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DISPLACE study shows poor quality of transcranial doppler
ultrasound for stroke risk screening in sickle cell anemia

Kimberly A. Davidow,1 Robin E. Miller,1 Shannon M. Phillips,2 Alyssa M. Schlenz,3,4 Martina Mueller,2,5 Monica L. Hulbert,6 Lewis L. Hsu,7

Neha Bhasin,8 Robert J. Adams,9 and Julie Kanter10

1Department of Pediatrics, Lisa Dean Moseley Foundation Institute for Cancer and Blood Disorders, Nemours Children’s Hospital, Delaware, Wilmington, DE; 2College of
Nursing and 3Department of Pediatrics, Medical University of South Carolina, Charleston, SC; 4Department of Pediatrics, University of Colorado School of Medicine, Aurora,
CO; 5Department of Public Health Sciences, Medical University of South Carolina, Charleston, SC; 6Division of Hematology/Oncology, Department of Pediatrics, Washington
University School of Medicine, St. Louis, MO; 7Division of Pediatric Hematology/Oncology, University of Illinois at Chicago, Chicago, IL; 8Division of Hematology, Department
of Pediatrics, University of California, San Francisco, Oakland, CA; 9Department of Neurology, Medical University of South Carolina, Charleston, SC; and 10Division of
Hematology/Oncology, University of Alabama at Birmingham, Birmingham, AL

Key Points

• DISPLACE study
shows inconsistencies
in the use and
reporting of TCD for
stroke risk screening in
sickle cell anemia in the
United States.

• A standardized
reporting template,
training on the use of
TCD in sickle cell
anemia, and
institutional quality
assurance, is
recommended.

Children with sickle cell anemia (SCA) are at increased risk of stroke when compared with

their age-based counterparts. The Stroke Prevention Trial in Sickle Cell Anemia (STOP)

previously demonstrated that with the use of transcranial Doppler ultrasound (TCD; Sickle

Stroke Screen) and chronic red cell transfusion, the risk of stroke is reduced by over 90%.

The STOP criteria detailed the type and method of measurement required; the time–

averaged mean maximum velocity (TAMMV). Unfortunately, it has been difficult to adhere

to the appropriate TAMMV measurements. The objectives of this study were to assess the

quality of TCD and transcranial Doppler imaging (TCDi) reports to determine the report

quality and accuracy. This is a subanalysis of the DISPLACE (Dissemination and

Implementation of Stroke Prevention Looking at the Care Environment) study. Over 12 000

TCD/TCDi reports were collected during this study from 28 institutions; 391 TCDs were

reviewed for this subanalysis. There were significant variations in the vessels being

assessed, the velocities used to define abnormal results, and who was interpreting the

scans. In 52% of reports, it was impossible to identify whether the TAMMV was what was

measured. Similarly, it was only clear in 42% of reports that the TAMMV was used to

interpret the examination as normal/abnormal. Given this inconsistency, we strongly

recommend standardization of TCD/TCDi reporting, specialized training for those

performing and interpreting the scans in the use of TCD/TCDi in patients with SCA, internal

quality assurance, and institutional quality improvement work to ensure appropriate use of

this potentially lifesaving technology.

Introduction

Children with sickle cell anemia (SCA) are at significantly increased risk of stroke when compared with
their age-based counterparts, with up to an 11% chance of an overt stroke before the age of 20 in the
prechronic transfusion era.1 The Stroke Prevention Trial in Sickle Cell Anemia (STOP), completed

Submitted 12 January 2024; accepted 14 April 2024; prepublished online on Blood
Advances First Edition 26 April 2024; final version published online 27 June 2024.
https://doi.org/10.1182/bloodadvances.2024012631.

Presented in abstract form at the 65th annual meeting of the American Society of
Hematology, San Diego, CA, 11 December 2023.

Data are available on request from the corresponding author, Kimberly Davidow
(kimberly.davidow@nemours.org).

© 2024 by The American Society of Hematology. Licensed under Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0),
permitting only noncommercial, nonderivative use with attribution. All other rights
reserved.

