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Abstract

Objectives

To investigate incidence, rationales, related factors and outcomes for changing from appro-

priate catheter placement to inappropriate use among hospitalized older patients in the

emergency department.

Methods

A secondary analysis was adopted from a longitudinal study that was designed to follow the

lifecycle of the urinary catheter among hospitalized older patients. Patients aged 65 and

older with a urinary catheter that had been placed in the emergency department were

included. Demographic factors, present health conditions, conditional factors of catheter

placement, and rationales for daily urinary catheter use were collected from the original

data. Inappropriate urinary catheter days were evaluated as an outcome.

Results

Appropriate urinary catheters were placed in the emergency department in 117 of the 156

patients (75%). Of these patients, 77 patients (65.8%) experienced a change from appropri-

ate placement to inappropriate use, with a mean duration of 2.88±1.56 days. The common

rationales were post-operation for hip fracture (36.3%) and no longer needing to monitor

urine output (27.2%). A hierarchical regression model shows that a change from appropriate

catheter placement to inappropriate use was associated with a diagnosis of urinary tract

infection (OR = 0.15; 95% CI = 0.03–0.77; p = 0.02) and no record of the indication for cathe-

ter placement (OR = 4.76; 95% CI = 1.20–18.90; p = 0.02), and all variables together

explained 35.9% of the variance. In addition, a change from appropriate placement to
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inappropriate use was further associated with prolonging inappropriate catheter-days (β =

5.34; 95% CI: 3.72–6.97; p <0.001).

Conclusions

The study highlights a considerable percentage of change from appropriate placement to

inappropriate use. Efforts to construct reminder intervention, to improve the record of cathe-

ter placement and continued attention to catheter use are necessary to reduce inappropriate

urinary catheter use.

Introduction

Background and importance

Catheter-associated urinary tract infection (CAUTI) is one of the most common health care-

associated infections (HAIs), accounts for 34% of all HAIs [1] and is associated with significant

morbidity and excess health care costs [2]. Hospitalized older patients are disproportionately

affected, as they more commonly receive urinary catheters and are more susceptible to associ-

ated complications [3]. In addition to CAUTI, this population is more vulnerable to the nonin-

fectious complications of urinary catheter use, including falls, delirium, urethral trauma and

pain [4, 5].

Appropriateness of urinary catheter use is defined as using a urinary catheter with evidence

of a medical indication such as surgery, urinary retention or a condition warranting accurate

measurement of urinary output [6]. Key concepts for reducing catheter-associated adverse

outcomes are lists of appropriate and inappropriate catheter medical indications, which

restrict use to appropriate indications and prompt catheter removal when catheters are no lon-

ger appropriate. In particular, it is more likely that a urinary catheter is placed in hospitalized

older patients without a medical indication, and of these, up to 43.9–54% are inappropriately

used [7–9]. Nearly half of hospitalized patients are admitted from the emergency department

(ED), where decisions to place urinary catheters are often made. Therefore, recent studies have

focused on the ED, with efforts aimed primarily to reduce the unnecessary placement of uri-

nary catheters [10–13]. As an integral part of urinary catheter use, we must not only cautiously

select appropriate patients for catheter placement in the ED but also re-evaluate appropriate-

ness at transitions (shift change, hospital admission, floor transfer or discharge). The ED can

be viewed as the “front door” or “point of entry”, where efforts to reduce unnecessary urinary

catheter use should be directed.

Goals of this investigation

From previous work, we have shown that inappropriate urinary catheter placement and inap-

propriate catheter-days were related to worsening clinical outcomes in older patients [14, 15].

There is also a significant body of literature aimed at minimizing urinary catheter placement

in the ED and reducing the duration of each catheterization during hospitalization [16, 17].

However, there was insufficient evidence to support the effectiveness of the intervention. An

understanding of the dynamic change in the appropriateness of urinary catheter use is crucial

for further intervention. Therefore, this study investigated the incidence, rationales, related

factors and outcomes for changing from appropriate to inappropriate catheter use among hos-

pitalized older patients in the ED.
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Methods

Study design and population

The current study is a secondary analysis of patients enrolled in a longitudinal study that was

designed to follow the lifecycle of the urinary catheter among hospitalized older patients in an

earlier study [14, 15]. Between October 1, 2012 and October 31, 2013, convenient sampling

was used to recruit patients from all adult wards, except obstetrics and gynecology and hospice,

of an 1135-bed tertiary-care medical center in southern Taiwan. Patients aged 65 and older

with a urinary catheter placed within 24 hours of hospitalization were enrolled. Those who

had a urinary catheter placed before admission or were transferred to intensive care units or

hospice services were excluded. There were 327 patients who agreed to participate; six patients

who were transferred to the intensive care units were excluded from the study, leaving 321

patients who provided data. To assemble a study sample of patients who had received a urinary

catheter in the ED, 165 patients were excluded because they had urinary catheter placement in

the wards or the operating room, leaving an analytic sample of 156 patients for this study.

