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Background  
The timing of therapeutic anticoagulation after systemic thrombolysis for high-risk and 
intermediate-risk pulmonary embolism has not been thoroughly studied regarding 
bleeding risk and other outcomes. 

Objectives  
This study aims to compare clinically relevant outcomes between two common 
approaches of anticoagulation after systemic alteplase for high-risk and 
intermediate-risk pulmonary embolism. 

Methods  
A retrospective, multicenter, cohort study was conducted for 77 patients with high-risk 
and intermediate-risk pulmonary embolism from 2013 to 2023. Delayed anticoagulation 
(DAC) was defined as therapeutic, parenteral anticoagulation ordered for administration 
after systemic alteplase when the partial thromboplastin time (PTT) was below two times 
the upper limit of normal or after a clinician-directed time delay. Non-delayed 
anticoagulation (NDAC) was defined as therapeutic, parenteral anticoagulation ordered 
for administration after systemic alteplase regardless of PTT value or time delay. The 
primary outcome was a composite of major bleeding or clinically relevant non-major 
(CRNM) bleeding. Secondary outcomes included minor bleeding, blood transfusion 
requirements, intracranial hemorrhage, readmission within 30 days, recurrent 
thrombotic events, intensive care unit length of stay, and survival to hospital discharge. 

Results  
DAC and NDAC were associated with similar occurrences of major or CRNM bleeding after 
adjusting for the number of baseline bleeding and clotting risk factors (adjusted odds 
ratio [aOR], 0.61; 95% confidence interval [CI], 0.13 – 1.85). No statistically significant 
differences in secondary outcomes were observed except for a lower odds of survival to 
hospital discharge with DAC (OR, 0.07; 95% CI, 0.00 – 0.47). 

Conclusion  
DAC and NDAC after systemic thrombolysis may be associated with similar bleeding risks. 

1. INTRODUCTION 

1.1. BACKGROUND 

Pulmonary embolism (PE) is a significant cause of morbid
ity and mortality.1 PEs are generally divided into three cat
egories based on hemodynamic stability and high-risk fea
tures: high risk, intermediate risk, and low risk.2 

The management of PEs is recently detailed by the Euro
pean Society of Cardiology (ESC) guidelines.3 For high-risk 
PE, systemic thrombolysis followed by anticoagulation is 
recommended to dissolve and prevent an embolus when the 
benefits outweigh the risks of bleeding.4,5 Although various 
dosing strategies exist for high-risk and intermediate-risk 
PE, with the dosing for high-risk PE extrapolated mostly 
from the literature for intermediate-risk PE,6‑12 literature 
is scarce regarding the optimal timing of anticoagulation. 
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Anticoagulation may be administered immediately fol
lowing thrombolysis, once the partial thromboplastin time 
(PTT) is below two times the upper limit of normal, several 
hours after systemic alteplase (tissue plasminogen activa
tor, tPA) administration, or once the serum fibrinogen is 
greater than 100 mg/dL (although not as widely de
scribed).13‑15 Ultimately, the timing of anticoagulation 
poses the question of balancing the risks of clot propaga
tion and bleeding. 

1.2. IMPORTANCE 

Only one study evaluated outcomes in patients receiving 
delayed versus early parenteral anticoagulation.16 However, 
this retrospective study addressed only one criterion for an
ticoagulant timing – an arbitrary one-hour time delay – 
which does not fully reflect clinical practice. Additionally, 
this study lacks a comprehensive description of patients, 
especially regarding bleeding risk and stratification based 
on high-risk and intermediate-risk PE. 

1.3. GOALS OF THIS INVESTIGATION 

This study aims to compare clinically relevant outcomes 
between two common approaches of initiating anticoagula
tion after systemic thrombolysis with tPA for high-risk and 
intermediate-risk PEs in these critically ill patients. 