REGULAR ARTICLE

3444 9 JULY 2024 • VOLUME 8, NUMBER 13

D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/8/13/3444/2233849/blooda_adv-2024-012631-m

ain.pdf by guest on 05 Septem
ber 2024

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://doi.org/10.1182/bloodadvances.2024012631
mailto:kimberly.davidow@nemours.org
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2024012631&domain=pdf&date_stamp=2024-06-27


between 1995 and 1997, demonstrated that with the use of
transcranial Doppler ultrasound (TCD; Sickle Stroke Screen),
children at the highest risk for stroke could be identified and started
on chronic red cell transfusion therapy (CRCT), thus reducing the
risk of stroke by over 90%.2 This led to the adoption of the STOP
protocol as standard of care, first announced in 1997 by the
National Institutes of Health in a clinical alert,3 in which it is rec-
ommended that patients with SCA (genotypes HbSS and HbSβ0-
thalassemia) between the ages of 2 and 16 years undergo routine
yearly TCD screening and patients with abnormal findings should
start chronic transfusion therapy. This guideline has been reaf-
firmed in several subsequent reports from the National Heart, Lung,
and Blood Institute (NHLBI)4 and the American Society of Hema-
tology (ASH).5

In defining the use of the TCD for SCA, the STOP protocol
required measurement of the time–averaged mean maximum
velocity (TAMMV) in the distal internal carotid artery (dICA) and
proximal middle cerebral artery (MCA) with the following classifi-
cations: “normal,” if all TAMMV are <170 cm/sec; “conditional,” if
there is at least 1 TAMMV of 170 to 199 cm/sec; and “abnormal,” if
there is at least 1 TAMMV ≥200 cm/sec.2 CRCT to prevent stroke
is indicated for abnormal TCD on 2 occasions or 1 TCD with
TAMMV of ≥220 cm/sec. Now, more than 20 years after the
publication of these findings, implementation of TCD is inconsistent
across the United States and lacks standardization. The NHLBI
recommended that facilities “do studies to compare their current
equipment with STOP trial TCD equipment.”3 To meet the need for
training in correct TCD use, the STOP investigators provided
national trainings and workshops; however, these are no longer
available. A standard nonimaging TCD as used in STOP was not
available at all centers, therefore, some centers started to use the
transcranial Doppler imaging (TCDi) technique. An early study
assessing for differences between TCD and TCDi velocities pub-
lished in 2001, demonstrated for the MCA that, TCDi velocities
were about 10% lower than those measured with TCD,6 which has
subsequently been confirmed in some studies7,8 but not in others.9-11

In fact, the French National Authority for Health recommended use of
the same thresholds for TCD and TCDi due to concern for potential
over-transfusion in patients screened by TCDi.12 In some centers,
angle correction, or adjusting the velocity based on the angle
between the transducer and the vessel, is performed when using
TCDi.13 The precise correlation between TCD and TCDi velocities is
not clear and likely highly dependent on technique. The ASH
guidelines published in 2020 continue to support the cutoff values
defined in the initial STOP trial, but added recommendations for
TCDi, citing the velocity used in the Silent Cerebral Infarct Trans-
fusion (SIT) trial: mean velocity ≥185cm/sec is abnormal.5,14

Since the routine use of TCD for stroke risk screening in SCA was
instituted in 1997, there have been several studies evaluating site-
level adherence to the recommendation to obtain annual TCD
assessments.15-17 These studies used a variety of techniques for
both examining barriers to TCD and facilitating improvement,
including the use of personalized reminders18 and tracking patients
overdue for imaging.19 One European study identified a major
barrier to routine TCD screening, which was the lack of trained
personnel to perform the procedure. To overcome this barrier, they
recruited a variety of practitioners, including clinicians with ultra-
sound experience, surgeons, pediatricians, and nurses, from 3
centers to complete a TCD/TCDi training program. They noted that

before this training, there was significant variation in the percent-
age of scans classified as abnormal among the institutions, while
following training, there were no differences in the distribution of
classifications.20 Each of these studies reports on barriers to
appropriate and accurate stroke risk screening for children with
SCA. However, none of these studies specifically addressed the
quality of the reports themselves, assessed for the correct inter-
pretation of measurements, or insured ongoing quality assurance.
Only 1 study assessed the accuracy of the measurements them-
selves20 and no recent reports have demonstrated multi-
institutional assessments of TCD quality.

