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Abstract

Background: Children with sickle cell anemia (SCA) are at increased risk for stroke. In 2014, 

the National Heart, Lung, and Blood Institute (NHLBI) developed guidelines for stroke prevention 

in SCA informed by the Stroke Prevention Trial in Sickle Cell Anemia (STOP) and Optimizing 

Primary Stroke Prevention in Sickle Cell Anemia (STOP II) trials. The guidelines specify the use 

of transcranial doppler (TCD) screening and intervention with chronic red cell transfusion (CRCT) 

in children with SCA who have TCD indication of high stroke risk. The purpose of this study was 

to describe real-world practice patterns of stroke risk screening and intervention in sites that 

participated in the Dissemination and Implementation of Stroke Prevention Looking at the Care 

Environment (DISPLACE) Consortium.

Procedure: Site investigators completed a survey during the formative stages of the study to 

evaluate their TCD practices relative to the STOP studies. Descriptive statistics and analysis of 

free text comments for more complex practices were evaluated.

Results: Results suggested universal acceptance of annual TCD screening and initiation of 

CRCT following an abnormal result among the DISPLACE Consortium, consistent with NHLBI 
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recommendations. However, there was wide variation in methods for conducting TCD screenings 

(e.g., dedicated Doppler versus TCD imaging), classifying TCD results, and actions taken for 

conditional and inadequate results.

Conclusions: Annual TCD screening and initiation of CRCT are critical stroke prevention 

practices that were universally embraced in the consortium. Additional research would be 

beneficial for informing clinical practices for areas in which guidelines are absent or unclear.
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Introduction

Stroke is a devastating complication associated with sickle cell anemia (SCA).1 In the 

absence of intervention, it is estimated that about 10% of children with SCA will have an 

overt stroke.2 Stroke prevention practices in SCA were developed based on the Stroke 

Prevention Trial in Sickle Cell Anemia (STOP) and Optimizing Primary Stroke Prevention 

in Sickle Cell Anemia (STOP II) trials. These multi-center studies established that routine 

transcranial Doppler (TCD) screening with indefinite chronic red cell transfusions (CRCT) 

for children with abnormal TCD substantially reduced the rate of ischemic stroke in SCA.3,4

The 2014 National Heart, Lung, and Blood Institute (NHLBI) guidelines adopted these 

practices for clinical care.5 These guidelines were important for defining evidence-based 

methods for stroke prevention; however, there is likely variation in how these 

recommendations are interpreted and implemented. As demonstrated in the Post STOP 

study, implementation of TCD recommendations for SCA varies considerably, even among 

sites that participated in the original STOP trials.6 It is also unclear how specialists are 

applying findings in scenarios in which guidelines are absent or unclear or how providers are 

adopting recent clinical trial findings into their practice patterns.

The purpose of this study was to evaluate current TCD screening practices across 28 sites 

that participated in the Dissemination and Implementation of Stroke Prevention Looking at 

the Care Environment (DISPLACE) Consortium. DISPLACE is a multi-center study 

designed to evaluate current implementation of stroke prevention practices and subsequently 

design and deliver interventions to improve implementation of stroke prevention guidelines 

for children with SCA (ClinicalTrials.gov number ). We specifically sought to illustrate the 

range of practices used by the consortium relative to 2014 NHLBI guidelines and STOP 

studies.

Brief Summary of Guidelines and STOP Study Recommendations

Table 1 provides a summary of current practice recommendations from the NHLBI 

guidelines and STOP studies (including STOP, STOP II, and Post STOP). The NHLBI 

guidelines recommend annual TCD screening for children ages 2 to 16. Children with 

abnormal or conditional TCD should be referred to a specialist with expertise in CRCT.5 

The STOP studies3,4 provide specific guidance about TCD methods and follow-up care. 

