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Abstract

Objectives: The aims of this study were to: (1) measure the rate of failure to provide defect-free 

postoperative venous thromboembolism (VTE) chemo-prophylaxis, (2) identify reasons for failure 

to provide defect-free VTE chemoprophylaxis, and (3) examine patient- and hospital-level factors 

associated with failure.

Summary Background Data: Current VTE quality measures are inadequate. VTE outcome 

measures are invalidated for interhospital comparison by surveillance bias. VTE process measures 

(e.g., SCIP-VTE-2) do not comprehensively capture failures throughout patients’ entire 

hospitalization.

Methods: We examined adherence to a novel VTE chemoprophylaxis process measure in 

patients who underwent colectomies over 18 months at 36 hospitals in a statewide surgical 

collaborative. This measure assessed comprehensive VTE chemoprophylaxis during each patient’s 

entire hospitalization, including reasons why chemoprophylaxis was not given. Associations of 

patient and hospital characteristics with measure failure were examined. Results: The SCIP-VTE-2 

hospital-level quality measure identified failures of VTE chemoprophylaxis in 0% to 3% of 

patients. Conversely, the novel measure unmasked failure to provide defect-free chemoprophylaxis 

in 18% (736/4086) of colectomies. Reasons for failure included medication not ordered (30.4%), 

patient refusal (30.3%), incorrect dosage/frequency (8.2%), and patient off-unit (3.4%). Patients 
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were less likely to fail the chemoprophylaxis process measure if treated at nonsafety net hospitals 

(OR 0.62, 95% CI 0.39–0.99, P = 0.045) or Magnet designated hospitals (OR 0.45, 95% CI 0.29–

0.71, P = 0.001).

Conclusions: In contrast to SCIP-VTE-2, our novel quality measure unmasked VTE 

chemoprophylaxis failures in 18% of colectomies. Most failures were due to patient refusals or 

ordering errors. Hospitals should focus improvement efforts on ensuring patients receive VTE 

prophylaxis throughout their entire hospitalization.
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Venous thromboembolism (VTE), which includes pulmonary embolism (PE) and deep vein 

thrombosis (DVT), is a leading cause of potentially preventable hospital morbidity and 

mortality.1 Chemoprophylaxis has been shown to reduce the risk of symptomatic VTE by 

70% to 80%, suggesting that many incidences of VTE are preventable.2,3 Accordingly, the 

Agency for Healthcare Research and Quality (AHRQ) and the Centers for Medicare and 

Medicaid Services (CMS) have prioritized VTE prevention as a key patient safety goal, and 

several quality measures emphasizing perioperative VTE prevention have been developed 

and utilized for public reporting and to drive quality improvement (QI) efforts.4 

Unfortunately, these VTE quality indicators have significant flaws that limit their utility in 

these domains. The VTE outcome measures that include the actual presence of VTE 

(PSI-12, VTE-6) are susceptible to VTE surveillance bias based on local diagnostic practices 

and thus, while potentially serving as internal benchmarks of performance, they are not valid 

for publicly-reported performance comparisons between institutions.5–8 The VTE process 
measure (SCIP-VTE-2), while not susceptible to surveillance bias, only measures care 

provided in the 24hours around surgery and does not readily identify reasons why 

chemoprophylaxis failures occur.7,9,10 Most hospitals have maximized their performance on 

this recently retired publicly-reported process measure.11

The American College of Chest Physicians recommends VTE chemoprophylaxis throughout 

a patient’s entire inpatient hospitalization for surgical patients at moderate or high risk for 

VTE.1 Despite high rates of SCIP-VTE-2 adherence at most hospitals, single-institution 

studies have reported that up to one-third of patients undergoing inpatient surgery do not 

receive appropriate VTE chemoprophylaxis throughout their entire inpatient hospital stay.
9,12–15 In trauma and surgical patient populations, missed doses of chemoprophylaxis are 

associated with increased incidence of VTE.12,15,16 Though some smaller single institution 

studies have identified reasons patients do not receive chemoprophylaxis,12–17 only 1 study9 

accounted for evidence-based clinical exceptions to chemoprophylaxis administration (e.g., 

high-risk for postoperative bleeding).