The recent DISPLACE (Dissemination and Implementation of
Stroke Prevention Looking at the Care Environment) study was a
28-site consortium funded by the NHLBI to evaluate barriers to
TCD screening implementation and test strategies to improve
adherence to TCD guidelines in SCA in the US. DISPLACE
demonstrated that less than 50% of children at participating SCA
centers had annual TCD screening during the baseline period
(2012-2016).21 This current project is a substudy using the
DISPLACE database. In this study, we hypothesized that there
would be both high variability in TCD/TCDi technique and that sites
using TCDi would use inconsistent definitions to classify scans as
“abnormal.” In addition, we wanted to determine if sites using TCDi
were making treatment decisions regarding chronic transfusion
therapy based on criteria other than those established by the
STOP protocol.

Methods

Data source

The DISPLACE study has been described previously.21,22 Briefly,
DISPLACE was a dissemination and implementation study per-
formed to improve TCD stroke risk screening in children with sickle
cell anemia in the US. The initial phase of the study was an in-depth
retrospective chart review that required each participating site to
identify all children with SCA treated at their sites from 2012 to
2016 and upload multiple laboratory and radiographic reports
(including TCDs) from each child from all available years to
determine site-level adherence to TCD screening. These results
from Part 1 demonstrated that more than 50% of children with
SCA were not getting appropriate TCD screening and also iden-
tified updated findings regarding the decreased frequency of
abnormal TCDs that coincided with the increased early initiation of
hydroxyurea.21 During Part 1, over 12 443 TCD reports were
collected from 28 institutions and uploaded into a customized
database. An institutional review board (IRB) waiver was obtained
and data from these reports were used for this DISPLACE
substudy.

Data collection

To facilitate evaluation, a computer-generated algorithm was used
to randomly select 400 TCD/TCDi reports for this substudy. The
algorithm ensured that reports were included from all 28 sites
across all different years and patient age groups. The initial
hypothesis of this substudy was that there would be increased
variability in the interpretation of TCDi when compared with TCD.
Consequently, it was determined that for an alpha of 0.05, ~400
reports would be needed, for a 95% confidence interval with the
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precision of 0.1, assuming a sample proportion of 0.5 (most con-
servative assumption).

Data were manually extracted from the TCD/TCDi reports for
patients aged 2 to 8 years at the time of their study. This age group
was targeted, given the highest prevalence of stroke for patients
with SCA is in the first decade of life, 23 in addition to the previous
DISPLACE data showing the highest rate of first abnormal TCD in
the 4 to 8 year age range.21 Data collected from each report
included the institution, year, blood vessel(s) assessed, whether
numerical values for TCD velocities were recorded, the presence of
low values, if peak systolic velocities were assessed, the interpre-
tation of the TCD study, if the interpretation was based on TAMMV
or another measurement, and if follow-up recommendations were
provided in the report. Because most reports did not specifically
state whether TCD or TCDi was used, these data were separately
extracted from the information manually entered by each partici-
pating site directly into the DISPLACE study database. K.A.D. and
R.E.M. reviewed these data.

Additionally, a REDCap24 survey (version 11.2.1) of DISPLACE
study principal investigators (PIs) was conducted. PIs were asked
to recall information from the study period (2012-2016). Questions
included the use of TCD vs TCDi, the type of machine, how
technicians were trained, who reads the TCDs, velocity cutoffs
used for classification of normal, abnormal or conditional, and
vessels included in interpretation. A similar survey had been pre-
viously performed,25 but was deidentified, so answers could not be
directly linked to a specific institution’s TCD reports.