TCD methods should be conducted as follows using dedicated Doppler: determine the 
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highest time averaged mean maximum (TAMM) blood-flow velocity in 2-mm increments in 

the middle cerebral artery (MCA; at three points), distal internal carotid artery (dICA), 

anterior and posterior cerebral arteries (ACA, PCA), and basilar artery. This approach is to 

ensure proper orientation and anatomical probe placement. For classifying results, STOP 

protocol defines an abnormal result as velocity ≥200 cm/sec in the MCA or dICA on either 

side. Conditional TCD is broadly defined as a result of ≥170 cm/sec, but <200 cm/sec. A 

prior STOP trial publication also created two designations of conditional TCD: low 

conditional (170–184 cm/sec) and high conditional (185–199 cm/sec) using dedicated 

Doppler.7 There are no specific guidelines for TCD imaging (TCDi).

Follow-up after TCD should occur as follows according to STOP, STOP II, and Post STOP 

recommendations. Children with abnormal TCD should either be initiated on CRCT or 

should have a repeat TCD within 4 weeks followed by initiation of CRCT if an abnormal 

result is confirmed. For children with conditional TCD, screening should occur more 

frequently than annually with frequency based on the child’s age and TCD velocity, such 

that younger children and those with TCD velocities closer to 200 cm/sec receive more 

frequent TCDs. Finally, for inadequate TCD (when key arterial segments that indicate stroke 

risk, i.e., the dICA and MCA, are not clearly insonated), no specific guideline exists; 

however, Post STOP recognizes that repeating the TCD or using alternative methods of 

evaluation, such as magnetic resonance angiography (MRA), are often performed.

Methods

Sample and Setting

Respondents were site Principal Investigators (PIs) at each DISPLACE institution. All 

respondents were specialty providers in pediatric hematology/oncology who provide care to 

individuals with SCA. Sites varied in characteristics including region (rural versus urban, US 

geographical location), size (large versus small), and previous participation in stroke 

prevention studies.

Data Collection

The practice patterns survey was developed in the needs assessment stage of DISPLACE to 

establish a baseline understanding of current practices in our 28-site consortium (additional 

data on implementation rates for stroke prevention practices will be forthcoming in a 

separate publication). Our multidisciplinary team representing psychology, nursing, 

medicine, and public health developed the survey using an iterative process. The 2014 

NHLBI guidelines and prior STOP publications served as a survey development framework, 

and 37 items were included around practices on: TCD screening, CRCT initiation, magnetic 

resonance imaging (MRI) and MRA, echocardiograms, developmental-behavioral screening, 

and immunizations. Only results from the 8 TCD screening items are presented in this 

report. TCD screening questions included TCD type (dedicated Doppler versus imaging), 

blood vessels and velocity ranges for classifying results, screening frequency, and actions 

taken for abnormal, conditional, and inadequate results. One additional item was included 

for open comments on TCD practices. The survey was administered electronically using 
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REDCap8 via email to each PI. The survey was multiple-choice response with optional free-

text comment items; for some items, multiple response selection was permitted.

Data Analysis

Data were exported from REDCap8 to SAS software, version 9.4 (Copyright © 2016 by 

SAS Institute Inc., Cary, NC, USA.) for analysis. Descriptive statistics were calculated 

including measures of central tendency (mean, median, range) for continuous variables and 

proportions and frequencies for categorical variables. Line-by-line examination of free-text 

comments was also conducted to further understand the complexity of practice patterns. The 

most common patterns for multiple response selections were described in the Results.

Results

All 28 (100%) site PIs completed the survey. Approximately half (53%) were female, 77.8% 

were White, 11.1% were Asian, 7.4% were Black or African American, and 7.4% were 

Hispanic or Latino.

Methods for Screening and Classification of TCD Results

Results from TCD screening items are presented in Table 1. Most sites (92.9%) intend to 

conduct screening annually, with 7.1% conducting screening more frequently. Dedicated 

Doppler was used by slightly more sites than TCDi. Nearly all sites (96.4%) used the MCA 

to classify results as normal or abnormal, followed by the dICA (71.4%) and ACA (71.4%). 

The only site not specifically reporting use of the MCA to classify results stated they relied 

on the radiologist to decide which vessels were used. Most commonly, sites used the MCA, 

ACA, and dICA to classify results (25%), followed by the MCA and dICA (17.9%), and the 

MCA, ACA, dICA, and PCA (14.2%).