2. METHODS 

2.1. STUDY DESIGN 

This study, approved by the Novant Health Institutional Re
view Board, was a retrospective, observational cohort study. 
Considering the most common approaches of anticoagulant 
administration after systemic thrombolysis, delayed antico
agulation (DAC) was defined as therapeutic, parenteral an
ticoagulation ordered to be administered after systemic tPA 
when the PTT was below two times the upper limit of nor
mal, defined as a PTT value less than 70 seconds using an 
institutional laboratory reference range of 22 to 35 seconds, 
or if anticoagulation was ordered to be administered after 
a clinician-directed time delay, as indicated in the med
ical record. Non-delayed anticoagulation (NDAC) was de
fined as therapeutic, parenteral anticoagulation ordered to 
be administered after systemic tPA regardless of PTT value 
or time delay, as indicated in the medical record. Notably, 
there were no institutional order sets or pathways across 
the years of inclusion for obtaining serial PTT or fibrinogen 
levels following tPA administration, prescribing catheter-
directed tPA versus systemic tPA, or standardizing the anti
coagulant or dose of tPA. 
Data extracted from the electronic medical record via 

chart review included patient demographics, comorbidities, 
clotting risk factors (Table 1),17 baseline vitals and labo
ratory values, and information regarding tPA and antico
agulant administration. Absolute and relative contraindica
tions to tPA were also collected to determine the number of 
bleeding risk factors (Table 2).18 Via chart review, patients 

Table 1. Clotting Risk Factors    

Clotting Risk Factors 

Abbreviations: BMI, body mass index; DVT, deep vein thrombosis; PE, pulmonary em
bolism. 

were also categorized as experiencing high-risk or interme
diate-risk PE based on the ESC criteria.3 

Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines were followed as feasi
ble.19 

2.2. SETTING 

A four-state health network of more than 15 medical cen
ters across the southeastern United States 

2.3. SELECTION OF PARTICIPANTS 

Eligible patients included those ≥ 18 years admitted from 
an emergency department from 2013 to 2023; received tPA 
100 mg or received 50 mg initially or as a re-dose for high-
risk or intermediate-risk PE; and were administered ther
apeutic, parenteral anticoagulation following tPA. Patients 
were excluded if they were transferred from an outside hos
pital, administered catheter-directed tPA, administered 
tenecteplase due to administration and pharmacokinetic 
differences with tPA, or did not complete the tPA infusion 
due to a reaction. 

2.4. OUTCOMES 

The primary outcome was a composite of major bleeding 
or clinically relevant non-major (CRNM) bleeding. Based on 
standardized definitions, major bleeding was defined as fa
tal bleeding; symptomatic bleeding in a critical area or or
gan, such as intracranial, intraspinal, intraocular, retroperi
toneal, intra-articular or pericardial, or intramuscular with 
compartment syndrome; bleeding causing a fall in hemo
globin levels of 2 g/dL or more; and/or bleeding leading to 
a transfusion of two units or more of whole blood or packed 
red blood cells. CRNM bleeding was characterized by any 
sign or symptom of hemorrhage that did not fit the crite
ria for major bleeding, but met at least one of the follow
ing criteria: requiring medical intervention by a healthcare 
professional, leading to hospitalization or increased level of 
care, or prompting a face-to-face evaluation.20,21 

Clinically relevant secondary outcomes included minor 
bleeding, blood transfusion requirements, intracranial he
morrhage, readmission within 30 days, recurrent deep vein 

• Active cancer or history of prior cancer 

• On estrogen therapy at home 

• History of thrombophilia 

• History of prior DVT or PE 

• Concurrent DVT 

• Obesity (BMI > 30 kg/m2) 

• Age > 40 years 

• Pregnant or postpartum 

• History of prolonged immobilization 

• Multiple trauma on admission 
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Table 2. Absolute and Relative Contraindications for IV tPA Utilized to Identify Bleeding Risk Factors              

Absolute 
Contraindications 

Relative 
Contraindications 

Abbreviations: AV, arteriovenous; CPR, cardiopulmonary resuscitation; DBP, diastolic blood pressure; DOAC, direct oral anticoagulant; ICH, intracranial hemorrhage; IV, intravenous; 
SAH, subarachnoid hemorrhage; SBP, systolic blood pressure; tPA, alteplase. 

thrombosis (DVT) or PE, intensive care unit length of stay, 
and survival to hospital discharge. Based on a standardized 
definition, minor bleeding was defined as any bleeding not 
classified as either major or CRNM bleeding.20,21 

