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ABSTRACT 

BACKGROUND: Although peripherally inserted central catheters (PICCs) are often 

used in adults hospitalized with pneumonia, patterns related to PICC use in this 

context are unknown. 

 

METHODS: Premier’s Inpatient database was used to identify patients hospitalized 

with pneumonia between 1 July 2007 and 30 November 2011. PICC placement 

was identified via billing codes. Generalized estimating equations (GEE) were 

used to identify factors associated with PICC placement. Hospital risk-

standardized rates of PICC insertion were estimated using hierarchical 

generalized linear models (HGLM). 

 

RESULTS: 545,250 patients (median age 71, range 57-82) were included. A total 

of 41,849 (7.7%) patients received a PICC during hospitalization (median receipt: 

hospital day 4). PICC recipients were younger (median age 69), had higher 

levels of comorbidity (Gagne score median: 4 vs. 2) and were more often 

diagnosed with healthcare-associated pneumonia (43.1% vs. 29.9%) than those 

that did not receive PICCs. The three patient variables most associated with 

PICC receipt included weight loss (OR 2.03, 95% confidence interval [CI]: 1.97-

2.10), sepsis on admission (OR 1.80, 95%CI: 1.75-1.85), and ICU-status on 

hospital day one or two (OR 1.70, 95%CI: 1.64-1.75). Compared to internal 

medicine, admission by geriatricians and critical care physicians was associated 

with PICC placement (OR 1.81, 95%CI: 1.62-2.03 and OR 1.14, 95%CI: 1.05-
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1.24, respectively). Risk-standardized rates of PICC utilization varied from 0.3% 

to 41.7%. Nearly 70% of the variability in PICC use could not be explained by 

available data. 

 

CONCLUSIONS: In adults hospitalized with pneumonia, PICC use appears directed 

towards those with severe illness and varies substantially between hospitals.  
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INTRODUCTION 

 Pneumonia is the most common cause of unplanned hospitalization in the 

United States.1 Despite it's clinical toll, the management of this disease has 

evolved markedly. Expanding vaccination programs, efforts to improve timeliness 

of antibiotic therapy, and improved processes of care are but a few 

developments that have improved outcomes for patients afflicted with this 

illness.2, 3  

 Use of peripherally inserted central catheters (PICCs) is an example of a 

modern development in the management of patients with pneumonia.4-7 PICCs 

provide many of the benefits associated with central venous catheters (CVCs) 

including reliable venous access for delivery of antibiotics, phlebotomy and 

invasive hemodynamic monitoring. However, as they are placed in veins of the 

upper extremity, PICCs bypass insertion risks (e.g., injury to the carotid vessels 

or pneumothorax) associated with placement of traditional CVCs.8 Because they 

offer durable venous access, PICCs also facilitate care transitions while 

continuing intravenous antimicrobial therapy in patients with pneumonia.  

 However, accumulating evidence also suggests that PICCs are associated 

with important complications, including central line-associated bloodstream 

infection (CLABSI) and venous thromboembolism (VTE).9, 10 Further, knowledge 

gaps in clinicians regarding indications for appropriate use and management of 

complications associated with PICCs have been recognized.10, 11 These elements 

are problematic because reports of unjustified and inappropriate PICC use are 

growing in the literature.12, 13 Such concerns have prompted a number of policy 
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calls to improve PICC use, including Choosing Wisely® recommendations by 

various professional societies.14, 15  

As little is known about the prevalence or patterns of PICC use in adults 

hospitalized with pneumonia, we conducted a retrospective cohort study using 

data from a large network of US hospitals.  

 

METHODS 

Setting and Participants 

 We included patients from hospitals that participated in Premier's Inpatient 

dataset, a large, fee-supported, multi-payer administrative database that has 

been used extensively in health services research to measure quality of care and 

comparative effectiveness of interventions.16 Participating hospitals represent all 

regions of the United States and include teaching and non-teaching facilities in 

rural and urban locations. In addition to variables found in the uniform billing form 

(UB-04), Premier Inpatient also includes a date-stamped list of charges for 

procedures conducted during hospitalization, such as PICC placement. As PICC-

specific data is not available in most nationally representative datasets, Premier 

offers unique insights into utilization, timing and factors associated with use of 

PICCs in hospitalized settings. 

