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Early Anticoagulation Is Associated With
Reduced Mortality for Acute Pulmonary
Embolism
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ANTITHROMBOTIC THERAPY

Sean B. Smith, MD; Jeffrey B. Geske, MD; Jennifer M. Maguire, MD; Nicholas A. Zane, BA;
Rickey E. Carter, PhD; and Timothy 1. Morgenthaler, MD, FCCP

Background: Acute pulmonary embolism (PE) may be rapidly fatal if not diagnosed and treated.
IV heparin reduces mortality and recurrence of PE, but the relationship between survival and
timing of anticoagulation has not been extensively studied.

Methods: We studied 400 consecutive patients in the ED diagnosed with acute PE by CT scan angiog-
raphy and treated in the hospital with IV unfractionated heparin from 2002 to 2005. Patients
received heparin either in the ED or after admission. Time from ED arrival to therapeutic acti-
vated partial thromboplastin time (aPTT) was calculated. Outcomes included in-hospital and
30-day mortality, hospital and ICU lengths of stay, hemorrhagic events on heparin, and recurrent
venous thromboembolism within 90 days.

Results: In-hospital and 30-day mortality rates were 3.0% and 7.7%, respectively. Patients who
received heparin in the ED had lower in-hospital (1.4% vs 6.7%; P =.009) and 30-day (4.4% vs
15.3%; P <.001) mortality rates as compared with patients given heparin after admission.
Patients who achieved a therapeutic aPTT within 24 h had lower in-hospital (1.5% vs 5.6%;
P =.093) and 30-day (5.6% vs 14.8%; P =.037) mortality rates as compared with patients who
achieved a therapeutic aPTT after 24 h. In multiple logistic regression models, receiving heparin
in the ED remained predictive of reduced mortality, and ICU admission remained predictive of
increased mortality.

Conclusions: We report an association between early anticoagulation and reduced mortality
for patients with acute PE. We advocate further study with regard to comorbidities to assess the
usefulness of modifications to hospital protocols. CHEST 2010; 137(6):1382-1390

Abbreviations: aPTT = activated partial thromboplastin time; CAD = coronary artery disease; CHF = congestive heart
failure; DVT = deep vein thrombosis; IQR = interquartile range; LMWH = low-molecular-weight heparin; OR = odds
ratio; PE = pulmonary embolism; SBP = systolic BP; VTE = venous thromboembolism

cute pulmonary embolism (PE) is a common cause

f death, accounting for 50,000 to 200,000 deaths
annually.’ As many as 95% of patients who die do so
prior to diagnosis, with the majority of deaths occur-
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ring in untreated patients.>® For patients who receive
treatment, the 14- and 90-day mortality rates are
approximately 10% and 20%, respectively.59-11

Barritt and Jordan'> demonstrated that IV heparin
improved overall survival for patients with PE. Oth-
ers have confirmed these findings and have shown
that therapeutic anticoagulation reduces rates of
recurrent venous thromboembolism (VTE), which is
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believed to be a significant factor for mortality in
patients with PE.%1314 Indeed, Raschke et al** vali-
dated the weight-based heparin nomogram by dem-
onstrating that it reduced recurrent VTE. Hull et al'>
found that achieving a therapeutic activated partial
thromboplastin time (aPTT) within 24 h reduced the
rates of VTE following acute deep vein thrombosis
(DVT). Kline et al'é reported that patients diagnosed
with PE in the ED had improved outcomes as com-
pared with those diagnosed after admission, but their
study did not consider the timing of anticoagulation.

Guidelines recommend initiation of anticoagulation
if clinical suspicion for PE is high, even prior to confir-
matory testing.>!”1% Data are limited, however, that
examine how the timing of anticoagulation relates to
mortality, because early studies did not account for
when or how quickly patients were anticoagulated. We
examined how the timing of initial heparinization and
achieving therapeutic anticoagulation relate to mortal-
ity in a cohort of patients who presented to an ED with
acute, symptomatic PE.

MATERIALS AND METHODS

Patient Selection and Characterization

We conducted a retrospective review of a cohort of adult
patients who presented to a single tertiary care ED with acute
PE between June 17, 2002, and September 6, 2005. All PE diag-
noses were confirmed by CT scan angiography. Patients were
excluded if diagnosis was prior to arrival or if anticoagulation was
contraindicated. All patients were initially treated with an IV
weight-based heparin nomogram similar to the one described by
Raschke et al'* as per our institutional practice. This study was
approved by the Mayo Clinic Institutional Review Board.

