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ABSTRACT

Background: Patients undergoing surgery for congenital heart disease are at high
risk for bleeding as well as thrombosis in the postoperative period. The objective
of the study was to describe the design and effects of implementing a standardized
unfractionated heparin anticoagulation protocol for children after congenital heart
surgery.

Methods: We created a tiered guideline for the postoperative management of
bleeding and thrombosis. In patients treated with unfractionated heparin, anti-
factor Xa activity level as well as activated partial thromboplastin time were
used for dose titration. Clinical outcomes, including bleeding and thrombosis
events, were prospectively collected for 5 months before and after protocol imple-
mentation and adjudicated as either minor, clinically relevant nonmajor, or major.

Results: Among 792 surgical patients followed during the study period, a total of
203 patients (87 preimplementation, 116 postimplementation) were treated with
therapeutic unfractionated heparin over a total of 1481 patient days. Of these,
28%were neonates and 35%were infants (29 days to 1 year), with a trend toward
fewer neonates and lower Risk Adjustment for Congenital Heart Surgery
(RACHS) scores after protocol implementation. Among 1321 time-matched
pairs, activated partial thromboplastin time and antifactor Xa activity levels
were poorly correlated (r2 ¼ 0.33). Clinically relevant bleeding events, which
required increased medical care, including blood transfusion, decreased after pro-
tocol implementation (4.14 vs 1.62 bleeding events per 100 patient-days; risk ra-
tio, 0.39 [0.20-0.75]; P ¼ .005), even after correcting for differences in age and
RACHS scores (P ¼ .006). This finding was primarily found after RACHS cate-
gory 1 to 3 procedures (risk ratio, 0.27 [0.10-0.73]; P ¼ .0099) and in noninfants
(risk ratio, 0.25 [0.09-0.65]; P ¼ .005). There were no significant differences in
the incidences of major bleeding (P ¼ .88) or any thrombosis (P ¼ .55).

Conclusions: The use of a standardized anticoagulation protocol is feasible and
might reduce the incidence of bleeding and thrombosis events in postcardiotomy
patients. (J Thorac Cardiovasc Surg 2018;156:343-52)
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therapeutic range from 12% to 4%.
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An approach to heparin titration using aPTT as

well as anti-Xa levels decreased the incidence

of clinically significant bleeding in heparinized

patients after congenital heart surgery.
Perspective

Despite its common use, titration of unfractio-

nated heparin may be guided by either anti-

Xa level or partial thromboplastin time. Use

of a protocol including both assays decreased

the incidence of clinically significant bleeding

events, and there was no change in the inci-

dence of thrombosis.
See Editorial Commentary page 353.
Patients undergoing surgery for congenital heart disease are
at risk for thrombosis as well as bleeding in the postopera-
tive period. Patients with established thromboembolic
risk include those with single ventricle cardiac lesions
(including those with systemic-pulmonary shunts;
8%-12% incidence of thrombosis1,2), postoperative
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Abbreviations and Acronyms
anti-Xa ¼ antifactor Xa
aPTT ¼ activated partial thromboplastin time
AT ¼ antithrombin (aka antithrombin III)
ICU ¼ intensive care unit
PD ¼ patient-days
RACHS ¼ Risk Adjustment for Congenital Heart

Surgery
UFH ¼ unfractionated heparin
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central venous catheters (40% incidence of thrombosis3),
atrial arrhythmias,4 and Fontan circulation (17%-33% inci-
dence of postoperative thrombosis5,6). Patients at risk for
postoperative bleeding include infants,7,8 those
undergoing complex procedures, low body weight,
repeated sternotomy, and congenital abnormalities.9 Post-
operative bleeding has been shown to be an independent
risk factor for postoperative dialysis, extracorporeal life
support,10 increased duration of mechanical ventilation,
and length of stay.11

The management of anticoagulation in this population
is complex because of the heightened risk of thrombosis
as well as bleeding. Many subspecialists, including cardi-
ologists, cardiac intensivists, cardiac surgeons, neonatolo-
gists, pharmacists, and hematologists might contribute to
decision-making. Some institutions have formed special-
ized anticoagulation teams12 to guide inpatient and outpa-
tient management. Further complicating anticoagulation
management is that no monitoring assay has been shown
to predict risk of bleeding, and available assays might
yield discrepant values, particularly in newborn infants.
For example, unfractionated heparin (UFH), commonly
used in the postoperative period, can be monitored using
either the activated partial thromboplastin time (aPTT) or
using an antifactor Xa activity (anti-Xa) assay. The aPTT
is a functional test of coagulation time that might be
affected by developmental hemostasis, coagulation factor
deficiencies, or circulating coagulation inhibitors (eg,
lupus anticoagulants).13 The anti-Xa assay chromogeni-
cally quantifies the heparin–antithrombin (AT) complex,
and is therefore highly dependent upon serum AT
levels,14 but is otherwise independent of bias from other
biological factors.15,16 Because AT levels are low in
newborn infants,17 anti-Xa activity is frequently low in
these patients, even in the setting of elevated aPTT. For
this reason, some laboratories add AT to all samples
before anti-Xa level measurement, following package
insert guidance but obscuring AT deficiency in patients.
We do not add AT before anti-Xa determination at our
institution. Titration of UFH might be according to either
assay, and significant disagreement persists in which one
to follow.
344 The Journal of Thoracic and Cardiovascular Surg
Few guidelines exist to direct management of coagula-
tion in postsurgical patients, particularly in neonates.
Although low molecular weight heparin is commonly
used for thromboprophylaxis in the pediatric population,18

our protocol describes the use of UFH because of its ability
to be administered by continuous infusion (rather than sub-
cutaneous injection) and rapidly titrated in the acute postop-
erative setting. In this report, we describe a protocol guiding
the management of bleeding and thromboprophylaxis on
monitoring assay results, as well as the incidence of
bleeding and thrombosis in patients undergoing congenital
heart surgery at a single institution.