 We included adult patients aged >18 years who were (a) admitted with a 

principal diagnosis of pneumonia present on admission, or secondary diagnosis 

of pneumonia if paired with a principal diagnosis of sepsis, respiratory failure or 

influenza; (b) received at least one day of antibiotics between 1 July 2007 and 30 
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November 2011 and (c) underwent chest X-ray or CT at the time of admission. 

International Classification of Disease-9-CM codes were used for patient 

selection. Patients that were not admitted (e.g. observation cases), had cystic 

fibrosis, or marked as pneumonia not present on admission were excluded. For 

patients who had more than one hospitalization during the study period, a single 

admission was randomly selected for inclusion.  

 

Patient, Physician and Hospital Data 

 For all patients, age, gender, marital status, insurance, race and ethnicity 

were captured. Using software provided by the Healthcare Costs and Utilization 

Project, we categorized information on 29 comorbid conditions and computed a 

combined comorbidity score as described by Gagne.17 Patients were considered 

to have healthcare-associated pneumonia [HCAP] if they were: (a) admitted from 

a skilled nursing or a long-term care facility, (b) hospitalized in the previous 90 

days, (c) on dialysis, or (d) receiving immunosuppressing medications, (e.g. 

chemotherapy or steroids equivalent to at least 20 mg of prednisone per day) at 

the time of admission. Information on specialty of the admitting physician and 

hospital-characteristics (e.g. size, location, teaching status) were sourced 

through Premier data. 

 

Receipt of PICCs and Related Therapies 

 Among eligible adult patients hospitalized with pneumonia, we identified 

patients who received a PICC at any time during hospitalization via PICC-specific 
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billing codes. Non-PICC devices (e.g. midlines, Hickman catheters) were not 

included. For all insertions, we assessed day of PICC placement relative to 

admission date. Data on type of PICC (e.g., power-injection capable, antibiotic 

coating) or PICC characteristics (size, number of lumens) were not available. We 

used billing codes to assess use of invasive or non-invasive ventilation, 

vasopressors, and administration of pneumonia-specific antibiotics (e.g., beta-

lactams, macrolides, fluroquinolones, etc.). Early exposure was defined when a 

billing code appeared within two days of hospital admission.  

 

Outcomes of Interest 

 The primary outcome of interest was receipt of a PICC. Additionally, we 

assessed factors associated with PICC placement and variation in risk-

standardized rates of PICC use between hospitals. 

 

Statistical Analyses 

 Patient and hospital characteristics were summarized using frequencies 

for categorical variables and medians with interquartile ranges for continuous 

variables. We examined association of individual patient and hospital 

characteristics with use of PICCs using generalized estimating equations (GEE) 

models with a logit link for categorical variables and identity link for continuous 

variables, accounting for patient clustering within hospitals (Table 1).  

 We then developed a multivariable hierarchical generalized linear model 

(HGLM) for PICC placement with a random effect for hospital. In this model, we 
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included patient demographics, comorbidities, sepsis on admission, type of 

pneumonia (e.g., HCAP vs. CAP), admitting physician specialty and indicators for 

early receipt of specific treatments such as guideline-recommended antibiotics, 

vasopressors, ventilation (invasive or non-invasive), and pneumatic compression 

devices for prophylaxis of deep vein thrombosis.  

 To understand and estimate between-hospital variation in PICC use, we 

calculated risk-standardized rates of PICC use (RSPICC) across hospitals using 

HGLM methods. These methods are also employed by the Centers for Medicare 

and Medicaid to calculate risk-standardized measures for public reporting.18 

Because hospital rates of PICC use were highly skewed (21.2% [n=105] 

hospitals had no patients with PICCs), we restricted this model to the 343 

hospitals that had at least 5 patients with a PICC in order to obtain stable 

estimates. For each hospital, we estimated a predicted rate of PICC use (pPICC) 

as the sum of predicted probabilities of PICC receipt from patient factors and the 

random intercept for hospital in which they were admitted.  We then calculated 

an expected rate of PICC use (ePICC) per hospital as the sum of expected 

probabilities of PICC receipt from patient factors only. RSPICC for each hospital 

