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Near-perfect compliance with SCIP Inf-9 had no effect on 
catheter utilization or urinary tract infections at an academic 
medical center

Jennifer A. Kaplan, MD, MAS1 and Jonathan T. Carter, MD1

1University of California–San Francisco, Department of Surgery

Abstract

Background—The Joint Commission’s SCIP Inf-9 mandated early removal of indwelling 

urinary catheters (IUCs), but the impact of compliance on catheter-associated urinary tract 

infection (CAUTI) and postoperative urinary retention (POUR) are unknown.

Methods—Retrospective pre- and post- intervention study at a single tertiary academic medical 

center of all patients undergoing general surgery procedures with an IUC placed at the time of 

surgery who were admitted for at least two days before and after a Best Practice Advisory was put 

in place to improve compliance with SCIP Inf-9.

Results—A total of 1036 patients were included (468 pre-intervention; 568 post-intervention). 

POUR occurred in 13% of patients and CAUTI in 0.8%. There was no change in POUR, CAUTI, 

or catheter utilization after the Best Practice Advisory was initiated. Both POUR and CAUTI 

predicted longer lengths of stay.

Conclusions—Near-perfect SCIP Inf-9 compliance had no effect on the CAUTI rate at our 

institution.
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Introduction

Indwelling urinary catheters (IUCs) are ubiquitous in the post-operative setting and have a 

temporal association with urinary tract infections (UTIs).1 The cost burden of catheter-

associated UTIs (CAUTIs) has been estimated from $290 to $400 million annually.23 IUC 

exposure of over two days is associated with increased CAUTI risk, with catheter duration 

considered a modifiable risk factor for CAUTI.13
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To reduce nosocomial surgical complications, and CAUTIs specifically, the Centers for 

Medicare & Medicaid Services (CMS) and the Centers for Disease Control and Prevention 

introduced the Surgical Care Improvement Project (SCIP) in 2005. The goal of SCIP was to 

decrease the rates of surgical complications at least 25% by 2010.4 In 2008, to discourage 

hospitals from billing for preventable infections, the CMS stopped reimbursing hospitals for 

the care of CAUTIs, a practice also referred to as nonpayment.5 SCIP Inf-9 was introduced 

the following year to further reduce CAUTIs; this required that an IUC be removed by 

postoperative day two (with day of surgery being day zero) unless specific exemption 

criteria were met.6

At our institution, compliance with SCIP Inf-9 varied. In 2014, we initiated a Best Practice 

Advisory (BPA) in the electronic health record (EHR) that triggered an alert for patients 

with IUCs still in place 48 hours after surgery. The BPA required providers to either remove 

the IUC, or document why the catheter was continued. As a result, SCIP Inf-9 compliance 

immediately increased to over 90%.

One potential consequence of early IUC removal is postoperative urinary retention (POUR), 

which was reported to occur in 22% of patients after colorectal surgery.7 Compared to 

CAUTIs, the burden of POUR is less well studied and understood. Male gender, increasing 

age, surgery type, and medical comorbidities all have been found to predict POUR, and the 

occurrence of POUR is associated with longer lengths of stay, patient discomfort, UTIs, and 

noninfectious complications.8

The goal of this study was to examine the clinical impact of near-perfect SCIP Inf-9 

compliance on patient outcomes after general surgery and to determine whether there was a 

resulting decrease in CAUTIs. We also sought to determine the incidence of POUR before 

and after the BPA was initiated, the risk factors for CAUTI and POUR in this patient 

population, and the impact of CAUTI and POUR on length of stay.

Materials and Methods

Study Design

We performed a retrospective pre- and post- intervention study of an IUC-related quality 

initiative at a single tertiary care institution. In May of 2014, our institution created a BPA 

within the EHR that required physicians to select a reason for IUC continuation prior to 

writing any additional orders if the catheter had been in for 48 hours after surgery. The 

ordering physician could choose from a drop-down menu of reasons for IUC continuation, 

or alternatively, discontinue the IUC. We chose 7 months previous to this change (June–

December 2013) as the “before” group, and 7 months after this change (June–December 

2014) as the “after” group in order to study the effect of the BPA on compliance and 

outcomes. The University of California, San Francisco Committee on Human Research 

approved this study.

We identified adult patients aged 18 years or older who underwent general surgery 

procedures and who stayed in the hospital for at least two days following surgery. Patients 

who had an IUC placed at the time of surgery were included. We excluded patients with an 
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IUC placed before the time of surgery, those who underwent concurrent urologic surgery, 

and patients who stayed longer than two weeks in the hospital postoperatively as these 

patients were likely to be outliers in terms of their hospital trajectory.

