Case Report

Massive Fatal Pulmonary Embolism
While on Therapeutic Heparin Drip

Said Hajouli, MD'

Abstract

Journal of Investigative Medicine High
Impact Case Reports

Volume 8: 1-7

© 2020 American Federation for
Medical Research

DOI: 10.1177/2324709620914787
journals.sagepub.com/home/hic

®SAGE

Venous thromboembolism (VTE) includes deep venous thrombosis (DVT) and pulmonary embolism (PE). In this article, we
present a case of a patient with an acute DVT who was treated with a therapeutic heparin drip, then developed syncope
while in the hospital and found to have massive bilateral PEs. This case aims to arouse the medical staff's awareness of
the VTE diagnosis even if the patient is fully anticoagulated. We review the indications for DVT hospitalization, heparin
infusion monitoring, risk factors for developing PE from DVT, mechanisms of developing PE from DVT while on therapeutic

anticoagulation, and signs and treatment of massive PE.
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Introduction

Venous thromboembolism (VTE) is an important cause of
cardiovascular disability and death. The yearly incidence of
VTE in the United States is 1 to 2 per 1000.! It affects 300
000 to 600 000 individuals in the United States every year.!
The mortality rate at 28 days, after the first VTE diagnosis,
is 9.4% in deep venous thrombosis (DVT) and 15.1% in
pulmonary embolism PE.? PE is a major source of morbid-
ity and mortality that causes 300 000 deaths annually in the
United States.> Massive PE is defined by obstruction of
>50% of the cross-sectional area of the pulmonary arterial
tree causing severe and acute right ventricular (RV) over-
load and cardiopulmonary failure. Seventy percent of
patients who die of a PE die within the first hour of symp-
toms onset.* Anticoagulation is the main treatment for VTE.
Anticoagulation and thrombolysis are the standard treat-
ments for acute massive PE.

Case Presentation

A 46-year-old Caucasian male with a history of hyperten-
sion, obesity, hyperlipidemia, and left renal cell adenocarci-
noma (RCC) a few years ago status post partial nephrectomy
and was in remission, presented to the emergency room
(ER) with a 10-day history of severe right lower extremity
(LE) pain, redness, and swelling. No history of recent travel,
trauma, immobilization, or surgery. No history of DVT in
the past. He was not compliant with his medications that
included Lisinopril and atorvastatin. His physical examina-
tion showed swelling of the right LE with erythema, edema,
tenderness, and positive Homans’ sign. Dorsalis pedis and

posterior tibial arteries pulses were +3 bilaterally. No cya-
nosis or blanching of the lower extremities. The rest of the
physical examination was unremarkable. His basic labora-
tory workup including complete blood count, prothrombin
time, partial thromboplastin time (PTT), international nor-
malized ratio (INR), and the comprehensive metabolic panel
was normal (Table 1). His LE venous Doppler showed acute
DVT from the proximal right superficial femoral vein
through the popliteal vein and involving the calf veins. The
patient was given analgesics orally, but his pain did not sub-
side so he was started on intravenous (IV) analgesics. The
patient was admitted to the telemetry floor after he was
started on a heparin drip with a bolus for full anticoagula-
tion. Hypercoagulable state workups were sent. With his
history of RCC, the patient had a computed tomography
(CT) of the chest and abdomen/pelvis with IV contrast to
rule out any masses/cancers as an underlying possible pro-
voked cause of his acute DVT, but all came back negative.
No incidental PE was seen in the CT chest (Figure 1). The
patient was thought to have a high-risk DVT due to its
extension, so the plan was to treat him with parenteral anti-
coagulation for 5 to 7 days and then switch to direct oral
anticoagulation (DOAC). On day 5, the patient had an
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Table 1. Laboratory results on admission.

Table 2. aPTT monitoring.

WBC 10.4
Hemoglobin 15.9
Hematocrit 48.2
Platelet 294
INR |

PT 10.4
PTT 26.8

Abbreviations: WBC, white blood cell; INR, international normalized
ratio; PT, prothrombin time; PTT, partial thromboplastin time.