Definitions and Data Collection

Acute PE was defined as a filling defect seen on CT scan angiog-
raphy in patients presenting to the ED with symptoms consistent
with pulmonary artery hypoperfusion or infarction (ie, dyspnea,
chest pain, lightheadedness, and/or syncope). Patients were
excluded if they had an asymptomatic PE found incidentally on a
CT scan done for reasons other than the above symptoms.

Patients were characterized as having received heparin either
in the ED or after admission. We used 24 h as a discriminating
timeframe for achieving a therapeutic aPTT because this has been
avalidated clinical timeframe in previous studies.!*!> Primary out-
comes were in-hospital and 30-day all-cause mortality. Secondary
outcomes were hospital and ICU lengths-of-stay, hemorrhagic
events on heparin, and recurrent VTE within 90 days.

The medical record was reviewed to determine length of
follow-up and time to death. Hospital length-of-stay was deter-
mined by the earliest time documented upon ED arrival and the
time when the hospital summary was signed on the discharge day.
The time of heparinization was determined by review of documen-
tation from ED or admitting physicians and the drug administra-
tion records as available. Laboratory draw times were reviewed to
determine the interval between arrival and the first therapeutic
aPTT, which was defined as 1.5 times the baseline aPTT or at least
50 s. A hemorrhagic event on IV heparin was defined as acute

www.chestpubs.org

blood loss of at least 2 g of hemoglobin that required cessation of
heparin and transfusion. Recurrent VTE was defined as a docu-
mented DVT or PE within 90 days of initial presentation.

Demographic data, presenting vital signs, and laboratory values
were cataloged, and a Wells score for PE was calculated for each
patient in the standard fashion.!*2 In order to calculate the Wells
score, we reviewed documentation to determine if a diagnosis other
than PE was considered more or less likely. Comorbidities consid-
ered were history of VTE or coagulopathy, active malignancy,
COPD, coronary artery disease (CAD), congestive heart failure
(CHF), or active nicotine use. Tachycardia was defined as a heart
rate > 100 beats per minute, hypotension as a systolic BP (SBP)
<100 mm Hg, leukocytosis as a WBC count > 10 X 10° cells/mL,
a positive troponin T as >0.01 ng/mL, and a positive D-dimer as
>500 ng/mL.

Data Analysis

Median values are reported with interquartile ranges (IQR)
because data were not normally distributed. Fisher exact and Student
t tests were used to compare the frequency of baseline demo-
graphics and comorbidities. Odds ratios (OR) were calculated for
categorical variables based on x? analyses, and OR for a one-unit
change in continuous variables were estimated using logistic
regression. Ninety-five percent Cls are reported. The type 1 error
rate was set at 0.05 (two-side) a priori, and no correction factor
has been applied to reported P values to account for multiple
comparison issues.

Because patients were not randomized, propensity scores for
the likelihood of receiving heparin in the ED or achieving a thera-
peutic aPTT within 24 h were calculated. Propensity scores were
calculated in a multiple logistic regression model including the
following 17 factors: age, gender, heart rate, SBP nicotine use,
CAD, CHF, COPD, oral contraceptive use, coagulation disorder,
history of previous VTE, malignancy, hemoptysis, recent surgery
or immobility (within 30 days prior to presentation), Wells score,
leukocyte count, and whether an alternative diagnosis was less
likely. The estimated propensity score was used as a covariate in
multiple logistic regression models.

Kaplan-Meier curves were created to compare the times from
arrival to therapeutic aPTT for the survivor and nonsurvivor pop-
ulations. Given the limited number of in-hospital deaths, multiple
logistic regression modeling was performed only for 30-day
mortality in order to avoid an over-fit in-hospital model. Data
were analyzed with JMP 8.0 (2008; SAS Institute Inc.; Cary, NC).
Statistical analyses were aided by the Center for Translational
Science Activities at our institution.