Three site PIs further explained vessels used to classify results in comments. One site PI 

reported using the ACA for classification based on research suggesting that ACA velocities 

are clinically significant (even though it is not a STOP criterion). Another site PI clarified 

that the posterior circulation velocities are documented (in addition to the MCA and ACA), 

but only the anterior circulation velocities are used for classification. The third PI explained 

that the radiology department at their site obtains peak systolic (PSV) velocities and, 

depending on the radiologist, will sometimes use PSV velocities for classification based on a 

previous 2005 study that found PSV to be comparable to TAMM for determining stroke risk.
9

Sites were also asked to provide the standard TAMM values used to categorize results as 

normal, high/abnormal, and conditional. Table 2 presents the mean minimum and maximum 

TAMM cut-off values across sites for dedicated Doppler and TCDi compared with STOP 

protocol cut-offs.

Actions Taken According to Results

Abnormal.—For follow-up after abnormal TCD, 24 sites (85.7%) selected the response 

“initiate CRCT.” However, 3 additional sites responded in comments that CRCT would be 
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initiated, leaving only 1 site that did not indicate CRCT initiation for an abnormal TCD. Of 

these 27 sites, 7 sites (25.9%) indicated the only response to an abnormal TCD would be to 

initiate CRCT. Eighteen sites (66.7%) would obtain MRI/MRA and initiate CRCT, and 6 

sites (22.2%) would obtain an MRI/MRA, repeat the TCD, and initiate CRCT.

Eight sites (28.6%) indicated they would repeat the TCD after abnormal results were 

obtained, and before making any change in treatment. Of these 8 sites, 3 sites (37.5%) would 

repeat the TCD in 1 to 2 weeks, 1 site (12.5%) would repeat the TCD in 2 to 4 weeks, and 4 

sites (50%) did not specify a time frame. The site above that did not report initiating CRCT 

for abnormal results noted they would obtain an MRI/MRA and repeat the TCD but did not 

indicate subsequent actions. Two site PIs described actions that would be taken if CRCT was 

refused by the family in comments. In both cases, providers would recommend hydroxyurea 

(HU).

High-range Conditional.—For conditional TCD results in the higher ranges (closer to 

but below the abnormal range), nearly all sites (27; 96.4%) would follow up with a repeat 

TCD before change in therapy. However, 19 sites (67.9%) would initiate HU if the patient 

was not already on HU. Of these 19 sites, 13 sites (68.4%) would also order an MRI/MRA, 

and 12 sites (63.2%) would initiate HU, order an MRI/MRA, and repeat the TCD. The 

remaining 6 sites (21.4%) would initiate HU and repeat the TCD, but would not obtain an 

MRI/MRA. Eight sites (28.6%) responded that the only action would be to repeat the TCD. 

Six of these eight sites (75%) would repeat the TCD in 12 to 16 weeks and 2 (25%) would 

repeat the TCD in 6 to 8 weeks. One site PI clarified in comments that if results were 

confirmed on a repeat TCD, the provider would either initiate HU or CRCT; if abnormalities 

were detected on the MRI/MRA, CRCT would be recommended; if the MRI/MRA was 

normal, HU would be initiated with close TCD monitoring.

Low-range Conditional.—For conditional TCD results in the lower ranges (closer to but 

above the normal range), the most common response was to repeat the TCD before change 

in therapy (20 sites; 71.4%). Of these 20 sites, 9 sites (45%) would only repeat the TCD. 

Five sites (25%) would initiate HU and obtain an MRI/MRA in addition to repeating the 

TCD, 4 sites (20%) would only initiate HU in addition to repeating the TCD, and 2 sites 

(10%) would obtain an MRI/MRA and repeat the TCD. Of the eight sites that would not 

repeat the TCD, 4 (50%) would initiate HU and obtain an MRI/MRA, 2 (25%) would only 

initiate HU, 1 site (12.5%) indicated they would initiate HU, but also indicated they would 

make no change in therapy, and 1 (12.5%) would make no change in therapy.

