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Abstract
Purpose of Review We aimed to describe bleeding events associated with extracorporeal cardiopulmonary resuscitation (eCPR)
using two institutional heparin protocols. In addition, we discuss current barriers to optimal anticoagulation in this critical
population.
Recent Findings Patients initiated on venoarterial membrane oxygenation (VA-ECMO) are at risk of bleeding and thrombosis;
both conditions can lead to severe morbidity or mortality. Intravenous heparin is the preferred form of anticoagulation for VA-
ECMO. Prior studies have found elevated activated partial thromboplastin time (aPTT) may be an independent risk factor for
bleeding; however, many studies lack standardization of bleeding scores and optimal anticoagulation targets.
Summary All six patients initiated on VA-ECMO experienced at least one bleeding event. Of 71 aPTT levels collected, 44%
were within therapeutic range, 18% were subtherapeutic, and 38% were supratherapeutic. There were no obvious correlation
between aPTT levels and bleeding. Future studies are needed to evaluate anticoagulation strategies in this population.
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Introduction/Background

Extracorporeal cardiopulmonary resuscitation (eCPR) using
venoarterial extracorporeal membrane oxygenation (VA-

ECMO) is increasing throughout the world. Improving sur-
vival and favorable neurological outcomes has led to in-
creased use as advanced therapy for out-of-hospital cardiac
arrest [1–3]. eCPR is appealing because it provides full car-
diopulmonary support to patients in cardiopulmonary arrest
[4•]. This benefits providers and patients by allowing cessa-
tion of external chest compressions, thus reducing trauma, and
minimizing stress, in addition to providing time for diagnosis
and treatment of the underlying arrest etiology [5, 6]. Initiation
of eCPR often includes a loading dose of a preferred antico-
agulant upon cannulation and priming. The Extracorporeal
Life Support Organization (ELSO) recommends utilizing
unfractionated heparin (UFH) at a dose of 50–100 units/kg
upon initiation, then followingwith an intravenous continuous
infusion. Anticoagulation strategies are mixed and vary be-
tween institutions; however, UFH is most often used [4•, 7•,
8, 9•]. Bleeding events associated with eCPR are a major
complication and hemorrhagic complications are well under-
stood to be the most common adverse effects of VA-ECMO,
significantly contributing to morbidity and death [10, 11••].
To our knowledge, the existing literature around anticoagula-
tion during eCPR is limited to descriptive practices or proce-
dures to reduce bleeding in patients initiated on VA-ECMO in
the emergency department. This study aimed to evaluate
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heparin anticoagulation and bleeding events in adult patients
initiated on VA-ECMO for eCPR in the emergency depart-
ment after out-of-hospital cardiac arrest.

Methods

This study was a single-center retrospective chart review of all
emergency department (ED) eCPR cases from July 2015 through
July 2016 at the University of Utah. University of Utah Health is
a tertiary academic medical center serving as a safety net hospital
for the mountain states region, with over 60,000 emergency de-
partment visits annually. Patients were included if they sustained
cardiac arrest treated in the ED with resuscitative VA-ECMO.
Patients were excluded if they survived less than 24 h, transferred
from an outside facility, or cannulated for VA-ECMO in an in-
patient intensive care unit or catheterization lab. This study was
approved by the University of Utah Institutional Review Board.

The primary endpoint was the percentage of measured ac-
tivated partial thromboplastin time (aPTT) levels within ther-
apeutic range, according to the institution’s selected heparin
protocol. Secondary endpoints were bleeding events on hep-
arin, defined by the Bleeding Academic Research Consortium
(BARC) grading, and in hospital mortality.

Datawas obtained through electronicmedical records (EMR).
Information collected included baseline characteristics, heparin
protocol ordered, complete blood count, aPTT, bleeding events,
and death during hospitalization. Patients were identified as hav-
ing a bleeding event if they had a decrease in hemoglobin of at
least 3 points over 24 h, if they received at least 1 unit of packed
red blood cell (PRBC) transfusion, or if a medical note stated
there was bleeding requiring medical action. Any bleeding event
identified was categorized using BARC definitions.