RESULTS

Search of the Mayo Clinic electronic medical
record yielded 400 patients seen in the ED between
2002 and 2005 who met the aforementioned criteria
for acute PE (Tables 1, 2). Median age was 68.0 years
(IQR, 54.0-76.0), with 48.8% men. Patients were
hospitalized for a median 4.6 days (IQR, 2.1-6.9).
Seventy-seven patients (19.3%) required ICU admis-
sion, and the median ICU length-of-stay was 2.0 days
(IQR, 1.0-3.0). The median follow-up time was
1,411.9 days (IQR 294.9-1,777.8), and 392 patients
(98.0%) were accounted for by 30 days. Acute PE
was the primary cause of death listed on the medical
records or, if available, the autopsy reports for all
patients who died in the hospital.
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Table 1—Baseline Characteristics of Patients Based on In-Hospital and 30-d Mortality

Hospital Hospital 30-d 30-d

All Patients Survivors Nonsurvivors Survivors Nonsurvivors
Characteristics (N =400) (n=2388) (n=12) (n=2362) (n=30)
Age,y (IQR) 68.0 (54.0-76.0) 68.0 (54.3-76.8) 72.5 (48.3-75.8) 68.0 (54.0-76.0) 73.0 (60.8-79.0)
Male sex 195 (48.8) 191 (49.2) 4(33.3) 177 (48.9) 14 (46.7)
Heparin in ED 280 (70.0) 276 (71.1) 4 (33.3)2 262 (72.4) 12 (40.0)v
Hours to aPTT (IQR) 10.8 (7.7-17.3) 10.7 (7.7-16.6) 20.9 (8.4-28.8)> 10.8 (7.8-16.5) 16.3 (5.3-28.6)
aPTT within 24 h 325 (85.8) 320/371 (86.3) 5/8 (62.5) 301/347 (86.7) 18/26 (69.2)¢
Temperature, °C (IQR) 36 8 (36.2-37.3) 36 8 (36.2-37.3) 36.5 (35.7-37.3) 36 9 (36.2-37.3) 36.6 (36.2-37.0)
Heart rate, bpm (IQR) 92 (77-107) 92 (77-107) 102 (90-120) 91 (77-106) 102 (84-119)
Tachycardia 152 (38.4) 144 (37.1) 8 (66.7)¢ 130 (35.9) 18 (60.0)2
SBP, mm Hg (IQR) 135 (118-155) 135 (1 20 156) 105 (101-119)> 135 (120-155) 122 (104-145)
Hypotension 24 (6.9) 23 (5.9) 1(8.3) 20 (5.5) 3(10.0)
Respiratory rate (IQR) 20 (18-24) 20 (18-24) 24 (20-30) 20 (18-24) 22 (20-28)
Wells score (IQR) 5(2.5-6.0) 4.5(2.5-6.0) 5 (1.5-6.8) 4.5(2.5-5.6) 5.5 (2.5-7.0)¢
Leukocytosis 1 7 l (42.9) 161 (41.5) l() (83.3)a 148 (40.9) 19 (63.3)¢
D-dimer > 500 ng/mL 160/192 (83.3) 153/185 (82.7) 7/7 (100) 143/175 (81.7) 15/15 (100)
Troponin >0.01 ng/mL 87/312 (27.9) 81/301 (26.9) 6/11 (54.6) 75/284 (26.4) 11/23 (47.8)¢
Active nicotine use 40 (10.0) 4() (10.3) 0(0) 36 (9.9) 3 (10.0)
CAD 81 (20.3) 80 (20.6) 1(8.3) 78 (21.6) 3(10.0)
CHF 36 (9.0) 34 (8.8) 2 (16.7) 31 (8.6) 5 (16.7)
CAD or CHF l()l (25.3) 98 (25.3) 3(25.0) 94 (26.0) 7(23.3)
COPD 42 (10.5) 38 (9.8)¢ 4 (33.3)¢ 36 (9.9)¢ 6 (20.0)
Malignancy ]29 (32.3) 124 (32.0) 5 (41.7) 110 (30.4) 16 (53.3)¢
History of VTE 71 (17.8) 69 (17.8) 2 (16.7) 64 (17.7) 5(16.7)
Current DVT 62/214 (29.0) 61/211 (28.9) 1/3 (33.3) 55/199 (27.6) 6/12 (50.0)
Immobile/recent surgery 169 (42.3) 167 (41.8) 7 (58.3) 146 (40.3) 19 (63.3)¢
Coagulation disorder 22 (5.5) 22 (5.7) 0(0) 22 (6.1) 0(0)
Oral contraceptive use 23 (5.7) 22 (5.7) 1(8.3) 22 (6.1) 1(3.3)
Hospital days (IQR) 6(2.1-6.9) 6(2.1-7.0 5.4 (1.4-6.6) 4 4 (2.1-6.9) 7(3.5-7.9)
ICU admission 77 (19.3) 69 (17.8) 8 (66.7)b 63 (17.4) (4) ))a
ICU days (IQR) .0 (1.0-3.0) .0(1.0-3.0 1.5 (1.0-4.5) 2.0 (1.0-3.0) 5(1.0-4.5)
Hemorrhagic events 21 (5.3) 8 (4.6) 3(25.0) 16 (4. 4) 4(13.3)
Intubation 1(2.8) 9 (2.3) 2 (16.7)¢ 9(2.5 2 (6.7)
Recurrent VTE in 90 d 6/391 (1.5) 6/379 (1.6) 0/12 (0.0) 6/357 (1.7) 0(0)