METHODS
This study was approved by the institutional review board at Boston

Children’s Hospital. We prospectively recorded bleeding and thrombosis

events, as well as all anticoagulation medications and monitoring tests in

all consecutive surgical admissions to the Cardiac intensive care unit

(ICU) at Boston Children’s Hospital from August, 2015 to July, 2016. Pa-

tients admitted for medical indications (eg, heart failure) were excluded, as

were surgical patients during periods of treatment with a ventricular assist

device or extracorporeal membrane oxygenation, whowere treated accord-

ing to separate protocols. Each day, a single investigator prospectively re-

corded all doses of anticoagulation medications (including UFH infusion

rates and changes, enoxaparin, warfarin, aspirin, and clopidogrel), time-

stamped monitoring laboratory data (including international normalized

ratio, aPTT (run in the core laboratory on PTT Automate 5, Diagnostic

Stago, Inc, Parsippany, NJ, with silica activator), anti-Xa activity (run in

core laboratory without addition of exogenous AT on Stago STA-

R Evolution, Diagnostic Stago), AT level, and platelet count into a deiden-

tified study record using an automated data export tool (Microstrategy Inc,

Tysons Corner, Va), and confirmed by review of the medical record.

Bleeding was quantified through abstraction from the medical record as

well as bedside discussions with the treating medical team and nurse and

adjudicated according to the bleeding and thrombosis definitions outlined

below.

Anticoagulation Protocol
We created a coagulation management protocol that provided coagula-

tion management recommendations for infants and children after cardiac

surgery (Figures 1-3). The protocol was on the basis of a systematic

review of the available literature, review of best practices in place at

other large cardiac centers, and several multidisciplinary meetings

including experts in hematology, cardiac surgery, cardiac intensive care,

and laboratory medicine. The protocol included 3 phases: acute

postoperative management of bleeding, acute postoperative

anticoagulation, and long-term inpatient bridge strategy. At the time of

ICU admission, the initial anticoagulation approach was decided on the ba-

sis of discussion between the attending surgeon and intensivist, who

weighed the competing risks of bleeding and thrombosis. Bleeding at

ICU admission was classified as mild, moderate, or severe. Patients with

severe bleeding were treated with blood product replacement according

to documented deficiencies on the basis of either thromboelastography or

routine coagulation laboratory values. After hemostasis, the initial antico-

agulation strategy (decided at the time of ICU admission) was initiated.

Patients in whom therapeutic anticoagulation was indicated were

managed using a guidance table for UFH titration (Figure 4); because of

the discrepancies in anti-Xa and aPTTassay results, the table includes a de-

cisionmatrix, which includes the results of both (ie, patients treated accord-

ing to the protocol received testing using both assays). During the

preimplementation period, UFH titration was performed at the discretion
ery c July 2018



FIGURE 1. The anticoagulation protocol for surgical patients included

recommendations for coagulation management during bleeding. Note

that specific aPTT goals might vary on the basis of the assay used. aPTT,

Activated partial thromboplastin time; ICU, intensive care unit; CVL, cen-

tral venous line; PT, prothrombin time; INR, international normalized ratio;

PTT, partial thromboplastin time; CBC, complete blood count; TEG,

thromboelastography; CPB, cardiopulmonary bypass; ASA, aspirin; IJ, in-

ternal jugular;PRBC, packed red blood cell;MA, maximal amplitude;Max,

maximum; FVIIa, activated factor VIIa.

FIGURE 2. The anticoagulation protocol for surgical patients included

recommendations for coagulation management for thromboprophylaxis

during the acute postoperative period. Note that specific aPTT goals might

vary on the basis of the assay used. aPTT, Activated partial thromboplastin

time; ECMO, extracorporeal membrane oxygenation; VAD, ventricular

assist device; PT, prothrombin time; INR, international normalized ratio;

PTT, partial thromboplastin time; AT, antithrombin; BTS, Blalock-

Taussig shunt; anti-Xa, antifactor Xa activity; CBC, complete blood count;

DVT, deep vein thrombosis.
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of the treating team, commonly according to an aPTT titration table (Table

E1). After implementation, UFH titration in all patients was performed ac-

cording to Figure 1, and used the results of anti-Xa level as well as aPTT.

This titration matrix, created by the authors, is intended to use anti-Xa

whenever possible, but uses aPTT level to dose-limit upward titration of

UFH. This was done intentionally to prevent extreme elevations in aPTT,

which might increase the risk of bleeding in postsurgical patients,19 and

is the primary reason that medical patients (who might have a lower

intrinsic risk of bleeding) were not included in this protocol. Upon admis-

sion, the clinical team identified a site for blood sampling for
The Journal of Thoracic and Ca
anticoagulation laboratory monitoring that did not contain a heparin flush;

arterial catheters were preferred. No boluses of UFHwere used in either the

pre- or postimplementation period in this postsurgical cohort. No routine

investigations were performed to investigate discordance between anti-

Xa and aPTT assay results.