2.5. DATA ANALYSES 

The 𝞆2 test was used for the primary outcome. Fisher’s ex
act test was used for all other nominal outcomes: minor 
bleeding, blood transfusion requirements, intracranial he
morrhage, readmission within 30 days, recurrent DVT and 
PE, and survival to hospital discharge. The Mann-Whitney 
U test was used for the outcome of intensive care unit 
length of stay. Statistical significance was set at a two-
tailed p-value < 0.05. 
Logistic regression was performed for the primary out

come and the outcome of survival to hospital discharge, 
when comparing DAC versus NDAC. While avoiding over
fitting, additional variables for the multivariable analysis 
of the primary outcome included the number of bleeding 
risk factors and the number of clotting risk factors, based 
on biological plausibility regarding bleeding events. Multi
variable analysis was not conducted for survival to hospi
tal discharge due to overfitting. Furthermore, exploratory 
analyses, via logistic regression analyses of survival to hos
pital discharge when comparing DAC versus NDAC, were 
performed for the high-risk and intermediate-risk PE sub
groups. 
Bootstrapped odds ratios (OR) and 95% confidence in

tervals (CI) are reported for the aforementioned logistic 
regression analyses, obtained by utilizing a direct model 
building strategy, 5000 samples, the percentile method for 
the 95% CI, and 2,000,000 as the seed for the Mersenne 
Twister. Goodness of fit was assessed via the Hosmer-
Lemeshow test. Statistical analyses were performed using 
Social Science Statistics (2018, Jeremy Stangroom) and IBM 
SPSS Statistics (Version 29.0.0.0, Armonk, NY). 

3. RESULTS 

3.1. PATIENT CHARACTERISTICS 

Among 98 patients with PE administered systemic tPA, 21 
patients met exclusion criteria, leaving 77 patients in
cluded. No patients were readmitted for the same diagnosis 
or administered anticoagulation using the fibrinogen-di
rected approach. Baseline characteristics between the DAC 
and NDAC groups were similar except for race, presence of 
renal disease, heart rate, and temperature. The median age 
in both groups was mostly elderly (DAC = 69 years versus 
NDAC = 68 years) (Table 3). High-risk PE occurred in 57 pa
tients (DAC = 75% versus NDAC = 74%). Notably, six pa
tients experienced cardiac arrest due to high-risk PE (DAC 
= 17% versus NDAC = 4%), and a large number of patients 
experienced concurrent DVTs (DAC = 42% versus NDAC = 
60%). Additionally, there were four deaths from PE-related 
cardiac arrests across both groups, which all occurred in 
the DAC group. There were also two deaths from cardiac 
arrest upon initial presentation to the emergency depart
ment, which all occurred in the DAC group. 
Most patients were administered 100 mg tPA (DAC = 71% 

versus NDAC = 77%) with minimal redosing (DAC = 4% ver
sus NDAC = 4%). Additionally, most patients were admin
istered unfractionated heparin (UFH) (DAC = 96% versus 
NDAC = 92%) using the high-dose protocol (DAC = 91% ver
sus NDAC = 92%), although a small number of patients were 
administered enoxaparin (DAC = 0% versus NDAC = 8%) or 
argatroban (DAC = 4% versus NDAC = 0%). A majority of 
the mean percentage of anti-Xa or PTT values were thera
peutic during the UFH infusions (DAC = 53% versus NDAC 
= 42%). However, although both groups experienced similar 
subtherapeutic anti-Xa or PTT values during the UFH in
fusions (DAC = 22% versus NDAC = 23%), the NDAC group 
experienced more supratherapeutic anti-Xa or PTT values 
compared to the DAC group (DAC = 25% versus NDAC = 
35%). 