Data are presented as No. (%) unless otherwise indicated. aPTT = activated partial thromboplastin time; bpm = beats per minute; CAD = coronary
artery disease; CHF = congestive heart failure; DVT = deep vein thrombosis; IQR = interquartile range; SBP = systolic blood pressure;

VTE = venous thromboembolism.
aP < .01.

bP <.001.

P <.05.

The median time from ED arrival to CT diagnosis
was 2.4 h (IQR, 1.4-7.6). Two hundred sixty patients
(65.0%) were diagnosed in the ED, and 280 patients
(70.0%) received heparin in the ED; thus at least
20 patients (5.0%) were given heparin prior to diag-
nosis. The median time from ED arrival to therapeu-
tic aPTT was 10.8 h (IQR, 7.7-17.3), and 325 patients
(85.8%) had a therapeutic aPTT within 24 h of ED
arrival. Twenty-one patients (5.3%) were excluded
because they did not achieve a therapeutic aPTT:
Four died before they achieved a therapeutic aPTT,
and 17 were changed from unfractionated to low-
molecular-weight heparin (LMWH) before a thera-
peutic aPTT was achieved.

Primary Outcomes

In-hospital and 30-day mortality rates were 3.0% and
7.7%, respectively. Patients who received heparin in the
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ED had lower in-hospital mortality (1.4% vs 6.7%; OR,
0.20; 95% CI, 0.06-0.69; P = .009) and 30—day mortality
(4.4% vs 15.3%; OR, 0.25; 95% CI, 0.12-0.55; P<.001)
(Fig 1). Patients who achieved a therapeutic aPTT
within 24 h had lower 30-day mortality (5.6% vs 14.8%;
OR, 0.34; 95% CI, 0.14-0.84; P=.037) and tended to
have lower in-hospital mortality (1.5% vs 5.6%; OR,
0.27; 95% CI, 0.06-1.15; P=.091) (Fig 2).

Patients who died in the hospital required longer
times to achieve a therapeutic aPTT (median 10.7 h
[IQR, 7.7-16.6] vs 20.9 h [IQR, 8.4-28.8]; P<.001).
Similarly, patients who died by 30 days also required
longer times to achieve a therapeutic aPTT (median
10.8 h [IQR, 7.8-16.5] vs 16.3 h [IQR, 5.3-28.6];
P =.002). Kaplan-Meier curves supported these
differences between survivor and nonsurvivor
populations (Fig 3).

Patients who required ICU admission had higher
in-hospital and 30-day mortality (Tables 1, 2).
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Table 2—O0dds Ratios for In-Hospital and 30-d Mortality Based on Baseline Characteristics