Protocol Implementation and Monitoring
Before implementation in February 2016, protocol dissemination

included in-person and online (NetLearning, HealthcareSource) educa-

tional sessions with the nursing, medical, and surgical physician staff in

the cardiac ICU. After implementation, study members rounded daily

with medical teams to provide clarity on protocol recommendations, and

a phone number was established for questions to be answered ad hoc. A

protocol summary was placed on placards at every bedside, as well as in

physician and nursing work areas.
rdiovascular Surgery c Volume 156, Number 1 345



FIGURE 3. The anticoagulation protocol for surgical patients included

recommendations for coagulation management during the long-term post-

operative period. Note that specific aPTT goals might vary according to the

assay used. aPTT, Activated partial thromboplastin time; PO/PG, per oral

or gastric route; PR, per rectum; ARU, aspirin response unit; TEG, throm-

boelastography; PM, platelet mapping; PRU, P2Y12 Reaction Unit; max,

maximum; INR, international normalized ratio; PMA, postmenstrual age;

SQ q, subcutaneously administered every; anti-Xa, antifactor Xa activity.
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After implementation, we assessed compliance with protocol recom-

mendations by comparing medications administered with each patient’s

laboratory values, time to dose change, and time to next laboratory evalu-

ation. We also monitored compliance with the following documentation

metrics by review of the medical record: a successful documentation

episode included physician and nursing documentation of the indication

for anticoagulation, the intended approach, duration, and bridge strategy.
346 The Journal of Thoracic and Cardiovascular Surg
Therapeutic Anticoagulation Metrics
We determined the average number of laboratory draws per patient-days

(PD), average number of UFH dosing changes per PD, time to target range,

and the proportion of patient-hours spent above, below, and within the

target range on the basis of review of the database. The target range was

defined as laboratory results for which ‘‘no change’’ was prescribed in

the relevant protocol.

Bleeding and Thrombosis Definitions
Bleeding events were defined as listed in Table 1. These criteria were on

the basis of accepted definitions20 and modified for the pediatric postcar-

diotomy population. Events were classified as either major, clinically rele-

vant nonmajor, or minor. Clinically relevant, nonmajor bleeding included

any bleeding that was associated with an unscheduled intervention,

including a dressing change, laboratory evaluation, or elective transfusion.

Blood transfusions took place according to clinician judgement, guided by

a unit-wide transfusion protocol that was unchanged during the pre- or

postimplementation period (Table E2). Further, events were classified as

spontaneous or provoked (ie, procedure-related). For example, a new intra-

cranial hemorrhage was defined as major, spontaneous bleeding. Thoracic

drainage for which the patient was not further evaluated or treated was not

considered a bleeding event.

Thrombosis definitions are described in Table 2. We did not routinely

screen for thrombosis in this study; all identified thrombosis was on the ba-

sis of clinically indicated examinations or clinical events. Examples of ma-

jor thrombosis included aortopulmonary shunt thrombosis or an occlusive

arterial thrombus in a central vessel. An incidental, asymptomatic, nonoc-

clusive venous thrombus was classified as minor.

Each bleeding or thrombosis event was recorded, including details of

the event, anticoagulation medications, and laboratory values; this record

was then adjudicated in blinded fashion according to the definitions

described previously by 2 members of the study team. In the event of

disagreement, the event was reviewed by an additional member of the

research team.

Statistical Methods
Characteristics of patients studied in the pre- and postprotocol imple-

mentation periods were compared using a Fisher exact test for dichotomous

variables, a Wilcoxon rank sum test for skewed and ordinal variables, and

Student t test for nonskewed continuous variables. Incidence rates for ma-

jor bleeding and for major thrombosis were calculated using the number of

events and the total follow-up time per patient up to date of discharge. Pois-

son regression was used to compare the incidence rates before and after im-

plementation of the anticoagulation protocol, including a separate analysis

controlling for age and Risk Adjustment for Congenital Heart Surgery

(RACHS) score. Subgroup analyses according to age and RACHS score

were performed without tests of interaction. A generalized linear model

with a compound symmetry covariance structure to account for correlated

observations was used to assess associations between anti-Xa level as the

outcome and aPTT and AT as predictors.
RESULTS
A total of 792 patients undergoing cardiac surgery from

August 2015 to June 2016 were included in this analysis.
Three hundred ninety-seven patients in the preimplementa-
tion period and 395 in the postimplementation period were
followed for a total of 5163 PD. A total of 203 patients were
treated with therapeutic UFH over a period of 1481 PD. Af-
ter protocol implementation, there was a nonsignificantly
lower proportion of neonates, as well as a lower proportion
of patients with RACHS 7 procedures (Table 3 and
ery c July 2018



FIGURE 4. A titration grid for heparin titration in postoperative patients that incorporates activated partial thromboplastin time as well as anti-Xa activity.

The time to rechecking laboratory values is denoted in parentheses. Note that this titration approach was optimized for patients in whom the short-term risk

of bleeding was thought to exceed that of thrombosis, and excludes a heparin bolus. anti-Xa, Antifactor Xa activity; aPTT, activated partial thromboplastin

time.
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Table E3). Survival to ICU discharge was similar between
groups (94.3% vs 99.1%; P ¼ .13).