• Active internal bleeding or known bleeding diatheses (excluding menses) 

• History of ischemic stroke within the last 3 months 

• Any history of ICH 

• Symptoms suggestive of SAH, ICH, known ICH or neoplasm, AV malformation, or aneurysm at any time before or 

during tPA 

• Recent intracranial or intraspinal surgery within the last 3 months 

• Age > 75 years 

• Use of DOAC or heparin product prior to tPA 

• Pregnant at time of admission 

• Non-compressible vascular puncture at time of tPA 

• Traumatic or prolonged CPR (> 10 minutes) at time of tPA 

• History of internal bleeding within the last 2 – 4 weeks 

• History of chronic, severe, and poorly controlled hypertension 

• Severe, uncontrolled hypertension (SBP > 180 mmHg or DBP > 110 mmHg) 

• History of dementia 

• History of ischemic stroke > 3 months 

• History of major surgery within the last 3 weeks 
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Table 3. Patient Characteristics   

Characteristic DAC (n = 24) NDAC (n = 53) 

Baseline Demographics 

High-risk PE, n (%) 18 (75) 39 (74) 

Age (years, median [IQR]) 69 (60 – 74) 68 (59 – 74) 

Sex, n (%) 

Male 8 (33) 27 (51) 

Female 16 (67) 26 (49) 

Race, n (%) 

White 10 (42) 36 (68) 

Black 12 (50) 17 (32) 

Hispanic/Latino 2 (8) 0 (0) 

BMI (kg/m2, mean ± SD) 40 ± 13 36 ± 9 

Weight (kg, mean ± SD) 117 ± 43 106 ± 26 

Cardiac arrest due to high-risk PE, n (%)a 4 (17) 2 (4) 

Hypertension, n (%) 17 (71) 31 (58) 

Diabetes mellitus, n (%) 8 (33) 17 (32) 

Any cardiovascular disease, n (%) 4 (17) 7 (13) 

Hyperlipidemia, n (%) 10 (42) 22 (42) 

History of stroke, n (%) 1 (4) 0 (0) 

Liver impairment, n (%) 0 (0) 1 (2) 

Pulmonary disease, n (%) 5 (21) 7 (13) 

Renal disease, n (%) 5 (21) 2 (4) 

Smoker, n (%) 3 (13) 11 (21) 

Baseline Bleeding Risk Factors 

Active internal bleeding or known bleeding diatheses (excluding menses), n (%) 13 (54) 32 (60) 

History of ischemic stroke within the last 3 months, n (%) 0 (0) 0 (0) 

Any history of ICH, n (%) 0 (0) 0 (0) 

Symptoms suggestive of SAH, ICH, known ICH or neoplasm, AV malformation, or aneurysm at 
any time before or during tPA, n (%) 

0 (0) 0 (0) 

Recent intracranial or intraspinal surgery within the last 3 months, n (%) 0 (0) 0 (0) 

Age > 75 years, n (%) 6 (25) 12 (23) 

Use of DOAC or heparin product prior to tPA, n (%) 12 (50) 30 (57) 

Pregnant at time of admission, n (%) 0 (0) 0 (0) 

Non-compressible vascular puncture at time of tPA, n (%) 8 (33) 8 (15) 

Traumatic or prolonged CPR (> 10 minutes) at time of tPA, n (%) 2 (8) 1 (2) 

History of internal bleeding within the last 2 – 4 weeks, n (%) 0 (0) 0 (0) 

History of chronic, severe, and poorly controlled hypertension, n (%) 0 (0) 1 (2) 

Severe, uncontrolled hypertension (SBP > 180 mmHg or DBP > 110 mmHg), n (%) 1 (4) 3 (6) 

History of dementia, n (%) 1 (4) 1 (2) 

History of ischemic stroke > 3 months, n (%) 0 (0) 0 (0) 

History of major surgery within the last 3 weeks, n (%) 0 (0) 2 (4) 

Baseline Clotting Risk Factors 

Active cancer, n (%) 5 (21) 6 (11) 

History of prior cancer, n (%) 2 (8) 8 (15) 

On estrogen therapy at home, n (%) 1 (4) 1 (2) 

History of thrombophilia, n (%) 23 (96) 45 (85) 
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History of prior DVT or PE, n (%) 7 (29) 15 (28) 

Concurrent DVT, n (%) 10 (42) 32 (60) 

History of prolonged immobilization, n (%) 3 (13) 11 (21) 

Multiple trauma on admission, n (%) 0 (0) 0 (0) 