Due to the retrospective and descriptive nature of this
study, sample size calculations and statistical analysis were
not performed.

Anticoagulant Titration Management

At our institution, heparin is the most common anticoagulant
used during extracorporeal life support (ECLS), including
ECMO. During ECMO cannulation, patients are initially giv-
en up to 5000 units of heparin as a bolus, then initiated on a
heparin drip, managed per protocol.

There are two heparin protocols available at our institution
routinely used while patients are on ECMO therapy. One proto-
col, called the high dose (HD) protocol, targets aPTT goals be-
tween 70 and 90 s; the second low dose (LD) protocol targets
aPTT goals of 40–60 s. Neither protocol utilizes a bolus on
initiation or intermittently for low aPTT levels. Heparin drip rates
are titrated up or down by trained nursing staff based on aPTT
levels drawn every 6 h.

Results

From July 1, 2015 to June 30, 2016, 7 patients were cannu-
lated for VA-ECMO for ongoing circulatory support due to
refractory out-of-hospital cardiac arrest in the ED. A single
patient was excluded for ineffectual VA-ECMO cannulation
and subsequent death, leaving 6 patients assessed.
Demographic characteristics are outlined in Table 1. Of the
six patients, median age was 53.5 (± 7) years, 50% were male,
and 83% had at least one cardiovascular risk factor.

After initial heparin exposure, all patients were initiated on
the LD heparin drip protocol. Three of the six patients were
transitioned to the HD heparin protocol at 19, 28, and 64 h,
respectively. Patients were deemed hemodynamically stable
without evidence of overt bleeding at the time of transition.
Three patients were never placed on the HD heparin protocol
during VA-ECMO and had no reported thrombosis events
during the hospitalization.

Out of 71 aPTT levels collected while patients were on both
ECMO and heparin, 44% were within therapeutic range, while
18% were subtherapeutic, and 38% were supratherapeutic, per
the ordered heparin protocol (Table 2). Using BARCdefinitions
for bleeding, 13 type 2 and 10 type 3a bleeding events were
identified [12, 13••]. Type 2 bleeding was most commonly
identified throughmedical notes containing information regard-
ing cannulation sites with consistent oozing, small hematomas,
or persistent gastrointestinal bleeding (GIB). All BARC type 2
bleeding lead to a bleeding assessment by the cardiothoracic
and intensive care unit (ICU) teams. Interventions for type 2
bleeding included blood transfusions, holding pressure at can-
nula sites, or surgical investigation of bleeding sites. BARC
type 3a bleeding was identified by a hemoglobin drop of ≥

Table 1 Patient characteristics

Patient characteristics (n = 6)

Age, years 53.5% (± 7)

Male 3 (50%)

Hypertension 5 (83%)

Hyperlipidemia 3 (50%)

Diabetes mellitus 1 (17%)

Current smoker 4 (67%)

Myocardial infarction 1 (17%)

Stent/percutaneous coronary intervention 1 (17%)

Stroke/transient ischemic attack 1 (17%)

Coagulopathy 0

APACHE II

VA-ECMO days

1–7 5 (83%)

7+ 1 (17%)

In hospital mortality 3 (50%)
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3 g/dL and/or blood products administered for hemodynamic
stabilization (Table 3).

Among all patients, 32 units of PRBC, 4 units of fresh frozen
plasma (FFP), and 3 platelets (PLTs) were administered. Of 26
aPTT levels drawn within 6 h prior to blood transfusions,
88.5% were below 70 s (aPTT 42 ± 11 s), while 11.5% were
greater than or equal to 70 s (PTT 122 ± 45). Vasoactive agents
were required intermittently in all patients at some point during
VA-ECMO therapy. Vasopressin and epinephrine were most
commonly utilized to maintain hemodynamic stability. Eight
of the 10 BARC type 3 bleeding events required PRBCs and
initiation or increased dose of vasoactive agents. APTT levels
were recorded at the time a BARC bleeding event was docu-
mented shown in Fig. 1. A majority of bleeding events were
noted to occur with an aPTT < 70 s.