Statistical analysis

Microsoft Excel was used for statistics. Counts and frequencies
were calculated for categorical variables. Measures of central
tendency were calculated for continuous variables.

An IRB waiver from the Nemours Children’s Hospital IRB was
obtained.

Results

TCD/TCDi reports

A total of 391 TCD reports were reviewed from 26 different insti-
tutions (28 were included in the DISPLACE study; however, 2 sites
did not upload usable reports). Due to variability in the number of
reports uploaded to the DISPLACE database by each institution,
the number of reports reviewed for this substudy from each insti-
tution varied. Within this subcohort of 391 reports (9 uploaded
reports were outside of the age range or were not TCD reports),
the median age of patients at the time of their TCD was 5 years
(range, 2-8 years) and the median year the studies were completed
was 2013 (range, 2000-2016). The reports evaluated included
both TCD and TCDi (47%, 183/391 and 53%, 207/391 respec-
tively), which is in a different proportion than the entire DISPLACE
study (66.2% TCD vs 32.8% TCDi).21 This difference was inten-
tional because the goal for this substudy was to compare equal
numbers of TCD and TCDi reports.

After the initial review of the TCD and TCDi reports, there was such
substantial variation across all institutions (in the content of both TCD
and TCDi reports) that a conclusion regarding how the reports were
categorized as abnormal, could not be determined. Instead, the

decision was made to focus the analyses on the quality and
completeness of the information included in the reports, the accurate
and consistent description of what measurements were taken, and
the interpretation of the results. The majority of TCD/TCDi reports
were classified as normal (67%, 262/391) with 13% (52/391)
conditional and 4% (14/391) abnormal, consistent with the original
findings from the DISPLACE Part 1 cohort. In addition, 1% (5/391)
were documented as inadequate and 15% (58/391) were unclas-
sified or not interpreted using STOP-defined terminology. Further
information regarding the TCD reports is summarized in Table 1.

A review of these 391 TCD reports identified deficiencies in
reporting TCD modality (TCD vs TCDi), technique, and vessels
examined. Upon data entry into the DISPLACE study database,
sites were required to select if a report represented a TCD or TCDi.
However, of those that were listed as being performed with TCDi,
96% (199/207) did not state that a TCDi was used in the radiology
report itself. Second, of the 391 TCD/TCDi reports reviewed, 6%
(24/391) of the reports did not include numerical velocities,
whereas 8% (32/391) had some numerical values but not for all
vessels that the body of the report listed as being evaluated.
Furthermore, over half of the reports (52%, 200/391) did not
clearly identify the velocity measurement as the TAMMV, the key
variable per STOP criteria. About 30% (116/391) of the reports
did not assess or did not report on the dICA velocity.

Table 1. Summary of TCD reports

TCD reports

Median (range)

Patient age, y 5 (2-8)

TCD year 2013 (2000-2016)

TCD type* Count (%)

TCD 183 (47)

TCDi 207 (53)

Vessels assessed† Yes No Total

MCA 377 (100%) 0 377

ACA 327 (89%) 42 (11%) 369

PCA 306 (84%) 60 (16%) 366

dICA 275 (76%) 86 (24%) 361

Basilar 185 (51%) 179 (49%) 364

Bifurcation 146 (41%) 212 (59%) 358

Vertebral 203 (29%) 255 (71%) 358

Numerical velocities supplied Yes No Partial

335 (86%) 24 (6%) 32 (8%)

Classification based on TAMMV Yes No Unknown

162 (42%) 23 (6%) 200 (52%)

Peak velocities assessed‡ Yes No Unknown

123 (33%) 246 (37%)

Peak velocities noted in impression 52 (42%) 71 (58%)

ACA, anterior cerebral artery; PCA, posterior cerebral artery.
*TCD type as entered directly into the database by the investigator uploading the report

to DISPLACE database, not based on what is reported in the report itself.
†Total evaluable for each vessel includes only those that identified the vessels used. The

total number is not the same for each row.
‡Does not equal 100% as not all reports included numerical values or stated what they

were measuring.
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There were also deficiencies in reporting study interpretation
clearly. Only 42% (162/391) of the reports clearly stated that the
classification of normal vs abnormal results was based on the
TAMMV, and only 32% of the reports (123/391) clearly reported
which vessels were used to classify the study as normal/abnormal.
Notably, some reports included verbiage saying classification was
based on STOP criteria but did not give sufficient details in the
report to determine if the correct vessels were used.