Obesity (BMI > 30 kg/m2), n (%) 20 (83) 38 (72) 

Pregnant or postpartum, n (%) 1 (4) 0 (0) 

Age > 40 years, n (%) 22 (92) 49 (92) 

Unprovoked PE, n (%) 9 (38) 24 (45) 

Medication Administration 

tPA dose, n (%) 

100 mg 17 (71) 41 (77) 

50 mg 7 (29) 12 (23) 

tPA re-dosed, n (%) 1 (4) 2 (4) 

tPA infusion duration (minutes, mean ± SD) 105 ± 31 117 ± 32 

Anticoagulation, n (%) 

UFHb 23 (96) 49 (92) 

Enoxaparin 0 (0) 4 (8) 

Argatroban 1 (4) 0 (0) 

Number of patients administered UFH using the high-dose UFH infusion protocol, n (%)c 21 (91) 45 (92) 

Percentage of subtherapeutic anti-Xa or PTT values during UFH infusion (%, mean ± SD)d 22 ± 20 23 ± 24 

Percentage of therapeutic anti-Xa or PTT values during UFH infusion (%, mean ± SD)d 53 ± 23 42 ± 23 

Percentage of supratherapeutic anti-Xa or PTT values during UFH infusion (%, mean ± SD)d 25 ± 21 35 ± 26 

Time from tPA administration to the final PTT value obtained before anticoagulant 
administration (minutes, mean ± SD)e 301 ± 619 10 ± 34 

Time from tPA to anticoagulant administration (minutes, mean ± SD) 575 ± 597 176 ± 100 

Baseline Vitals 

Heart rate (bpm, mean ± SD) 104 ± 21 114 ± 16 

SBP (mmHg, mean ± SD) 116 ± 26 117 ± 29 

DBP (mmHg, mean ± SD) 70 ± 16 75 ± 17 

Mean arterial pressure (mmHg, mean ± SD) 86 ± 18 89 ± 20 

Temperature (ºF, mean ± SD) 97.8 ± 0.8 98.2 ± 0.9 

Oxygen saturation (%, mean ± SD) 93 ± 7 93 ± 8 

Laboratory Values 

Baseline hemoglobin (g/dL, mean ± SD) 13.0 ± 2.3 13.7 ± 2.1 

Baseline hematocrit (%, mean ± SD) 40.4 ± 6.4 42.8 ± 9.1 

Baseline platelet count (103 cells/mcL, mean ± SD) 197 ± 77 206 ± 64 

Baseline INR (ratio, mean ± SD)f 1.4 ± 0.5 1.3 ± 0.6 

Baseline PTT (seconds, mean ± SD)g 44 ± 36 39 ± 28 

Number of PTT values obtained before anticoagulant administration (mean ± SD)h 1.6 ± 1.2 0.9 ± 0.4 

Final PTT value obtained after tPA administration and before anticoagulant administration 
(seconds, mean ± SD)i 46 ± 13 62 ± 30 