The flaws in the current VTE quality measures highlight the need for clinically relevant 

quality measures that apply throughout a patient’s hospitalization with defined exclusion 

criteria and provide actionable data (e.g., specific reasons for missed doses) to meaningfully 

inform effective QI interventions focused on VTE chemoprophylaxis. We recently 
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introduced a novel VTE quality measure across a statewide surgical collaborative. This 

process measure assesses comprehensive postoperative VTE chemoprophylaxis during each 

patient’s entire inpatient hospitalization, including the appropriateness of dose and 

frequency, and requires specific documentation of reasons why individual doses of 

chemoprophylaxis were not given to patients.9 The objectives of this statewide, multi-

institutional study in patients undergoing colectomy were: (1) to examine adherence to this 

novel, comprehensive VTE chemoprophylaxis quality measure compared with the traditional 

VTE process measure, SCIP-VTE-2; (2) to categorize failures in inpatient postoperative 

VTE chemoprophylaxis; and (3) to assess patient- and hospital-level factors associated with 

failure to adhere to appropriate VTE chemoprophylaxis.

METHODS

Study Design, Data Source, and Participants

We performed a cross-sectional analysis utilizing 2 prospectively maintained databases, the 

American College of Surgeons National Surgical Quality Improvement Program (ACS 

NSQIP) and the 56-hospital Illinois Surgical Quality Improvement Collaborative (ISQIC) 

online data platform. In these databases, cases are abstracted by trained surgical clinical 

reviewers and undergo an audit process to promote data accuracy and quality in addition to 

the rigorous data reliability audits regularly performed by ACS NSQIP.18 Eligible patients 

were those 18 years or older who underwent a colectomy at an ISQIC hospital from January 

1, 2015 through June 30, 2016. Cases that included a proctectomy were excluded. Patients 

from hospitals with missing or discontinuous abstraction were also excluded.

We merged the ACS NSQIP and ISQIC data with the 2014 American Hospital Association 

(AHA) Annual Survey (hospital characteristics) and the September 2015 update of the 

FY2015 Centers for Medicare & Medicaid Services (CMS) Payment Impact File. The CMS 

Impact file was used in a manner previously described19,20 to identify each hospital’s safety 

net status (defined as a hospital in the highest quartile receiving CMS disproportionate share 

payments), teaching status (defined as a hospital with a resident-to-bed ratio ≥ 0.001), and 

case mix index (CMI; calculated by summing the diagnosis-related group weights for all 

Medicare discharges and dividing by the number of Medicare discharges). A higher CMI 

indicates a hospital with more diverse, clinically complex, and, potentially, higher risk 

patient population. Magnet designation status for each hospital was obtained from The 

American Nurses Credentialing Center (ANCC) and is a rigorous review process that 

“recognizes health care organizations for quality patient care, nursing excellence and 

innovations in professional nursing practice.”21 The risk-adjusted VTE event rate for ISQIC 

hospitals (occurring within 30 d after the index operation) according to the standard ACS 

NSQIP definition was calculated for the time period relevant to this study using the standard 

ACS NSQIP modeling approach which has been previously well described and accounts for 

differences in patient comorbidities.22

SCIP-VTE-2 adherence rates were obtained from the Timely and Effective Care file from 

the 2016 CMS Hospital Compare data archive Annual Files. SCIP-VTE-2 is a process 

measure developed by CMS and the Joint Commission that reports the percentage of 

patients who receive appropriate VTE prophylaxis within the 24 hours prior to surgical 
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incision time to 24hours after surgery end time.23 This measure was recently retired, but data 

are still available.11

Comprehensive VTE Chemoprophylaxis

Comprehensive VTE chemoprophylaxis was defined according to major consensus 

guidelines,1 and requires the appropriate medication to be ordered at the correct dose and 

frequency, and administered without missed doses throughout each patient’s entire inpatient 

hospitalization. Appropriate chemoprophylaxis agents (e.g., low molecular weight heparin, 

unfractionated heparin) were defined according to major consensus guidelines and FDA-