was then computed as the product of the overall unadjusted mean PICC rate 

(uPICC) from all patients and the ratio of the predicted to expected PICC rate 

[uPICC*(pPICC/ePICC)].19 Kruskal-Wallis tests were used to evaluate the 

association between hospital characteristics with RSPICC rates. To evaluate the 

impact of the hospital in variation in PICC use, we assessed the change in 

likelihood ratio of a hierarchical model with hospital random effects compared to 
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a logistic regression model with patient factors only.  In addition, we estimated 

the intra-class correlation (ICC) to assess the proportion of variation in PICC use 

associated with the hospital, and the median odds ratio (MOR) from the 

hierarchical model. The MOR is the median of a set of odds ratios comparing 2 

patients with the same set of characteristics treated at 2 randomly selected 

hospitals.20-22 All analyses were performed using the Statistical Analysis System 

(version 9.3, SAS Institute, Inc., Cary, NC) and STATA 13 (StataCorp. Inc., 

College Station, TX). 

 

Ethical and Regulatory Oversight 

 Permission to conduct this study was obtained from the institutional review 

board at Baystate Medical Center, Springfield, MA. The study did not qualify as 

human subjects research and made use of fully de-identified data. 

 

RESULTS 

 Between July 2007 and November 2011, 634,285 admissions 

representing 545,250 unique patients from 495 hospitals met eligibility criteria 

and were included in the study (Figure 1). Included patients had a median age of 

71 years (inter-quartile range [IQR] 57-82) and 53.0% were female. Most patients 

were Caucasian (69.2%), unmarried (51.6%) and insured by Medicare (67.9%). 

Patients were admitted to the hospital by internal medicine providers (43.4%) 

hospitalists (21.4%), and family practice providers (14.7%); notably, critical care 

and pulmonary medicine providers admitted 6.5% of patients. The median Gagne 
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comorbidity score was 2 (IQR: 1-5). Hypertension, chronic obstructive pulmonary 

disease, diabetes and congestive heart failure were among the most common 

comorbidities observed (Table 1).  

 Among eligible patients, 41,849 (7.7%) received a PICC during 

hospitalization. Approximately a quarter of all patients that received PICCs did so 

by hospital day 2; 90% underwent insertion by hospital day 11 (mean=5.4 days, 

median=4 days). Patients who received PICCs were younger (median, IQR: 69 

years; 57-80 years) but otherwise demographically similar to those that did not 

receive PICCs (median, IQR: 72 years; 57–82 years). Compared to other 

specialties, patients admitted by critical care/pulmonary providers were twice as 

likely to receive PICCs (12.3% vs. 6.1%, p<0.001). Patients that received PICCs 

had higher comorbidity scores than those that did not (median Gagne 

comorbidity score 4 vs. 2, p<0.001) and were more likely to be diagnosed with 

HCAP (43.1% vs. 29.9%, p<0.001) than CAP (56.9% vs. 70.1%, p<0.001).  

PICC recipients were also more likely to receive intensive care unit (ICU) 

level of care (41.4% vs. 16%, p<0.001) and both non-invasive (17.5% vs. 8.1%, 

p<0.001) and invasive ventilation (28.6% vs. 8.8%, p<0.001) upon admission. 

Vasopressor use was also significantly more frequent in patients who received 

PICCs (24.7% vs. 7.6%, p<0.001) compared to those that did not receive these 

devices. Patients with PICCs were more often discharged to skilled nursing 

facilities (34.5% s. 19.3%) than those without PICCs.  

 

Characteristics Associated With PICC Use Following Multivariable Modeling 
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 Using HGLM with a random hospital effect, multiple patient characteristics 

were associated with PICC use (Table 2). Patients > 65 years of age were less 

likely to receive a PICC compared to younger patients (OR 0.81, 95%CI 0.79 – 

0.84). Weight loss (OR 2.03, 95% confidence interval [CI]: 1.97-2.10), sepsis on 

admission (OR 1.80, 95%CI: 1.75-1.85), and ICU-status on hospital day one or 

two (OR 1.70, 95%CI: 1.64-1.75) represented three factors most strongly 

associated with PICC use.  