Inadequate—The most commonly reported follow up action for inadequate TCD results 

was to repeat the TCD (17 sites; 60.7%). Nine sites (32.1%) responded that the only action 

would be to repeat the TCD, with 7 sites (25%) repeating the TCD in 2 to 12 weeks and 2 

sites (7.1%) repeating the TCD in 6 months to 1 year. Eight sites (28.6%) indicated the only 

follow-up action would be to obtain an MRI/MRA. Seven additional sites (25%) would 

obtain an MRI/MRA, but would also repeat the TCD in 2 to 12 weeks. In comments, two 

site PIs indicated the decision would be influenced by the patient’s age. One site PI reported 

that the TCD would be repeated every 3 months until an adequate reading was obtained for a 
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patient 2 to 3 years old. If results continued to be inadequate at age 3, a sedated MRI/MRA 

would be performed.

Methods for Determining Inadequate Result

PIs were also asked how “inadequate” was defined at their institutions. The most frequent 

definition was no obtainable velocity on one or both MCAs (unless one side measured flow 

≥200 cm/sec; 9 sites; 32.1%). The next most common responses were selected by 5 sites 

(17.9%) each and were 1.) no measurable velocities in any of the main arteries and 2.) any of 

the following: no measurable velocities on one or both MCAs, no measurable velocities in 

any main arteries, or no measurable velocities in all main arteries. Three sites selected 

“other” and provided a definition in comments. One site PI responded that the decision 

depends on the patient’s age and “what we get.” The second site PI clarified that results are 

classified as inadequate when the MCA, dICA, and ACA are not imaged. The third site PI 

explained that results are considered inadequate if velocities are not obtained in one or both 

MCAs, but also if the PCA or ACA is not visualized.

Discussion

The results of this initial practice patterns survey from the DISPLACE Consortium suggest 

near universal adoption of the NHLBI guidelines for annual TCD screening and initiation of 

CRCT following an abnormal result across sites. However, methods for classifying TCD 

results and follow-up practices when TCD results were conditional or inadequate varied 

considerably across sites.

For TCD methods, a substantial number of sites (42.9%) were using TCDi. Although there 

are no formal guidelines for TCDi, follow-up studies were conducted following the STOP 

trial to compare dedicated Doppler to TCDi.10–13 Although study sample sizes were small, 

each found TCDi velocities were significantly lower than dedicated Doppler (approximately 

10 – 15% lower, but as much as 20% lower depending on the vessel). Conversely, Nelsh et 

al.14 found agreement in categorization of results using dedicated Doppler and TCDi in 81% 

of results. Practice standards vary as to whether lower parameters are applied for 

categorizing TCDi results. According to some investigators15, there is consensus that 

parameters set in STOP protocol for dedicated Doppler can be applied to TCDi. However, 

McCarville et al.10 recommended parameters for classifying TCD results using TCDi that 

are 10% lower than STOP protocol for dedicated Doppler, i.e., TAMM values of 180 cm/sec 

or more for abnormal, and 153 – 179 cm/sec for conditional. Comparable lower parameters 

were applied for TCDi in the Silent Cerebral Infarct Transfusion (SIT) multi-center clinical 

trial.16,17

Among our study sites using TCDi, the range for classifying results as conditional was 163 – 

188 cm/sec and the mean cut-off for abnormal was 190 cm/sec. Further, some sites using 

TCDi reported using STOP protocol values for classifying results. These findings likely 

reflect inconsistency in the literature described above and highlight the need for clearer 

guidance for using TCDi to detect stroke risk in children with SCA. It was also notable to 

see the ranges used for classification of conditional versus abnormal TCD. The slight 

variation in some sites for the taxonomy of normal, conditional, and abnormal may also 
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suggest some confusion around the cut-offs described in the 2014 NHLBI guidelines even 

with dedicated Doppler.

