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Abstract

Background—The optimal approach to assess risk of venous thromboembolism (VTE) in 

hospitalized medical patients is unknown. We examined how well the Caprini risk assessment 

model (RAM) predicts VTE in hospitalized medical patients.

Methods—Between January 2011 and March 2014, VTE events and risk factors were collected 

from non-intensive care unit (ICU) medical patients hospitalized in facilities across Michigan. 

Following calculation of the Caprini score for each patient, mixed logistic spline regression was 
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used to determine the predicted probabilities of 90-day VTE by receipt of pharmacologic 

prophylaxis across the Caprini risk continuum.

Results—A total of 670 (1.05%) of 63,548 eligible patients experienced a VTE event within 90 

days of hospital admission. The mean Caprini risk score was 4.94 (range 0 - 28). Predictive 

modeling revealed a consistent linear increase in VTE for Caprini scores between 1-10; estimates 

beyond a score of 10 were unstable. Receipt of pharmacologic prophylaxis resulted in a modest 

decrease in VTE risk (odds ratio=0.85; 95% confidence interval 0.72 - 0.99, p = 0.04). However, 

the low overall incidence of VTE led to large estimates of numbers needed to treat in order to 

prevent a single VTE event. A Caprini cut-point demonstrating clear benefit of prophylaxis was 

not detected.

Conclusions—Although a linear association between the Caprini RAM and risk of VTE was 

noted, an extremely low incidence of VTE events in non-ICU medical patients was observed. The 

Caprini RAM was unable to identify a subset of medical patients who benefit from pharmacologic 

prophylaxis.

Introduction

Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary 

embolism (PE), is a common cause of morbidity and mortality in hospitalized patients. 

While national guidelines endorse assessing VTE risk in hospitalized medical patients 

through use of various risk assessment models (RAMs),1-6 no accepted standard by which to 

perform this evaluation is currently available.7 Despite this fact, the Joint Commission and 

the Centers for Medicare and Medicaid Services have introduced a performance measure for 

VTE prophylaxis in hospitalized medical patients. This measure requires clinicians to either 

provide VTE prophylaxis, or document reasons for its omission.8

Originally developed for surgical patients, the Caprini RAM facilitates the derivation of 

VTE risk by summing individual risk factors so as to place patients into four categories: 

“low risk” (0-1 points), “moderate risk” (2 points), “high risk” (3-4 points), and “highest 

risk” (≥5 points).1 Because it is categorical and relatively easy to estimate, the Caprini RAM 

has been widely adopted and is increasingly applied to hospitalized medical patients.9-11 

Yet, whether this tool adequately predicts VTE or identifies a risk threshold most likely to 

benefit from anticoagulation in this subset of patients is not known. This knowledge gap is 

important as US hospitals that currently use the Caprini RAM may not be effectively 

targeting or averting VTE events in medical populations.

A statewide quality collaborative aimed at preventing adverse events in hospitalized medical 

patients, the Michigan Hospital Medicine Safety Consortium (HMS) collects detailed data 

on VTE risk factors and outcomes across diverse Michigan hospitals.12 Using data from this 

collaborative, we conducted a retrospective study to assess the utility of the Caprini RAM in 

predicting risk of VTE in hospitalized medical patients.
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Material and Methods

Study Setting and Participants

The HMS is a collaborative of 48 hospitals in Michigan dedicated to preventing adverse 

events in hospitalized medical patients through creation of a data registry and sharing of best 

practices. The setting and design of HMS have been previously described.12,13 Although 

voluntary, each hospital receives payments from Blue Cross Blue Shield of Michigan and 

Blue Care Network for participating in the consortium and for data collection.

Eligible cases include patients admitted to a medicine service for two or more days. Patients 

are excluded if they meet any of the following criteria: 1) under the age of 18; 2) pregnant; 

3) any surgical procedure during the admission; 4) direct admission to an ICU; 5) direct 

admission for end-of-life or comfort care; 6) diagnosis of VTE in the 6 months prior to 

admission; 7) admitted for presumed VTE; 8) admitted under observation status; 9) re-

admitted within 90 days of discharge from an admission included in the registry; or 10) 

receiving systemic anticoagulation.