Figure 1. Computed tomography scan of chest with contrast.
No pulmonary embolism.

episode of syncope for 2 minutes when he was standing up
from his bed. His vitals at that time were the following:
blood pressure 121/67 mm Hg, heart rate 95 beats per min-
ute, respiratory rate 16 breaths per minute, and oxygen satu-
ration (Sa0,) 96% on room air. Orthostatic vitals were
negative. His electrocardiography (EKG) and telemetry did
not show any arrhythmia. It was thought that the patient had
a vasovagal reflex syncope. The patient was continued on
heparin drip with an activated PTT (aPTT) 1.5 times the
control all the time (Table 2). In a few minutes after his syn-
copal episode, the patient became hypoxic, tachypneic, and
tachycardic. His repeated blood pressure was 128/75 mm
Hg. His chest X-ray showed clear lungs. His repeated EKG
showed sinus tachycardia with a heart rate of 101 beats per
minute. His Wells score was 10.5, which is high risk for PE,
so STAT CT-PE was done and showed bilateral large pulmo-
nary emboli in both main pulmonary arteries extending into
the upper and lower pulmonary arteries bilaterally with right
ventricle appearing more prominent than the left suggesting
right heart strain (Figures 2 and 3). STAT bedside echocar-
diogram showed severely enlarged RV with severely
reduced RV systolic function and a large mobile mass in the
right atrium (RA) suspected of a thrombus (Figures 4 and 5).
A few minutes later, he was unresponsive and did not have a
pulse. Advanced Cardiac Life Support (ACLS) was started

Day of Hospitalization aPTT Level (Normal Range 24.5-31.5)

| (every 6 hours) 59.5 49.5 50.6
2 72

3 49.8

4 50.4

5 50.7

Abbreviation: aPTT, activated partial thromboplastin time.

Figure 2. Computed tomography pulmonary embolism (CTPE)
showing left pulmonary artery PE.

Figure 3. Computed tomography pulmonary embolism (CTPE)
showing right pulmonary artery PE.

per protocol for pulseless electrical activity (PEA) arrest.
Tissue plasminogen activator infusion was administered per
protocol. One hundred minutes after the ACLS, the patient
remained pulseless and could not achieve a return of sponta-
neous circulation (ROSC) so the code was called out and the
patient was pronounced dead. His hypercoagulable workup
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Figure 4. Echocardiogram showing right ventricular dilatation
and hypokinesis.

Figure 5. Echocardiogram showing thrombus in the right atrium.

showed high factor I DNA analysis consistent with a single
G20210A mutation (heterozygote) in factor Il (prothrom-
bin) gene. Factor V Leiden DNA was measured by allele-
specific polymerase chain reaction and was high, which was
consistent with a single R506Q mutation (heterozygote) in
factor V gene.

Discussion

Venous thromboembolism is the third most common cardio-
vascular cause of death in the United States after heart
attacks and strokes.’ It can be treated in an inpatient or in an
outpatient setting. PE is usually treated in an inpatient set-
ting with an average hospital stay of 6 days.® The safety of
treating PE at home is uncertain as acute PE is associated
with higher short-term mortality than acute DVT. Because
of limited evidence, the American College of Chest
Physicians (ACCP) gives a grade 2B recommendation as for
early discharge of low-risk PE patients if PE Severity Index
(PESI score) <85, and none of any of the following:
hypoxia, hypotension (systolic blood pressure <100 mm

Hg), intense symptoms, thrombocytopenia with platelet
count <70 000/mm3, recent bleeding, PE even with antico-
agulation, or profound renal or liver dysfunction.’

Outpatient treatment of LEDVT does not increase the risk
of complications or mortality when compared with inpatient
treatment. There is a grade 1B recommendation from the
2012 ACCP guidelines for outpatient treatment of LEDVT
whose home circumstances are adequate.” However, there
are some criteria that help determine which patient should be
treated as inpatient, and the presence of one of them indicates
the possible need for hospitalization?®:

1. Massive DVT: 5% of symptomatic LEDVT can prog-
ress into the iliofemoral veins or even into the infe-
rior vena cava and cause massive DVT. Massive
DVT will lead to swelling of the whole leg, severe
symptoms, acrocyanosis, and acute limb ischemia if
not treated appropriately. Hospitalization of these
patients is recommended for parenteral analgesia and
to consider thrombolytic agents, or for extended
duration of parenteral anticoagulation (like unfrac-
tionated heparin [UFH] or low-molecular-weight
heparin [LMWH] for 10-14 days).