Hospital Mortality

30-d Mortality

Characteristics OR 95% CI P Value OR 95% CI P Value
Age,y 1.00 0.97-1.04 422 0.28 0.04-1.65 910
Male sex 0.52 0.15-1.74 382 0.91 0.43-1.93 851
Heparin in ED 0.20 0.06-0.69 .009 0.25 0.12-0.55 <.001
aPTT within 24 h 0.27 0.06-1.15 .091 0.34 0.14-0.84 .037
Temperature, °C 1.50 0.56-3.70 203 1.29 0.73-2.25 183
Tachycardia 4.46 1.17-17.09 025 2.88 1.32-6.29 .009
Hypotension 1.72 0.21-14.33 AT8 2.13 0.58-7.75 212
Respiratory rate 0.95 0.88-1.07 .837 0.96 0.91-1.03 873
Wells score 0.84 0.06-12.25 553 0.17 0.03-0.96 044
Leukocytosis 7.02 1.52-32.46 .006 2.49 1.15-5.38 .021
D-dimer > 500 ng/mL 3.18 0.18-57.01 .603 7.02 0.41-120.38 079
Troponin >0.01 ng/mL 3.26 0.97-10.97 079 2.55 1.08-6.03 .029
Active nicotine use 0.25 0.01-4.23 .619 1.01 0.29-3.48 1.000
CAD 0.35 0.04-2.75 473 0.40 0.12-1.37 163
CHF 2.08 0.44-9.89 295 2.14 0.76-5.97 A77
CAD or CHF 0.99 0.26-3.72 1.000 0.87 0.36-2.09 .832
COPD 4.61 1.32-16.01 .028 2.26 0.87-5.90 116
Malignancy 1.52 0.47-4.89 535 2.62 1.23-5.55 .010
History of VTE 0.92 0.20-4.31 1.000 0.93 0.34-2.52 1.000
Current DVT 1.23 0.11-13.81 1.000 2.62 0.81-8.46 110
Immobile/recent surgery 1.95 0.61-6.26 374 2.56 1.12-5.53 012
Alternative diagnosis 0.56 0.18-1.78 .367 0.86 0.40-1.84 .698
Coagulation disorder 0.65 0.04-11.36 1.000 0.25 0.01-4.19 397
Oral contraceptive use 1.51 0.19-12.25 D514 0.53 0.07-4.10 1.000
Hospital days 1.02 0.97-1.20 390 1.00 0.97-1.05 574
ICU admission 9.25 2.71-31.60 <.001 3.16 1.45-6.90 .006
Hemorrhagic events 6.85 1.71-27.50 020 3.33 1.04-10.68 057
Intubation 8.42 1.61-44.11 .039 2.80 0.58-13.60 203

Unit ORs are recorded for continuous variables. OR = odds ratio. See Table 1 for expansion of other abbreviations.

Patients with COPD had higher in-hospital mortality,
whereas patients with malignancies had higher 30-day
mortality (Tables 1 and 2). Patients with tachycardia
had higher in-hospital and 30-day mortality. Patients
who died in the hospital presented with lower SBP,
although hypotension was not associated with
in-hospital or 30-day mortality. Patients with a positive
troponin, higher Wells score, or who had recent
immobilization or surgery had higher 30-day mortality.
Eleven patients (2.8%) were intubated, which was
associated with higher in-hospital mortality.

Patients who received heparin in the ED were
younger with a higher Wells score and less likely to
have CAD, CHF, COPD, positive D-dimer, or posi-
tive troponin (Table 3). Patients who achieved a thera-
peutic aPTT within 24 h were also younger and less
likely to have CAD (Table 4). Patients for whom it
was believed that an alternative diagnosis was less
likely were more likely to receive heparin in the ED
and to achieve a therapeutic aPTT within 24 h. The
baseline demographics, presenting vital signs, labora-
tory data, and comorbidities were otherwise not sig-
nificantly different between patients who received
heparin in the ED or after admission; the same is
true for patients who achieved a therapeutic aPTT
within 24 h or later.
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To account for comorbidities that would confound
the relationship between the timing of anticoagula-
tion and mortality, we calculated propensity scores
and did subgroup analyses. The propensity scores for
hospital and 30-day survivors and nonsurvivors were
compared in standard box plot fashion and found to
be similar (data not shown). This suggests that adjust-
ing for propensity scores would allow for appropriate

20% 1 O Heparin in ED
W Heparin After Admissi

15.3%

15% -

10% -

6.7%

5% -

0%

Hospital Mortality
p =0.009

30-Day Mortality
p<0.001

FIGURE 1. Hospital and 30-day mortality rates for patients who
received heparin in the ED compared with those who received
heparin after admission.
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20% 1 0 aPTT <24 hours
M aPTT >24 hours

14.8%
15% - .

10% -

5.6% 5.6%
5%

1.5%

0% -

Hospital Mortality 30-Day Mortality
p=0.091 p=0.037

FIGURE 2. Hospital and 30-day mortality rates for patients who
achieved a therapeutic aPTT prior to 24 h from ED arrival com-
pared with those who achieveg a therapeutic aPTT after 24 hours.
aPTT = activated partial thromboplastin time.

comparisons of survivor and nonsurvivor populations
with regard to early vs delayed anticoagulation. We
then cross-referenced comorbidities associated with
mortality (Table 2) with those associated with delayed
anticoagulation (Table 3) and identified COPD and a
positive troponin as comorbidities that were associ-
ated with both delayed anticoagulation and increased
mortality. The Breslow Day test of the common OR
(pooled estimate across strata) for COPD found that
the subgroup results did not contradict the propen-
sity score, so propensity scores remained valid for
multiple variate analyses to account for COPD. Tro-
ponin data were not incorporated into the propensity
score model because data were available for only
312 patients (78%). Furthermore, for patients with
and without COPD, receiving heparin in the ED
remained predictive of reduced 30-day mortality.
For patients with and without a positive troponin,
receiving heparin in the ED remained predictive of
reduced in-hospital mortality. Early anticoagulation
did not remain predictive of reduced mortality in the
other COPD and troponin subgroup analyses.
Because of the limited number of in-hospital
deaths (n =12), a multiple logistic regression model
for in-hospital mortality was not constructed, because
it would be over-fit. Because there were 30 deaths by
30 days, multiple logistic regression models with

2

g

2

]

=

b=

© .