approved indications.1 Failure was defined as a missed or incorrect dose of 

chemoprophylaxis at any time during each patient’s inpatient hospitalization for any reason 

not covered by an appropriate clinical exception. Clinically appropriate, evidence-based 

exceptions were allowed according to objective criteria for situations such as active 

bleeding, epidural or spinal anesthesia, and holding doses for additional procedures such as 

those performed in interventional radiology (Supplemental Appendix, http://

links.lww.com/SLA/B534).9 Reasons for failure to provide comprehensive VTE 

chemoprophylaxis were captured in 5 categories: patient refusal, medication not ordered, 

incorrect dose or frequency, patient off unit, or other reasons for missed dose.

Statistical Analysis

Cluster-adjusted chi-square tests were used to examine bivariate relationships between 

failure to provide comprehensive VTE chemoprophylaxis and patient and hospital 

characteristics. We constructed hierarchical logistic regression models with hospital-level 

intercepts that accounted for clustering of patients within hospitals to further examine these 

relationships. Clinically relevant variables and variables with a P value less than 0.05 on 

bivariate analysis were included in the models. The following independent variables were 

included in the models: age, sex, race, body mass index, number of comorbidities, smoking 

status, surgical indication, whether the case was performed electively, safety net hospital 

status, Magnet designation, teaching hospital status, nurse-to-bed ratio, and case mix index. 

All analyses were performed at the patient level. All tests were 2 sided with statistical 

significance set at 0.05. Statistical analysis was performed using SAS 9.4 (SAS Institute Inc, 

Cary, NC) and Stata 14.1 (StataCorp LP, College Station, TX).

RESULTS

Patient and Hospital Cohort Characteristics

We identified 5845 patients who underwent colectomy at 52 ISQIC hospitals during the 18-

month study period. After excluding patients who underwent a colectomy at a hospital that 

did not participate in the VTE process measure abstraction (n = 872), had observations that 

contained discontinuous abstraction (n = 152), were unable to be matched to the ACS 

NSQIP Semi-Annual Report dataset (n = 93), were duplicate observations (n = 45), or had 

missing process measure data (n = 597), the final cohort contained 4086 patients from 36 

ISQIC hospitals. Patients were more commonly white (80.6%), female (53.2%), and 61 to 

74 years of age (35.0%) (Table 1). Two-thirds of the colectomies were elective (67.1%). 

Neoplasm (47.4%) was the indication for surgery in nearly half of the patients. The median 
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length of stay (LOS) was 5 days. Most patients had 1 or zero comorbidities (58.5%). Most 

colectomies were performed at teaching hospitals (68.6%). Nine hospitals (25%) were 

identified as safety net hospitals and 20 (55.6%) had Magnet designation (Table 2). 

Additional patient and hospital characteristics are detailed in Tables 1 and 2, respectively.

Failures of VTE Chemoprophylaxis

Failure to provide comprehensive postoperative VTE chemoprophylaxis occurred in 18% of 

patients (n = 736; Fig. 1). Medication not ordered (30.4%) and patient refusal (30.3%) were 

the most documented reasons for failure to provide chemoprophylaxis (Fig. 1). Failures due 

to incorrect dosage/frequency (8.2%) and the patient being off unit at the time of 

administration (3.4%) were less common. “Other reason for missed dose” was selected as 

the failure mode in 27.7% of cases. Of the 82% of patients who were considered to have 

received appropriate postoperative VTE chemoprophylaxis, 728 (22%) were considered to 

have passed the measure with an appropriate clinical exception (Supplemental Appendix, 

http://links.lww.com/SLA/B534).

Comprehensive chemoprophylaxis failure rates by hospital ranged from 0% to 50.5% 

(median 95 cases per hospital; interquartile range 64 to 141 cases) (Fig. 2). Of the 36 

hospitals, only 1 hospital provided defect-free care (ie, no measure failures), while 4 

hospitals (11%) failed to provide comprehensive VTE chemoprophylaxis in more than 30% 

of cases. Conversely, the hospital perioperative VTE chemoprophylaxis failure rate captured 

by the SCIP-VTE-2 measure ranged from 0% to 3.0% (Table 2 and Fig. 2). The VTE event 

rate for the hospitals in ISQIC decreased from 3.1% in the baseline period (January to 

August 2015) to 2.5% (September 2016 to June 2017) after implementation of quality 

improvement projects at each hospital specifically focused on improving adherence to 

postoperative VTE prophylaxis.