 Therapy with potent parenteral antimicrobials including anti-MRSA agents 

(OR 1.72, 95%CI 1.67-1.76), antipseudomonal beta-lactamases (OR 1.27, 

95%CI 1.23-1.31) and carbapenems (OR=1.37, 95%CI 1.31-1.44) were 

significantly associated with PICC use. Conversely, use of macrolides (OR=0.85, 

95%CI=0.82-0.88) or respiratory fluroquinolones (OR=0.90, 95%CI=0.87-0.92) 

were associated with lower likelihood of PICC use. After adjusting for 

antimicrobial therapy, HCAP was only slightly more likely to result in PICC use 

than CAP (OR 1.03, 95%CI 1.01-1.06). Compared to internal medicine providers, 

admission by geriatricians and critical care/pulmonary specialists was associated 

with greater likelihood of PICC use (OR 1.85, 95%CI=1.66-2.05 and OR 1.18, 

95%CI=1.13-1.24, respectively). Admission by hospitalists was associated with a 

modestly lower likelihood of PICC placement (OR=0.94, 95%CI=0.91-0.98). 

 

Hospital Level Variation in PICC Use 

 To ensure stable estimates of hospital PICC use, we excluded 152 

facilities (31%): 10% had no patients with PICCs and 21% had < 5 patients that 

Page 11 of 32

John Wiley & Sons, Inc.

Journal of Hospital Medicine

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le

 13 

received a PICC. Therefore, risk-standardized rates of PICC (RS-PICC) use 

were estimated for 343 of 495 facilities (69%) (Figure 2). In these facilities, risk-

standardized rates of PICC use varied from 0.3% to 41.7%. Hospital risk-

standardized rate of PICC use was significantly associated with hospital location 

(median 11.9% vs. 7.8% for urban vs. rural hospitals respectively, p=0.05). RS-

PICC rates were also greater among hospitals in Southern (11.3%), Western 

(12.7%), and Midwest (12.0%) regions of the nation compared to those in the 

Northeast (8.4%) (p=0.02) (Table 3). 

 A likelihood ratio test comparing the hierarchical model to a logistic model 

with patient factors only, was highly significant (p<0.001) indicating that the 

hospital where the patient was treated had a major impact on receipt of PICC 

after accounting for patient factors. The MOR=2.71 which is a larger effect than 

we found for any of the individual patient characteristics. The proportion of 

variance explained by hospitals was 25% (95% CI: 22% - 28%), as measured by 

the ICC.  

 

DISCUSSION 

 In this study of 545,250 adults hospitalized with pneumonia, we found that 

approximately 8% of patients received a PICC. Patients who received PICCs had 

more comorbidities, were more frequently diagnosed with HCAP and were more 

often admitted to the ICU -- where they experienced greater rates of mechanical 

ventilation, non-invasive ventilation, and vasopressor use compared to those that 

did not receive PICCs. Additionally, risk-adjusted rates of PICC use varied as 
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much as 10-fold across institutions. In fact, almost 70% of the total variation in 

rates of PICC use remained unexplained by hospital or patient characteristics. 

While use of PICCs is often clinically nuanced in ways that are difficult to capture 

in large datasets (e.g. difficult venous access or inability to tolerate oral 

medications) the substantial variation of PICC use observed suggests that 

physician and institutional practice styles are the major determinants of PICC 

placement during a hospitalization for pneumonia. Since PICCs are associated 

with serious complications and evidence regarding discretionary use is 

accumulating, a research agenda examining reasons for such use and related 

outcomes appears necessary. 

The placement of PICCs has grown substantially in hospitalized patients 

all over the world.23, 24 Although originally developed for total parenteral nutrition 

in surgical patients,25 contemporary reports of PICC use in critical illness,26 

diseases such as cystic fibrosis,27 and even pregnancy28 are now common. While 

PICCs are clinically invaluable in many of these conditions, growing use of these 

devices has led to the realization that benefits may be offset by complications.9, 