= 40% .

g f‘ —— Hospital survivors —30-day survivors

g5 20%9° - - - Hospital non-survivors 20% - = - 30-day non-survivors

] y Log rank p = 0.034 Log rank p = 0.021

0% T T T T T T 0% T T T T T T
0 25 50 75 100 125 150 0 25 50 75 100 125 150

Hours to therapeutic aPTT Hours to therapeutic aPTT

FIGURE 3. Kaplan-Meier plots of when survivors and nonsurvi-
vors achieved a therapeutic aPTT. See Figure 2 legend for expan-
sion of abbreviation.
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three variables were considered to be most appropri-
ate to avoid over-fitting. The first variable in these
models was the timing of anticoagulation. We created
two separate models: one for whether patients
received heparin in the ED and another for whether
they achieved a therapeutic aPTT within 24 h. Indeed,
these two timing variables had inherent covariance
(x2=60.1; P<.001), so including them in one model
would have confounded results. Admission to the
ICU was used as the second variable in both models
because it was a significant clinical factor associated
with mortality but not included in the propensity score.
The propensity score was used as the third variable in
both models because it accounted for many demo-
graphic, laboratory, and comorbidity baseline charac-
teristics. Each model used a propensity score that had
been calculated for the respective timing variable
(ie, either the score for receiving heparin in the ED or
for achieving a therapeutic aPTT within 24 h).

In the first model, receiving heparin in the ED
remained an independent predictor of reduced
30—day morta]ity (OR, 0.22:95% CI, 0.08-0.60; P = .003),
and the point estimate of the association remained
comparable to the unadjusted value (Table 5). In the
second model, no variables remained independent pre-
dictors of 30-day mortality. There was more attenuation
in the association (unadjusted OR, 0.34; adjusted OR,
0.49), which suggests that some of the baseline dif-
ferences observed above may have introduced some
confounding into the unadjusted results.

Secondary Outcomes

Patients who received heparin in the ED had
reduced hospital lengths-of-stay (3.9 days [IQR,
1.8-6.0] vs 6.6 days [IQR, 4.0-8.9]; P <.001) and ICU
lengths-of-stay (2.0 days [IQR, 1.0-3.0] vs 2.0 days
[IQR, 1.0-5.0]; P = .032). Twenty-one patients (5.3%)
had a hemorrhagic event that required heparin ces-
sation. These patients had higher in-hospital but
not 30-day mortality (Tables 1, 2). Patients who
received heparin in the ED had similar rates of hem-
orrhagic events compared with patients who received
heparin after admission. Patients who had hemor-
rhagic events had similar initial aPTT values as com-
pared with those who did not have events. However,
achieving a therapeutic aPTT within 24 h was associ-
ated with a reduced risk of hemorrhagic events (OR,
0.28;95% CI, 0.11-0.74; P = .014). Six patients (1.5%)
had a recurrent VTE within 90 days, although none
of these VTEs were fatal.

Di1sCcUSSION

Guidelines recommend early anticoagulation for
patients with acute PE.?17 These guidelines come
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Table 3—Baseline Characteristics Associated With the Timing of Heparin Administration

Heparin in ED

Heparin After Admission

Characteristic (n=280) (n=120) OR 95% CI P Value
Age,y (IQR) 62 5 (48.3-73.0) 75 0 (68.0-81.0) 0.94 0.92-0.96 <.001
Wells score (IQR) .5 (3.0-6.0) 0(1.5-5.5) 1.22 1.11-1.34 <.001
CAD 43 (15.4%) 38 (31.7%) 0.39 0.24-0.65 <.001
CHF 13 (4.6%) 23 (19.2%) 0.21 0.10-0.42 <.001
COPD 20 (7.1%) 22 (18.3%) 0.34 0.18-0.66 .002
Troponin >0.01 ng/mL 47 (16.8%) 40 (33.3%) 0.48 0.29-0.80 .005
D-dimer >500 ng/mL 105/133(78.9%) 55/59 (93.2%) 0.27 0.09-0.82 .020
Alternative diagnosis less likely 201 (71.8%) 53 (44.2%) 3.21 2.06-5.01 <.001