Survey results

The surveys to assess the TCD screening practices from 2012 to
2016 are summarized in Table 2. Responses were received from
23 of the 26 institutions for whom TCD reports were included.
About 57% (13/23) reported using TCDi and 1 institution reported
using both TCD and TCDi. Of those sites using TCDi, 43% (6/14)
used angle correction. There was substantial variability regarding
which vessels were examined for both TCD and TCDi, ranging from
1 to 5 vessels per hemisphere, with 3 institutions reporting that it
was “whatever the radiologist decides.” Radiologists interpreted
TCDs at most sites (70%) and neurologists and hematologists
were identified as the responsible physicians in the remainder.
When asked how ultrasound technicians were trained in TCD
assessment, 39% (9/23 sites) noted using peer-to-peer training,
whereas 35% (8 sites) underwent formal STOP training for at least
some of their technicians. Further details are provided in Table 2.

As part of this survey, site PIs were also asked what velocity
measurements were used to classify TCD/TCDi scans as
normal/abnormal/conditional. Of those using nonimaging TCDs,
the classifications were consistent with those used for the STOP
study for 80% (8/10) of respondents. Five of the 10 institutions
also had defined “low” values that were not included as a STOP
study outcome measure. For the 14 sites using TCDi, there was
substantial variability in the lower velocity classification used to
define a “conditional” result which varied from 150 to 170 cm/
sec, and for the lower limit velocity for “abnormal” ranging from
180 to 201 cm/sec.

Discussion

The STOP study revolutionized care for pediatric patients with
SCA, identifying a noninvasive method to monitor children at high
risk of stroke and identifying a life-saving intervention (CRCT).2

However, despite this significant finding, several subsequent
studies have shown poor implementation of TCD screening for a
variety of reasons, including missed opportunities for referral and
inconsistent technique.16,20 Furthermore, there is no consistent
means of ensuring that centers perform TCDs accurately. Only 1
European study performed a quality assessment of the technical
capabilities of people performing stroke risk screening using
TCD.20 This study initially sought to evaluate the quality of TCD
reports across multiple institutions in the United States, with the
hypothesis that there would be more variability in the interpretation
of TCDi than TCDs. Instead, this study identified a startling lack of
standardization across all sites including which vessels were
measured, how the measurements were performed (with or without
angle correction for TCDi), how the reports were interpreted, and
who was reading and interpreting the report. The reports were so
discrepant that it was not possible to assess whether measure-
ments were accurately interpreted.

TCD results have critical implications for medical decision making
for children with SCA and our study reveals a significant lack of
quality assurance and consistency in the reporting of stroke risk
screening, using both TCD and TCDi. Most notably, many reports
did not clearly identify which blood vessels were used to assess
stroke risk, did not report on the correct velocity measurement (or
lacked the information to determine if the correct velocity was
measured), or made interpretations based on velocities other than
TAMMV, the measurement validated in the STOP trial. Additionally,
most reports reviewed in this study did not make note of whether a
TCD or TCDi was performed, and for TCDi, it was frequently
unclear if angle correction was performed which can affect cutoffs
for normal, conditional, and abnormal. Corroborating these find-
ings, survey data from the participating DISPLACE sites showed
significant variation in the training methods used for those per-
forming TCD. Though radiologists were the most common physi-
cians interpreting results, some sites noted neurologists or
hematologists assuming this role. The training of the interpreting
physician was not assessed.