2. Highrisk of bleeding: 5% to 10% of newly diagnosed
DVT patients are at high risk of bleeding when they
start anticoagulation therapy and they should be
monitored closely.? Those include recent (within 1
week) surgery or trauma, thrombocytopenia (platelet
count <100 X 10%L), coagulopathy, bleeding within
the past 4 weeks (like from a peptic ulcer), active
bleeding, or advanced cancer with intracerebral or
intrahepatic metastases as metastases to these sites
are usually highly vascular.

3. Concurrent symptomatic PE: 1t is estimated that 10%
of symptomatic LEDVT patients have also symptom-
atic PE at the time of DVT diagnosis and those
patients require hospitalization.’

4. Inpatient treatment for acute LEDVT is also recom-
mended for patients with severe pain that requires IV
analgesics or patients with severe comorbidities
(eg, advanced malignancies). Patients whose home
environment is not appropriate are also treated as
inpatients such as no phone access, no strong family
support, unable to return to the hospital quickly if
worsening, or any issues that impede the outpatient
follow-ups and anticoagulation monitoring (such as
psychological, cognitive, or physical impairments).

This patient was hospitalized as he required IV analge-
sics, was not compliant, and thought to have a high-risk DVT
even he did not have a massive DVT.

The primary goal of VTE treatment is to reduce morbid-
ity, mortality, clot propagation, and prevent recurrent throm-
bosis. Anticoagulation is the cornerstone of VTE treatment.
DOAC is the preferred treatment for non-high-risk VTE.!
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Parenteral anticoagulants like LMWH or UFH are recom-
mended in the initial acute phase of high-risk VTE (first 7
days in which the inflammatory process is at its highest) and
continued for at least 5 days.”!' Heparin (continuous infu-
sion or subcutaneous) was the standard of care for VTE treat-
ment (grade 1A) untii LMWH production. Heparin has
multiple advantages such as short-acting time, inexpensive
cost, rapid onset, and reversibility.!? It is the preferred treat-
ment for hemodynamically unstable PE or iliofemoral DVT
as those patients may require advanced therapies and inter-
ruption of their anticoagulation. Heparin interacts with anti-
thrombin III and inhibits thrombin formation that leads to the
prevention of fibrinogen conversion to fibrin, which prevents
thrombosis. There is no optimal approach to monitor heparin
therapy. The 2 available methods to monitor heparin are anti-
Xa and aPTT. The aPTT is less expensive, more familiar to
clinicians, and more available when compared with anti-Xa,
and it is the most used method by medical providers to moni-
tor heparin therapy. However, there are pre-analytic and ana-
lytic problems that may occur and may affect both aPTT and
anti-Xa results such as inappropriate sample collection,
transport, processing, storage, reagents used, and coagulom-
eter used. There are also biological factors that may affect
the aPTT but have less impact on the anti-Xa levels such as
high levels of factor VIII or elevated fibrinogen.!3'® Anti-Xa
is inaccurate in the setting of elevated total bilirubin levels to
>6.6 mg/dL, elevated triglycerides to >360 mg/dL, and
recent use of LMWH or fondaparinux (especially with renal
dysfunction).!”!8 Anti-Xa level does not require frequent
monitoring tests or dose adjustment compared with aPTT.!3
There are no sizeable VTE studies that looked into the out-
comes of patients monitored with anti-Xa while on heparin
treatment. The use of anti-Xa to monitor heparin therapy is
recommended in the case of heparin resistance or prolonged
baseline aPTT.! The risks of recurrent VTE and thrombus
extension were lower when aPTT was preserved between 1.5
and 2.5 times the control.2?! These data produced the guide-
lines recommendations to keep the aPTT levels between 1.5
and 2.5 times the control as a therapeutic range.
Anticoagulation does not dissolve an existing thrombus
but stabilizes it, prevents its extension, and decreases (but
does not eliminate) the risk of embolization and recurrent
thrombosis. Forty percent of symptomatic DVT patients
have silent PE at the time of diagnosis.?? Our patient did not
have PE at the time of his DVT diagnosis according to his
first CT chest with IV contrast. There are no specific comor-
bidities or VTE risk factors that can increase the likelihood
of developing PE in DVT patients. In a study of 141 PE
patients,” the overall prevalence rate of concomitant DVT
was 45.4% and 39% had proximal DVT. There were no sta-
tistically significant differences between the 2 groups (PE
without DVT vs PE with concomitant DVT) in terms of VTE
risk factors and comorbidities. In another study that had 114
patients with DVT,* the prevalence of PE was 52.6%. They
divided patients into 2 groups and compared the risk factor

for each group: group I had DVT patients without PE and
group Il had DVT patients with PE.2* The only risk factor
that reached statistical significance in this study was infec-
tion (more in group II, with a P value of .005), and they con-
cluded that infection was linked to an increased risk of PE
development in patients with LEDVT.? However, this study
had a small sample size of 114 patients only. Acute infection
is a known factor to increase the risk of PE and DVT.?

