treatment groups. While functional status is not often measured in pneumonia studies, 

there is clear evidence that poor functional status can result in poor outcomes. When 

possible, future HCAP studies should include functional status to further quantify the 

effects it may have on bacterial pathogens and outcomes.  

Lastly, no data was provided on bacterial susceptibility or rates of methicillin-

resistance in patients with positive cultures for S. aureus. Previous HCAP studies have 

reported that substantial proportions of S. aureus were MRSA; however, ICD-9-CM 

codes from 2002-2007 did not differentiate between methicillin-sensitive and methicillin-

resistant S. aureus. Susceptibility of S. aureus to methicillin was not specified in ICD-9-

CM codes until 2008.  
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Hypothesis Results 

Ho1: There will be no significant difference in 30-day mortality between the GC-

HCAP and GC-CAP groups. 

Ho1´: Reject Ho1. GC-HCAP patients had higher 30-day mortality than GC-CAP 

patients (22.8% vs. 9.9%, p<0.0001). 

 

Ho2: There will be no significant difference in 30-day mortality between the GC-

HCAP and non-GC groups. 

Ho2´: Accept Ho2. There was no significant difference in 30-day mortality rates between 

GC-HCAP and non-GC patients (22.8% vs. 20.1%, p=0.0646). 

 

Ho3: There will be no significant difference in 90-day mortality between the GC-

HCAP and GC-CAP groups. 

Ho3´: Reject Ho3. GC-HCAP patients had higher 90-day mortality than GC-CAP 

patients (37.8% vs. 19.8%, p<0.0001). 

 

Ho4: There will be no significant difference in 90-day mortality between the GC-

HCAP and non-GC groups. 

Ho4´: Accept Ho4. There was no significant difference in 30-day mortality rates between 

GC-HCAP and non-GC patients (22.8% vs. 20.1%, p=0.0646). 
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Ho5: There will be no significant difference in hospital length of stay (LOS) between 

the GC-HCAP and GC-CAP groups. 

Ho5´: Reject Ho5. GC-HCAP patients had an increased LOS compared to GC-CAP 

patients (median, IQR; 7, 4-13 vs. 4, 3-7, p<0.0001). 

 

Ho6: There will be no significant difference in LOS between the GC-HCAP and non-

GC groups. 

Ho6´: Reject Ho6. GC-HCAP patients had an increased LOS compared to non-GC 

patients (median, IQR; 7, 4-13 vs. 5, 3-9, p<0.0001). 

 

Ho7: There will be no relationship between the number of HCAP risk factors per 

patient and mortality rates. 

Ho7´: Reject Ho7. There was a significant positive relationship between the number of 

HCAP risk factors per patient in both 30-day and 90-day mortality (Figure 8).  

 

Ho8: There will be no relationship between the number of HCAP risk factors per 

patient and LOS. 

Ho8´: Reject Ho8. There was a significant positive relationship between the number of 

HCAP risk factors per patient and LOS (median, IQR; 1 risk factor: 5, 3-8; 2 risk 

factors: 5, 3-8; ≥3 risk factors: 5, 3-10, p<0.0001). 
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Ho9: There will be no relationship between the number of HCAP risk factors per 

patient and the isolation of selected bacterial pathogens (Streptococcus 

pneumoniae, Staphylococcus aureus, and Pseudomonas).  

Ho9´: Reject Ho9. There was a significant positive relationship between the number of 

HCAP risk factors per patient and the isolation of S. aureus (p<0.0001). Isolation 

of S. pneumoniae had a significant negative relationship with the number of 

HCAP risk factors (p=0.0004), and there was no significant relationship between 

the number of risk factors per patient and the isolation of Pseudomonas 

(p=0.9062)  [Figure 7].  

 

Ho10: There will be no significant difference in patient mortality for patients with 

positive cultures for S. pneumoniae compared to culture-positive patients without 

S. pneumoniae. 

Ho10´: Reject Ho10. Patients with positive cultures for S. pneumoniae had lower 

mortality rates than culture-positive patients without S.peumoniae (30 day 

mortality, 9.8% vs. 14.9%, p=0.0128; 90-day mortality, 18.7% vs. 30.4%, 

p<0.0001) [Figures 5 and 6].  

 

Ho11: There will be no significant difference in patient mortality for patients with 

positive cultures for S. aureus compared to culture-positive patients without S. 

aureus. 
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Ho11´: Reject Ho11. Patients with positive cultures for S. aureus had higher mortality 

rates than culture-positive patients without S. aureus (30 day mortality, 19.1% vs. 

11.6%, p=0.003; 90-day mortality, 38.4% vs. 23.2%, p<0.0001) [Figures 5 and 6]. 

 

 

Ho12: There will be no significant difference in patient mortality for patients with 

positive cultures for Pseudomonas compared to culture-positive patients without 

Pseudomonas. 

Ho12´: Accept Ho12. Patients with positive cultures for Pseudomonas had similar 

mortality rates to culture-positive patients without Pseudomonas (30 day 

mortality, 15.0% vs. 13.3%, p=0.5098; 90-day mortality, 30.5% vs. 26.6%, 

p=0.2456) [Figures 5 and 6].  
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CHAPTER FIVE   

Conclusion 

 

Guideline-concordant HCAP antibiotic therapy was not associated with improved 

30-day mortality in this national cohort of VHA HCAP patients. Additional research is 

needed to fully understand reasons for mortality in HCAP patients and to determine 

interventions that improve survival. 
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