This study revealed a significant lack of quality assurance in TCD
technique and interpretation across 26 pediatric SCA centers in
the United States, suggesting variability of result quality that could
result in missed opportunities to prevent strokes. To address this,
we have several recommendations for improved clarity of TCD
reporting at pediatric SCA centers. First, we recommend the cre-
ation of a standardized template for TCD/TCDi reports to be used
across institutions which includes the following key data: 1) spe-
cific type of TCD (TCD or TCDi) being used, 2) defined mea-
surement (TAMMV, also abbreviated as TAMMX) for each vessel
examined (MCA, dICA, anterior cerebral artery, etc), 3) numerical
values noted for the TAMMV of each vessel that is assessed, 4) a
clear impression statement indicating whether the TCD/TCDi is
normal, abnormal, or conditional, with a clear definition of what
values were used to categorize the results as such, and 5) a
statement regarding the adequacy of the study. We additionally
recommend consideration for the inclusion of comments about
asymmetry26 and low values.27 Because there is some evidence to
suggest utility in measuring peak systolic velocities,28 for sites
measuring them we recommend inclusion in the body of the report
but exclusion from the impression to prevent misinterpretation.
Similarly, the assessment of additional vessels such as the anterior
cerebral artery29 or the external portion of the ICA (eICA)30,31

deserves further study. The format of these reports should be
standardized in all electronic health records using a standardized
data dictionary (as used by the National Alliance of Sickle Cell
Centers) to facilitate both longitudinal assessment of individual
patients and intra- and intercenter comparative quality assessment.
Data should also be entered into the electronic health record in an
easily extractable format to facilitate multi-institution reviews. Our
recommended standardized template is provided in Figure 1. The
standardization of measurements and methods used for interpre-
tations is critical to allow comparison of data for use in research to
advance the field, especially as novel medications and trans-
formative therapies are being developed.

Regarding TCDi measurements, it has been shown in several
studies that one can expect the velocities to be about 10% lower
than TCD. However, this has not been confirmed, and thus, there
are no established guidelines regarding interpretation. Sites using
TCDi varied significantly in their definitions of conditional and
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abnormal velocities with or without angle correction. In the US, we
recommend compliance with the ASH guidelines for TCDi, using a
TAMMV ≥185 cm/sec to define abnormal5 until further studies or
internal quality assurance suggests another threshold should be
used as discussed below.

We also recommend choosing 1 brand of TCD or TCDi that is
used for all patients with SCA being cared for at an institution, to
allow consistency within the institution as well as internal quality
assurance. Most ideally, the same machine would be used for all
patients undergoing TCD/TCDi for stroke risk screening at an

Table 2. Summary of survey results

Survey results

Institution

TCD/TCDi reported used on

the survey Interprets scans Vessels used for interpretation

Cutoffs used (cm/sec)