Pulmonary embolism while on therapeutic anticoagula-
tion is uncommon and possesses a challenge diagnosis and
management.?* The 2 possible mechanisms in which the PE
may occur even with therapeutic anticoagulation are clot
propagation (emboli break off from an existing DVT to the
blood circulation and then to the pulmonary arteries) or
breakthrough PE (new thrombus formation in the pulmonary
system).

The occurrence of PE as an extension of DVT is infre-
quent in patients treated well with anticoagulation. The topi-
cal propagation of DVT is common and could be part of the
natural history of VTE as a prolonged inflammatory and
remodeling process. In randomized controlled trials that
included serial screening imaging studies (venous duplex or
venography) after DVT diagnosis, the risk of asymptomatic
topical DVT propagation in the first 10 days of therapy was
4.7% and 1.1% in UFH and LMWH, respectively,?’ and
these may reach up to 30% to 38% in some other studies
(most of these cases had subtherapeutic anticoagulation).?$?
The risk of symptomatic topical DVT propagation is 0.3%
and 0.6% for UFH and LMWH, respectively.?® The data for
asymptomatic and symptomatic PE propagation are less
known, and the reliable estimates of developing fatal PE
from acute DVT are nonexistent. In one study that had
patients presented with DVT and were treated with heparin
for 5 to 10 days and then oral anticoagulation, the risk of fatal
PE was low at 0.4%.%

The risk of the breakthrough event, when anticoagulation
is managed well, is 2 per 100 patient-years for oral antico-
agulation,®'? and it may warrant cancer screening as a pos-
sible underlying cause. The breakthrough rate while on
warfarin was 1.2% in Kaiser Performance ER patients in a
study that excluded patients with VTE in the previous 30
days,* 31% had active cancer and 42% had at least one sub-
therapeutic INR 14 days before the ER visit. The incidence
was 6.1% with therapeutic INR in an Australian study in
2013.3* This risk was 4% in the first 15 days of treatment
with UHF or LMWH.3336 In a prospective study that had 50
VTE patients (DVT, PE, or inferior vena cava thrombosis)
treated with heparin drip and followed with repeated imag-
ing at day 15, PE occurred in 2 patients (4%), one of them
had subtherapeutic anticoagulation and died (2%).> Fatal PE
rate was 0.07% during treatment with warfarin or DOAC.3

The most common causes of the breakthrough PE are sub-
therapeutic anticoagulation (incorrect dose, drug interaction,
or poor adherence) or underlying disease that can cause
hypercoagulability such as active cancer,?” vasculitis (Behcet
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disease),*® myeloproliferative neoplasms,* heparin-induced
thrombocytopenia,*’ vascular malformation,*! antiphospho-
lipid antibody syndrome,*? and JAK2 V617F mutation.’!**

In our patient, inadequate anticoagulation was less likely
as his aPTT was 1.5 times the control all the time (Table 2),
which should significantly decrease the risk of recurrent
thrombosis and prevent extension.??! Heparin resistance
was also less likely as the patient did not require high doses
of heparin to keep his aPTT at goal. Heparin-induced
thrombocytopenia was excluded because of normal plate-
lets 1 hour before the PEA arrest. His anticardiolipin anti-
bodies and anti-B2-GPI antibodies were negative, which
should make antiphospholipid antibody syndrome less
likely too. He had a remote history of RCC but did not have
active cancer at the time of presentation, and his CT scan of
abdomen/pelvis did not show any masses. He did not have
any signs or symptoms of vasculitis. His BCR-ABL and
JAk2 mutations were negative, and his laboratory workup
did not show increased red blood cell volume or thrombo-
cytosis, which should rule out myeloproliferative neo-
plasms. The patient had both single G20210A mutation in
the factor II gene and a single R506Q mutation in factor V
gene, which increases the risk of recurrent thrombosis but
the interval from the first DVT to recurrence is few years,
not few days.* In his case, we think that heparin failed to
stabilize the thrombus in his LE and caused thrombus to
break off from his LE into the bloodstream to RA and pul-
monary system to cause massive fatal PE, which is not
very common and would not be expected while on
anticoagulation.