Factors Associated With Comprehensive VTE Chemoprophylaxis Failure

In the unadjusted analysis, no patient-level factors were significantly associated with overall 

chemoprophylaxis failure (Table 1). Hospital-level characteristics associated with lower 

failure rates were nonsafety net status hospitals or Magnet designation hospitals (Table 2). 

Notably, SCIP-VTE-2 performance was not associated with failure of the ISQIC 

comprehensive VTE chemoprophylaxis process measure (P = 0.98).

In the adjusted analysis, patients were less likely to fail the comprehensive VTE 

chemoprophylaxis measure if they received treatment at a nonsafety net hospital (OR 0.62, 

95% CI 0.39–0.99, P = 0.045 vs. safety net hospital; Table 3) or a Magnet designation 

hospital (OR 0.45, 95% CI 0.29–0.71, P = 0.001 vs. hospital without Magnet designation), 

or underwent an elective colectomy (OR 0.76, 95% CI 0.63–0.93, P = 0.007 vs. nonelective 

colectomy). Patients who experienced a length of stay in the highest quartile (≥9 d) were 

more likely to fail the comprehensive VTE chemoprophylaxis measure (OR 2.64, 95% CI 

1.98–3.51, P < 0.001); LOS was otherwise not associated with measure failure (Table 3).

Failure to deliver comprehensive VTE chemoprophylaxis due to patient refusal was more 

likely in patients who were: ≤ 40 years old (OR1.91, 95% CI1.10–3.32; P = 0.022vs.age ≥ 

75yrs;Table 3);had normal or underweight BMI (normal BMI OR 1.37, 95% CI 1.00–1.87, P 
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= 0.048, and underweight BMI OR2.24,95% CI1.22–4.13, P = 0.009 vs. patients with 

overweight/obese BMI); underwent colectomy for a benign indication (OR 1.41, 95% CI 

1.02–1.94, P = 0.039 vs. neoplastic indication);had an LOS in the highest quartile(LOS ≥ 9 d 

OR 2.64, 95% CI 1.98–3.51, P < 0.001); or received treatment at a teaching hospital (OR 

2.15, 95% CI 1.05–4.38, P = 0.036 vs. nonteaching hospital). Patients receiving treatment at 

a nonsafety net hospital were less likely to refuse VTE chemoprophylaxis (OR 0.46 95% CI 

0.23–0.88, P = 0.021 vs. safety net hospital).

DISCUSSION

VTE remains a significant, potentially preventable clinical problem that can result in serious 

patient harm. Our large-scale, multi-institutional study of VTE chemoprophylaxis practices 

utilized a novel process measure of comprehensive VTE chemoprophylaxis that evaluates 

chemoprophylaxis throughout each patient’s entire inpatient hospital stay. We found that 

hospitals failed to provide defect-free chemoprophylaxis in 18% of colectomies. This figure 

stands in glaring contrast to the same hospitals’ SCIP-VTE-2 failure rates, which were only 

0% to 3%, confirming the shortcomings of using SCIP-VTE-2 as a quality measure or for QI 

due to its lack of comprehensiveness and granularity to inform QI efforts. Furthermore, we 

found that very few hospitals provide defect-free comprehensive VTE chemoprophylaxis, 

and, in fact, only 1 hospital out of our cohort of 36 hospitals had zero failures during the 

study period. Thus, there is ample opportunity at most hospitals to improve the quality of 

care in postoperative VTE chemoprophylaxis.

Current VTE quality measures are problematic because they lack the granularity to identify 

reasons why failures of prophylaxis occur. As a result, it can be difficult for hospitals and 

providers who want to improve VTE prophylaxis to use quality data from current metrics to 

inform their QI interventions. Our comprehensive VTE chemoprophylaxis quality measure 

improves upon existing quality measures in that the data include a specific cited reason 

when a dose of chemoprophylaxis is not provided. These reasons provide actionable 

direction to hospitals and providers who want to reduce failures of VTE chemoprophylaxis. 