A quality improvement analyst performed a chart review for IUC-related data that included 

placement and removal time, placement time of subsequent IUC insertions, and occurrence 

of CAUTI. This data was spot checked by a quality improvement nurse. One investigator 

verified missing data and reviewed the EHR of all patients with positive CAUTIs to verify 

data integrity.

Definitions

The catheter utilization rate was defined as the total number of catheter days per total patient 

days. Our UTI and CAUTI definitions were obtained from the Centers for Disease Control’s 

National Healthcare Safety Network.9 We defined symptomatic UTI based on the definition 

as the presence of documented symptoms in the medical record (one of the following: fever 

> 38°C, suprapubic pain, frequency, urgency or dysuria at the time of culture) and a positive 

urine culture (≤2 bacteria; one with at least 100,000 CFU). Urine cultures that grew yeast or 

mixed flora were not considered to be an infection. To be a CAUTI, the UTI must have 

occurred within 48 hours after catheter placement with the catheter still in place, or within 

48 hours of catheter removal. The CAUTI rate was defined as the number of CAUTIs per 

1000 catheter days. We documented POUR if a second IUC was inserted after the initial one 

was discontinued. Length of stay was measured from the date of the operation to discharge.

Predictor and Outcome Measures

Predictor variables included patient age, gender, body mass index, surgeon specialty 

(general, surgical oncology, colorectal, or endocrine), area of focus (upper gastrointestinal, 

hernia, colon, pelvis, hepatobiliary, pancreas, etc.), operative approach (open, laparoscopic, 

robotic, or perineal), emergent status, history of benign prostatic hypertrophy in a man, 

epidural placement, intraoperative fluid volume, duration of surgery, American Society of 

Anesthesiology (ASA) class, procedure length, and procedure type. At our institution, 

individual surgeon preference dictates the timing of IUC removal in patients with epidural 

catheters. Primary outcome measures included CAUTI rate, device utilization rate, POUR, 

and length of stay.

Statistical Analysis

All data transformation and analysis was performed using Stata version 13 (College Station, 

TX). All reported p-values were 2-sided with a significance level of 0.05. Between-group 

differences in baseline characteristics were analyzed using a chi-squared test for 

dichotomous variables and a Wilcoxon rank sum test for skewed continuous outcomes and 

rates. Percentages were rounded to the nearest whole number unless that number was zero. 

Logistic regression adjusted for catheter time was used to identify risk factors for CAUTI 

and POUR. Covariates of interest were first tested in univariate then in multivariate logistic 

regression analyses and concordance statistic (c-statistic, or the area under the receiver 

operating curve) and Hosmer-Lemeshow goodness of fit with groups of 10 (in this test a p-
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value over 0.05 implies that the model is correctly specified) were checked. Because length 

of stay was a skewed outcome, we used a negative bionomial regression used for analysis.

Results

Patient characteristics

A total of 1,036 patients met inclusion criteria; 468 (45%) in the before-BPA group and 568 

(55%) in the after-BPA group (Table 1). There were no between group differences in terms 

of age or gender. In the after-BPA group, there were more robotic cases (3% vs. 1%, p=0.05) 

and a higher incidence of postoperative epidural usage (42% vs. 34%, p=0.006). The latter is 

likely the result of enhanced recovery protocols implemented during that time period. The 

median IUC duration in both groups was 1.7 days.

Unadjusted outcomes

The urinary catheter utilization rate was unchanged after BPA implementation (0.38 vs. 0.4 

total IUC days per total patient days, p=0.14, Table 2). The CAUTI rate was also not 

significantly different (2.8 vs. 3.7 number of CAUTIs per total catheter days x 1000, p=0.7). 

POUR occurred in 12% in the before-BPA group and in 13% of the after-BPA group 

(p=0.89). The median length of stay was 5.2 days in the before-BPA group and 5.3 days in 

the after-BPA group. In the after-BPA group, 43% of patients met exemption criteria with 

the most common reason being for an epidural (Table 3).

Predictors of CAUTI and POUR

In multivariate logistic regression controlling for age and gender, IUC duration of > 4 days 

was associated with 6 times the odds of CAUTI as compared to ≤ 2 days (p=0.04, Table 4). 