Clinical data are collected through a standardized process at each hospital by trained medical 

record abstractors. Patients discharged from each participating hospital are sampled on an 

eight-day rolling cycle to avert bias in selecting cases for review.14 Data on the first 18 

eligible cases discharged during each cycle are collected. Follow-up data are collected 

through both medical record review and direct telephone follow-up at 90 days post-hospital 

discharge. In the event a patient transfers to an ICU or palliative care, data collection is 

terminated; however, VTE events that may have contributed to such events were captured. 

Each hospital is audited on an annual basis by quality coordinators to ensure completeness 

and accuracy of data abstraction.

Ascertainment of Outcomes

The primary outcome was clinically suspected, image-confirmed hospital-associated VTE 

including proximal upper or proximal lower extremity DVT and PE. In order to be 

attributable to a hospital, we required that VTE events occur on or beyond the third day of 

the index hospitalization. Diagnosis of DVT required confirmation via Doppler ultrasound or 

venography whereas PE was confirmed by computed tomography (CT) scan, ventilation 

perfusion (V/Q) scan, or pulmonary angiography. VTE outcomes were assessed at 90 days 

post-hospital discharge from the index hospitalization. Medical record review at 90 days 

(including those discharged to home or post-acute settings) was completed for 100% of 

eligible patients in every hospital; telephone follow-up at 90 days was successfully 

completed for 58% of all patients.

Covariates of Interest

Detailed patient demographic, medical history, physical examination findings, laboratory 

and medication data were collected for all patients. Risk factors used to calculate the Caprini 

risk score were captured. Appropriate VTE prophylaxis was defined as receipt of any of the 

following treatments on day 1 and/or 2 of the index hospitalization: heparin 5,000 units BID; 

heparin 5,000 units TID; heparin 7,500 units TID (for morbid obesity); enoxaparin 40 mg 
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daily; enoxaparin 30 mg daily (for creatinine clearance < 30 mL/min); enoxaparin 30 mg 

BID; dalteparin 5,000 units daily; or fondaparinux 2.5 mg daily.12,13

Statistical Analysis

Descriptive statistics were used to illustrate the percentage of patients with each Caprini risk 

factor. Bivariable logistic regression was used to calculate the odds of VTE for each 

individual risk factor. By summing points for risk factors specified in the Caprini RAM, a 

total VTE risk score for each patient was determined. Sensitivity and specificity values for 

each cut-point along the continuous Caprini RAM were estimated. To model an appropriate 

functional form of the continuous Caprini RAM, covariate, linear piecewise splines based on 

6 knots forming the maximum number of unique quantiles of the data were generated. A 

mixed logistic regression model including the spline covariates, receipt of pharmacologic 

prophylaxis, and random intercept components for each hospital was fit. Predicted 

probabilities of 90-day VTE for the fixed effects of linear splines by receipt of 

pharmacologic prophylaxis were then estimated. All analyses were performed in Stata 13.0 

(StataCorp, College Station, TX, USA).

Ethical and Regulatory Oversight

As the purpose of the HMS Consortium is to measure and improve the quality of existing 

medical practice, this project received a “not regulated” status by the University of Michigan 

Medical School’s Institutional Review Board.

Results

Between January 2011 and March 2014, data spanning 63,548 eligible patients across 48 

Michigan hospitals were collected. The patients average age was 65.8 years and 35,264 

(55.5%) were female. The average length of hospital stay was 4.5 days (median 4.0 days).

A VTE event occurred during the index hospitalization or within 90 days post hospital 

discharge in 670 (1.05%) patients: 412 (0.65%) patients had an isolated DVT, 185 (0.29%) 

had an isolated PE, and 73 (0.11%) had both a DVT and PE. While the vast majority of 

events were identified by medical record review, 44 (6.6%) of the events were confirmed via 

telephone follow-up. A total of 38,724 (60.9%) patients received pharmacologic prophylaxis 

on day 1 and/or day 2 of the index hospitalization. The overall rate of VTE among patients 

who received pharmacologic prophylaxis was not significantly different from those that did 

not receive this treatment (1.22 per 10,000 patient-days vs. 1.29 per 10,000 patient-days, p = 

0.45).

Risk factors used to derive the Caprini RAM and results of the bivariable logistic regression 

analysis are displayed in Table 1. The presence of a central venous catheter on admission 

(odds ratio [OR] = 3.44, 95% confidence interval [CI] = 2.86 - 4.14), personal history of 

VTE (OR = 2.96, 95% CI = 2.41 - 3.63), family history of VTE (OR = 2.65, 95% CI = 1.49 

- 4.74), admission or treatment of cancer in the past year (OR = 2.06, 95% CI = 1.76 - 2.41), 

and current immobility (OR = 1.61, 95% CI = 1.22 - 2.12) were among the strongest 

independent predictors of VTE (Table 1).
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Across all patients, the average Caprini risk score was 4.94 (SD = 2.92, range 0 - 28). 

Importantly, 60,726 (95.5%) patients had a Caprini score of 10 or less. The distribution of 

Caprini risk, rate of VTE and binary classification metrics for each Caprini cut-point are 

illustrated in Table 2.

Across all hospitals, rates of pharmacologic prophylaxis increased with Caprini score. For 

example, 35% of hospitalized patients with a Caprini score of 0 received VTE prophylaxis 

compared to 63% of patients with a Caprini score of 5. However, after a score of 5, rates of 

pharmacologic prophylaxis remained unchanged up to the maximum observed score of 28. 

Despite these overall trends, substantial variation in rates of prophylaxis across individual 

institutions was observed (Figure 1).

Results from the multivariable logistic spline regression are presented in Figure 2. Results 

suggest a consistent linear increase in the risk of VTE from Caprini scores of 0 to 10. The 

risk of VTE appeared to plateau after a score of 10. However, only 2,822 (4.5%) patients in 

our study had Caprini values >10; thus relatively few VTE events (n=46) were observed in 

these very high-risk patients (Table 2). Controlling for the piecewise linear spline fit to the 

Caprini RAM, a borderline decrease in the odds of VTE with pharmacologic prophylaxis 

was noted (OR = 0.85, 95%CI 0.72 - 0.99, p = 0.04). However, upon examining individual 

Caprini cut-points between 1 and 10, we were unable to detect a threshold where benefit 

from receipt of prophylaxis was statistically significant (Table 3).

Discussion

In this study of over 60,000 hospitalized medical patients across 48 Michigan hospitals, we 

found that the Caprini RAM was linearly associated with risk of VTE up to a score of 10. 

Once the Caprini score exceeded 10, the relationship between estimated risk and VTE events 

was unclear due to a paucity of VTE events and patients in these strata. In patients that 

developed VTE, a personal or family history of VTE, cancer, immobility, and presence of a 

central venous catheter on admission were among the strongest covariates associated with 

VTE. After multivariable analysis of the Caprini RAM, we found a borderline 15% decrease 

in the odds of VTE with pharmacologic prophylaxis. Even if this modest risk reduction were 

causally related to prophylaxis, the very low overall rate of VTE observed in this study and 

very high numbers needed to treat at each Caprini cut-point prompts questions regarding the 

overall benefits of VTE prophylaxis in non-ICU medical patients.

Our study adds to the current literature in a number of important ways. First, a limited 

number of studies have evaluated the ability of the Caprini RAM to predict VTE in 

hospitalized medical patients. For example, an earlier version of the Caprini RAM was 

assessed in a retrospective case-control study at a single center using discharge billing codes 

and chart review. The authors reported greater than a 2-fold increase in the odds of VTE risk 

with increasing Caprini scores.11 However, this single-center study was limited by a small 

number of cases (65 patients with a VTE event). A more recent retrospective Chinese study 

assessed the Caprini RAM in medical and surgical patients who developed image-confirmed 

VTE.15 While the Caprini RAM was noted to be a practical and effective tool to predict 

VTE risk, the analysis was notably limited by lack of a concurrent control group without 
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hospital-associated VTE. Through use of a large, multi-site sample of non-surgical, non-

ICU, medical patients, and state-of-the-art analyses examining the association between the 

continuous Caprini RAM and 90-day VTE events, our work circumvents many of these 

limitations and advances the science in novel ways.

Second, our analysis helps shed light on the applicability of group-based VTE prophylaxis 

strategies in hospitalized medical patients. Although this approach is recommended in 

surgical populations (e.g. orthopedic and trauma surgery) as it is less cumbersome and easier 

to operationalize than estimating individual patient risk-scores16, our data suggest that it 

may not be useful in non-surgical, general medical patients with very low VTE rates. Even 

among patients with Caprini scores ≥ 5 who did not receive pharmacologic prophylaxis, the 

90-day rate of VTE was less than 2.0 per 10,000 patient-days. This low observed rate of 

VTE is likely specific to this patient population; namely, non-ICU and non-surgical patients 

which may inherently be at lower risk of VTE. However, it is important to emphasize that 

this patient group accounts for most inpatients across US hospitals and a number of studies 

have also reported similarly low rates of VTE in this subset.17,18 Given these data, group-

based VTE prophylaxis strategies may not be of value to hospitalized medical patients who 

are heterogeneous and generally at lower risk for VTE. Additionally, because rates of VTE 

are so low, our findings raise questions regarding existing VTE prevention strategies that 

often advocate for routine use of pharmacologic prophylaxis in hospitalized medical 

patients.2,19-21

Third, in assessing the overall association between increasing Caprini risk score and VTE, 

we modeled for a flexible fit of the data but did not find any substantial deviations from a 

relatively linear relationship between increasing Caprini risk and VTE incidence. This 

finding is clinically important and highlights robust VTE risk incidence levels in a large 

cohort of general medical patients across the continuum of the Caprini RAM. However, 

owing to low overall rates of VTE and a linear risk-relationship, we were not able to identify 

a clear Caprini threshold that effectively isolates a patient sub-group that may benefit from 

pharmacologic VTE prophylaxis. While we did find an overall reduced odds of VTE among 

patients treated with pharmacologic prophylaxis this modest reduction translates into 

relatively high numbers needed to treat (NNT) for VTE prophylaxis in medical patients. For 

instance, administration of pharmacologic prophylaxis to nearly 500 non-surgical, non-ICU, 

medical patients with Caprini scores ≥ 5 would be needed to prevent a single VTE event 

according to our analysis. While the observational design of this study does not protect 

against the possibility that physicians may choose to administer prophylaxis for reasons 

other than the risk factors that comprise the Caprini RAM, our findings raise questions 

regarding the applicability of the Caprini RAM in determining which medical patients 

warrant prophylaxis.

How then should providers operationalize the Caprini RAM for the care of hospitalized 

medical patients? Our results highlight the importance of balancing the benefits of 

preventing VTE against the risks associated with anticoagulation (e.g. increased bleeding 

risk, cost, and patient discomfort). While a Caprini score subset most likely to benefit from 

prophylaxis was not discernable in our analysis, an approach that restricts prophylaxis to 

medical patients with a Caprini score ≥ 5 (with an associated NNT of ~500 patients) may be 
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an acceptable strategy to some. Importantly, this threshold will vary and should be adjusted 

according to the patient’s risk/benefit ratio. In our study, approximately 20% of hospitalized 

medical patients had Caprini scores < 5 and would thus not have received pharmacologic 

prophylaxis. Regardless of which Caprini value is selected for hospitalized medical patients, 

our data show that the overall prevalence of VTE is low and that the oft-quoted saying "less 

may be more" might be highly appropriate for this patient cohort.

Our study has several limitations. First, this is an observational study subject to inherent 

biases including unmeasured confounding, selection, and ascertainment bias. Thus, our 

findings should be not be interpreted as causal. While we compare patients within similar 

Caprini risk categories, the selection effects described above could theoretically lead to a 

smaller treatment effect than would be seen if patients were randomized to pharmacologic 

prophylaxis. Second, use of graduated compression stockings or intermittent pneumatic 

compression devices was not incorporated into this analysis. Although published data 

regarding the efficacy of such mechanical prophylaxis strategies in hospitalized medical 

patients is limited, if use of these methods is both widespread and effective, it is possible 

they may lower VTE rates and change the relationship between Caprini RAM and outcome. 

Third, we did not take into consideration contraindications to pharmacologic prophylaxis 

(e.g. active bleeding). Although most contraindications are unlikely to exert an influence on 

VTE risk, some contraindications (e.g. thrombocytopenia or coagulopathy) may represent a 

marker for advanced illness and thus confound our analysis. Fourth, post-discharge medical 

record follow-up was limited to the discharging hospital and affiliated clinics. Therefore, it 

is possible that some VTE events may have occurred at other institutions and were missed 

after hospital discharge. Still, all patients had complete medical record review at 90-days and 

telephone follow-up was completed for 58% of patients. Finally, although we assigned 

points for various VTE risk factors in accordance with weights established in the Caprini 

RAM,1 some risk factors (e.g. stroke) had weights assigned that were counter to the 

bivariable associations observed in our data. However, as our intent was to assess the 

performance of the Caprini RAM as specified rather than derive new weights based on 

findings, our approach is appropriate in this regard.

Despite these limitations, our study has several strengths. To our knowledge, this is the 

largest study that examines the performance of an established RAM to predict VTE in non-

surgical, non-ICU medical patients. As our data were collected through review of individual 

medical records by trained abstractors in a standardized fashion and represent real-world 

patients across diverse hospital settings, our findings have a high degree of generalizability 

and importance for US hospitals. Furthermore, our findings add to mounting evidence that 

suggests most hospitalized medical patients are at low risk of VTE. Use of pharmacologic 

prophylaxis in this cohort may expose patients to risk without direct benefit, with large 

NNTs illustrative of this phenomenon. This highlights that strategies advocating for broad 

use of VTE prophylaxis may be misaligned for hospitalized medical patients, regardless of 

how risk is quantified in this subgroup. Reconsideration of such policies that take into 

account the underlying low incidence, risk, and heterogeneity of this large subset of patients 

appears necessary.
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In conclusion, we found a linear association between the Caprini RAM and incidence of 

VTE in hospitalized medical patients. However, the overall incidence of VTE in this 

population was extremely low. The utility of the Caprini RAM in determining a risk 

threshold above which there is clear benefit of administering prophylaxis thus appears 

limited in non-surgical, non-ICU, medical patients. Despite being among the largest 

proportion of hospitalized patients, general medical patients have been largely 

underrepresented in VTE trials leading to approaches that, while well intentioned, may have 

prompted excessive pharmacologic prophylaxis in this subset. Reconsideration of the 

clinical risks and benefits encouraging use of VTE prophylaxis in this patient population 

appears necessary.
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Figure 1. Hospital Rates of VTE Prophylaxis by Caprini Score
The predicted prophylaxis rate averaged over hospitals is shown by the black line with 95% 

confidence intervals based on the linear spline random effects model. The observed 

prophylaxis rate by hospital is shown with the light gray circles and the predicted empirical 

Bayes mean prophylaxis rate by hospital is shown with the small x’s. Overall rates of 

prophylaxis plateau after a Caprini score of 5.
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Figure 2. Predicted 90-day VTE by Caprini Score and Receipt of Pharmacologic Prophylaxis
The predicted 90-day mean VTE rate averaged over hospitals is shown for those with and 

without pharmacologic prophylaxis with 95% CI. The relationship to Caprini score is 

modeled as a piecewise linear spline using knots based on the unique quantiles in the data. 

The triangles are a binned scatterplot of the raw data representing a non-parametric way of 

displaying the relationship between Caprini score and VTE.
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