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Abstract

Background: Pediatric patients have increasing rates of hospital-associated venous thromboembolism (HA-VTE), and
while several risk-prediction models have been developed, few are designed to assess all general pediatric patients,
and none has been shown to improve patient outcomes when implemented in routine clinical care.

Methods: The Children’s Likelihood Of Thrombosis (CLOT) trial is an ongoing pragmatic randomized trial being
conducted starting November 2, 2020, in the inpatient units at Monroe Carell Jr. Children’s Hospital at Vanderbilt in
Nashville, TN, USA. All admitted patients who are 21 years of age and younger are automatically enrolled in the trial
and randomly assigned to receive either the current standard-of-care anticoagulation practice or the study interven-
tion. Patients randomized to the intervention arm are assigned an HA-VTE risk probability that is calculated from a vali-
dated VTE risk-prediction model; the model is updated daily with the most recent clinical information. Patients in the
intervention arm with elevated risk (predicted probability of HA-VTE >0.025) have an additional review of their clinical
course by a team of dedicated hematologists, who make recommendations including pharmacologic prophylaxis
with anticoagulation, if appropriate. The anticipated enrollment is approximately 15,000 patients. The primary out-
come is the occurrence of HA-VTE. Secondary outcomes include initiation of anticoagulation, reasons for not initiating
anticoagulation among patients for whom it was recommended, and adverse bleeding events. Subgroup analyses
will be conducted among patients with elevated HA-VTE risk.

Discussion: This ongoing pragmatic randomized trial will provide a prospective assessment of a pediatric risk-predic-
tion tool used to identify hospitalized patients at elevated risk of developing HA-VTE.

Trial registration: ClinicalTrials.gov NCT04574895. Registered on September 28, 2020. Date of first patient enroll-
ment: November 2, 2020.
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reported since 2001 [1, 2]. Children who develop HA-
VTE experience longer hospitalizations and increased
healthcare costs compared to their peers [3] and are at
risk for developing lifelong medical complications [4, 5].

Risk-prediction models have been shown to iden-
tify patients at elevated risk for venous thromboembo-
lism (VTE) better than physician judgment alone [6, 7].
However, these models are often limited to specific sub-
populations—including patients undergoing surgery [8,
9], patients admitted to the intensive care unit [10] or
to the general wards [11], and patients with malignancy
[12]—and are mostly derived from case—control stud-
ies [13—16]. With the desire to create a single, general
pediatric risk-prediction model applicable hospital-wide,
we recently developed and temporally validated a gen-
eral pediatric HA-VTE risk-prediction model using data
available on admission from a large, single-center cohort
[17].

We designed the Children’s Likelihood Of Thrombosis
(CLOT) trial to evaluate whether the use of the risk-pre-
diction model to guide the clinical care and management
of pediatric patients at risk for HA-VTE lowers the rates
of VTE and improves patient outcomes. Patients with
an elevated probability of HA-VTE randomized 1:1 to
the intervention arm have an additional review of their
clinical course by a team of dedicated hematologists, who
make recommendations to the admitting team regard-
ing initiation of pharmacologic prophylaxis with antico-
agulation, if appropriate. The primary aim is to determine
whether HA-VTE rates are decreased in the intervention
group, and secondary aims include evaluating whether
patients are started on prophylactic anticoagulation and
monitoring for bleeding events potentially associated
with prophylaxis. We hypothesize that the use of the risk-
prediction model to identify patients at elevated risk for
HA-VTE will facilitate the timely and appropriate initia-
tion of thromboprophylaxis and will decrease the rates of
HA-VTE at our institution.

Methods

Design

The CLOT trial is a prospective, unblinded, pragmatic
randomized trial evaluating the superiority of model-
guided initiation of prophylactic anticoagulation versus
usual care. Patient enrollment started on November 2,
2020, at Monroe Carell Jr. Children’s Hospital at Vander-
bilt (MCJCHYV) at Vanderbilt University Medical Center
in Nashville, TN, USA. The trial was approved by the
Vanderbilt University Medical Center Human Research
Protections Program with a waiver of informed con-
sent (IRB#201,629). The trial was registered with Clini-
calTrials.gov prior to initiation of patient enrollment
(ClinicalTrials.gov identifier: NCT04574895; date of trial
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registration: September 28, 2020; date of first patient
enrollment: November 2, 2020). An independent safety
monitoring committee is monitoring patient safety dur-
ing the trial. The trial is investigator-initiated without
additional funding; support for logistics and implemen-
tation is provided by the Vanderbilt Institute for Clinical
and Translational Research and the Advanced Vanderbilt
Artificial Intelligence Laboratory. The SPIRIT reporting
guidelines and checklist were used when writing the trial
protocol [18].