Protocol Effect on Laboratory Frequency, Blood
Transfusions, and Heparin Use

The average number of blood samples sent for moni-
toring assays was higher after protocol implementation
(2.14 � 1.15 vs 2.38 � 1.13 laboratory draws per patient
per day; P<.001). Assuming a 2-mL blood sample per lab-
oratory draw, this represented 0.58� 0.65 mL/kg/d of UFH
monitoring before and 0.90 � 0.65 mL/kg/d after protocol
implementation for the combined neonate and older infant
cohorts (P ¼ .022). Note that aPTT and anti-Xa are simul-
taneously run on the same aliquot of blood in our core lab-
oratory, and no extra blood was drawn for either test.
Accordingly, there was an increase in the mean number of
dosing changes per day postprotocol (2.41 � 0.96 vs
2.94 � 0.97 dosing changes per patient per day;
P ¼ .0001). Compliance with protocol recommendations
also increased from 58.4% to 81.1% of laboratory results
TABLE 1. Definitions of bleeding events

Major bleeding Clinically relevant no

1. New or acute on chronic intracranial

hemorrhage (except for germinal matrix

hemorrhage)

2. Bleeding requiring surgical intervention

3. Emergent transfusion of blood products for

bleeding with hemodynamic instability

4. Fatal bleeding

Any overt, actionable sign

does not meet the criteria

meet 1 of the following:

1. Nonsurgical, medical in

(transfusion)

2. Increased level of care

3. Prompting evaluation (l

4. Elective transfusion in r

event

The Journal of Thoracic and Ca
after protocol implementation. The number blood transfu-
sions was similar after protocol implementation in patients
being treated with UFH (0.27 vs 0.14 transfusions per PD;
P ¼ .27).

Protocol Effect on Monitoring Assay Results
Time to target range was similar between groups

(9.2 � 0.8 vs 9.3 � 0.7 hours; P ¼ .95). Although the
average dose of heparin was similar before and after proto-
col implementation (21.8 � 6.8 vs 28.9 � 8.2 U/kg/h;
P ¼ .26), the average aPTT increased after protocol imple-
mentation (67 vs 75 seconds; P<.001; Figure 5, A). Among
1321 time-matched pairs, aPTT and anti-Xa levels were
found to be poorly correlated (r2 ¼ 0.33), and the relation-
ship was similar regardless of age group (Figure 5, B). On
the basis of mixed effects modeling, AT was a significant
predictor of anti-Xa level (P<.001); when holding aPTT
constant, every 10% increase in AT causes a 0.05 unit in-
crease in anti-Xa level; this means that an anti-Xa level of
0.5 would become 0.75 by correcting AT levels from
nmajor bleeding Minor bleeding

s of hemorrhage that

for ‘‘major’’ but does

tervention

(dressing change)

aboratory or imaging)

esponse to bleeding

Bleeding that is not actionable and does not cause

unscheduled performance of studies or any

treatment

rdiovascular Surgery c Volume 156, Number 1 347



TABLE 2. Classifications of thrombosis events

Major Minor

1. Requiring surgical intervention or

thrombectomy

2. Requiring systemic or local

administration of thrombolytic agent

3. Documented thrombus-related arterial

or venous ischemia resulting in

clinically relevant end organ

dysfunction, defined as 1 or more of

the following:

� Cerebrovascular thrombosis with

or without seizure or neurologic

deficit

� Pulmonary embolism identified on

pulmonary angiogram or computed

tomography scan

� Renal artery or vein thrombus with

elevated creatinine

� Hepatic artery thrombosis

� Mesenteric: documented evidence

of bowel ischemia associated with

mesenteric artery thrombosis

� Limb: evidence of limb ischemia

with occlusive thrombus on

ultrasound

All documented

thrombosis not meeting

criteria for major

Congenital: Perioperative Management Nair et al
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50% to 100%. Antithrombin replacement took place in
fewer patients after protocol implementation (21.6% vs
8.6%; P ¼ .014). AT levels were found to be normally
distributed in all age groups, and to be similar between
neonatal, non-neonate infant, and older children
(Figure 5, C). When controlling for AT level, age category
(neonate vs infant vs noninfant) was not a significant predic-
tor of anti-Xa. The proportion of time spent above the target
range was decreased after protocol implementation (12.8%
vs 4.4% of patient-hours), and the time within the target
was similar (Figure 6).
Protocol Effect on Bleeding Events
A total of 677 PD were analyzed before and 804 PD after

protocol implementation during treatment with therapeutic
UFH. The incidence of clinically relevant bleeding during
treatment with UFH decreased from 4.14 to 1.62 events
per 100 PD after protocol initiation (risk ratio, 0.39 [0.20-
0.75]; P ¼ .005; Table 4), even after adjustment for age
and RACHS score (P ¼ .006). Clinically relevant bleeding
events included bleeding from a thoracic drain, surgical or
percutaneous catheter site (Table E4), which required a
blood transfusion or other medical attention (Table E5).
This decrease in bleeding events during therapeutic heparin
was primarily found after RACHS category 1 to 3 proced-
ures (risk ratio, 0.27 [0.10-0.73]; P ¼ .0099; Table E6),
and in noninfants (risk ratio, 0.25 [0.09-0.65]; P ¼ .005;
348 The Journal of Thoracic and Cardiovascular Surg
Table E7). Overall, the percentage of patients with a major
bleeding event during therapeutic heparin was similar for
the 2 periods (2.3% vs 1.7%; P ¼ .78).