10, 29, 30 Additionally, recent data suggests that not all PICCs may be used for 

appropriate reasons. For instance, in a decade-long study at a tertiary care 

center, changes in patterns of PICC use including shortened dwell times, multiple 

insertions in a single patient, and unclear indications for use were reported.11 In 

another study at an academic medical center, a substantial proportion of PICCs 

were found to be "idle" or unjustified.12 It comes as little surprise, then, that a 

recent multi-center study found that one out of every five clinicians did not even 
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know that their patient had a PICC.29 While calls to improve PICC use in the 

hospital setting have emerged, strategies to do so are limited by data that 

emanates from single-center reports or retrospective designs. Indeed, no other 

studies reporting use of PICCs across US hospitals for any clinical condition 

currently exist.31  

 We found that patients with weight loss, those with greater combined 

comorbidity scores and those that were critically ill or diagnosed with sepsis were 

more likely to receive PICCs than others. These observations suggest that PICC 

use may reflect underlying severity of illness, as advanced care such as 

ventilator support was often associated with PICC use. Additionally, discharge to 

a skilled nursing facility was frequently associated with PICC placement, a finding 

consistent with a recent study evaluating the use of PICCs in these settings.32 

However, a substantial proportion of PICC use remained unexplained by 

available patient- or hospital factors. Although our study was not specifically 

designed to examine this question, one possible reason may relate to 

unmeasured institutional factors that influence the propensity to use a PICC, 

recently termed as "PICC culture."33 For example, it is plausible that hospitals 

with nursing-led PICC teams or interventional radiology (such as teaching 

hospitals) are more likely to use PICCs than those without such operators. This 

hypothesis may explain why urban-, larger-, and teaching hospitals exhibited 

higher rates of PICC use. Conversely, providers may have an affinity towards 

PICC use that is predicated not just by operator availability, but also local 

hospital norms. Understanding why some facilities use PICCs at higher rates 
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than others and implications of such variation with respect to patient safety, cost 

and outcomes is important. Study designs that use mixed-methods approaches 

or seek to qualitatively understand reasons behind PICC use are likely to be 

valuable in this enquiry. 

 Our study has limitations. First, we used an administrative dataset and 

ICD-9 codes rather than clinical data from medical records to identify cases of 

pneumonia or comorbidities. Our estimates of PICC use across hospitals thus 

may not fully account for differences in severity of illness and it is possible that 

patients needed a PICC for reasons that we could not observe. However, the 

substantial variation observed in rates of PICC use across hospitals is unlikely to 

be explained by differences in patient severity of illness, documentation, or 

coding practices. Second, as PICC removal codes were not available, we are 

unable to comment on how often hospitalized pneumonia patients were 

discharged with PICCs or received antimicrobial therapy beyond their inpatient 

stay. Third, although we observed a number of patient- and hospital factors were 

associated with PICC receipt, our study was not designed to determine the 

reasons underlying these patterns. 

 These limitations aside, our study has important strengths. To our 

knowledge, this is the first study to report utilization and outcomes associated 

with PICC use among those hospitalized with pneumonia across the US. The 

inclusion of a large number of patients receiving care in diverse facilities lends a 

high degree of external validity to our findings. Second, we used advanced 

modeling to identify factors associated with PICC use in hospitalized patients 
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with pneumonia, producing innovative and novel findings. Third, our study is the 

first to show the existence of substantial variation in rates of PICC use across US 

hospitals within the single disease state of pneumonia. Understanding the drivers 

of this variability is important as it may inform future studies, policies and 

practices to improve PICC use in hospitalized patients. 

 In conclusion, we found that PICC use in patients hospitalized with 

pneumonia is common and highly variable. Future studies examining the 

contextual factors behind PICC use and their association with outcomes are 

needed to facilitate efforts to standardize PICC use across hospitals. 
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TABLE 1: CHARACTERISTICS OF THE STUDY POPULATION 
 

Characteristic 
Total No PICC PICC p 

value* N (%) N (%) N (%) 

  545,250 (100) 503,401 (92.3) 41,849 (7.7)   

Demographics 
   

  

Age, Median (Q1-Q3) (years) 71 (57 - 82) 72 (57 - 82) 69 (57 - 80) <0.001 

Gender 
   

<0.001 

Male 256448 (47.0) 237232 (47.1) 19216 (45.9)   

Female 288802 (53.0) 266169 (52.9) 22633 (54.1)   

Race/Ethnicity 
   

<0.001 

White 377255 (69.2) 346689 (68.9) 30566 (73.0)   

Black 63345 (11.6) 58407 (11.6) 4938 (11.8)   

Hispanic 22855 (4.2) 21716 (4.3) 1139 (2.7)   

Other 81795 (15.0) 76589 (15.2) 5206 (12.4)   