Study sites and period

The CLOT trial is being conducted throughout the chil-
dren’s hospital at MCJCHV and includes the general
pediatrics wards, the pediatric critical care units (the
pediatric intensive care unit and the pediatric cardiol-
ogy intensive care unit), and the neonatal intensive care
units. The hospital contains 343 beds, with 42 beds in the
pediatric critical care units and 106 beds in the neonatal
intensive care units. Enrollment began for all units simul-
taneously on November 2, 2020.

Population

All patients 21 years of age and younger admitted to a
pediatric unit at MCJCHV during the study period are
enrolled in the study at the time an inpatient admission
order is placed. Enrolled patients who are discharged
from the hospital are eligible again if they are re-admitted
during the study period. Patients admitted under obser-
vation status are not included.

Consent

There have not been large, randomized trials to deter-
mine how to best identify pediatric patients at risk for
developing VTE. Given the minimal risk to patients by
calculating their risk of HA-VTE from a validated risk-
prediction model, and the impracticality of consent-
ing each patient admitted to MCJCHV prior to their
risk being calculated, a waiver of informed consent was
granted by the Vanderbilt University Medical Center
Human Research Protections Program under 45 CFR
46.116. Prophylactic pharmacologic anticoagulation is
commonly used for pediatric patients determined to be
at elevated risk for developing thromboses to prevent
future VTE development [19, 20]. This strategy has been
shown in several studies to be safe for pediatric patients
[20, 21]. All patients receive at least the current standard
of care for initiation of prophylactic anticoagulation.

Randomization and allocation

Upon inpatient admission orders being placed for a
patient to be admitted to MCJCHYV, eligible patients are
randomized by an Epic Best Practice Advisory that runs
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in the background and is not seen by providers. The advi-
sory programmatically generates a random number to
determine whether the patient is assigned to the control
arm or intervention arm. The arm to which each patient
is assigned is coded and saved for that admission encoun-
ter and then extracted into a daily report. See Fig. 1 for
additional information.

Concealment and blinding

The study principal investigator and the pediatric hema-
tologists who review patients with elevated risk are
unblinded to the intervention. Intervention assignment
is masked to all other study personnel. Randomized
patients are separated into two groups, concealed as
“group A” and “group B” The group assignments will
remain concealed from the biostatistics team and safety
monitoring committee until data analysis is complete.
The principal investigator is not responsible for diagnos-
ing HA-VTE.

Study interventions

All pediatric patients admitted to MCJCHV during
the study period have their predicted probability of
HA-VTE calculated on admission and daily thereafter.
Details on the calculation (i.e., the variables included in
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the risk-prediction model and their coefficients) can be
found in our prior publication [17]. Patients in the inter-
vention arm have their predicted probability reviewed
by dedicated pediatric hematologists daily on weekdays.
For those patients determined to be at elevated risk for
development of HA-VTE, the hematologist performs
a brief chart review to determine whether the patient
might benefit from pharmacologic prophylaxis or
whether they have known contraindications to anticoag-
ulation (e.g., severe bleeding disorders, clinically signifi-
cant hemorrhage, severe renal dysfunction, or anything
in the opinion of the investigator that would jeopardize
the safety of the patient). Generally, we define elevated
risk as a predicted probability of HA-VTE >0.025. This
cutpoint was determined from the distribution of pre-
dicted risk among an earlier validation cohort [17]. It was
felt that this cutpoint would capture most patients who
would develop a VTE while excluding most patients who
would not. Therefore, the intervention would be targeted
toward the patients at higher risk. The hematologist pro-
vides recommendations to the primary admitting team,
including initiation of prophylactic pharmacologic anti-
coagulation. Whether or not the recommendation was
accepted, and the reason for not accepting the recom-
mendation, is captured for future analysis. All patients in
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the study will continue to receive the current standard-
of-care treatment.