For this model, the c-statistic was 0.74 and goodness of fit p-value 0.9. When risk factors for 

POUR were examined, IUC duration was inversely proportionate to risk, with 2–4 days 

being associated with half the odds of POUR (p=0.003), and IUC duration of > 4 days 

associated with one third the odds of POUR (p<0.001, Table 5). Age also was a predictor of 

POUR, and female gender was protective from POUR, with an odds about half that of male 

patients. Finally, patients with an epidural catheter were 50% more likely to develop POUR 

than those without an epidural catheter (95% CI 1.0–2.3, p=0.05). In this model the c-

statistic was 0.67 and goodness of fit p-value 0.3.

Predictors of length of stay

Both CAUTI and POUR were significant independent predictors for longer length of stay 

(IRR 1.3 and 1.2; p=0.05 and <0.001 respectively) when we controlled for factors such as 

increasing age, surgical area and approach, emergent status, and ASA class (Table 6). In this 

model, CAUTI was associated with an additional 1.7 days in the hospital (95% CI 0–3.5) 

and POUR was associated with an additional 1 day in the hospital (95% CI 0.6–1.2, Table 

7).
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Discussion

The SCIP measures were introduced by the Centers for Medicare & Medicaid Services in 

2005 as a serious, national attempt at reducing or eliminating preventable hospital infections. 

IUCs are associated with 40% of nosocomial infections and CAUTIs were targeted 

specifically based on data showing a correlation between catheter duration and 

infection 1310; therefore, a goal of removing surgery-related catheters within 48 hours of 

surgery was made.

Across the country, hospitals spent considerable resources to meet SCIP measures. At our 

institution, a SCIP committee was formed, quality improvement nurses were hired, and a 

process of regular data monitoring and continuous process improvement was initiated. Such 

efforts dovetailed with the initiation of an EHR that could provide physicians with BPAs, 

such that near-perfect compliance with SCIP Inf-9 could be ensured.

Our analysis demonstrates that contrary to expectation, near-perfect compliance with SCIP 

had no effect on catheter utilization, CAUTI, or POUR in general surgery patients at our 

institution; surgeons did not change their practice with regard to timing of catheter removal. 

In other words, compliance with the process measure (discontinuing the urinary catheter or 

documenting why it must remain) had no measurable effect on the outcome measure 

(CAUTI). Even before the BPA was implemented, median catheter duration at our institution 

was 1.7 days, which was unchanged after BPA implementation, suggesting that our later 

compliance was due to improved documentation, not changes in clinical practice. This 

finding is in contrast to a review which found that stop orders decreased IUC duration and 

CAUTI rates.11 Our findings echo a report that the nonpayment approach by CMS for 

CAUTIs did not affect CAUTI rates across almost 400 hospitals.5 Others have demonstrated 

that adherence to other SCIP process measures did not change the outcome measure of 

surgical site infections.12 Interestingly, one group reported that the rate of CAUTIs was 

significantly higher in patients deemed exempt from SCIP Inf-9; a finding which we did not 

replicate.6

In recommending early catheter removal to reduce CAUTI, SCIP Inf-9 failed to recognize 

the unintended complication of POUR. In our population, true CAUTIs occurred in only 

0.8% of patients, while POUR occurred in 13%, demonstrating that POUR was a much 

larger healthcare burden. When other factors were controlled for, patients in our study with 

POUR had on average a one-day longer hospital stay, an additional stay similar to CAUTI, 

which is consistent with another report that used administrative data.8

Although long catheterization increased the risk of CAUTI, short catheterization increased 

the risk of POUR, and POUR was far more prevalent in our study. Providers must weigh 

both risks when deciding how long a catheter should be left in place. We suggest that for the 

average patient needing about a week in the hospital to recover from surgery, removal of the 

catheter on the third or fourth postoperative day would reduce the risk of POUR, without 

unduly increasing the absolute risk of CAUTI, as compared to a strategy of removing the 

catheter within the first 48 hours. Interestingly, we found an association between epidural 
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catheters and POUR as well as increased length of stay, reinforcing previous work 

questioning their use in enhanced recovery pathways.13

One limitation of this study is its quasi-experimental design. Since the groups were defined 

as pre- and post-BPA implementation, it is possible that other changes in the hospital 

environment that occurred concurrently, such as increased use of Enhanced Recovery After 

Surgery (ERAS) programs, may have confounded the effect of the BPA. Additionally, we 

likely underestimated POUR by only including patients with catheter reinsertions, and not 

straight catheterizations. However, it is the practice at our institution to reinsert catheters and 

leave them in place in most patients. Finally, we did not consider detailed patient 

comorbidities that may have also influenced also the risk of POUR and CAUTI, in addition 

to the variables we studied.