The study was approved by the Institutional Review Board of the study hospital. Written

informed consent was obtained; if a patient lacked the capacity to consent, a proxy’s consent

was obtained.

Methods and measurement

In the study hospital, the use of urinary catheters was based on physician judgment with no

standard criteria deemed necessary. The lack of clinical guidelines for urinary catheter use

required the development of appropriate indications for catheter use for the purpose of the

study. Indications of appropriateness for the use of urinary catheters from the original study

were developed by literature review [6, 8, 18–20] and validated through expert consensus. Five

medical experts from the study hospital were consulted, among them two were from geriatrics,

one from urology, rehabilitation medicine and infectious disease. The content validity indices

(CVI) is 0.87 and urinary catheters were considered appropriate for any of the following indi-

cations: neurogenic bladder dysfunction (where intermittent catheterisation is not possible),

urinary retention or bladder outlet obstruction, medication instillation or bladder irrigation,

conditions that might warrant accurate measurement of urinary output in critically ill patients,

altered mental status or unresponsive, patients undergoing urologic surgery or other surgery

on the contiguous structure of the genitourinary tract, hip fracture, perioperative management

in surgical patients (preoperative catheter insertion for patients going directly to the operating

department, anticipated prolonged duration of surgery, anticipated need for large-volume

infusions or diuretics during surgery, need for intraoperative monitoring of urinary output,

immediate postoperative management in surgical patients), and open sacral or perineal

wounds with a need for urinary diversion in incontinent patients. Other indications that were

not listed in the indications of appropriateness were identified in this study as inappropriate

use of urinary catheters. In addition, for postoperative management in surgical conditions,

based on the Healthcare Infection Control Practices Advisory Committee (HICPAC) guide-

line, the presence of a urinary catheter in operative patients over 24 hours postoperatively was

identified as inappropriate use, unless there were previously mentioned appropriate indica-

tions [6].

Data were collected from the original study with several strategies by two researchers,

which included interview, medical records review and observation. Inter-rater reliability of

medical records abstraction was assessed using duplicate review of medical records of 10% of

patients. Besides, Inter-rater reliability of interview and observation was evaluated the same
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patient by two researchers of consecutive five patients. All inter-rater reliability of interview,

medical records review and observation (Cronbach’s alpha) is 0.96.

After obtaining consent, data collection started within 48 hours of hospitalization. The

medical records included demographic factors (gender and age), present health condition

(Charlson Comorbidity Index and urinary tract infection diagnosis) and the presence of the

rationale for urinary catheter placement (yes or no). The Charlson Comorbidity Index indi-

cates the number and severity of comorbidities. Scores range from 0 to 37, with a higher score

indicative of more severe comorbidities [21]. The medical records of physicians’ and nurses’

notes were reviewed to clarify indications for urinary catheter placement. If the medical record

did not explicitly document the indication for catheterization, the patients’ physician or pri-

mary care nurse was consulted. If there was no reliable information for the indication, the

inappropriate catheter use was coded as “no evident reason for use of urinary catheter”, and

this condition was identified as inappropriate use. The interview was carried out with the

Short Portable Mental Status Questionnaire (SPMSQ) [22] and the Geriatric Depression Scale

Short-Form (GDS-SF) [23] for those who were able to communicate. Cognitive impairment

was defined as 2 or more errors after adjusting for education level on the SPMSQ [24]. For

patients who could not respond to the SPMSQ, cognitive impairment was automatically

recorded. Depressive symptoms were defined as a total score of more than 8 on the GDS-SF

[25]. Urinary incontinence prior to admission was also determined during the interview. If

patients were incompetent in communication, their main caregiver was asked. Urinary incon-

tinence was defined as patient reported urine leakage within the previous 2 weeks [26]. In

addition, the visual analog 0–10 was used to measure caregivers’ perspective of convenience,

patients’ perspective of convenience and comfort for the urinary catheter use during the inter-

view. Katz index of independence in activities of daily living (ADL)was measured from 6 items

(impairment in bathing, dressing, visiting the toilet, getting up out of a chair, eating, use of

incontinence materials) by the observation of researchers [27]. Scores range from 0 to 12, and

higher scores indicate more independence in ADL.