Admitting Specialty 
   

<0.001 

Internal Medicine 236859 (43.4) 218689 (43.4) 18170 (43.4)   

Hospital Medicine 116499 (21.4) 107671 (21.4) 8828 (21.1)   

Family Practice 80388 (14.7) 75482 (15.0) 4906 (11.7)   

Critical care and Pulmonary  35670 (6.5) 30529 (6.1) 41849 (12.3)   

Geriatrics 4812 (0.9) 4098 (0.8) 714 (1.7)   

Other  71022 (13.0) 66932 (13.3) 4090 (9.8)   

Insurance  
   

<0.001 

Medicare 370303 (67.9) 341379 (67.8) 28924 (69.1)   

Medicaid 45505 (8.3) 41100 (8.2) 4405 (10.5)   

Managed care 69984 (12.8) 65280 (13.0) 4704 (11.2)   

Commercial-Indemnity 20672 (3.8) 19251 (3.8) 1421 (3.4)   

Other 38786 (7.1) 36391 (7.2) 2395 (5.7)   

Comorbidities 
   

  

Gagne combined 
comorbidity score, Median(Q1-
Q3) 

2 (1 - 5) 2 (1 - 4) 4 (2 - 6) <0.001 

Hypertension 332347 (60.9) 306964 (61.0) 25383 (60.7) 0.13 

Chronic pulmonary disease 255403 (46.8) 234619 (46.6) 20784 (49.7) <0.001 

Diabetes  171247 (31.4) 155540 (30.9) 15707 (37.5) <0.001 

Congestive heart failure 146492 (26.9) 131041 (26.0) 15451 (36.9) <0.001 

Atrial Fibrillation 108405 (19.9) 97124 (19.3) 11281 (27.0) <0.001 

Renal failure 104404 (19.1) 94277 (18.7) 10127 (24.2) <0.001 

Nicotine replacement 
therapy/Tobacco use 

89938 (16.5) 83247 (16.5) 6691 (16.0) <0.001 
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Obesity 60242 (11.0) 53268 (10.6) 6974 (16.7) <0.001 

Coagulopathy 41717 (7.6) 35371 (7.0) 6346 (15.2) <0.001 

Prior Stroke (1 year) 26787 (4.9) 24046 (4.78) 2741 (6.55) <0.001 

Metastatic cancer 21868 (4.0) 20244 (4.0) 1624 (3.9) 0.16 

Solid tumor w/out 
metastasis 

21083 (3.9) 19380 (3.8) 1703 (4.1) 0.12 

Prior VTE (1 year) 19090 (3.5) 16906 (3.4) 2184 (5.2) <0.001 

Chronic Liver disease 16273 (3.0) 14207 (2.8) 2066 (4.9) <0.001 

Prior Bacteremia (1 year) 4106 (0.7) 3584 (0.7) 522 (1.2) <0.001 

Nephrotic syndrome 671 (0.1) 607 (0.1) 64 (0.2) 0.03 

Morbidity  Markers 
   

  

Type of Pneumonia 
   

<0.001 

CAP 376370 (69.1) 352900 (70.1) 23830 (56.9)   

HCAP 168520 (30.9) 150501 (29.9) 18019 (43.1)   

Sepsis Present on Admission 114578 (21.0) 96467 (19.2) 18111 (43.3) <0.001 

Non-invasive ventilation 47913(8.8) 40599 (8.1) 7314 (17.5) <0.001 

Invasive Mechanical 
Ventilation 

56179 (10.3) 44228 (8.8) 11951 (28.6) <0.001 

ICU Status 97703 (17.9) 80380 (16.0) 17323 (41.4) <0.001 

Vasopressor Use  48353 (8.9) 38030 (7.6) 10323 (24.7) <0.001 

Antibiotic/Medication Use 
   

  

Anti-MRSA Agent 
(Vancomycin) 