Data collection

For this pragmatic trial, we are using data collected in
routine clinical care and electronically extracted from
our institution’s electronic health record (EHR). Data
are secured confidentially in an institutional patient data
management system and on secured servers. Data col-
lected include demographic, laboratory, and clinical data.
Data are extracted daily from an analytical report using
Epic Clarity and are presented in an organized fashion,
including all of the risk factors included in the risk-pre-
diction model: patient age; history of thrombosis; car-
diology or infectious diseases consult, or were admitted
to that clinical team; cancer diagnosis prior to or during
the encounter; surgical procedures during the encounter;
selected laboratory information; and presence of a central
venous catheter before or during the encounter [17]. The
information presented in the report is saved automati-
cally to secure servers and is separated into intervention
and control groups. Patients in the intervention arm who
have undergone hematology review have additional data
collected such as the date their clinical review occurred,
the predicted probability of HA-VTE at the time of inter-
vention, and the outcome of the recommendation. Two
random patients in the control arm are audited weekly
to ensure enrollment criteria are being met. Patients
who developed HA-VTE are identified through an inter-
nal review based on radiology reports, and information
such as the date, type of HA-VTE, and study arm are col-
lected. Adverse event data are collected in an ongoing
fashion. All data are saved in an institutional patient data
management system (REDCap). Access to the final trial
dataset will be limited to the primary study investigators
and biostatisticians.

Primary outcome

The primary outcome is the diagnosis of VTE during
hospitalization, with data collected as described above.
To ensure all cases of HA-VTE are captured, a separate
dataset will be obtained after study closure from the EHR
using ICD-9/10 codes for acute VTE. A subset of these
will be reviewed for accuracy, as done in the prior model
development work [17]. The primary endpoint measure
will be calculated as the proportion of encounters dur-
ing which the patient experienced a HA-VTE event com-
pared between the intervention and control arms.

Secondary outcomes

Secondary outcomes include additional clinical outcomes
and possible adverse events. Clinical outcomes include
the total number of all patients who initiate prophylactic
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anticoagulation, by study arm, and the total number
of patients at elevated risk for HA-VTE who are begun
on prophylactic anticoagulation, by study arm. Further
evaluation will also include the total number of patients
who initiate anticoagulation medications compared to
the total number of patients for which initiation of anti-
coagulation was recommended by the research team. To
ensure patient safety, we will also assess the frequency of
bleeding-related adverse events per number of patients
begun on prophylactic anticoagulation, scored using the
modified WHO bleeding scale, by study arm, during
hospitalization.

Power calculation

We anticipate an enrollment of at least 15,000 patients
that will be randomized 1:1 to the intervention and con-
trol groups. With at least 7500 patients per group, a two-
sample Fisher’s exact test achieves at least 80% power to
detect an absolute risk reduction from 1.0% in the control
group (the historical rate of HA-VTE at our institution
[17]) to 0.595% in the intervention group.

Safety monitoring committee

A safety monitoring committee (SMC) was constituted
prior to study initiation. The independent SMC consists
of three pediatric physicians, including a general pedia-
trician and pediatric intensivist from the study institution
with experience in risk-prediction studies and pediatric
thromboses, respectively, and a pediatric hematologist
from another institution. The SMC reviews the study for
safety every 6 months and evaluates whether the study
should continue as is, continue with modifications, or be
terminated and unblinded due to safety concerns. There
are no pre-determined stopping rules. The SMC is also
available to convene as needed to evaluate adverse events
and serious adverse events during the study period.