Symptoms of PE are nonspecific, and it can be difficult
to diagnosis PE and even more difficult in patients on ther-
apeutic anticoagulation. Syncope can be the presenting
symptom of PE in 0.06% to 0.55% ER patients and 0.15%
to 2.1% in hospitalized syncope patients,* which may
reach up to 6%.*° Massive PE is characterized by systemic
hypotension and cardiogenic shock. Systemic hypotension
is described as a systolic arterial pressure <90 mm Hg or a
drop in systolic arterial pressure of at least 40 mm Hg for
at least 15 minutes.*’” Shock is defined by tissue hypoper-
fusion that leads to encephalopathy, decreased urine out-
put, hypoxia, or cool and clammy limbs. Massive PE may
be a challenging diagnosis if it arises in patients who have
not been sick lately. The physical examination will show
systemic hypotension, altered mental status, tachycardia,
tachypnea, cyanosis, jugular vein distension, a parasternal
heave, a tricuspid valve regurgitation murmur, and an
accentuated P2. EKG may show sinus tachycardia, S1IQ3T3
pattern, or T-wave inversions in V1 to V4, but ECG may be
completely normal. Bedside echocardiogram must be done
when a massive PE is suspected to confirm the RV dys-
function/dilatation and exclude other etiologies that can
cause the same symptoms such as cardiac tamponade.
Contrast-enhanced chest CT angiography is the gold stan-
dard for the diagnosis of PE.*® Fibrinolysis is the treatment

of choice for the massive PE if no contraindication.'#%%° It

rapidly lyses the thrombus and improves the RV function-
ing. Treatment also includes volume expansion, vasopres-
sors, and inotropes if needed. Massive PE may cause acute
occlusion of the RV outflow that can lead to acute circula-
tory collapse and death. Most death takes place within a
few hours after the onset of symptoms. The mortality rate
in massive PE is 15.2% if arterial hypotension and 24.5%
if cardiogenic shock.*” If PE causes cardiac arrest, the mor-
tality rate will be high and thrombolysis should be
attempted to achieve ROSC and probably better outcomes.
However, even with thrombolysis in cardiac arrest related
PE, the mortality rate is 90%.°!

Other treatments of the massive PE if contraindications
for thrombolysis exist include catheter thrombectomy and
surgical embolectomy. The 2012 ACCP guidelines give
grade 2C recommendations for catheter-assisted thrombus
removal and surgical embolectomy and only if contraindica-
tions to thrombolysis exist and if surgical expertise and
resources are available.’

The ACCP 2012 and 2016 guidelines recommend anti-
coagulation alone for the treatment of most acute DVTs.
Other acute DVT treatments are thrombolysis (systemic or
catheter-directed) and/or thrombectomy (surgical or cathe-
ter-directed), which are indicated only in patients with
acute limb threat (phlegmasia cerulea dolens), massive ilio-
femoral DVT, or in which anticoagulation has failed. Those
treatments are indicated only if patients have good func-
tional status, low bleeding risk, fresh clot (<14 days old),
and life expectancy >1 year.!""'? This is because the mortal-
ity rate and the risk of recurrent thrombosis are not changed
with these interventions comparing with anticoagulation
alone. Inferior vena cava filter is indicated only when anti-
coagulation is contraindicated (active bleeding).> Our
patient did not meet any of these criteria, and his acute
DVT was treated according to the current guidelines with
anticoagulation alone.

Conclusion

Venous thromboembolism is still a possible diagnosis even if
the patient is on full anticoagulation. PE is an important dif-
ferential diagnosis of syncope. Keeping this in mind helps
make an early diagnosis of a potentially fatal VTE and that
may save patients’ lives. In this patient, his PE was diag-
nosed early and was treated with thrombolysis according to
the current guidelines but he ended up in a PEA arrest and
death, so more research may be required in the future to
determine the risk factors for developing fatal PE from DVT
while on anticoagulation and that can produce more guide-
lines to treat these patients and prevent their death.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.



Journal of Investigative Medicine High Impact Case Reports

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Ethics Approval

Our institution does not require ethical approval for reporting indi-
vidual cases.