Protocol Effects on Thrombosis Events
The incidence of clinically apparent thrombosis events in

patients being treated with therapeutic UFH was similar
before and after protocol implementation (risk ratio, 0.76
[0.31-1.86]; P ¼ .55; Table 4). Few patients were treated
with recombinant factor VIIa (2.3% preimplementation,
0% postimplementation; P ¼ .18), none of which were
contemporaneous with the administration of UFH, and
none of the subsequent thrombotic events occurred in these
patients. A description of the major thrombosis events is
shown in Table E4.

Protocol Effect on Documentation Compliance
Compliance with documentation metrics improved from

5% preimplementation to 90% among physician practi-
tioners and 82% among nursing staff, postprotocol imple-
mentation. Compliance with protocol UFH titration
recommendations was 87%.

DISCUSSION
We describe the effects of an anticoagulation protocol de-

signed for postsurgical cardiac patients. Protocol imple-
mentation was associated with a decrease in the incidence
of clinically relevant bleeding events that occurred during
treatment with therapeutic UFH, even after controlling for
important differences between groups in age and RACHS
score, with no significant change in the incidence of throm-
bosis. After protocol implementation, therapeutic anticoa-
gulation monitoring with UFH was more intensive,
increasing the number of laboratory checks and dosing
changes per day, and decreasing the number of patient-
hours above the therapeutic range. The increase in blood
sampling was an undesirable effect, but was likely related
to improved compliance with recommendations for re-
checking intervals, which were the same during pre- and
postintervention periods. Standardization of anticoagula-
tion practices has the putative benefits of minimizing vari-
ability and errors, and has been a national patient safety
goal of the Joint Commission (Video 1).21

First, although UFH remains commonly used in infants
and children,22 it remains unclear whether anti-Xa or
aPTT should be used as the primary assay to guide UFH
titration in neonates and infants. As presented previously,
our protocol took a hybrid approach to this issue, using
anti-Xa to guide UFH dosing but aPTT to limit UFH dosing.
Our institution’s formulary allows titration of UFH to either
aPTTor anti-Xa levels. Most surgical patients are titrated to
aPTT, and titration targets vary according to institution on
the basis of the assay used.23 In an early study describing
anticoagulation in infants and children, a close correlation
ery c July 2018



TABLE 3. Characteristics of patients treated with therapeutic UFH before and after protocol implementation

Variable Preimplementation Postimplementation P value

Patients, n 87 116

Patient-days of treatment with therapeutic heparin, n 677 804

Male sex, n (%) 41 (46.6%) 50 (43.5%) .67

Prematurity, n (%) 3 (3.4%) 6 (5.3%) .73

Known chromosomal abnormality, n (%) 0 (0%) 0 (0%) >.9

Median age at surgery, y 0.33 (0.03-2.37) 0.39 (0.10-2.11) .26

Age at surgery

Neonate (�28 d) 30 (34.5%) 27 (23.3%) .21

Infant (29 d to 1 y) 27 (31.0%) 44 (37.9%)

Noninfant (>1 y) 30 (34.5%) 45 (38.8%)

Median (IQR) length of stay, d 10.0 (5.0-19.5) 9.0 (4.0-16.0) .22

RACHS*

0 4 (4.8%) 12 (11.1%) .32

1 to 3 42 (50.0%) 55 (50.9%)

4 to 6 15 (17.9%) 20 (18.5%)

7 23 (27.4%) 21 (19.4%)

Administration of antiplatelet agents, n (%)

Aspirin 37 (43%) 62 (53.4%) .12

Clopidogrel 3 (3.4%) 0 (0%) .08

Tirofiban 1 (1.1%) 1 (0.9%) .99

RACHS-7 included orthotopic heart and lung transplantation, the placement or removal of a ventricular assist device, repair of major arteries or veins, and thrombectomy. All P

values shown are unadjusted. IQR, Interquartile range; RACHS, Risk Adjustment for Congenital Heart Surgery. *RACHS not categorizable for n ¼ 11 patients because age was

older than 18 years.
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was noted between anti-Xa level and aPTT.24 Because of its
purity as an assay (including its independence of changes
related to developmental hemostasis), the anti-Xa has
been the favored assay. The initial description of titrating
heparin therapy in children, which featured a small percent-
age of neonates and infants, reported a low incidence of
bleeding complications using an anti-Xa–driven approach.
However, more contemporary descriptions of anticoagula-
tion practices in children younger than 6 months of age in
which anti-Xa levels (target, 0.35-0.7) are used to titrate
UFH therapy describe the incidence of major bleeding
events between 11% and 25%, including bleeding-related
deaths.19,25 This increased incidence of bleeding might be
related to increased surgical complexity, changes in assay
reagents and equipment, or differences in UFH
preparations. The median dose of UFH used in 1 study
was 33 U/kg/h, and 1 in 6 infants exceeded triple the
recommended dose without ever achieving the
recommended anti-Xa titer.19 Using the aPTT to limit
upward titration (a feature of the pre- and
postimplementation data), we found a substantially lower
incidence of major bleeding events (approximately 2%),
and no bleeding-related deaths. As others have
described,25,26 we found the correlation between anti-Xa
levels and aPTT levels to be particularly poor in neonates
and infants. This has been attributed to lower levels of AT
in infants,7,27,28 as well as the presence of nonspecific
The Journal of Thoracic and Ca
heparin binding proteins, which are abundant in
infants,29,30 particularly after cardiopulmonary bypass.31