Statistical analysis principles

All analyses will be performed using reproducible
research methods in the current version of R (R Founda-
tion for Statistical Computing, Vienna, Austria). Primary
analyses will be conducted at the encounter level, while
secondary analyses will be conducted at the patient level
(patients can potentially experience multiple encounters
during the study period). Primary analyses will be con-
ducted by intention-to-treat; secondary analyses will be
as treated, considering whether treatment recommenda-
tions were followed by the admitting team. Continuous
variables will be summarized using median and inter-
quartile range or mean and standard deviation, depend-
ing on their distribution. Categorical variables will be
summarized using frequencies and proportions. The
rate of VTE events (primary outcome), the proportion
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of patients receiving prophylactic anticoagulation (sec-
ondary outcome), and the rate of bleeding-related
adverse events (secondary outcome) will be compared
between the intervention and control arms using unad-
justed risk differences with 95% confidence intervals.
We have not specified a priori any adjustment variables
to include in multivariable models. Any variable with a
clinically meaningful imbalance between the interven-
tion and control groups will be adjusted for in multivari-
able regression models; given the large sample size, we do
not anticipate any such imbalances. For the primary out-
come, a two-sided p-value (obtained from Pearson’s chi-
square test) of <0.05 will indicate statistical significance.
We will avoid formal statistical hypothesis testing for sec-
ondary outcomes and subgroup analyses.

Analytic rationale

Rates of pediatric VTE have been reported to be increas-
ing nationally and internally at MCJCHYV. This study eval-
uates the use of a novel risk-prediction tool utilized in
conjunction with a targeted intervention, which is a per-
sonalized pediatric hematology review. The primary and
secondary analyses will evaluate the effect of the inter-
vention across a spectrum of predicted VTE risk and in a
general pediatric patient population.

Primary analysis

The primary analysis will be an intention-to-treat com-
parison of HA-VTE rates by study arm in the overall
patient population using an uncorrected chi-square test.

Secondary analysis

Secondary subgroup analyses will be performed by age,
gender, risk of HA-VTE, primary diagnoses, surgical vs.
non-surgical, and consultants involved. Secondary as-
treated analyses will be performed among the strata of
high-risk patients (predicted probability>0.025) rand-
omized to usual care, to the intervention but treatment
recommendations were not followed, and to the inter-
vention and treatment recommendations were followed.

Missing data

Any missing data in variables used to generate the pre-
dicted probability of HA-VTE are replaced with the
median value among the cohort of patients used to derive
the model [17]. Missing data will not arise for outcomes
because the occurrence of HA-VTE and bleeding events
during hospitalization are captured by diagnosis codes in
the EHR. Initiation of anticoagulation medications dur-
ing hospitalization is fully captured by order information
within the EHR.

Page 5 of 6

Presentation of results

We anticipate submitting the results of the study to a
peer-reviewed journal upon completion of the trial. We
will also present the data at relevant national and interna-
tional conferences.

Protocol amendments

In the event of important protocol modifications,
changes will be communicated to the SMC, IRB, and the
clinicaltrials.gov registry will be updated accordingly.

Discussion

The CLOT trial is a large pragmatic randomized trial
currently being conducted to assess whether the use of
a novel VTE risk-prediction model to identify pediatric
patients who are at elevated risk for developing HA-VTEs
for targeted review by a pediatric hematologist improves
overall rates of HA-VTEs.

Prior to study initiation, the study team met with
pediatric providers across multiple subspecialties at
MCJCHYV to design a study that would best meet the
needs of the pediatricians. Prior studies and similar adult
studies conducted at our institution involved Epic Best
Practice Advisories that were seen and acted on by the
primary admitting team. Pediatricians, however, were
concerned that with this style of study, the study team’s
recommendations would not be followed without first
obtaining input from the pediatric hematology team.
To minimize additional work on behalf of the pediat-
ric hematology clinical service, we elected to design the
study using a study team pediatric hematologist to review
patients found to be at elevated risk and then approach-
ing the admitting teams directly.

We believe that the final trial design works well within
the pediatric hospital setting and allows for recom-
mendations and conversations to be had between the
hematology research team and then admitting pediatric
teams. The study design is adaptable to future scientific
endeavors.

Trial status

The CLOT trial is an ongoing, pragmatic randomized
trial to compare the use of a novel risk-prediction model
to identify pediatric hospitalized patients at elevated
risk of developing an HA-VTE to the current standard
of care. Patient enrollment began on November 2, 2020,
and is scheduled to continue until at least 15,000 hospital
admissions are captured. Although the trial was antici-
pated to last 1 year, the ongoing COVID-19 pandemic
impacted the patient volume at MCJCHYV; the trial will
be conducted until the target sample size is accrued.
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