Informed Consent

Informed consent for patient information to be published in this
article was not obtained because our institution does not require
informed consent for individual case reports.

ORCID iD

Said Hajouli

https://orcid.org/0000-0002-6444-2751

References

1.

10.

11.

Beckman MG, Hooper WC, Critchley SE, Ortel TL.
Venous thromboembolism: a public health concern. Am J
Prev Med. 2010;38(4 suppl):S495-S501. doi:10.1016/j.
amepre.2009.12.017

. Cushman M, Tsai A, Heckbert SR, et al. Incidence rates,

case fatality, and recurrence rates of deep vein thrombo-
sis and pulmonary embolus: the Longitudinal Investigation
of Thromboembolism Etiology (LITE). Thromb Haemost.
2001;86(suppl 1):0C2349.

. Tapson VF. Acute pulmonary embolism. N Engl J Med.

2008;358:1037-1052.

. Hsieh PC, Wang SS, Ko WJ, Han YY, Chu SH. Successful

resuscitation of acute massive pulmonary embolism with extra-
corporeal membrane oxygenation and open embolectomy. Ann
Thorac Surg. 2001;72:266-267.

. Tagalakis V, Patenaude V, Kahn SR, Suissa S. Incidence of

and mortality from venous thromboembolism in a real-world
population: the Q-VTE study cohort. Am J Med. 2013;126:832.
el3-e21.

. Aujesky D, Stone RA, Kim S, Crick EJ, Fine MJ. Length of

hospital stay and postdischarge mortality in patients with pul-
monary embolism: a statewide perspective. Arch Intern Med.
2008;168:706-712. doi:10.1001/archinte.168.7.706

. Kearon C, Akl EA, Comerota AJ, et al. Antithrombotic therapy

for VTE disease: Antithrombotic Therapy and Prevention of
Thrombosis, 9th ed: American College of Chest Physicians
Evidence-Based Clinical Practice = Guidelines.  Chest.
2012;141(2 suppl):e419S-e496S. doi:10.1378/chest.11-2301

. Douketis JD. Treatment of deep vein thrombosis: what fac-

tors determine appropriate treatment? Can Fam Physician.
2005;51:217-223.

. Douketis JD, Foster GA, Crowther MA, Prins MH, Ginsberg

JS. Clinical risk factors and timing of recurrent venous throm-
boembolism during the initial 3 months of anticoagulant ther-
apy. Arch Intern Med. 2000;160:3431-3436.

Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy
for VTE disease: CHEST Guideline and Expert Panel Report.
Chest. 2016;149:315-352.

Kearon C, Kahn SR, Agnelli G, Goldhaber S, Raskob
GE, Comerota AJ. Antithrombotic therapy for venous

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

thromboembolic disease: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines
(8th Edition). Chest. 2008;133(6 suppl):454S-545S.
doi:10.1378/chest.08-0658

Garcia DA, Baglin TP, Weitz JI, Samama MM. Parenteral
anticoagulants: Antithrombotic Therapy and Prevention of
Thrombosis, 9th ed: American College of Chest Physicians
Evidence-Based  Clinical ~Practice = Guidelines.  Chest.
2012;141(2 suppl):e24S-e43S. doi:10.1378/chest.11-2291
Levine MN, Hirsh J, Gent M, et al. A randomized trial com-
paring activated thromboplastin time with heparin assay in
patients with acute venous thromboembolism requiring large
daily doses of heparin. Arch Intern Med. 1994;154:49-56.

. Uprichard J, Manning RA, Laffan MA. Monitoring heparin

anticoagulation in the acute phase response. Br J Haematol.
2010;149:613-619. doi:10.1111/5.1365-2141.2010.08129.x
Eikelboom JW, Hirsh J. Monitoring unfractionated hepa-
rin with the aPTT: time for a fresh look. Thromb Haemost.
2006;96:547-552.

Cuker A, Raby A, Moffat KA, Flynn G, Crowther MA.
Interlaboratory variation in heparin monitoring: lessons from
the Quality Management Program of Ontario coagulation
surveys. Thromb Haemost. 2010;104:837-844. doi:10.1160/
TH10-02-0099

Faust AC, Kanyer D, Wittkowsky AK. Managing transitions
from oral factor Xa inhibitors to unfractionated heparin infu-
sions. Am J Health Syst Pharm. 2016;73:2037-2041.
Rosborough TK. Monitoring unfractionated heparin ther-
apy with antifactor Xa activity results in fewer monitoring
tests and dosage changes than monitoring with the activated
partial thromboplastin time. Pharmacotherapy. 1999;19:
760-766.