146068 (26.8) 123327 (24.5) 22741 (54.3) <0.001 

3rd Generation Cephalosporin 250782 (46.0) 235556 (46.8) 15226 (36.4) <0.001 

Anti-Pseudomonal 
Cephalosporin 

41798 (7.7) 36982 (7.3) 4816 (11.5) <0.001 

Anti-Pseudomonal β-Lactam 122215 (22.4) 105741 (21.0) 16474 (39.4) <0.001 

Fluroquinolone 288051 (52.8) 267131 (53.1) 20920 (50.0) <0.001 

Macrolide 223737 (41.0) 210954 (41.9) 12783 (30.5) <0.001 

Aminoglycoside 15415 (2.8) 12661 (2.5) 2754 (6.6) <0.001 

Oral steroids 44486 (8.2) 41586 (8.3) 2900 (6.9) <0.001 

Intravenous steroids 146308 (26.8) 133920 (26.6) 12388 (29.6) <0.001 

VTE Prophylaxis with LMWH 190735 (35.0) 174612 (34.7) 16123 (38.5) 0.01 

Discharge Disposition 
   

  

Home 282146 (51.7) 272604(54.1) 9542 (22.8) <0.001 

Home with Home health 71977 (13.2) 65289 (13.0) 6688 (16.0) <0.001 

Skilled Nursing Facility 111541 (20.5) 97113 (19.3) 14428 (34.5) <0.001 

Hospice 20428 (3.7) 17902 (3.6) 2526 (6.0) <0.001 

Expired 47733 (8.7) 40768 (8.1) 6965 (16.6) <0.001 

Other^ 11425 (2.1) 9725 (1.9) 1700 (4.1) <0.001 

* p-value from GEE models that account for clustering within hospital; ^ Includes: discharged/transferred to 
cancer center/childrens hospital; discharged/transferred to federal hospital; discharged/transferred to 
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swing bed; discharged/transferred to long-term care facility; discharged/transferred to psych hospital; 
discharged/transferred to assisted living; discharged/transferred to other health institution not in list. 
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TABLE 2: PATIENT FACTORS ASSOCIATED WITH PICC USE 
 

Patient characteristic Odds 
Ratio (OR) 

95% Confidence 
Intervals 

Age group (> 66 vs. ≤ 65 years) 0.82 0.79 0.84 

Race/Ethnicity    

Other 1.02 0.97 1.06 

Black 0.99 0.95 1.03 

Hispanic 0.82 0.76 0.88 

White Referent 

Marital status    

Other/Missing 1.07 1.01 1.14 

Single 1.02 1.00 1.05 

Married Referent 

Insurance payor    

Other 0.85 0.80 0.89 

Medicaid 1.13 1.08 1.18 

Managed care 0.95 0.91 0.99 

Commercial-Indemnity 0.93 0.87 1.00 

Medicare Referent 

Admitting physician specialty    

Pulmonary /Critical care 
medicine 

1.18 1.13 1.24 

Family practice (FP) 1.01 0.97 1.05 

Geriatric medicine (FP&IM) 1.85 1.66 2.05 

Hospitalist 0.94 0.91 0.98 

Other specialties 1.02 0.97 1.06 

Internal medicine (IM) Referent 

Comorbidities    

Congestive heart failure 1.27 1.24 1.31 

Valvular disease 1.11 1.07 1.15 

Pulmonary circulation disorders 1.37 1.32 1.42 

Peripheral vascular disease 1.09 1.05 1.13 

Hypertension 0.94 0.92 0.97 

Paralysis 1.59 1.51 1.67 

Other neurological disorders 1.20 1.16 1.23 

Chronic lung disease 1.10 1.07 1.12 

Diabetes 1.13 1.10 1.16 

Hypothyroidism 1.03 1.00 1.06 

Liver disease 1.16 1.10 1.23 

Ulcer 1.86 1.15 3.02 

Lymphoma 0.88 0.81 0.96 
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Metastatic cancer 0.75 0.71 0.80 