Patients with a urinary catheter in place were followed up every day by researchers to evalu-

ate the appropriateness of use. Physicians’ and nurses’ notes were reviewed to clarify indica-

tions for the catheters. The total number of inappropriate catheter-days was calculated at

discharge as an outcome variable.

Analysis

Statistical analyses were performed with R Version 3.2.2 [28]. The analysis proceeded in three

phases. First, chi-square and independent t tests were used to test the bivariate relationships of

demographic factors, present health condition, conditional factors of catheter placement and

patients who experienced a change from the appropriate placement to inappropriate use. A p-

value of< 0.05 was considered statistically significant. Second, a hierarchical multiple regres-

sion was then used to identify key related factors associated with changes from appropriate

placement to inappropriate use. Finally, to measure the number of inappropriate urinary cath-

eter-days associated with changes from appropriate placement to inappropriate use, a multiple

regression analysis was conducted. Variables that were present in P< 0.05 on chi-square and

independent t tests were entered into the model for adjustment.

Qualitative data of the rationales for urinary catheter placement and the change from

appropriate catheter placement to inappropriate use that were collected through medical rec-

ords or interviews were analyzed to generate categories that represented the different types of

rationales for catheter use.

Dynamic changes of urinary catheter use
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Results

The mean age of the 156 patients was 78.53±7.25 years, and 59.6% were women. Table 1 shows

the characteristics of the patients. Of 156 patients with a catheter placed in the ED, 117 (75%)

were classified as appropriate. Compared to patients with inappropriate catheter placement,

patients with appropriate placement had fewer depressive symptoms (11.6% vs. 34.4%;

p = 0.03) and more dependence in ADL (3.26±3.70 vs. 5.62±4.30; p = 0.003). The most com-

mon rationale for appropriate catheter placement was close monitoring of urine output in crit-

ically ill patients (Table 2).

Of 117 patients with appropriate catheter placement, 77 patients (65.8%) experienced a

change from appropriate placement to inappropriate use, with a mean duration of 2.88±1.56

days. The common rationales for changing from appropriate urinary catheter placement to

inappropriate use were post-operation for hip fracture (36.3%) and no longer needing to mon-

itor urine output (27.2%).

Patients who experienced a change from appropriate placement to inappropriate use had

fewer urinary tract infection diagnoses (14.3% vs. 50.0%; p<0.001), a lack of a record of the

indication for catheter placement (71.4% vs. 32.5%; p<0.001), and an increase in patients’

(9.09±2.32 vs. 6.54±4.42; p = 0.009) and caregivers’ perspective of convenience (9.33±2.18 vs.

7.45±3.60; p = 0.005) compared with patients did not experience a change (Table 1). The hier-

archical logistic regression of factors associated with patients who experienced a change from

appropriate catheter placement to inappropriate use is summarized in Table 3. In the first

model, patients who experienced a change from appropriate placement to inappropriate use

were regressed on age and gender. Neither of the demographic factors significantly contrib-

uted to the equation and accounted for 0.7% of the variance. In the second model, only urinary

tract infection diagnosis (OR = 0.07; 95% CI = 0.02–0.28; p<0.001) significantly contributed

Table 1. Factors associated with urinary catheter placement and changes from the appropriate to the inappropriate use of a urinary catheter.

Associated factors

Total cohort

(n = 156)

Urinary catheter placement Appropriateness

Appropriate

(n = 117)

Inappropriate

(n = 39)

P-

value

Not changed

(n = 40)

Changed

(n = 77)

P-value

Demographic factors

Age, mean±sd 78.53±7.25 78.61±7.04 78.31±7.94 0.82 77.78±7.48 78.88±6.87 0.42

Female, n(%) 93(59.6) 74(63.2) 19(48.7) 0.11 27(67.5) 47(61.0) 0.49

Present health condition

Charlson comorbidity index, mean±sd 3.43±2.51 3.42±2.63 3.46±2.15 0.92 3.60±2.89 3.31±2.51 0.57

Cognitive impairment, n(%) 104(68.0) 76(66.1) 28(73.7) 0.38 27(67.5) 49(65.3) 0.81