Further, deficiencies in procoagulant as well as anticoagu-
lant proteins might also be present in patients with congen-
ital heart disease,6,17 altering the usually close correlation
between anti-Xa and aPTT present in adults32 and older
children.24 Finally, very high concentrations of heparin
might have AT-independent anticoagulant effects (not
measured by anti-Xa activity), including heparin cofactor
II-mediated inactivation of factor IIa, and AT-independent
inhibition of factor X activation.16 Because titration of
UFH solely on the basis of anti-Xa activity might lead to
the administration of very high doses of UFH and increase
the risk of bleeding in postsurgical neonates and infants,
functional testing, whether aPTT or other functional tests
such as thromboelastography or bleeding time,33 should
be incorporated into neonate-specific guidelines for UFH
titration to limit its upward titration.
Second, this protocol highlights the importance of care-

fully weighing the competing risks of bleeding and throm-
bosis in a patient, risks that are likely to change as the
patient recovers from surgery. Our protocol was tailored
for patients deemed to be at greater immediate risk for
bleeding than thrombosis in several ways. No bolus of
UFH was used for that reason, although this would signif-
icantly decrease the time to therapeutic range. Even
without a bolus, our protocol recommended that aPTT
rdiovascular Surgery c Volume 156, Number 1 349



FIGURE 5. A, Histogram of aPTT levels before and after protocol imple-

mentation. aPTT levels of>200 seconds were similar before and after the

protocol (approximately 2.2% of readings) and were eliminated from the

figure for clarity. B, Anti-Xa levels and corresponding aPTT levels in neo-

nates (red), infants (blue), and noninfants (black). There were no age-

related differences in the slope of the relationship, and correlation between

the 2 variables was poor (partial r2 ¼ 0.33). C, The distribution of anti-

thrombin levels in neonates (red), infants (dotted blue line), and noninfants

(dotted black line). Bars shown represent frequency estimates for each

10% increment for the neonatal group. aPTT, Activated partial thrombo-

plastin time; anti-Xa, antifactor Xa activity.

FIGURE 6. Percentage of patient-hours spent below, within, and above

the target range, determined according to either aPTT (preprotocol) or

aPTT as well as anti-Xa (postprotocol). The number of patient-hours in

the 20% above goal range decreased from 12% to 4% after protocol im-

plementation. aPTT, Activated partial thromboplastin time; anti-Xa,

antifactor Xa activity.
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and anti-Xa levels be checked within 4 hours of initiation
of the infusion to ensure that dosing was not suprathera-
peutic, which did rarely occur. In the absence of a bolus,
it would be expected that UFH would take 6 to 8 hours
to reach the therapeutic range. As such, this protocol
might be less ideal for patients deemed at higher risk for
thrombosis than bleeding, including many medical pa-
tients, who might benefit from a more aggressive titration
strategy and bolus of heparin.

A third challenge common to anticoagulation in neonates
and infants is the identification of a site for blood sampling
that is free from heparin contamination, often regarded as
an important confounder to the results of the aPTT assay.
To address this, we took care to identify a single lumen
(whether arterial or venous) upon ICU admission to remain
heparin-free (ie, no heparin as part of the continuous flush).
It has been shown that in adults the incidence of central
venous catheter occlusion is similar whether catheters are
flushed with heparin or normal saline.34 Although it has
been suggested that the additional use of heparin in flushes
does not prolong the patency of arterial catheters in adults,35

at least 1 randomized controlled study of the subject in chil-
dren suggests that the use of a continuous heparin flush
significantly prolongs catheter patency.36 These risks are
likely to increase in small infants and those with low flow
states or cyanosis, all common features of patients recov-
ering from congenital heart surgery. At the least, a discus-
sion regarding the competing risks of catheter nonpatency
and arterial thrombosis versus heparin contamination and
the need for repeated phlebotomy should take place upon
each patient’s admission. We found that small infants with
femoral arterial catheters were particularly at risk for cath-
eter nonfunction, and in many cases added heparin to the
flushes of these patients, making special note of this in
the interpretation of assay results.
ery c July 2018



TABLE 4. Incidence of bleeding and thrombosis events among all patients while being treated with therapeutic UFH

Number of events (number of patients) Event incidence (per 100 PD) Risk ratio after vs before

(95% CI) P value Adjusted P value*Before After Before After

All bleeding days

54 (30) 50 (33) 7.98 6.22 0.78 (0.53-1.15) .20 .21

Major bleeding days

2 (2) 2 (2) 0.30 0.25 0.84 (0.12-5.98) .86 .88

Clinically relevant bleeding days

28 (12) 13 (10) 4.14 1.62 0.39 (0.20-0.75) .005 .006

Clinically relevant and major bleeding days

30 (14) 15 (12) 4.43 1.87 0.42 (0.23-0.78) .006 .007

Any thrombosis event

10 (9) 9 (8) 1.48 1.12 0.76 (0.31-1.86) .55 .55

Major thrombosis event

3 (3) 2 (2) 0.44 0.25 0.56 (0.09-3.36) .53 .50

Patients were treated with therapeutic UFH in 677 patient-days during period 1 (before implementation) and 804 PD during period 2 (after implementation). PD, Patient-days;CI,