Sites also varied in which cerebral vessels were used to classify results. STOP protocol 

provides guidance for which vessels to examine; however, stroke risk classification is made 

only from the MCA and dICA. While nearly all sites used the MCA to classify stroke risk, 

about 1/4 of sites were not using the dICA. This finding may be the result of relative ease of 

obtaining a velocity in the MCA versus the dICA. Many sites were also incorporating other 

vessels into their classification, with the ACA examined about as much as the dICA. As one 

of the site PIs reported, some literature suggests the potential importance of the ACA in 

identifying children with SCA at high stroke risk.18

As noted above, nearly all sites reported they would initiate CRCT if a child had an 

abnormal TCD screening, with some sites also confirming the result via repeat TCD within 

4 weeks before starting CRCT. Both of these methods would be consistent with idealized 

implementation described in Post STOP.6 Some sites described additional practices that 

were not addressed in guidelines or STOP literature, including obtaining an MRI/MRA and 

initiating HU. Sites are likely using MRI/MRA to identify potential cerebrovascular 

abnormalities in children with abnormal TCD, including previous undetected overt or silent 

stroke or blood vessel stenosis. This information may also be used by sites who are 

implementing the protocol from the TCDs with Transfusions Changing to Hydroxyurea 

(TWiTCH) trial.19 This multi-site study determined that children with abnormal TCD, but 

no significant cerebrovascular abnormalities on MRI/MRA (i.e., no history of stroke, no 

severe vasculopathy) could be safely transitioned to HU after one year of transfusions to 

maintain TCD velocities and prevent stroke.19

Follow-up practices were more variable for children with conditional TCD, for which there 

are no established guidelines. Post STOP recommended repeating TCDs more frequently 

than annually for children with conditional TCD, with consideration of the child’s age and 

TCD velocity when determining frequency. Webb and Kwiatkowski20 made more specific 

recommendations regarding frequency. For low conditional TCD, the authors recommended 

repeating within 3 to 6 months. For high conditional TCD, the authors recommended 

repeating the TCD within 6 weeks if the child is <10 years of age and repeating within 3 

months if the child ≥10 years or older. The authors further recommended considering an 

MRI/MRA for children with high conditional TCD who are <10 years of age. The rationale 

for repeating the TCD is the potential conversion risk to from conditional to abnormal (or 

stroke), with previous studies suggesting conversion rates of 29% in the original STOP 

cohort for stroke and 23% for abnormal TCD in a subsequent study.7,21

Among DISPLACE sites, practices were similar for children with conditional TCD 

velocities in both the lower and higher ranges and included repeating the TCD, initiating 

HU, and obtaining an MRI/MRA (as well as combinations of these practices). Repeating the 

TCD was nearly universal when the child’s TCD was closer to 200 cm/sec versus 170 cm/

sec. In addition, one site would consider initiating CRCT with TCD velocities closer to 200 

cm/sec. Sites may be recommending HU therapy based on previous work suggesting the 

potential for HU to decrease TCD velocities22. Overall, the variation in practices for 
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conditional TCD suggests the need for prospective data on the effects of repeating TCDs at 

varying intervals, including whether repeating TCDs captures children who convert to 

abnormal and ultimately prevents stroke.

Currently, no guidelines regarding inadequate TCD exist, though providers frequently repeat 

the TCD or use an alternate imaging evaluation method.6 DISPLACE study sites most 

frequently repeated the TCD with wide variation in the timeframe and/or obtained an MRI/

MRA. STOP protocol recommended repeating a TCD that was inadequate within 2 to 12 

weeks.7 Site PIs also reported a range of methods for defining an inadequate result. 

According to STOP protocol, inadequate was defined as a study without attainable readings 

from the right and left MCA/dICA, unless one side was abnormal.7 A recent study 

conducted in the United Kingdom (UK) applied more stringent criteria than STOP to better 

characterize inadequate TCD findings in children with SCA. This protocol defined 

inadequate as any study in which none of the 10 vessels could be measured for any reason.15 

Most frequently, our study site PIs defined inadequate in accordance with STOP protocol; 

however, approximately two-thirds of sites used other methods, which may represent 

adoption of protocols similar to those used in the UK.