conditional, abnormal

Training of technicians performing

TCD

1 TCD Hematologist MCA, dICA, ACA 170-199,
200+

Peer to peer

2 TCD Neurologist MCA 170-184,
185+

Peer to peer

3 TCD Neurologist MCA, dICA 170-199,
200+

Formal STOP training course

4 TCD Neurologist MCA, dICA 170-199,
200+

Formal STOP training course

5 TCD Neurologist MCA, ACA 170-215,
215+

Formal STOP training course

6 TCD Neurologist MCA, dICA, PCA, ACA 170-199,
200+

Other

7 TCD Neurologist MCA, dICA, whatever the radiologist
decides

170-199,
200+

Peer to peer

8 TCD Radiologist MCA, dICA, ACA 170-199,
200+

Other formal training

9 TCD Radiologist MCA, dICA, PCA, ACA, Basilar 170-199,
200+

Peer to peer

10 TCD and TCDi Radiologist MCA 170-199,
200+

155-184,
185+

Other formal training

11 TCDi Neuroradiologist MCA, dICA 150-179,
180+

Formal STOP training course and peer
to peer

12 TCDi Radiologist MCA 160-179,
180+

Other formal training

13 TCDi Radiologist MCA, dICA 155-184,
185+

Formal STOP training course and peer
to peer

14 TCDi Radiologist MCA, dICA, PCA 165-184,
185+

Peer to peer

15 TCDi Radiologist MCA, dICA, PCA 150-184,
185+

Peer to peer

16 TCDi Radiologist MCA, PCA, ACA 165-184,
185+

Peer to peer

17 TCDi Radiologist MCA, PCA, ACA 151-184,
185+

Formal STOP training course, other
formal training, peer to peer

18 TCDi Radiologist MCA, dICA, PCA, ACA 150-184,
185+

Formal STOP training course

19 TCDi Radiologist MCA, dICA, PCA, ACA 165-185,
186+

Formal STOP training course

20 TCDi Radiologist MCA, dICA, PCA, ACA 155-184,
185+

Other formal training, internal training,
other

21 TCDi Radiologist MCA, ACA, PCA, or whatever the
radiologist decides

170-199,
200+

Peer to peer

22 TCDi Radiologist Whatever the radiologist decides 170-200,
201+

Peer to peer

23 TCDi Radiologist and
hematologist

MCA, dICA 155-184,
185+

Other

ACA, anterior cerebral artery; PCA, posterior cerebral artery.
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institution, given the variability even among different equipment
from the same manufacturer. While calibration of each machine for
the performance of stroke risk screening for children with SCA
would be optimal, there is not a recognized, guideline-approved
method for this practice at this time. The equipment should
undergo recalibration as recommended by the manufacturer to
maintain the best precision. Triggers to evaluate the process and
thresholds used within an institution could include a lack of
abnormal scans (as this suggests the threshold for abnormal may
be too high), a change in the percentage of abnormal results, and a
clinical review of every patient who has a stroke that had under-
gone a TCD. The percentage of abnormal scans should be
compared continuously both within and between SCA centers as
the rates of abnormal TCD and frequency of stroke have changed
as treatments have evolved. Hematologists, sonographers, and
radiologists at SCA centers should work together to evaluate their
practices and outcomes to improve local performance and
outcomes.

Finally, without successful and ongoing TCD/TCDi training for tech-
nologists and interpreting physicians, results from these scans may be
unreliable. Though some institutions in DISPLACE reported having
technologists trained in formal STOP training courses, most training is
peer to peer and currently, there are no formal sickle cell–specific
training opportunities. The authors feel these trainings should be
reintroduced by either the National Alliance of Sickle Cell Centers or
through a professional diagnostic medical sonography organization. A
standardized training curriculum would improve both the technical
performance of TCD/TCDi and its interpretation. Physicians inter-
preting TCD/TCDi should have specialized training in the use of TCD/
TCDi for stroke risk screening. Hematology organizations and radi-
ology organizations should work together to improve mutual under-
standing of TCD performance standards and their critical clinical
significance. Recommendations are summarized in Table 3.

Although this study is multi-institutional and included the review of
nearly 400 TCD reports, there are still limitations. The sites

Clinical history: This is an (age) year old patient with Hgb (type of sickle cell disease) present-
ing for routine stroke risk screening.

Imaging Technique: To include TCD versus TCDi, machine used, if angle correction employed
for TCDi

Findings: Please define what measurement was done. The time-averaged mean maximum veloc-
ity is required per the STOP protocol. This can be abbreviated as TAMMV or TAMMX but writ-
ing out the full definition leads to the least confusion. If the peak systolic velocities are also
measured, recommend including that in a table format as well.

Additional vessels whose assessment may be of value but were not included in STOP:

Date L ACA L PCA L Vertebral L Bifurcation L eICA

Date Basilar Artery

Date R ACA R PCA R Vertebral R Bifurcation R eICA

Vessels as defined by STOP that should be assessed in all patients:

Date L MCA R MCA L dICA R dICA

Impression:

1) Classification per STOP criteria for TCD. For TCDi, classification as per ASH guidelines,
with institutional ability to determine their own cut offs based on their best available evidence.
Include the defined cutoffs and vessels as used by the institution for classification.

2) Comments on asymmetry or low values.

3) Recommendation for when to repeat the TCD.