confidence interval. *P values shown are after adjustment for age and RACHS score; note that n¼ 11 patients were excluded in this adjustment because of unclassifiable RACHS

scores (age>18 years).
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Limitations
There are several limitations to our work. The first is that

although we prospectively gathered data and adjudicated
the end points in real time, we did not empirically screen
(eg, using ultrasound) for the presence of thrombosis,
such that the events reported represent only clinically
apparent and major thrombotic events. A decrease in even
a single event would be considered clinically important.
The incidence of clinically covert thrombosis, particularly
in infants with central venous catheters and congenital heart
disease, is higher than described in this report. The effect of
our anticoagulation approach on the incidence of clinically
silent thrombosis is uncertain. Second, there was some ed-
ucation and focus on anticoagulation in the months leading
up to protocol implementation (ie, during the control, pre-
implementation period), which might have improved
VIDEO 1. Two of the authors discuss the context of this study, the

reasoning behind monitoring aPTT as well as anti-Xa levels, and the limi-

tations of this study. Video available at: https://www.jtcvs.org/article/

S0022-5223(18)30930-9/fulltext.

The Journal of Thoracic and Ca
practice compared with another randomly chosen period
of time. Third is the relatively time-limited period of data
capture. Although the number of patients we studied ex-
ceeds that of most contemporary pediatric studies, we
were underpowered to detect small effect sizes on throm-
bosis events. Because the observed preimplementation
thrombosis rate was 1.48 per 100 PD and because of our
study size, we had 80% power to detect a difference only
if the postimplementation thrombosis rate was 0.15 per
100 PD or lower. Fourth, the population we studied was a
consecutive sample that represented a heterogenous cohort
of heart disease, hematocrit, oxyhemoglobin saturation, and
other patient-level factors, which likely affect coagulation
status but were not studied as covariates. Finally, changes
in laboratory parameters noted after protocol implementa-
tion (eg, partial thromboplastin time) might have been in
part related to differences in assay or UFH reagent lots
rather than the protocol itself.
CONCLUSIONS
The use of a standardized anticoagulation protocol is

feasible and might reduce the incidence of bleeding and
thrombosis events in postcardiotomy patients. The exclu-
sive use of anti-Xa alone to titrate UFH in postsurgical chil-
dren, particularly in neonates and infants, might increase
the incidence of major bleeding events and should be care-
fully considered.
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TABLE E1. Titration protocol for UFH before protocol implementation

aPTT (s) Dosage adjustment Time to repeat aPTT

<50 Give 50 U/kg bolus and increase infusion rate by 10%* 4 hours after change

50 to 59 Increase infusion rate by 10% 4 hours after change

60 to 85 No change Next day

85 to 95 Decrease infusion rate by 10% 4 hours after change

96 to 120 Hold infusion for 30 min and decrease infusion rate by 10% 4 hours after change

>120 Hold infusion for 60 min and decrease infusion rate by 15% 4 hours after change

This table was available on our institution’s formulary page. aPTT, Activated partial thromboplastin time. *Because of the surgical nature of the patients in this study, the bolus of

UFH was never administered as part of this protocol per clinician discretion.

TABLE E2. Cardiac intensive care unit transfusion protocol

Age

Cyanotic congenital

heart disease

Acyanotic congenital

heart disease

Neonate (�28 d) 37% 33%

Infant (29 d to 1 y) 37% 30%

>1 y 37% 30%

The goal transfusion volume is 15 mL/kg (up to 15 kg) with goal hematocrit as spec-

ified above. Note that the protocol was in place and unchanged throughout the dura-

tion of the study period (ie, pre- or postprotocol).
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TABLE E3. Description of procedures that patients received who were subsequently treated with therapeutic UFH before and after

implementation of an anticoagulation protocol

Primary procedure Before protocol After protocol

Univentricular heart disease

Stage 1 procedure 7 (8.0%) 12 (10.3%)

Bidirectional cavopulmonary anastomosis 5 (5.7%) 5 (4.3%)

Fontan 7 (8.0%) 7 (6.0%)

Arterial switch operation 6 (6.9%) 7 (6.0%)

Tetralogy of Fallot repair 8 (9.2%) 9 (7.8%)

Atrioventricular valve repair or replacement 15 (17.2%) 16 (13.8%)

Aortic or pulmonary valve repair or replacement 8 (9.2%) 16 (13.8%)

Atrial or ventricular septal defect or complete atrioventricular canal repair 16 (18.4%) 17 (14.7%)

Left ventricular obstructive lesion (eg, aortic arch reconstruction or aortic valve repair) 4 (4.6%) 11 (9.5%)

Pulmonary vein stenosis 3 (3.4%) 4 (3.4%)

Other 8 (9.2%) 12 (10.3%)

TABLE E4. Description of the major and clinically relevant nonmajor bleeding and thrombosis events in patients during treatment with

unfractionated heparin before and after protocol implementation

Preprotocol Postprotocol

Major bleeding events

Surgical site bleeding requiring surgical intervention (ie, thoracic

exploration)

1 (1) 0

Nonsurgical site bleeding requiring surgical intervention

Line entry site bleeding 0 1 (1)

Intracranial hemorrhage 1 (1) 1 (1)

Total 2 (2) 2 (2)

Clinically relevant (nonmajor) bleeding events

Thoracic drainage tube or wound site bleeding 14 (11) 7 (6)

Line entry site bleeding (eg, previous cardiac catheterization site) 7 (2) 4 (4)