Depressive symptoms, n(%) 22(17.3) 11(11.6) 11(34.4) 0.03 3(11.1) 8(11.8) 0.92

Katz ADL score on admission, mean±sd 3.85±3.97 3.26±3.70 5.62±4.30 0.003 3.20±72 3.29±3.07 0.92

Urinary tract infection, n(%) 46(29.5) 31(26.5) 15(38.5) 0.15 20(50.0) 11(14.3) <0.001

Urinary incontinence, n(%) 62(39.7) 51(43.6) 11(28.2) 0.08 20(50.0) 31(40.3) 0.31

Conditional factors of catheter placement

Lack of documentation for rationale of catheter

placement, n(%)

86(55.1) 68(58.1) 18(46.2) 0.19 13(32.5) 55(71.4) <0.001

Caregivers’ perspective of convenience, mean

±sd

8.69±2.87 8.67±2.86 8.74±2.93 0.91 7.45±3.60 9.33±2.18 0.005

Patients’ perspective of convenience, mean±sd 8.18±3.36 8.36±3.25 7.61±3.69 0.30 6.54±4.42 9.09±2.32 0.009

Patients’ perspective of comfort, mean±sd 7.72±3.70 7.75±3.78 7.61±3.5 0.85 6.96±4.20 8.09±3.57 0.19

Katz ADL, Katz index of independence in activities of daily living

https://doi.org/10.1371/journal.pone.0193905.t001
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to the equation, and present health condition added an additional 21.7% of the variance in the

change from appropriate catheter placement to inappropriate use. In the third model, urinary

tract infection diagnosis (OR = 0.15; 95% CI = 0.03–0.77; p = 0.02) and no record of the indica-

tion for catheter placement (OR = 4.76; 95% CI = 1.20–18.90; p = 0.02) significantly contrib-

uted to the equation. Patients’ and caregivers’ perspective of convenience did not reach

statistical significance. Conditional factors of catheter placement added an additional 13.5% to

the variance, and all variables together explained 35.9% of the variance in the change from

appropriate catheter placement to inappropriate use.

Compared to patients who did not experience a change, patients who experienced a change

from appropriate placement to inappropriate use had longer inappropriate catheter-days (β =

5.34; 95% CI: 3.72–6.97; p<0.001). This difference remained significant in a multivariable

analysis adjusting for confounding factors (urinary tract infection diagnosis, presence of the

rationale for urinary catheter placement, patients’ and caregivers’ perspective of convenience).

Discussion

Previous studies described interventions to reduce the inappropriate use of urinary catheters

in the ED, and all studies focused on the time of placement. No study has addressed the change

from appropriate urinary catheter placement to inappropriate use and associated factors in

hospitalized older patients. This study evaluated the dynamic change in catheter use and pro-

vides a more complete perspective on the use of catheters. In addition, this study evaluated the

change from appropriate catheter placement to inappropriate use and demonstrated a signifi-

cant association with a prolongation of inappropriate catheter-days.

This study shows that 65.8% of hospitalized older patients experienced a change from

appropriate urinary catheter placement to inappropriate use, and the common rationales were

“post-operation for hip fracture” and “no longer a need to monitor urine output”. These

results are consistent with previous studies that reported that urinary catheters are commonly

left in place when they are no longer needed [17, 29]. However, our study emphasizes the con-

cept of transitional care, which is defined as a set of actions designed to ensure the coordina-

tion and continuity of health care as patients transfer between different locations or different

levels of care within the same location [30]. Healthcare providers should pay attention and re-

Table 2. Rationales for appropriate and inappropriate urinary catheter placement.

Indications of urinary catheter placement Urinary catheterization, n(%)

Appropriateness (n = 117; 75%)

Close monitoring of urine output in critically ill patients 42(35.8%)

Hip fracture 31(26.5%)

Urinary retention or bladder outlet obstruction 18(15.4%)

Altered mental status or unresponsive 12(10.3%)

Administration of medication into bladder flush during bleeding 6(5.1%)

Preoperative catheter insertion for patients going directly to the operating

department

4(3.5%)

Urinary incontinence in the presence of open sacral or perineal wounds 3(3.4%)

Inappropriateness (n = 39; 25%)

Convenience of care 15(38.5%)

Urine specimen collection 9(23.1%)

Prevention of urinary retention 8(20.5%)

No evident reason for urinary catheter use 5(12.8%)

No need for urinary-output monitoring 2(5.1%)

https://doi.org/10.1371/journal.pone.0193905.t002
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evaluate the necessity of urinary catheter use when patients undergo surgery or are diagnosed

with a critical condition, to disrupt inappropriate catheter use.