Unit ORs are recorded for continuous variables. See Tables 1 and 2 for expansion of abbreviations.

from data showing that anticoagulation reduces over-
all mortality and VTE recurrence 5911132127 However,
prior studies have not evaluated how the timing of
anticoagulation relates to mortality. This study is the
first to consider how the timing of anticoagulation is
associated with mortality for acute PE. Our data dem-
onstrate reduced in-hospital and 30-day mortality in
patients who received heparin in the ED. The find-
ings associated with therapeutic aPTT within 24 h
were similar but less significant.

Quality improvement is directed toward expedit-
ing management in critical care 253 Despite guide-
lines, some studies contest the need for expedited
anticoagulation for acute PE. It has been proposed
that PE is overdiagnosed and overtreated, citing the
lack of correlation between increased diagnosis and
decreased mortality.1626313 Kline et al'® reported
that delayed diagnosis increases the risks of in-hospital
adverse events, including shock, intubation, and death.
Their study was similar to this investigation in that
both evaluated the correlation of early care and clini-
cal outcomes, but this study was not limited to ICU
care and focused on the timing of anticoagulation
rather than diagnosis.

Our data imply benefit to early anticoagulation, rais-
ing the mechanistic question of why receiving heparin
in the ED or achieving a therapeutic aPTT within 24 h
would improve mortality. Heparin is not thrombolytic,
but rather it prevents clot propagation and recurrent
VTE. 335 Our data did not find a difference in the rates
of recurrent VTE, but data regarding recurrent VTE
and timing of anticoagulation are mixed. Anand et al*
found that patients who were subtherapeutic at 48 h
did not have increased recurrent VTE. In contrast,
Hull et al'3373 report in multiple publications that

patients who were not therapeutic within 24 h had an
increased rate of recurrent VTE. Given our demon-
stration of an association between early anticoagula-
tion and survival, we hypothesize that by reducing the
rate of clot propagation and its associated deleterious
hemodynamic effects, heparin provides survival bene-
fit. An alternate mechanism would be that heparin
reduces the rate of acute secondary thromboembolic
phenomena, although this is not directly supported by
our results. Regardless, it is important to note that our
retrospective results do not prove direct causation
between early anticoagulation and survival, and so
these discussions regarding mechanism must remain
in the realm of speculation.

We identified several important demographic and
comorbidity differences between patients who had
early vs delayed anticoagulation (Tables 3, 4). Our
findings suggest that older patients with more comor-
bid conditions may have presented a diagnostic chal-
lenge, because the cardiopulmonary symptoms of
acute PE may be mistaken for symptoms of CAD,
CHF, or COPD. To account further for baseline
differences, we used propensity score modeling to
account for variables that may have increased the
likelihood that patients received heparin in the ED
or achieved a therapeutic aPTT within 24 h. Although
there were several differences in the populations,
the regression modeling of the propensity scores
suggested that the survivor and nonsurvivor popula-
tions were not inherently different with regard to
conditions that might have predisposed to early anti-
coagulation. Nevertheless, this was a retrospective
study that did not have the advantage of randomiza-
tion of patients to early vs late anticoagulation. There-
fore, even with propensity score modeling, we can

Table 4—Baseline Characteristics Associated With the Timing of Therapeutic aPTT

aPTT <24 h aPTT >24 h
Characteristic (n=2325) (n=>54) OR 95% CI P Value
Age,y (IQR) 67.0 (53.0-76.0) 74.0 (63.0-81.0) 1.03 1.01-1.06 .002
CAD 59 (18.2%) 20 (37.0%) 0.38 0.20-0.70 .003
Alternative diagnosis less likely 215 (66.2%) 26 (48.1%) 2.10 1.18-3.76 014

Unit ORs are recorded for continuous variables. See Tables 1 and 2 for expansion of abbreviations.
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Table 5—Multiple Logistic Regression Models of 30-d Mortality

Model 1 Model 2
\ 1 \ \
Variable OR 95% CI P Value OR 95% CI P Value
Heparin in ED 0.22 0.08-0.60 .003
Therapeutic aPTT < 24h 0.49 0.18-1.53 207
ICU admission 3.65 1.47-8.84 .006 2.36 0.84-6.13 .098
Propensity score? 0.43 0.04-3.75 457 20.42 0.23-1368 182

Receiving heparin in the ED and achieving a therapeutic aPTT within 24 h of arrival had significant covariance, so two models were created. See

Tables 1 and 2 for expansion of abbreviations.