Peak pre-tPA fibrinogen (mg/dL, mean ± SD)j 421 ± 0 393 ± 123 

Lowest post-tPA fibrinogen (mg/dL, mean ± SD)j 119 ± 97 67 ± 21 

Abbreviations: AV, arteriovenous; BMI, body mass index; CPR, cardiopulmonary resuscitation; DAC, delayed anticoagulation; DBP, diastolic blood pressure; DOAC, direct oral antico
agulant; DVT, deep vein thrombosis; ICH, intracranial hemorrhage; INR, international normalized ratio; IQR, interquartile range; NDAC, non-delayed anticoagulation; PE, pulmonary 
embolism; PTT, partial thromboplastin time; SAH, subarachnoid hemorrhage; SBP, systolic blood pressure; SD, standard deviation; tPA, alteplase; UFH, unfractionated heparin. 
aThere were four deaths from PE-related cardiac arrests across both groups, which all occurred in the DAC group. Additionally, there were two deaths from cardiac arrest upon initial 
presentation to the emergency department, which all occurred in the DAC group. 
bThere were four patients in the DAC group (17%) and three patients in the NDAC group (6%) administered an initial UFH bolus prior to initiation of the UFH infusion. 
cOnly patients who were administered UFH were included (n = 72). The remaining patients in the DAC and NDAC groups were administered the low-dose UFH infusion protocol, 
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specifically two patients in the DAC group and four patients in the NDAC group. The institutional UFH high-dose protocol (therapeutic reference range for anti-Xa = 0.4 – 0.7 units/
mL, PTT = 60 – 90 seconds) is commonly used for patients with PE, DVT, mechanical valve (with active thrombosis), or other active thrombosis. The institutional UFH low-dose pro
tocol (therapeutic reference range for anti-Xa = 0.3 – 0.5 units/mL, PTT = 60 – 80 seconds) is commonly used for patients with acute coronary syndrome, atrial fibrillation, or other 
indications with higher bleeding risk. 
dOnly patients who were administered a UFH infusion and had an anti-Xa or PTT value measured during the infusion were included (n = 71). Of the 71 patients, one patient (1%) was 
administered the UFH infusion using the PTT protocol. The anti-Xa protocol is the institutional preferred method of UFH monitoring due to the limited interference associated with 
anti-Xa values. However, PTT monitoring may be used with conditions that interfere with the accuracy of measuring and interpreting anti-Xa levels, including recent direct oral anti
coagulant use. The institutional UFH high-dose protocol utilizes a therapeutic reference range of 0.4 – 0.7 units/mL for anti-Xa levels and 60 – 90 seconds for PTT levels. The institu
tional UFH low-dose protocol utilizes a therapeutic reference range of 0.3 – 0.5 units/mL for anti-Xa levels and 60 – 80 seconds for PTT levels. 
ePatients were assigned a value of “0 minutes” if no PTT values were obtained, if the PTT values were only obtained before tPA and anticoagulant administration, or if the PTT values 
were obtained only after anticoagulant administration. 
fBaseline INR mean was obtained from the initial INR value present, regardless of timing. Not all patients had INR values present. There were 22 patients in the DAC group (92%) 
with INR values present, with INR values obtained after tPA administration in two of these patients. There were 45 patients in the NDAC group (85%) with INR values present, with 
INR values obtained after tPA administration in three of these patients. 
gBaseline PTT mean was obtained from the initial PTT value present, regardless of timing. Not all patients had PTT values present. There were 21 patients in the DAC group (88%) 
with PTT values present; initial PTT values were obtained after tPA administration in four of these patients, and of these four patients, those initial PTT values were obtained after 
anticoagulant administration in zero patients. There were 49 patients in the NDAC group (92%) with PTT values present; initial PTT values were obtained after tPA administration in 
nine of these patients, and of these nine patients, those initial PTT values were obtained after anticoagulant administration in four patients. 
hPatients were assigned a value of “0” if no PTT values were obtained, or if the PTT values were obtained only after anticoagulant administration. 
iOnly patients who had PTT values obtained both after tPA administration and before anticoagulant administration were included. There were 14 patients in the DAC group (58%) 
and five patients in the NDAC group (9%) who met these criteria. 
jThere was one patient in the DAC group (4%) and two patients in the NDAC group (4%) with a pre-tPA fibrinogen value. There were three patients in the DAC group (13%) and three 
patients in the NDAC group (6%) with a post-tPA fibrinogen value. The institutional reference range for fibrinogen was 228 – 518 mg/dL. 

Overall regarding medication administration, patients in 
the DAC group experienced a larger mean number of PTT 
values obtained before anticoagulant initiation (DAC = 1.6 
versus NDAC = 0.9), longer mean time from tPA adminis
tration to the final PTT value obtained before anticoagulant 
administration (DAC = 301 minutes versus NDAC = 10 min
utes), and longer mean time of anticoagulation initiation 
after tPA administration (DAC = 575 minutes versus NDAC 
= 176 minutes). 