The hierarchical logistic regression analysis showed that fewer patients with a diagnosis of

urinary tract infection suffered from a change in appropriate urinary catheter placement to

inappropriate use. The HICPAC has already begun to announce and educate that “urinary

tract infection” is not an indication for the use of urinary catheters, and the risk of urinary

catheter use outweighs the benefit [6]. This announcement may have led to fewer patients with

a diagnosis of urinary tract infection undergoing a change from appropriate placement to

inappropriate use. Of note, a lack of documentation of the rationale for catheter placement

was significantly associated with a change from appropriate placement to inappropriate use. It

is reasonable to assume that physicians will encounter a dilemma when deciding to remove

urinary catheters because they did not know why the patient needed a urinary catheter. There-

fore, the physician may prefer not to remove urinary catheters to prevent the inappropriate

removal of urinary catheters. More research is needed to clarify physicians’ decision to remove

Table 3. Hierarchical multiple regression of associated factors of changes from the appropriate to the inappropri-

ate use of a urinary catheter.

Associated factors Model 1

OR (95%CI)

Model 2

OR (95%CI)

Model 3

OR (95%CI)

Step 1: Demographic factors

Age 1.02 (0.96–

1.08)

1.02 (0.94–1.11) 1.04 (0.94–1.14)

Female 0.74 (0.33–

1.67)

0.85 (0.26–2.70) 0.69 (0.17–2.81)

R2 0.7%

F 1.15

Step 2: Present health condition

Charlson comorbidity index 0.84 (0.69–1.02) 0.90 (0.72–1.13)

Cognitive impaired 3.26 (0.89–11.85) 2.52 (0.51–12.51)

Depressive symptoms 1.31 (0.24–6.96) 5.49 (0.42–17.39)

Katz ADL score on admission 0.89 (0.78–1.04) 1.06 (0.86–1.28)

Urinary tract infection 0.07 (0.02–

0.28)���
0.15 (0.03–0.77)�

Urinary incontinence 0.55 (0.16–1.79) 0.54 (0.12–2.35)

R2 22.4%

ΔR2 21.7%

F 25.41��

Step 3: Conditional factors of catheter placement

Lack of documentation for rationale of catheter

placement

4.76 (1.20–

18.90)�

Caregivers’ perspective of convenience 1.09 (0.88–1.34)

Patients’ perspective of convenience 1.23 (0.97–1.56)

Patients’ perspective of comfort 1.13 (0.93–1.37)

R2 35.9%

ΔR2 13.5%

F 38.13���

Katz ADL, Katz index of independence in activities of daily living

� p < .05

�� p < .01

��� p < .001

https://doi.org/10.1371/journal.pone.0193905.t003

Dynamic changes of urinary catheter use

PLOS ONE | https://doi.org/10.1371/journal.pone.0193905 March 22, 2018 7 / 10

https://doi.org/10.1371/journal.pone.0193905.t003
https://doi.org/10.1371/journal.pone.0193905


urinary catheters. It would also be interesting to know if the responsible physician was alerted

to the presence of the urinary catheter on the ward round. Lack of documentation may indi-

cate that physicians did not pay attention to urinary catheter use. Continuing education in the

ED may be needed to enhance physicians’ appropriate attitude related to the use of urinary

catheters. In addition, the hospital should have clear regulations for the documentation of the

use of urinary catheters.

Our study has a few limitations. First, the nature of secondary analysis limits the availability

of comprehensive information, for example, physician’s preference of the culture context of

practice for catheter use in the ED cannot be obtained from the original data. Second, during

daily follow-ups, contact between the researchers and the patients’ physicians may have served

as a potential reminder about appropriate catheter removal, thus underestimating the actual

situation. Third, although we did not determine sample size before study, a post hoc power

analysis is carried out and the power of this study is 0.88. Finally, the study excluded some

patients in whom the urinary catheter was removed between 24 and 48 hours of admission; it

is possible that the incidence of changing from appropriate placement to inappropriate use

was underestimated.