“Each model used the propensity score for the respective first variable (ie, either the score for receiving heparin in the ED or achieving a therapeutic

aPTT within 24 h).

only demonstrate associations rather than prove cause
and effect.

Mortality has been associated in previous studies
with malignancy, COPD, older age, male sex, cardio-
vascular disease, and hemodynamic instability.?39-42
In our cohort, malignancy and COPD were indeed uni-
variate predictors of mortality, and there was a trend
toward older age in nonsurvivors. Sex and rate of cardio-
vascular disease were not significantly different between
survivors and nonsurvivors. COPD and a positive tro-
ponin were potential confounding comorbidities that
were associated with both delayed anticoagulation
and increased mortality. Subgroup analyses found that
receiving heparin in the ED remained predictive of
reduced mortality in patients with and without either
COPD or a positive troponin. Furthermore, COPD was
accounted for by the propensity scores, but the popula-
tion with a positive troponin remains an area of limita-
tion and further investigation.

We found an association between decreased SBP
and in-hospital mortality (Table 1). However, SBPs
and the rates of hypotension did not differ between
the patients who received heparin in the ED or after
admission. Further investigation regarding the tim-
ing of anticoagulation could be directed toward the
subgroup of patients with hemodynamic instability,
especially because guidelines recommend anticoagu-
lation before diagnosis in these patients.? In our study,
only a minority of patients (5.0%) were started on IV
heparin prior to diagnosis. Although this study does
not have the power to address this issue, this number
is strikingly low and represents an area of potential
quality improvement.

We initially hypothesized that more rapid antico-
agulation would be associated with hemorrhagic
events, but this was not the case. The heparin
nomogram has been shown to be effective without
increasing the risk of hemorrhagic events.'* Patients
who had hemorrhagic complications were taken off
IV heparin, so their mortality data are difficult to
compare with those who remained on anticoagula-
tion. Furthermore, our data did not include aPTT
values after the initial therapeutic value, so perhaps
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patients who required longer times to achieve
a therapeutic level were also more difficult to main-
tain in a therapeutic range. Despite use of a stan-
dard nomogram, it is theoretically possible that
patients with higher bleeding risks were anticoagu-
lated more cautiously and therefore required longer
to achieve a therapeutic aPTT. These issues require
further investigation.

We considered only IV unfractionated heparin
rather than LMWH, given our institution’s practice for
treating acute PE. Guidelines now support LMWH
for acute PE, and LMWH has been shown to achieve
therapeutic anticoagulation more rapidly than IV
unfractionated heparin.3's We are initiating protocols
and further study to determine how the timing of
LMWH administration affects outcomes.

Precise times of initial IV infusion were not available
for all patients, and thus we chose to characterize
patients as having received heparin in the ED or after
admission. This is an artificial discriminatory time-
frame, and different institutions have varying practices
of ED management. For example, some institutions
manage patients in their ED for significant lengths of
time prior to admission because of bed availability.
Therefore, although we feel that our data present
important temporal findings, we recognize that initiat-
ing heparin in the ED is an artificial timeframe that
may not readily translate for all institutions.

This was a retrospective study rather than a ran-
domized trial that manipulated when patients were
given heparin. However, a randomized study manip-
ulating the timing of heparinization would be uneth-
ical given current guidelines. Our data are therefore
correlative, and we describe a relationship between
early anticoagulation and mortality rather than prov-
ing cause and effect. Given some of the inconsisten-
cies observed with respect to aPTT after adjustment,
further research is warranted with respect to the
timing variable. The attenuation of the results may
suggest confounding, or it may mean that the target
time of 24 h may not be universally appropriate.
There could be patient-specific profiles that could be
developed to increase the reliability of the prediction
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of mortality. Future research is warranted on these
matters.

CONCLUSIONS

We provide novel data regarding how the timing of
anticoagulation relates to mortality for patients with
acute PE. Delayed anticoagulation in our cohort was
a risk factor associated with increased mortality. Fur-
ther investigations are warranted to elucidate the
influence of certain demographics and comorbidities,
but we nevertheless advocate that quality improve-
ment measures be considered to expedite manage-
ment of acute PE.
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