Discussion and Limitations

In this small observational study, we sought to review bleed-
ing events and the corresponding aPTT levels in patients
placed on VA-ECMO in the ED. Out of 6 patients, all patients
met at least one BARC definition of bleeding while on VA-
ECMO therapy. Most bleeding sources were identified as sur-
gical site or ear, nose, and throat (ENT) related bleeding re-
quiring blood products. Our main finding in our small cohort
of patients, bleeding events occurred regardless of the aPTT.
This raises the question of whether aPTT levels are reliable in
this population or predictive of bleeding, and thus of the va-
lidity and utility of targeting therapeutic aPTT levels.

There is a general understanding that exposure of blood
through the ECMO circuit results in both inflammatory and
pro-thrombotic responses, necessitating the use of systemic
anticoagulation. While the causes of bleeding are known to
be multifactorial, with platelet activation, von Willebrand fac-
tor depletion, and hyperfibrinolysis, the type and intensity of
anticoagulation needed has yet to be fully understood [8, 14,
15•, 16]. Likewise, given the multifactorial nature of coagu-
lopathy during mechanical circulatory support, alternative as-
sessments of anticoagulation have been proposed, including
D-Dimer and ROTEM [17–20], with varying results.

The utilization of blood products to maintain hemostasis is
commonly used in ECMO. Although ELSO recommends
maintaining hemoglobin levels within the normal range of
8–12 g/dL, there is little clinical data to support this practice
to be superior. In our observed population, 29 PRBC transfu-
sions occurred while on heparin therapy. In practice, providers
may not achieve recommended levels and have to weigh ben-
efits and risks of multiple transfusions. Multiple analysis ob-
serving adult ECMO found survivors received less PRBC
transfusions and adopting restrictive transfusion practices is
reasonable and safe [19, 21]. Although the finding has not
been validated prospectively in a large randomized study,
the risks of transfusions are known to place patients at risk
of transfusion-related complications such as acute lung injury
and hemolytic reactions [22, 23].

Overall, bleeding complications reported in the literature
occur in over 50% of patients who receive extracorporeal
membrane oxygenation therapies (ECMO) [11••, 24••]. The
variations in bleeding rates may be contributed by the lack of
standard bleeding scores for this population. It is reported
that surgical site bleeding at the cannulation site is the most
common source of bleeding in ECMO [25, 26]. In our co-
hort, we found cannulation and ENT-associated sites to be
the most common sources of bleeding. While intracranial
bleeding is a known complication of ECMO, we did not
identify any intracranial hemorrhage (ICH) events in our
sample.

Table 3 BARC bleeding type

BARC definitions for bleeding

Type 0 No bleeding

Type 1 Bleeding that is non actionable

Type 2 Overt, actionable signs of hemorrhage-requiring intervention

Type 3 (a) Overt bleeding with Hgb drop of 3–4 g/dL, any transfusion
(b) Overt bleeding with Hgb drop of ≥ 5 g/dL, tamponade,

surgical intervention, or vasoactive agents
(c) Intracranial hemorrhage, intraocular bleeding

Type 4 CABG-related bleeding

Type 5 (a) Probable fatal bleeding
(b) Definite fatal bleeding

Table 2 Activated partial thromboplastin time (aPTT) range

aPTTwithin target range

LD heparin 40–60 s (n = 46) HD heparin 70–90 s (n = 25)

In range = 27 (59%) In range = 4 (16%)

aPTT > 60 = 12 (26%) aPTT > 90 = 1 (4%)

aPTT < 40 = 7 (15%) aPTT < 70 = 20 (80%)

Fig. 1 aPTT and bleeding relationship
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Conclusion

Our study, although limited to a small sample size, demon-
strated aPTT did not correlate with bleeding events. Forty-four
percent of all aPTT levels met the targeted goal range leaving
room for improvements in protocol adherence. All patients
met at least one BARC bleeding criteria while on VA-
ECMO. Although half of our patient population had in hospi-
tal death, in no case was it due to uncontrolled or fatal bleed-
ing. This descriptive study suggests the need for larger pro-
spective studies to assess for optimal coagulation targets.
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