Conclusions

In summary, addressing inappropriate urinary catheter use in the ED is an important aspect of

patient safety. Substantial opportunities reside in changing from appropriate placement to

inappropriate use and reducing further inappropriate catheter-days. We suggest that hospitals

not only pay attention to urinary catheter placement in the ED but also assess the dynamic

change in urinary catheter use. Catheter reminding intervention included a daily checklist or

verbal/written reminder to assess continued catheter need, a sticker reminder on the patient’s

chart or an electronic reminder that a catheter is still in place. This study highlights the con-

struction and deployment of catheter reminding intervention to notify clinicians of patients

experiencing urinary catheter use. Although, it might be hard for clinicians to assess appropri-

ateness of urinary catheter use every day. This study shows critically important as limiting

reassessment appropriateness of urinary catheter use no more than 3 days after placement

appear to be the effective approach to prevent inappropriate use. Besides, to guarantee appro-

priate catheter use, the formulation of a hospital-level clinical policy in the use of urinary cath-

eters is extremely important and should include concrete regulations of documentation and

specific protocols for the management of urinary catheters in the ED for this vulnerable

population.

Supporting information

S1 File. ER de-identified data set.

(XLS)

Author Contributions

Conceptualization: Fang-Wen Hu, Ching-Huey Chen, Chia-Ming Chang.

Data curation: Fang-Wen Hu, Chia-Ming Chang.

Formal analysis: Fang-Wen Hu, Hsin-I Shih, Hsiang-Chin Hsu, Ching-Huey Chen, Chia-

Ming Chang.

Funding acquisition: Hsiang-Chin Hsu, Ching-Huey Chen.

Investigation: Fang-Wen Hu.

Dynamic changes of urinary catheter use

PLOS ONE | https://doi.org/10.1371/journal.pone.0193905 March 22, 2018 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0193905.s001
https://doi.org/10.1371/journal.pone.0193905


Methodology: Fang-Wen Hu.

Project administration: Fang-Wen Hu, Chia-Ming Chang.

Software: Hsin-I Shih, Hsiang-Chin Hsu.

Supervision: Hsin-I Shih, Ching-Huey Chen, Chia-Ming Chang.

Validation: Fang-Wen Hu, Hsin-I Shih.

Writing – original draft: Fang-Wen Hu, Hsin-I Shih, Hsiang-Chin Hsu, Chia-Ming Chang.

Writing – review & editing: Fang-Wen Hu, Chia-Ming Chang.

References
1. Klevens RM, Edwards JR, Richards CL, et al. Estimating health care-associated infections and deaths

in US hospitals. Public Health Rep. 2007; 122: 160–6. https://doi.org/10.1177/003335490712200205

PMID: 17357358

2. Saint S. Clinical and economic consequences of nosocomial catheter-related bacteriuria. Am J Infect

Control. 2000; 28: 68–75. PMID: 10679141

3. Fakih MG, Shemes SP, Pena ME, et al. Urinary catheters in the emergency department: very elderly

women are at high risk for unnecessary utilization. Am J Infect Control. 2010; 38: 683–8. https://doi.org/

10.1016/j.ajic.2010.04.219 PMID: 21034978

4. Aaronson DS, Wu AK, Blascheko SD, McAninch JW, Garcia M. National incidence and impact of nonin-

fectious urethral catheter related complications on the surgical care improvement project. J Urol. 2011;

185: 1756–60. https://doi.org/10.1016/j.juro.2010.12.041 PMID: 21420117

5. Hollingsworth J, Rogers M, Krein S, et al. Determining the noninfectious complications of indwelling ure-

thral catheters: a systematic review and meta-analysis. Ann Intern Med. 2013; 159: 401–10. https://doi.

org/10.7326/0003-4819-159-6-201309170-00006 PMID: 24042368

6. Gould CV, Umscheid CA, Agarwal RK, Kuntz G, Pegues DA. Guideline for prevention of catheter-asso-

ciated urinary tract infections 2009. Infect Control Hosp Epidemiol. 2010; 31: 319–26. https://doi.org/

10.1086/651091 PMID: 20156062

7. Bootsma AM, Buurman BM, Geerlings SE, de Rooij SE. Urinary incontinence and indwelling urinary

catheters in acutely admitted elderly patients: relationship with mortality, institutionalization, and func-

tional decline. J Am Med Dir Assoc. 2013; 14:147.e7-12.