Figure 1. Proposed standardized template for TCD/TCDi

reports. ACA, anterior cerebral artery; eICA, extracranial

internal carotid artery; Hgb, hemoglobin; L, left; PCA posterior

cerebral artery; R, right.
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included in DISPLACE represent ~30% of all pediatric SCA cen-
ters across the United States and did not include international
centers. The TCDs included were performed between 2000 and
2016, and institutional practices may have changed since these
were completed; though notably, there were no relevant differ-
ences in the quality of reports from the early time points compared
with the later ones. When surveys were sent to DISPLACE PIs,
they were requested to recall what their institution was doing
during the study period (2012-2016); however, recall bias may
have impacted the results toward reporting what the facilities are
currently using. Evidence against recall bias, however, is previously
published; original deidentified survey results from DISPLACE
similarly showed that there was significant variation in cutoffs used
for TCDi and vessels used in classification.25

In conclusion, though the STOP study clearly defined the impor-
tance of annual stroke risk screening with TCD for children with
SCA, there continue to be barriers to implementation. Appropriate
interpretation relies on accurate and consistent study performance,
and continuous quality assessment is necessary. Consequently,
this study serves as a call to action for immediate recalibration of
TCD/TCDi assessment and reporting, including the need for
standardized templates for electronic health records, reinstatement
of formal training for both those performing and interpreting scans,
and ongoing comparative quality analysis. We also recommend the
inclusion of TCD quality assurance in future definitions of Pediatric
Sickle Cell Disease Centers of Excellence, by the National Alliance
of Sickle Cell Centers and consideration for inclusion of TCD–
related quality assessment in US News and World Report
rankings to incentivize institutions to invest in improvement.
Accomplishing these goals will require engagement of the relevant
stakeholders, identification of barriers to implementation, and

funding. With these interventions, we can continue to work toward
meeting the recommended screening and interventions instituted
by the NHLBI over 25 years ago and optimize outcomes.
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Table 3. Summary of results and recommendations

Current guidelines DISPLACE findings

Recommendations/considerations for future

study

1. Measurement of the TAMMV in the MCA and dICA
to evaluate stroke risk2

1. About 52% either did not measure or did not
clearly document the measuring of TAMMV.

2. About 30% did not measure both the MCA and
dICA.

3. About 68% did not clearly identify which vessels
were used to interpret the study.

1. Standardized data dictionary and reporting
template as seen in Figure 1 to reinforce the
appropriate velocities to measure and interpret

2. Documentation of additional vessels assessed to
facilitate future studies regarding their role in
stroke risk screening

3. Repeat the examination for any abnormal velocity
of 200-220 cm/sec as recommended by the
ASH guidelines5

4. Consider laboratory evaluation and clinical
examination at the time of abnormal result

2. Definition of abnormal for TCD AND indication for
CRCT: TAMMV ≥200 cm/sec × 2 times or
>220 cm/sec once2,5

1. Sites were uniformly defined abnormal as
>200 cm/sec for TCD

2. About 58% did not clearly use the TAMMV to
interpret the study.

3. Indications for CRCT are not directly addressed
in this study.

3. Definition of abnormal for TCDi AND indication for
CRCT: TAMMV ≥185 cm/sec × 2 times or
>205 cm/sec once5

1. Significant heterogeneity in the definition of
conditional and abnormal for TCDi

2. About 43% of sites utilizing TCDi used angle
correction.

1. Do not use angle correction as this most closely
matches the original STOP trial

2. Start with following the ASH recommendations in
the United States until new data are available.

3. Use internal quality assurance processes to
adjust velocity cut offs as needed for best care

4. Training and calibration: No current guidelines in
the United States

1. Training of ultrasonographers and physicians
interpreting studies is variable.

1. Create joint hematology and radiology interest
group

2. Develop a new required training program for all
those performing and reading TCDs for stroke
risk screening in sickle cell disease

3. Each institution should be consistent in the
device used for TCD measurements.

4. Recommend the routine maintenance or
recalibration of imaging devices to ensure
continued precision

5. Internal quality assurance processes that will
identify variations in technique and results
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