Patient refusals combined with physician ordering errors accounted for two-thirds of 

chemoprophylaxis failures in our statewide surgical QI collaborative. Patient refusal and 

ordering errors are highly actionable modes of failure.13,17,24 QI interventions focused on 

improving performance in both of these modes of failure are ongoing in our statewide 

collaborative.

Finally, given the power afforded to us by this multi-institutional study, we sought to identify 

patient- and hospital-level predictors of failure in providing comprehensive VTE 

chemoprophylaxis in postoperative patients. Patients treated at nonsafety net hospitals or 

Magnet designation hospitals were less likely to experience failures of VTE 

chemoprophylaxis. Educating patients about the importance of VTE prophylaxis and setting 

patient expectations about chemoprophylaxis, particularly in the preoperative setting, may 

be one way to reduce patient refusals.24,25 Additionally, nurses play an important role in 

addressing patient refusals as reflected in the association between Magnet designation (a 

measure of nursing quality) and VTE chemoprophylaxis adherence. Focused efforts to equip 

nurses to counsel patients when they refuse chemoprophylaxis could be another effective 
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way to reduce patient refusals. These efforts become even more important when patients 

have prolonged lengths of stay since there are more opportunities for doses of 

chemoprophylaxis to be missed or refused.

This study has several limitations. First, this analysis was focused on colectomy procedures 

only and results may not be generalizable to patients undergoing other procedures. Second, 

1759 of the 5845 colectomies performed by ISQIC hospitals during the study time period 

were excluded from the analysis. Though the excluded cases could be a source of bias, the 

study cohort still includes 70% of the colectomies performed by 36 ISQIC hospitals, which 

we believe to be a highly representative sample, particularly since the overall measure 

failure rate (18%) is consistent with previous, smaller studies.9,13–15 Third, “Other reason 

for missed dose” was identified as the mode of failure in 27.7% of cases and did not offer 

any actionable methods to address this mode of failure. In the spirit of iterative improvement 

in QI, the measure has been updated and currently requires the healthcare professional to 

provide additional explanation regarding the reason for the missed dose when making this 

selection. As a result, we expect more granular and potentially actionable data in the future. 

Finally, while we observed a contemporaneous decrease in VTE event rates for ISQIC 

hospitals over a similar time period, this time period also included efforts by the hospitals to 

improve adherence to the comprehensive VTE chemoprophylaxis quality measure. While it 

is encouraging that improvements in adherence to the measure were reflected by a decrease 

in the aggregate VTE event rate, it is more difficult to definitively associate failures of 

prophylaxis to individual patient VTE events given the relative rarity of this event (~1% of 

surgical cases). Though assessing the effect of process measure adherence on outcomes is 

important, there may be other factors beyond inpatient prophylaxis practices, such as 

surveillance bias in VTE outcomes reporting and VTE events that occurred after discharge, 

that affect 30-day VTE event rates and will be a subject of future study. Improved adherence 

to this process measure reflects provision of the best evidence-based guideline 

recommended care possible for postoperative inpatient VTE chemoprophylaxis, and we 

believe that this is a relevant and worthy patient care goal.

In conclusion, this is the first multi-institution study examining failure patterns in providing 

comprehensive postoperative VTE chemoprophylaxis utilizing a novel, comprehensive VTE 

chemoprophylaxis quality measure. In contrast to SCIP-VTE-2, our measure unmasked 

chemoprophylaxis failures in 18% of colectomies in a statewide surgical collaborative. Most 

chemoprophylaxis failures were due to patient refusals or medication ordering errors, both 

of which are actionable targets for QI. Hospitals need to focus improvement efforts on 

ensuring patients receive VTE prophylaxis throughout their entire hospitalization.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Patient refusal and ordering errors comprise the majority of chemoprophylaxis failures.
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FIGURE 2. 
SCIP-VTE-2 inadequately captures VTE chemoprophylaxis quality compared with the 

ISQIC comprehensive VTE chemoprophylaxis measure.
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