Airway bleeding 5 (3) 1 (1)

Gastrointestinal bleeding 2 (2) 1 (1)

Total 28 (12) 13 (10)

Major thrombosis events

Cerebrovascular thrombosis (eg, venous sinus thrombus) 1 (1) 0

Blalock-Taussig shunt thrombosis 2 (2) 1 (1)

Intracardiac thrombus (not CVL-related) 0 1 (1)

Total 3 (3) 2 (2)

Minor thrombosis events

Occlusive arterial thrombosis 2 (2) 3 (3)

Occlusive venous thrombosis 1 (1) 1 (1)

Nonocclusive venous thrombosis 3 (2) 2 (2)

Intravascular thrombosis of shunt material (eg, Sano conduit) 1 (1) 0

Total 7 (6) 6 (6)

Results represent events with number of patients shown in parentheses. Note that events are not mutually exclusive such that a single patient might have had more than 1 event.

CVL, Central venous line.
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TABLE E5. Interventions associated with clinically relevant,

nonmajor bleeding events

Associated interventions Preprotocol Postprotocol

Blood transfusion 7 4

Discontinuation of UFH infusion 6 5

Applied pressure and/or dressing

change

8 3

Additional suctioning of tracheal tube

for airway bleeding

3 0

Additional laboratory monitoring 4 1

UFH, Unfractionated heparin.

TABLE E6. Summary of bleeding and thrombosis rates divided by RACHS score

Event incidence rate (per 100 PD on therapeutic UFH) Risk ratio preprotocol vs

postprotocol (95% CI) P valueBefore After

All bleeding days

RACHS 0 12.12 5.88 0.49 (0.11-2.17) .34

RACHS 1 to 3 10.53 7.53 0.72 (0.42-1.20) .21

RACHS 4 to 6 4.23 4.89 1.15 (0.46-2.87) .75

RACHS 7 5.67 3.43 0.60 (0.21-1.74) .35

Major bleeding days

RACHS 0 0 1.96 * *

RACHS 1 to 3 0.33 0.30 0.92 (0.05-14.64) .95

RACHS 4 to 6 0.53 0.00 * *

RACHS 7 0 0 * *

Clinically relevant bleeding days

RACHS 0 3.03 0 * *

RACHS 1 to 3 5.59 1.51 0.27 (0.10-0.73) .0099

RACHS 4 to 6 3.17 2.22 0.70 (0.21-2.29) .56

RACHS 7 2.84 0.57 0.20 (0.02-1.80) .15

Clinically relevant and major bleeding days

RACHS 0 3.03 1.96 0.65 (0.04-10.34) .75

RACHS 1 to 3 5.92 1.81 0.31 (0.12-0.77) .0118

RACHS 4 to 6 3.70 2.22 0.60 (0.19-1.89) .38

RACHS 7 2.84 0.57 0.20 (0.02-1.80) .15

Any thrombosis

RACHS 0 6.06 3.92 0.65 (0.09-4.59) .66

RACHS 1 to 3 0.66 1.51 2.28 (0.44-11.80) .32

RACHS 4 to 6 1.06 0.44 0.42 (0.03-4.63) .48

RACHS 7 2.84 0.57 0.20 (0.02-1.80) .15

Major thrombosis

RACHS 0 0 1.96 * *

RACHS 1 to 3 0 0 * *

RACHS 4 to 6 0.53 0 * *

RACHS 7 1.42 0.57 0.40 (0.04-4.44) .46

PD, Patient days; UFH, unfractionated heparin; CI, confidence interval; RACHS, Risk Adjustment for Congenital Heart Surgery. *Denotes an inestimable risk ratio and P value

due to insufficient event rates in 1 or more groups.
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TABLE E7. Incidence of bleeding and thrombosis events among neonates (0-28 days), infants (29 days to 12 months of age), and noninfants

(>12 months)

Event incidence rate (per 100 PD)

Risk ratio before vs after (95% CI) P valueBefore protocol After protocol

All bleeding days

Neonate 3.74 4.47 1.19 (0.51-2.76) .68

Infant 4.76 6.81 1.43 (0.68-2.96) .33

Noninfant 19.08 7.39 0.38 (0.20-0.74) .0038

Major bleeding days

Neonate 0 0.41 * *

Infant 0.48 0.26 0.55 (0.03-8.79) .67

Noninfant 0.58 0 * *

Clinically relevant bleeding days

Neonate 1.02 1.63 1.59 (0.36-7.12) .54

Infant 2.38 1.05 0.44 (0.12-1.64) .22

Noninfant 11.56 2.84 0.25 (0.09-0.65) .005

Clinically relevant and major bleeding days

Neonate 1.02 2.03 1.99 (0.48-8.33) .35

Infant 2.86 1.31 0.45 (0.14-1.50) .19

Noninfant 12.14 2.84 0.23 (0.09-0.62) .0035

Any thrombosis

Neonate 2.04 1.63 0.80 (0.23-2.82) .73

Infant 1.43 1.31 0.91 (0.21-3.84) .90

Noninfant 0.580.30 0 * *

Major thrombosis

Neonate 0.68 0.41 0.60 (0.05-6.59) .67

Infant 0 0.26 * *

Noninfant 0.58 00.41 * *

PD, Patient-days; CI, confidence interval. *Denotes an inestimable risk ratio and P value due to insufficient event rates in 1 or more groups.
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