Smythe MA, Priziola J, Dobesh PP, Wirth D, Cuker A,
Wittkowsky AK. Guidance for the practical management of
the heparin anticoagulants in the treatment of venous thrombo-
embolism. J Thromb Thrombolysis. 2016;41:165-186. doi:10.
1007/s11239-015-1315-2

Basu D, Gallus A, Hirsh J, Cade J. A prospective study of the
value of monitoring heparin treatment with the activated partial
thromboplastin time. N Engl J Med. 1972;287:324-327.

Chiu HM, Hirsh J, Yung WL, Regoeczi E, Gent M.
Relationship between the anticoagulant and antithrombotic
effects of heparin in experimental venous thrombosis. Blood.
1977;49:171-184.

Meignan M, Rosso J, Gauthier H, et al. Systematic lung scans
reveal a high frequency of silent pulmonary embolism in
patients with proximal deep venous thrombosis. Arch Intern
Med. 2000;160:159-164. doi:10.1001/archinte.160.2.159

Lee JS, Moon T, Kim TH, et al. Deep vein thrombosis in
patients with pulmonary embolism: prevalence, clinical sig-
nificance and outcome. Vasc Specialist Int. 2016;32:166-174.
doi:10.5758/vs1.2016.32.4.166

Herrera S, Comerota AJ. Embolization during treatment of
deep venous thrombosis: incidence, importance, and preven-
tion. Tech Vasc Interv Radiol. 2011;14:58-64. doi:10.1053/].
tvir.2011.01.002

Paik B, Joh JH, Park HC. Anatomic and clinical risk factors for
pulmonary embolism in patients with deep venous thrombosis
of the lower extremity. Ann Surg Treat Res. 2017;92:365-369.
doi:10.4174/astr.2017.92.5.365


https://orcid.org/0000-0002-6444-2751

Hajouli

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Smeeth L, Cook C, Thomas S, Hall AJ, Hubbard R, Vallance
P. Risk of deep vein thrombosis and pulmonary embolism
after acute infection in a community setting. Lancet. 2006;367:
1075-1079. doi:10.1016/S0140-6736(06)68474-2

Prandoni P, Lensing AW, Buller HR, et al. Comparison of
subcutaneous low-molecular-weight heparin with intravenous
standard heparin in proximal deep-vein thrombosis. Lancet.
1992;339:441-445.

Meissner MH, Caps MT, Bergelin RO, Manzo RA, Strandness
DE Jr. Propagation, rethrombosis and new thrombus forma-
tion after acute deep venous thrombosis. J Vasc Surg. 1995;22:
558-567.

Krupski WC, Bass A, Dilley RB, Bernstein EF, Otis SM.
Propagation of deep venous thrombosis identified by duplex
ultrasonography. J Vasc Surg. 1990;12:467-475.

Douketis JD, Kearon C, Bates S, Duku EK, Ginsberg JS. Risk
of fatal pulmonary embolism in patients with treated venous
thromboembolism. JAMA. 1998;279:458-462.

Schulman S. How I treat recurrent venous thromboembo-
lism in patients receiving anticoagulant therapy. Blood.
2017;129:3285-3293. doi:10.1182/blood-2017-03-742304

van der Hulle T, Kooiman J, den Exter PL, et al. Effectiveness
and safety of novel oral anticoagulants as compared with
vitamin K antagonists in the treatment of acute symptomatic
venous thromboembolism: a systematic review and meta-anal-
ysis. J Thromb Haemost. 2014;12:320-328.

Liu MY, Ballard DW, Huang J, et al. Acute pulmonary embo-
lism in emergency department patients despite therapeutic anti-
coagulation. West J Emerg Med. 2018;19:510-516.
Moutzouris JP, Ng AC, Chow V, Chung T, Curnow J,
Kritharides L. Acute pulmonary embolism during warfarin
therapy and long-term risk of recurrent fatal pulmonary embo-
lism. Thromb Haemost. 2013;110:523-533.

Wells PS, Anderson DR, Rodger MA, et al. A randomized trial
comparing two low-molecular-weight heparins for the outpa-
tient treatment of deep vein thrombosis and pulmonary embo-
lism. Arch Intern Med. 2005;165:733-738.