Conversion from normal, conditional, or inadequate to an abnormal result was infrequent 

(1%) in the STOP study.7 In addition, stroke risk for individuals with an inadequate result 

was significantly lower than those with an abnormal result. Among individuals in STOP 

studies who experienced stroke, fewer (9%) had an inadequate TCD immediately prior to the 

stroke event than normal, conditional, or abnormal.7 In their in-depth exploration of 

inadequate TCD results, Greenwood et al.15 found nearly 75% of individuals with an 

inadequate scan had a subsequent normal scan; less than 5% had a subsequent abnormal 

scan and none had subsequent stroke. A poor temporal window and lack of patient 

cooperation were the most common causes for an inadequate result. Findings from these 

studies suggest inadequate TCD results are uncommonly associated with stroke risk and are 

often the result of technical issues; however, best practices for follow-up after an inadequate 

result remain unclear.

This study’s findings should be interpreted in the context of limitations. Practice patterns in 

this study were specific to sites who agreed to be part of DISPLACE. There may be 

characteristics (such as having a higher level of university support to engage in research) that 

make them less generalizable to other sites. Sites were chosen to represent a range of 

characteristics, including clinic population size, region, and previous affiliation with STOP 

studies. We also chose to collect information via survey; however, it was difficult to fully 

represent nuances described in free text comments as well as the range of multiple selection 

responses.

In conclusion, these findings illustrate areas of commonality and variation when comparing 

stroke prevention practices described in research studies versus real-world implementation. 

The areas of agreement likely reflect the strong evidence base behind the NHLBI guidelines 

and STOP studies; however, the variation observed in other areas illustrates the need for 

further study to inform clearer practice guidelines. In particular, providers need specific 

guidance about the use of TCDi to classify stroke risk in children with SCA. It would also be 
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beneficial to have guidance on unusual findings from TCD, such as vessel abnormalities 

other than the MCA and dICA or inadequate TCD. Finally, guidance for clinical practices 

apart from CRCT following conditional and abnormal results would be beneficial, such as 

protocols for repeating TCD, use of MRI/MRA, and HU.

Acknowledgements:

This work was funded by the National Institutes of Health, National Heart, Lung, and Blood Institute R01 
HL133896 to J.K., C.M., and R.J.A. and by the National Institute of Nursing Research K23 NR017899 to S.P.

Abbreviations list:

ACA anterior cerebral artery

CRCT chronic red cell transfusions

dICA distal internal carotid artery

DISPLACE Dissemination and Implementation of Stroke Prevention Looking at 

the Care Environment

HU hydroxyurea

MCA middle cerebral artery

NHLBI National Heart, Lung, and Blood Institute

PCA posterior cerebral artery

PI principal investigator

SCA sickle cell anemia

TCD transcranial doppler

TCDi transcranial doppler imaging

SIT Silent Cerebral Infarct Transfusion

STOP Stroke Prevention Trial in Sickle Cell Anemia

STOP II Optimizing Primary Stroke Prevention in Sickle Cell Anemia

TAMM time averaged mean maximum

TWiTCH TCDs with Transfusions Changing to Hydroxyurea

References

1. Hassell KL. Population estimates of sickle cell disease in the U.S. Am J Prev Med 2010;38(4 
Suppl):S512–521. [PubMed: 20331952] 

2. Ohene-Frempong K, Weiner SJ, Sleeper LA, et al. Cerebrovascular accidents in sickle cell disease: 
Rates and risk factors. Blood 1998;91(1):288 – 294. [PubMed: 9414296] 

Schlenz et al. Page 9

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Adams RJ, McKie VC, Hsu L, et al. Prevention of a first stroke by transfusions in children with 
sickle cell anemia and abnormal results on transcranial Doppler ultrasonography. N Engl J Med 
1998;339(1):5–11. [PubMed: 9647873] 

4. Adams RJ, Brambilla D. Discontinuing prophylactic transfusions used to prevent stroke in sickle 
cell disease. N Engl J Med 2005;353(26):2769–2778. [PubMed: 16382063] 

5. Heart National Lung and Blood Institute. Evidence-based management of sickle cell disease: Expert 
panel report. Rockville, MD: National Heart, Lung, and Blood Institute;2014.

6. Adams RJ, Lackland DT, Brown L, et al. Transcranial doppler re-screening of subjects who 
participated in STOP and STOP II. Amer J Hematol 2016;91:1191 – 1194. [PubMed: 27623561] 

7. Adams RJ, Brambilla DJ, