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Background

Anticoagulation therapy with the non–vitamin K oral antico-
agulants (NOACs) is now recommended as the preferred 
treatment for venous thromboembolism (VTE) per the 2016 
CHEST guidelines.1 Compared to the previously recom-
mended first-line combination therapy of a parenteral antico-
agulant and a vitamin K antagonist, the NOACs have many 
potential benefits including quicker onsets of action, shorter 
half-lives, and fewer food and drug interactions.2–7 Two of 
the NOACs, apixaban and rivaroxaban, were Food and Drug 
Administration (FDA)-approved for the treatment of VTE 

without the use of parenteral bridging, and none of the 
NOACs require therapeutic drug monitoring throughout the 
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course of therapy.4–8 In addition, the NOACs have also been 
shown to reduce hospital length of stay (LOS).9–24

Early studies examining the impact of the NOACs on 
hospital LOS were primarily conducted in patients with non-
valvular atrial fibrillation.9–12 In recent years, additional 
studies have evaluated the impact of the NOACs on hospital 
LOS in patients with VTE.13–24 Among the initial studies 
conducted in the setting of VTE treatment is a post hoc anal-
ysis of data from the EINSTEIN-DVT and EINSTEIN-PE 
trials which demonstrated an association between the use of 
rivaroxaban for VTE treatment and reduction in hospital 
LOS.13 Specifically, the authors found a 3-day reduction in 
LOS for patients with deep vein thrombosis (DVT) 
(p < 0.0001) and a 1-day reduction in LOS for patients with 
pulmonary embolism (PE) (p < 0.0001) with rivaroxaban 
compared to enoxaparin plus a vitamin K antagonist.13

A limitation of the existing literature evaluating hospital 
LOS in the setting of VTE treatment is that the majority of 
these studies have only compared rivaroxaban with traditional 
parenteral bridging methods.13–23 It is still unclear whether the 
other NOACs consistently demonstrate similar reductions in 
hospital LOS for VTE patients. Specifically, the authors identi-
fied only one study evaluating the impact of apixaban and no 
studies evaluating dabigatran or edoxaban in this patient popu-
lation.24 As rivaroxaban and apixaban are the two most com-
monly utilized NOACs in practice, additional studies would 
provide valuable information for practitioners about whether 
apixaban shares similar benefits as rivaroxaban with regard to 
LOS in VTE patients. This study compared hospital LOS for 
patients treated with apixaban or rivaroxaban versus parenteral 
bridging plus warfarin for VTE.

Methods

Patient selection and study design

This retrospective cohort study was conducted at a single, 
859-bed, not-for-profit, academic hospital in the United 
States. The protocol was reviewed and approved by all affili-
ated institutional review boards.

Eligible patients were identified using an Epic® informatics 
report. The report criteria included dates between November 
2012 and August 2015, International Classification of 
Diseases, Ninth Revision (ICD-9) codes for acute thromboses 
and emboli (415.1, 415.11, 415.13, 415.19, 453.4, 453.40, 
453.41, 453.42, 453.8, 453.89, 453.9), and medication admin-
istration record data showing administration of at least one 
dose of any of the following medications: apixaban, enoxapa-
rin, fondaparinux, rivaroxaban, warfarin, or unfractionated 
heparin. The resulting report listed patients who were admit-
ted to the study site between November 2012 and August 2015 
for a primary diagnosis of VTE and received at least one dose 
of therapeutic anticoagulation.

Adults between 18 and 89 years of age who were admitted 
for a primary diagnosis of VTE and received VTE-approved 
treatment doses of apixaban or rivaroxaban as monotherapy or 

a combination of a parenteral agent (enoxaparin, fondaparinux, 
or unfractionated heparin) and warfarin were included in the 
study. Individuals who were already prescribed anticoagulation 
therapy prior to admission, pregnant, actively bleeding, had a 
creatinine clearance less than 30 mL/min, or had a contraindi-
cation to any of the study medications were excluded. 
Individuals who received treatment with fibrinolytic therapy, 
thrombectomy, or a vena cava filter were also excluded. 
Individuals who received less than 48 h of parenteral therapy 
prior to transitioning to an NOAC were included in their 
respective NOAC study groups, whereas individuals who 
received greater than 48 h of parenteral therapy prior to transi-
tioning to an NOAC were excluded from the study.

To limit inter-investigator variability during data collec-
tion, the research protocol included pre-specified definitions 
for identifying the appropriate data points within the patient’s 
electronic medical record.

Outcomes

The primary outcome was the difference in hospital LOS in 
days between patients with VTE who were treated with the 
NOACs apixaban or rivaroxaban versus parenteral bridging 
plus warfarin. Secondary outcomes were the results of the 
primary outcome stratified by primary admission diagnosis 
of DVT alone, PE alone, or DVT and PE; the difference in 
total hospital cost adjusted to 2015 dollars; and the differ-
ence in the Pulmonary Embolism Severity Index (PESI) 
score among patients diagnosed with PE.

For the purpose of this study, the total hospital cost is a 
measure of the cumulative charges accrued during a patient’s 
hospitalization and billed by the hospital to the patient’s insur-
ance or to the patient following hospital discharge. Itemized 
treatment costs and actual reimbursement values for the study 
population were not available to the investigators.

Statistical analysis

The sample size estimate was based on results from a post hoc 
analysis of the EINSTEIN trials which showed an average 
2-day reduction in hospital LOS for patients treated with rivar-
oxaban versus enoxaparin plus a vitamin K antagonist.9 We 
estimated that an enrollment of 78 patients per study group 
would be needed to provide a power of 80% at a two-sided 
significance level of 0.05. Study results were analyzed via 
Microsoft Excel. Specifically, the student’s t test and analysis 
of variance (ANOVA) were used for continuous data, and chi-
square and Fisher’s exact tests were used for nominal data.

Results

Patient characteristics

Of the 699 patients who were screened for study inclusion, 
152 patients were included in the study with 74 patients 
assigned to the bridging study group and 78 patients assigned 
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to the NOAC study group (77 received rivaroxaban and 1 
received apixaban). The baseline characteristics of these study 
groups are summarized in Table 1. These characteristics were 

similar between study groups, with the exception of the mean 
age, heart failure history, mean diastolic blood pressure, and 
mean weight. The majority of patients included in the study 
were admitted for a primary diagnosis of PE (68%). Smoking 
status and histories of cancer and thrombophilic conditions 
were similar between groups.

Outcomes and analysis

The mean hospital LOS was 2.63 days in the NOAC group 
and 5.33 days in the bridging group (difference: 2.7 days; 
p < 0.05). Figure 1 illustrates the results of the primary out-
come. In addition to a significant reduction in hospital LOS, 
treatment of VTE with NOACs was also associated with a 
significant reduction in total hospital cost adjusted to 2015 
dollars (US$21,694 vs US$38,851; p = 0.013).

When the results were stratified according to the primary 
admission diagnoses of DVT, PE, and DVT with PE, there 
was no significant difference in hospital LOS between treat-
ment groups for patients admitted with the primary diagno-
ses of DVT (p = 0.159) or DVT with PE (p = 0.155). There 
was, however, a significant difference in hospital LOS for 
patients treated with NOACs (2.63 days) and bridging 
(6 days) for the primary admission diagnoses of PE (differ-
ence: 3.37 days; p < 0.05). Further analysis of the mean PESI 
score between groups revealed a difference between patients 
assigned to VTE treatment with NOACs versus bridging (76 
vs 87; p = 0.040). Table 2 outlines the results of secondary 
outcomes.

Discussion

This retrospective cohort study involving 152 patients with 
VTE illustrated that treatment with the NOACs, apixaban 
and rivaroxaban, versus traditional bridging methods was 
associated with a reduced hospital LOS and total cost of hos-
pitalization. These results were consistent with previously 
published studies which found that VTE treatment with 
rivaroxaban was associated with a reduction in hospital LOS 
between 1 and 4 days.13–23

Because existing literature of hospital LOS in VTE has 
primarily evaluated rivaroxaban, we sought to investigate 
the impact of the other NOACs on LOS in the setting of 

Table 1.  Baseline characteristics.

Characteristic Bridging  
group  
(N = 74)

NOAC  
group 
(N = 78)

p value

Mean age (years) 64 57 0.009
Male (n (%)) 35 (47) 36 (46) 0.784
Race 0.431
  Caucasian (n (%)) 65 (87.8) 65 (83.3)  
  African American (n (%)) 7 (9.5) 12 (15.4)  
  Other (n (%)) 2 (2.7) 1 (1.3)  
Comorbidities
  Cancer (n (%)) 24 (32.4) 20 (25.6) 0.344
  Chronic lung disease (n (%)) 14 (18.9) 11 (14.1) 0.412
 � Thrombophilic condition 

(n (%))
5 (6.8) 6 (7.7) 0.809

  Heart failure (n (%)) 14 (18.9) 5 (6.4) 0.018
Smoking history 0.535
  Never (n (%)) 41 (55.4) 47 (60.3)  
  Former (n (%)) 24 (32.4) 19 (24.4)  
  Current (n (%)) 9 (12.2) 12 (15.4)  
Primary diagnosis 0.566
  DVT (n (%)) 18 (24.3) 14 (17.9)  
  PE (n (%)) 49 (66.2) 55 (70.5)  
  DVT + PE (n (%)) 7 (9.5) 9 (11.5)  
Baseline vitals (mean)
  Weight (kg) 87 94 0.049
  Height (in) 67 69 0.076
  BMI (kg/m2) 29.55 31.29 0.159
  SBP (mm Hg) 133 139 0.081
  DBP (mm Hg) 78 84 0.043
  Heart rate (beats/min) 87 90 0.360
  Temperature (°C) 37.5 36.8 0.340
 � Respiratory rate (breaths/

min)
19 19 0.744

 � Altered mental status  
(n (%))

1 (1.4) 2 (2.6) 0.585

  Oxygen saturation (%) 96 96 0.618
Baseline labs (mean)
  Hemoglobin (g/dL) 12.8 13.2 0.151
  Hematocrit (%) 38.5 39.9 0.081
  Platelet count (K cells/mm3) 225 231 0.657
 � Serum creatinine  

(mg/dL)
0.97 0.93 0.237

  Albumin (g/dL) 3.9 4.0 0.227
  PT (s) 14.1 14.2 0.632
  INR 1.1 1.1 0.314
  aPTT (s) 34.8 36.7 0.751

NOAC: non–vitamin K anticoagulant; DVT: deep vein thrombosis; PE: 
pulmonary embolism; PT: prothrombin time; INR: international normal-
ized ratio; aPTT: activated partial thromboplastin time; SBP: systolic blood 
pressure; DBP: diastolic blood pressure; BMI: body mass index.
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Figure 1.  Result of primary outcome.
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VTE. We opted to investigate apixaban and rivaroxaban 
because these are the only two available NOACs that do not 
require a period of parenteral therapy prior to the initiation of 
the oral agent and are the two most commonly used NOACs 
for VTE treatment. While we had hoped this study would 
provide additional information about the impact of apixaban 
on hospital LOS, there was only one patient who received 
apixaban included in our study. This is partially due to the 
fact that our pre-specified study inclusion criteria limited 
study enrollment to patients who were admitted to our insti-
tution between November 2012 and August 2015, and apixa-
ban did not receive an FDA-labeled indication for VTE 
treatment until 2014. Following this initial approval and the 
subsequent inclusion of apixaban on our hospital formulary, 
gradual physician acceptance based on limited safety data 
likely affected the utilization of apixaban within our facility 
during the time frame set for patient enrollment. Use of 
apixaban for the treatment of VTE is of particular interest in 
the setting of renal disease. The package insert for rivaroxa-
ban recommends to avoid use for VTE treatment in patients 
with a creatinine clearance less than 30 mL/min, whereas the 
package insert for apixaban does not recommend against use 
for VTE treatment in patients with renal impairment but 
notes that such patients were excluded from clinical trials.4,5 
For these reasons, the lack of data for apixaban can be con-
sidered a limitation of this study, and additional research is 
still necessary to determine the impact of apixaban on hospi-
tal LOS and in the setting of renal dysfunction.

While the average wholesale costs of apixaban and rivar-
oxaban are greater than that of enoxaparin and warfarin, it 
has been suggested that the lack of laboratory monitoring 
could lead to significant reductions in indirect treatment 
costs for patients prescribed these agents. Examples of indi-
rect costs that need to be considered include point-of-care 

international normalized ratio (INR) levels, venipuncture 
laboratory draws, anticoagulation clinic visits, provider tel-
ephone calls, and hospital readmissions related to adverse 
effects or treatment failures. Additional research is needed to 
quantify these indirect treatment costs and to compare these 
costs with the wholesale costs of the NOACs.

There was a significant difference in hospital LOS 
between treatment groups for patients who were admitted 
with a primary diagnosis of PE alone, but not for DVT alone 
or DVT and PE, possibly due to small sample size. A com-
parison of the mean PESI score between groups revealed that 
the bridging group had a higher mean PESI score than the 
NOAC group. The mean PESI score of 87 found in the bridg-
ing group is associated with an intermediate risk of mortality 
or severe morbidity, whereas the mean PESI score of 76 in 
the NOAC group is associated with a low risk of mortality or 
severe morbidity. It is important to recognize that in addition 
to the selected treatment agents, the lower severity of disease 
found in patients treated with an NOAC may have positively 
impacted the benefit found in this group with regard to total 
hospital LOS due to the recommendation for outpatient man-
agement of patients with low-risk PESI scores.

Limitations of this study include the retrospective design, 
incomplete documentation in the patient charts, the potential 
for inter-investigator variability in data collection methods, 
and the potential for confounding factors that can impact 
hospital LOS. Examples of confounding factors that could 
prolong a patient’s hospital LOS include the presence of 
multiple comorbidities and discharge delays with difficulty 
securing placement for patients at skilled nursing facilities or 
long-term care centers. An additional limitation of this study 
is the inability to quantify prevented hospital admissions for 
patients who were not admitted to the hospital for treatment 
but were instead discharged directly from the emergency 
department with a prescription for outpatient treatment. 
Patients discharged directly from the emergency department 
were excluded from the study, and the authors identified a 
total of 28 patients that met this exclusion criterion.

Conclusion

Our study results suggest that the use of an NOAC, specifi-
cally rivaroxaban, for the treatment of VTE is associated 
with reduced hospital LOS and total cost of hospitalization. 
This study further supports the aforementioned trials show-
ing benefit with rivaroxaban and apixaban with regard to 
hospital LOS as well as the latest clinical practice guidelines 
which recommend the NOACs as efficacious first-line agents 
for the treatment of VTE.1
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Table 2.  Results of secondary outcomes.

Secondary outcome Bridging group 
(N = 74)

NOAC group 
(N = 78)

p value

Hospital LOS in patients 
admitted for DVT 
(mean days)

3.71 2.63 0.159

Hospital LOS in patients 
admitted for PE (mean 
days)

6 2.63 < 0.05

Hospital LOS in patients 
admitted for DVT plus 
PE (mean days)

4.58 2.75 0.155

Cost of hospitalization, 
mean amount in 2015 
US dollars

US$38,851 US$21,694 0.013

PESI score in patients 
with PE (mean score)

87 76 0.040

NOAC: non–vitamin K anticoagulant; LOS: length of stay; DVT: deep vein 
thrombosis; PE: pulmonary embolism; PESI: Pulmonary Embolism Severity 
Index.
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