Girard P, Mathieu M, Simonneau G, et al. Recurrence of pul-
monary embolism during anticoagulant treatment: a prospec-
tive study. Thorax. 1987;42:481-486.

Lee AYY, Kamphuisen PW, Meyer G, et al. Tinzaparin vs
warfarin for treatment of acute venous thromboembolism in
patients with active cancer: a randomized clinical trial. JAMA.
2015;314:677-686. doi:10.1001/jama.2015.9243

Springer J, Villa-Forte A. Thrombosis in vasculitis. Curr Opin
Rheumatol. 2013;25:19-25.

De Stefano V, Ruggeri M, Cervantes F, et al. High rate of
recurrent venous thromboembolism in patients with myelopro-
liferative neoplasms and effect of prophylaxis with vitamin K
antagonists. Leukemia. 2016;30:2032-2038.

Linkins LA, Dans AL, Moores LK, et al. Treatment and pre-
vention of heparin-induced thrombocytopenia: Antithrombotic
Therapy and Prevention of Thrombosis, 9th ed: American

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

College of Chest Physicians Evidence-Based Clinical Practice
Guidelines. Chest. 2012;141(2 suppl):e495S-¢530S.
Goldenberg NA, Branchford B, Wang M, Ray C Jr, Durham
JD, Manco-Johnson MJ. Percutaneous mechanical and phar-
macomechanical thrombolysis for occlusive deep vein throm-
bosis of the proximal limb in adolescent subjects: findings
from an institution-based prospective inception cohort study
of pediatric venous thromboembolism. J Vasc Interv Radiol.
2011;22:121-132.

Finazzi G, Marchioli R, Brancaccio V, et al. A randomized
clinical trial of high-intensity warfarin vs. conventional anti-
thrombotic therapy for the prevention of recurrent thrombosis
in patients with the antiphospholipid syndrome (WAPS). J
Thromb Haemost. 2005;3:848-853.

Ianotto JC, Chauveau A, Mottier D, et al. JAK2V617F and
calreticulin mutations in recurrent venous thromboembolism:
results from the EDITH prospective cohort. Ann Hematol.
2017;96:383-386. doi:10.1007/s00277-016-2853-1

De Stefano V, Martinelli I, Mannucci PM, et al. The risk of
recurrent deep venous thrombosis among heterozygous carriers
of both factor V Leiden and the G20210A prothrombin muta-
tion. N Engl J Med. 1999;341:801-806.

Costantino G, Ruwald MH, Quinn J, et al. Prevalence of pul-
monary embolism in patients with syncope. JAMA Intern Med.
2018;178:356-362.

Ammar H, Ohri C, Hajouli S, et al. Prevalence and predic-
tors of pulmonary embolism in hospitalized patients with
syncope. South Med J. 2019;112:421-427. doi:0.14423/SMJ.
0000000000001009

Kasper W, Konstantinides S, Geibel A, et al. Management
strategies and determinants of outcome in acute major pul-
monary embolism: results of a multicenter registry. J Am Coll
Cardiol. 1997;30:1165-1171.

Konstantinides SV, Torbicki A, Agnelli G, et al. 2014 ESC
guidelines on the diagnosis and management of acute pulmo-
nary embolism. Eur HeartJ.2014;35:3033-3069, 3069a-3069k.
doi:10.1093/eurheartj/chu283

Biiller HR, Agnelli G, Hull RD, Hyers TM, Prins MH, Raskob
GE. Antithrombotic therapy for venous thromboembolic dis-
ease: the Seventh ACCP Conference on Antithrombotic and
Thrombolytic Therapy. Chest. 2004;126(3 suppl):401S-428S.
Wan S, Quinlan DJ, Agnelli G, Eikelboom JW. Thrombolysis
compared with heparin for the initial treatment of pulmonary
embolism: a meta-analysis of the randomized controlled trials.
Circulation. 2004;110:744-749.

Kiirkeiyan I, Meron G, Sterz F, et al. Pulmonary embolism as a
cause of cardiac arrest: presentation and outcome. Arch Intern
Med. 2000;160:1529-1535.

White RH, Brunson A, Romano PS, Li Z, Wun T.
Outcomes after vena cava filter use in noncancer patients
with acute venous thromboembolism: a population-
based study. Circulation. 2016;133:2018-2029. doi:10.1161/
CIRCULATIONAHA.115.020338