8. Gokula RR, Hickner JA, Smith MA. Inappropriate use of urinary catheters in elderly patients at a mid-

western community teaching hospital. Am J Infect Control. 2004; 32: 196–9. https://doi.org/10.1016/j.

ajic.2003.08.007 PMID: 15175612

9. Hazelett SE, Tsai M, Gareri M, Allen K. The association between indwelling urinary catheter use in the

elderly and urinary tract infection in acute care. BMC Geriatr, 2006; 6: 1–7. https://doi.org/10.1186/

1471-2318-6-1 PMID: 16403236

10. Gokula RM, Smith MA, Hickner J. Emergency room staff education and use of urinary catheter indica-

tion sheet improves appropriate use of Foley catheters. Am J Infect Control. 2007; 35: 589–93. https://

doi.org/10.1016/j.ajic.2006.12.004 PMID: 17980237

11. Scoot RA, Oman KS, Makic MBF, et al. Reducing indwelling urinary catheter use in the emergency

department: a successful quality-improvement initiative. J Emerg Nurs. 2014; 40: 237–44. https://doi.

org/10.1016/j.jen.2012.07.022 PMID: 23477920

12. Fakih MG, Heavens M, Grotemeyer J, Szpunar SM, Groves C, Hendrich A. Avoiding potential harm by

improving appropriateness of urinary catheter use in 18 emergency departments. Ann Emerg Med.

2014; 63: 761–8. https://doi.org/10.1016/j.annemergmed.2014.02.013 PMID: 24656760

13. Mulcare MR, Rosen T, Clark S, et al. A novel clinical protocol for placement and management of indwell-

ing urinary catheters in older adults in the emergency department. Acad Emerg Med. 2015; 22: 1056–

66. https://doi.org/10.1111/acem.12748 PMID: 26336037

14. Hu FW, Yang DC, Huang CC, Chen CH, Chang CM. Inappropriate use of urinary catheters among hos-

pitalized elderly patients: Clinician awareness is key. Geriatr Gerontol Int. 2015; 15: 1235–41. https://

doi.org/10.1111/ggi.12431 PMID: 25496666

15. Hu FW, Chang CM, Tsai CH, Chen CH. Exploring initial inappropriate use of urinary catheters among

hospitalised older patients in Taiwan. J Clin Nurs. 2015; 24: 1656–65. https://doi.org/10.1111/jocn.

12767 PMID: 25721107

Dynamic changes of urinary catheter use

PLOS ONE | https://doi.org/10.1371/journal.pone.0193905 March 22, 2018 9 / 10

https://doi.org/10.1177/003335490712200205
http://www.ncbi.nlm.nih.gov/pubmed/17357358
http://www.ncbi.nlm.nih.gov/pubmed/10679141
https://doi.org/10.1016/j.ajic.2010.04.219
https://doi.org/10.1016/j.ajic.2010.04.219
http://www.ncbi.nlm.nih.gov/pubmed/21034978
https://doi.org/10.1016/j.juro.2010.12.041
http://www.ncbi.nlm.nih.gov/pubmed/21420117
https://doi.org/10.7326/0003-4819-159-6-201309170-00006
https://doi.org/10.7326/0003-4819-159-6-201309170-00006
http://www.ncbi.nlm.nih.gov/pubmed/24042368
https://doi.org/10.1086/651091
https://doi.org/10.1086/651091
http://www.ncbi.nlm.nih.gov/pubmed/20156062
https://doi.org/10.1016/j.ajic.2003.08.007
https://doi.org/10.1016/j.ajic.2003.08.007
http://www.ncbi.nlm.nih.gov/pubmed/15175612
https://doi.org/10.1186/1471-2318-6-1
https://doi.org/10.1186/1471-2318-6-1
http://www.ncbi.nlm.nih.gov/pubmed/16403236
https://doi.org/10.1016/j.ajic.2006.12.004
https://doi.org/10.1016/j.ajic.2006.12.004
http://www.ncbi.nlm.nih.gov/pubmed/17980237
https://doi.org/10.1016/j.jen.2012.07.022
https://doi.org/10.1016/j.jen.2012.07.022
http://www.ncbi.nlm.nih.gov/pubmed/23477920
https://doi.org/10.1016/j.annemergmed.2014.02.013
http://www.ncbi.nlm.nih.gov/pubmed/24656760
https://doi.org/10.1111/acem.12748
http://www.ncbi.nlm.nih.gov/pubmed/26336037
https://doi.org/10.1111/ggi.12431
https://doi.org/10.1111/ggi.12431
http://www.ncbi.nlm.nih.gov/pubmed/25496666
https://doi.org/10.1111/jocn.12767
https://doi.org/10.1111/jocn.12767
http://www.ncbi.nlm.nih.gov/pubmed/25721107
https://doi.org/10.1371/journal.pone.0193905


16. Apisarnthanarak A, Rutjanawech S, Wichansawakun S, et al. Initial inappropriate urinary catheters use

in a tertiary-care center: incidence, risk factors, and outcomes. Am J Infect Control. 2007; 35: 594–9.

https://doi.org/10.1016/j.ajic.2006.11.007 PMID: 17980238

17. Tiwari MM, Charlton ME, Anderson JR, Hermsen ED, Rupp ME. Inappropriate use of urinary catheters:

a prospective observational study. Am J Infect Control. 2012; 40: 51–4. https://doi.org/10.1016/j.ajic.