Conclusions

Implementation of a BPA that ensured near-perfect compliance with a SCIP process measure 

designed for early IUC removal had no measurable effect on its intended outcome of 

CAUTIs. Although early removal was indeed protective against CAUTI, compliance with 

the SCIP process measure did not actually cause providers to remove catheters earlier. As a 

result, urinary infection rates were unaffected. Early removal also doubled the odds of 

urinary retention, an unintended and equally important complication. Providers should 

weigh the risk of infection and retention in deciding when to remove a urinary catheter after 

surgery.
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Summary

Implementation of a Best Practice Advisory that ensured near-perfect compliance with a 

SCIP process measure designed for early indwelling urinary catheter removal had no 

measurable effect on catheter associated urinary tract infections, catheter utilization, or 

urinary retention. Early catheter removal was associated with double the odds of urinary 

retention.
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Table 1

Patient and surgical characteristics before and after the BPA went into effect.

Variable Before BPA N=468 (45%) After BPA N=568 (55%) P Value Total N=1036

Age, years* 56 (45–65) 57 (46–66) 0.76 57 (45–66)

Female 242 (52%) 318 (56%) 0.17 560 (54%)

BMI, kg/m2* 27 (23–33) 27 (23–33) 0.41 27 (23–33)

Specialty 0.14

 General surgery 184 (39%) 218 (38%) 402 (39%)

 Surgical oncology 92 (20%) 143 (25%) 235 (23%)

 Colorectal surgery 184 (39%) 195 (34%) 379 (37%)

 Endocrine surgery 8 (2%) 12 (2%) 20 (2%)

Area 0.75

 General abdominal** 185 (405%) 229 (40%) 414 (40%)

 Colon 115 (25%) 122 (22%) 237 (23%)

 Anorectal 57 (12%) 72 (13%) 129 (12%)

 Hepatobiliary 59 (13%) 76 (13%) 135 (13%)

 Pancreas 26 (6%) 40 (7%) 66 (6%)

 Retroperitoneum 14 (3%) 17 (3%) 31 (3%)

 Inguinal 5 (1%) 2 (0.4%) 7 (1%)

 Thyroid/skin soft tissue 7 (2%) 10 (2%) 17 (2%)

Approach 0.054

 Open 227 (49%) 279 (49%) 506 (49%)

 Laparoscopic 236 (50%) 268 (47%) 504 (49%)

 Robotic 4 (0.9%) 16 (3%) 20 (2%)

 Perineal 1 (0.2%) 5 (1%) 6 (1%)

Emergent 39 (8%) 47 (8%) 0.97 86 (8%)

BPH† 18 (8%) 25 (10%) 0.43 43 (9%)

Epidural 159 (34%) 240 (42%) 0.006 399 (39%)

Intra-op IV Fluids, L* 3 (2–3) 2 (2–3) 0.12 2 (2–3)

Duration of surgery, h* 4 (2–5) 3 (2–5) 0.26 3 (2–5)

ASA Class 0.78

 1 8 (2%) 13 (2%) 21 (2%)

 2 232 (50%) 294 (52%) 526 (51%)

 3 217 (46%) 248 (44%) 465 (43%)

 4 11 (2%) 13 (2%) 24 (2%)

Abbreviations: BPA, best practice advisory; BPH; benign prostatic hypertrophy; h, hour; IV, intravenous; L, liter;
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*
Median (IQR)

**
Includes hernia, small bowel, and gastroesophageal

†
Out of male patients only
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Table 2

Unadjusted outcomes before and after the Best Practice Advisory went into effect.

Outcome Before BPA N=468 (45%) After BPA N=568 (55%) P value Total N=1036

Total patient days 2803.2 3388.6 0.90 6191.7

Total IUC days 1062.1 1345.7 0.41 2407.8

IUC time, days† 1.7 (1–4) 1.7 (1–4) 0.52 1.7 (1–4)

Device utilization rate* 0.38 0.40 0.14 0.39

CAUTI 3 (0.6%) 5 (0.9%) 0.66 8 (0.8%)

CAUTI Rate** 2.8 3.7 0.7 3.3

POUR 58 (12%) 72 (13%) 0.89 130 (13%)

Length of stay, days† 5.2 (4–7) 5.3 (3–8) 0.98 5.3 (4–8)

Abbreviations: BPA, best practice advisory; CAUTI, catheter-associated urinary tract infection; IUC, indwelling urinary catheter; POUR, 
postoperative urinary tract infection

†
Median (interquartile range)

*
Total IUC days/Total patient days

**
(# CAUTI/Catheter days) x 1000
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Table 3

Reason for IUC continuation in after-BPA group if exemption criteria were met† and days with catheter.