Solid tumor without metastasis 0.93 0.88 0.98 

Arthritis 1.22 1.16 1.28 

Obesity 1.47 1.42 1.52 

Weight loss 2.03 1.97 2.10 

Blood loss 1.69 1.55 1.85 

Deficiency anemias 1.40 1.37 1.44 

Alcohol abuse 1.19 1.13 1.26 

Drug abuse 1.31 1.23 1.39 

Psychoses 1.16 1.11 1.21 

Depression 1.10 1.06 1.13 

Renal failure 0.96 0.93 0.98 

Type of Pneumonia    

HCAP 1.03 1.01 1.06 

CAP Referent 

Sepsis (POA) 1.80 1.75 1.85 

Antibiotic use    

Anti-MRSA agent 1.72 1.67 1.76 

Anti-Pseudomonal Carbapenem 1.37 1.31 1.44 

Non-Pseudomonal Carbapenem 1.48 1.33 1.66 

Third generation Cephalosporin 1.04 1.01 1.07 

Anti-Pseudomonal 
Cephalosporin 

1.25 1.20 1.30 

Anti-Pseudomonal Betalactam 1.27 1.23 1.31 

Aztreonam 1.31 1.23 1.40 

Non-Pseudomonal Betalactam 1.36 1.23 1.50 

Beta-lactam 1.55 1.26 1.90 

Respiratory quinolone 0.90 0.87 0.92 

Macrolide 0.85 0.82 0.88 

Doxycycline 0.94 0.87 1.01 

Aminoglycoside 1.21 1.14 1.27 

Vasopressors 1.06 1.03 1.10 

Non-invasive ventilation 1.29 1.25 1.34 

Invasive ventilation 1.66 1.61 1.72 

Intensive Care Unit on Admission 1.70 1.64 1.75 

Atrial Fibrillation 1.26 1.22 1.29 

Upper Extremity Chronic DVT 1.61 1.13 2.28 

Nicotine replacement therapy/ 
Tobacco abuse 

0.91 0.88 0.94 

Aspirin 0.94 0.92 0.97 

Warfarin 0.90 0.86 0.94 
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LMWH - prophylactic dose 1.10 1.08 1.13 

LMWH - treatment dose 1.22 1.16 1.29 

Intravenous steroids 1.05 1.02 1.08 

Bacteremia (prior year) 1.14 1.02 1.27 

VTE (prior year) 1.11 1.06 1.18 

Pneumatic compression device 1.25 1.08 1.45 

Invasive ventilation (prior year) 1.17 1.11 1.24 

Irritable bowel disease 1.19 1.05 1.36 

 
KEY: HCAP=healthcare-associated pneumonia; CAP=community-associated pneumonia; 
POA=present on admission; MRSA=methicillin-resistant Staphylococcus Aureus; LMWH=low 
molecular weight heparin; VTE=venous thromboembolism 
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TABLE 3: ASSOCIATION BETWEEN HOSPITAL CHARACTERISTICS AND RISK-STANDARDIZED 
RATE OF PICC USE*  
 

Hospital Characteristic (n) Median (IQR), % p-value** 

Bed Size 0.12 

≤ 200 beds (106) 9.1 (4.8 - 16.3) 

≥ 201 beds (237) 11.6 (5.8 - 17.6) 

Rural/Urban 0.05 

Urban (275) 11.9 (5.5 - 17.4) 

Rural (68) 7.8 (5.0 - 14.0) 

Region 0.02 

Northeast (50) 8.4 (3.9 - 13.0) 

Midwest (69) 12.0 (5.8 - 17.4) 

West (57) 12.7 (7.6 - 17.0) 

South (167) 11.3 (4.8 - 17.8) 

Teaching Status 0.77 

Non-teaching (246) 10.9 (5.0 - 17.4) 

Teaching (97) 12.0 (5.8 - 16.9) 

* Numbers indicate the percentage of patients with a PICC in each category, accounting for risk 
associated with PICC receipt. To ensure stable estimates, 152 facilities (31%) were excluded as 
10% had no patients with PICCs and 21% had < 5 patients that received a PICC.  
**Kruskal-Wallis test 
IQR=inter-quartile range. 
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FIGURE 1: STUDY FLOW DIAGRAM 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
LEGEND: PN=pneumonia, POA=present on admission; MS=missing; DRG=diagnosis-related 
group; PICC=peripherally inserted central catheter 

Page 30 of 32

John Wiley & Sons, Inc.

Journal of Hospital Medicine

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rt
ic

le
FIGURE 2: OBSERVED VS. RISK-STANDARDIZED RATE OF PICC USE ACROSS 343 US 

HOSPITALS (RESTRICTED TO SITES WHERE > 5 PATIENTS RECEIVED PICCS) 

 
 
LEGEND: Horizontal axis represents rate of PICC use whereas vertical axis represents number 
of hospitals. The dark shaded bars represents the observed rate of PICC use whereas the non-
shaded bars reflect risk-standardized rate of PICC use. 
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