3.2. OUTCOMES 

There was no statistically significant difference between 
DAC and NDAC for the primary outcome (DAC = 21% versus 
NDAC = 30%, p = 0.393) (Table 4). Considering the 21 com
posite bleeding events, logistic regression analysis was not 
statistically significant (OR, 0.61; 95% CI, 0.13 – 1.78), even 
when adjusting for the number of bleeding and clotting risk 
factors (adjusted OR [aOR], 0.61; 95% CI, 0.13 – 1.85). 
There were no statistically significant differences re

garding the secondary outcomes except survival to hospital 
discharge, favoring NDAC (DAC = 79% versus NDAC = 98%, 
p = 0.010). Considering the 71 patients who survived to hos
pital discharge, logistic regression analysis was statistically 
significant (OR, 0.07; 95% CI, 0.00 – 0.47). 
Exploratory analyses of the high-risk PE subgroup found 

a statistically significant association in survival to hospital 
discharge, favoring NDAC (OR, 0.07; 95% CI, 0.00 – 0.47). 
Five patients in the DAC group and one patient in the NDAC 
group did not survive to discharge, with four deaths in the 
DAC group and the singular death in the NDAC group at
tributed to the high-risk PE. The remaining death in the 
DAC group was attributed to post-cardiac arrest brain 
death. Additionally, for the intermediate-risk PE subgroup, 
there was a 100% rate of survival to hospital discharge. 

4. DISCUSSION 

This study found no statistically significant association be
tween NDAC and DAC for any outcome except survival to 
hospital discharge, suggesting possibly similar safety be

tween NDAC and DAC and less bleeding risk with NDAC as 
presumed. Of note, as a secondary outcome, the statisti
cally significant difference in survival to hospital discharge 
between NDAC and DAC is an exploratory observation and 
requires further studies to confirm this finding. 
The extensive clot burden, especially with the high num

ber of concurrent DVTs, may have balanced bleeding risks. 
Additionally at the individual level, the complex interac
tions of tPA and anticoagulation on hemostatic and fibri
nolytic processes may be varied.22 Within the total sample, 
PE-related cardiac arrests and deaths from cardiac arrest 
upon initial presentation to the emergency department all 
occurred in the DAC group, which may suggest an extensive 
clot burden was unresolved fully in the DAC group and 
therefore may have influenced the results, especially sur
vival to hospital discharge. 
In the inherently sicker high-risk PE subgroup, the pos

sible reduced odds of survival to hospital discharge may 
also be associated with reduced PE resolution from delaying 
anticoagulation,3,5 as four patients in the DAC group died 
from the high-risk PE versus one patient in the NDAC 
group. The shock state induced by high-risk PE and the is
chemia-perfusion injury with cardiac arrest, along with any 
targeted temperature management post-arrest,23,24 may 
have also affected survival via altered drug disposition and 
metabolism. 
Additionally, patients administered UFH, who mostly 

utilized the high-dose anti-Xa protocol and minimally an 
initial bolus, experienced therapeutic levels ~50% of the 
time. Although higher than previous studies utilizing acti
vated partial thromboplastin time (aPTT) levels due to in
creased interference with aPTT, this can lead to discordance 
from anti-Xa values in 46% to 60% of instances and may 
result in thromboembolic or bleeding events.25‑28 Further
more, the differences in therapeutic attainment with UFH 
could have affected the outcomes; for example, the NDAC 
group experienced more supratherapeutic anti-Xa or PTT 
values compared to the DAC group. Although expected to 
produce more bleeding events for the NDAC group, this 
may have been balanced by other factors such as baseline 
clotting risk factors. Also, the DAC group experienced a 
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Table 4. Primary and Secondary Outcomes     