Exemption Reason N=247 (%) Days with IUC*

Epidural in place 156 (63%) 4.0 ± 1.5

Needed for intake and output 34 (14%) 4.5 ± 2.3

Urinary retention 2 (1%) 2.9 ± 0.3

Patient critically ill 3 (1%) 2.5 ± 0.5

Post perineal procedure 32 (13%) 4.2 ± 2.0

Prolonged procedure 1 (0.4%) 7.2

Incontinence/wound protection 1 (0.4%) 5.0

Immobilization 17 (7%) 3.9 ± 1.3

Needed for medication 1 (0.4%) 5.7

Abbreviations: IUC, indwelling urinary catheter

†
All possible exemption criteria listed in this table

*
Mean ± SD

**
All epidural patients 3.3 ± 1.9
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Table 4

Multivariable logistic regression identifying risk factors for CAUTI

Univariate Multivariate

Variable OR (95% CI) P value OR (95% CI) P Value

Age, 10 years 1.1 (0.7–1.7) 0.74 1.0 (0.6–1.7) 0.89

Female gender 2.6 (0.5–12.8) 0.25 3.1 (0.6–15.6) 0.17

IUC duration

 ≤ 2 days Ref Ref

 2–4 days 2.7 (0.4–19.0) 0.33 2.8 (0.4–20.1) 0.31

 > 4 days 5.5 (1.0–30.4) 0.05 6.3 (1.1–35.3) 0.04

Abbreviations: CAUTI, catheter associated urinary tract infection; CI, confidence interval; OR, odds ratio; IUC, indwelling urinary catheter
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Table 5

Multivariable logistic regression identifying risk factors for POUR

Univariate Multivariate

Variable OR (95% CI) P value OR (95% CI) P Value

Age, 10 years 1.3 (1.1–1.4) <0.001 1.3 (1.1–1.5) <0.001

Female gender 0.6 (0.4–0.8) 0.002 0.5 (0.3–0.7) 0.001

Epidural 1.0 (0.7–1.5) 0.86 1.5 (1.0–2.3) 0.05

IUC duration

 ≤ 2 days Ref Ref

 2–4 days 0.6 (0.3–0.9) 0.02 0.5 (0.3–0.8) 0.003

 > 4 days 0.4 (0.2–0.7) 0.003 0.3 (0.2–0.5) <0.001

Abbreviations: CI, confidence interval; OR, odds ratio; IUC, indwelling urinary catheter; POUR, postoperative urinary retention
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Table 6

Negative binomial regression model identifying factors associated with longer length of stay

Variable Incidence rate ratio (95% CI) P value

CAUTI 1.3 (1.0–1.7) 0.05

POUR 1.2 (1.1–1.2) <0.001

Age, 10 years 1.0 (1.0–1.0) 0.03

Female gender 1.0 (0.9–1.0) 0.18

BMI, 5 kg/m2 1.0 (0.9–1.0) <0.001

Surgery time, h 1.1 (1.1–1.1) <0.001

Intraoperative IV fluid, L 1.0 (1.0–1.0) 0.09

Epidural 1.1 (1.1–1.2) <0.001

ASA Class

 1 Ref Ref

 2 1.1 (0.9–1.3) 0.58

 3 1.1 (0.9–1.4) 0.18

 4 1.4 (1.1–1.8) 0.01

Area

 General abdominal* Ref Ref

 Colon 1.0 (0.9–1.0) 0.23

 Anorectal 1.0 (0.9–1.1) 0.72

 Hepatobiliary 0.9 (0.8–1.0) 0.002

 Pancreas 1.0 (0.9–1.1) 0.47

 Retroperitoneum 0.9 (0.7–1.0) 0.03

 Inguinal 0.9 (0.7–1.2) 0.13

 Thyroid/skin soft tissue 0.8 (0.7–1.1) 0.14

Emergent 1.3 (1.2–1.4) <0.001

Approach

 Open Ref Ref

 Laparoscopic 0.8 (0.8–0.8) <0.001

 Robotic 0.9 (0.7–1.1) 0.11

 Perineal 0.7 (0.5–1.0) 0.04

Abbreviations: CAUTI, catheter associated urinary tract infection; CI, confidence interval BMI, body mass index; IV, intravenous; POUR, 
postoperative urinary retention; Ref, reference

*
Includes hernia, small bowel, and gastroesophageal
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