2011.03.032 PMID: 21802780

18. Conway LJ, Larson EL. Guidelines to prevent catheter-associated urinary tract infection: 1980 to 2010.

Heart Lung. 2011; 41: 1–13.

19. Murphy C, Fader M, Prieto J. Interventions to minimize the initial use of indwelling urinary catheters in

acute care: A systematic review. Int J Nurs Stud. 2014; 51: 4–13. https://doi.org/10.1016/j.ijnurstu.

2012.12.007 PMID: 23332716

20. Meddings J, Rogers MAM, Krein SL, Fakih MG, Olmsted RN, Saint S. Reducing unnecessary urinary

catheter use and other strategies to prevent catheter-associated urinary tract infection: an integrative

review. BMJ Qual Saf. 2014; 23: 277–89. https://doi.org/10.1136/bmjqs-2012-001774 PMID:

24077850

21. Charlson ME, Pompei P, Ales KL, MacKenzei CR. A new method of classifying prognostic comorbidity

in longitudinal studies: Development and validation. J Chronic Dis.1987; 40: 373–83. PMID: 3558716

22. Pfeiffer E. A short portable mental status questionnaire for the assessment of organic brain deficit in

elderly patients. J Am Geriatr Soc. 1975; 23: 433–41. PMID: 1159263

23. Sheikh JI, Yesavage JA. Geriatric depression scale (GDS): Recent evidence and development of a

shorter version. Aging Ment Health. 1986; 5: 165–73.

24. Chi I, Boey KW. Hong Kong validation of measuring instruments of mental health status of the elderly.

Clin Gerontol. 1993; 13: 35–51.

25. Lee HCB, Chiu HFK, Kwok WY, Leung CM, Kwong PK, Chung DWS. Chinese elderly and the GDS

short form: a preliminary study. Clin Gerontol. 1993; 14: 37–42.

26. Abrams P, Cardozo L, Fall M, et al. The standardization of terminology in lower urinary tract function:

Report from the standardization sub-committee of the International Continence Society. Urology. 2003;

61: 37–49. PMID: 12559262

27. Katz S, Ford AB, Moskowitz RS, Jackson BA, Jaffe MW. The index of ADL: A standardized measure of

biological and psychosocial function. JAMA. 1963; 185: 914–9. PMID: 14044222

28. Ihaka R, Gentleman RR. A language for data analysis and graphics. J Comput Graph Stat. 1996; 5:

299–314.

29. Davoodian P, Nematee M, Sheikhvatan M. Inappropriate use of urinary catheters and its common com-

plications in different hospital wards. Saudi J Kidney Dis Transpl. 2012; 23: 63–7. PMID: 22237221

30. Naylor M, Keating SA. Transitional care: moving patients from one care setting to another. Am J Nurs.

2008; 108: 58–63.

Dynamic changes of urinary catheter use

PLOS ONE | https://doi.org/10.1371/journal.pone.0193905 March 22, 2018 10 / 10

https://doi.org/10.1016/j.ajic.2006.11.007
http://www.ncbi.nlm.nih.gov/pubmed/17980238
https://doi.org/10.1016/j.ajic.2011.03.032
https://doi.org/10.1016/j.ajic.2011.03.032
http://www.ncbi.nlm.nih.gov/pubmed/21802780
https://doi.org/10.1016/j.ijnurstu.2012.12.007
https://doi.org/10.1016/j.ijnurstu.2012.12.007
http://www.ncbi.nlm.nih.gov/pubmed/23332716
https://doi.org/10.1136/bmjqs-2012-001774
http://www.ncbi.nlm.nih.gov/pubmed/24077850
http://www.ncbi.nlm.nih.gov/pubmed/3558716
http://www.ncbi.nlm.nih.gov/pubmed/1159263
http://www.ncbi.nlm.nih.gov/pubmed/12559262
http://www.ncbi.nlm.nih.gov/pubmed/14044222
http://www.ncbi.nlm.nih.gov/pubmed/22237221
https://doi.org/10.1371/journal.pone.0193905