Outcomes DAC (n = 24) NDAC (n = 53) p-value 

Primary Outcome 

Major bleeding or CRNM bleeding, n (%)a 5 (21) 16 (30) 0.393 

Major bleeding, n (%) 1 (4) 6 (11) 0.424 

CRNM bleeding, n (%) 4 (17) 12 (23) 0.763 

Secondary Outcomes 

Minor bleeding, n (%) 3 (13) 2 (4) 0.172 

Required blood transfusion, n (%) 3 (13) 9 (17) 0.744 

ICH, n (%) 0 (0) 0 (0) 1.000 

Readmitted within 30 days, n (%) 0 (0) 3 (6) 0.548 

Recurrent DVT, n (%) 0 (0) 0 (0) 1.000 

Recurrent PE, n (%) 2 (8) 0 (0) 0.094 

Intensive care unit length of stay (days, mean ± SD) 4 ± 4 3 ± 3 0.150 

Survival to hospital discharge, n (%) 19 (79) 52 (98) 0.010 

Abbreviations: CRNM, clinically relevant non-major; DAC, delayed anticoagulation; DVT, deep vein thrombosis; ICH, intracranial hemorrhage; NDAC, non-delayed anticoagulation; 
PE, pulmonary embolism; SD, standard deviation. 
aWithin the NDAC group, there were two patients who experienced both major and CRNM bleeding. 

greater percentage of therapeutic anti-Xa or PTT values, 
which may have balanced the delay in anticoagulation and 
therefore influenced survival via clot resolution and propa
gation. 
The apparent baseline differences between groups could 

have also affected the outcomes. The differences in race 
may have been random. The differences in renal disease 
may have affected the renal clearance of enoxaparin, al
though unlikely to be clinically significant with the minimal 
administration. Additionally, patients with clinically unsta
ble heart rates and temperatures may have been biased in 
administration of NDAC over DAC. 
Overall, the generally elderly sample and the hetero

geneity within the sample, including variations in tPA dos
ing, UFH dosing, overall anticoagulant administration, and 
time to anticoagulant administration (with large standard 
deviations) from prescriber ordering to pharmacist verifica
tion and nursing administration, may further limit the sta
tistical evaluation and generalizability. In relation to this 
time to anticoagulant administration, DAC patients experi
enced more PTT measurements before anticoagulant initi
ation and longer delays to anticoagulation, and the proce
dural and logistical differences involved in these tasks, such 
as obtaining PTT measurements and waiting for the results, 
could have influenced bleeding events, as the greater time 
for tPA clearance may have decreased the interaction of an
ticoagulation initiation on fibrinolytic pathways.29 Further
more, possible chest wall trauma for the six patients experi
encing cardiac arrest may have influenced bleeding events. 
The results of this study are similar to Schwab-Daugh

erty et al., comparing 95 patients receiving delayed, par
enteral anticoagulation (at least one hour after systemic 
tPA) to 75 patients receiving early anticoagulation (within 
one hour of tPA or continuous anticoagulation during tPA) 
for PE.16 There was a similarly low and statistically non
significant number of patients experiencing major bleeds. 

Additionally, despite no statistically significant difference 
with in-hospital mortality, both studies identified a numer
ically lower mortality with earlier anticoagulation. 
Overall, limitations of this study included its retrospec

tive nature which may limit the internal validity, especially 
with the heterogeneity and confounders. In terms of con
founders within this retrospective study, unaccounted ad
ditional variables, such as the use of home antiplatelet 
medications and the uremia associated with renal insuffi
ciency,30 may have further influenced bleeding events. Sec
ondly, although no power calculation was performed, the 
study may have been underpowered given the small sam
ple size, which may influence the statistically significant re
sults, reduce statistical power, and limit generalizability of 
the results. However, these results may still provide an im
petus for future research, and further research may be use
ful in accounting for these additional variables. 
One strength was its multicenter design, improving gen

eralizability. The external validity is further improved by 
the sample size compared to previous PE literature; in this 
study, 77 patients were included, which is more than those 
in previous literature, especially regarding high-risk PE.6‑11 

Furthermore, logistic regression analyses were internally 
validated using statistical bootstrapping to account for the 
small sample size. 

5. CONCLUSION 

In patients with high-risk or intermediate-risk PE who do 
not receive catheter-directed tPA, DAC and NDAC after sys
temic tPA may be associated with similar occurrences of 
bleeding. Therefore, both DAC and NDAC may be reason
able pharmacologic strategies, as NDAC may not be associ
ated with as extensive of a bleeding risk for these patients 
as presumed. However, these results should be interpreted 
with caution given the small sample size, heterogeneity, 
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and confounding variables within this retrospective study. 
Altogether, this study highlights the variability in the man
agement of high-risk and intermediate-risk PE and encour
ages further studies to standardize and optimize care. 
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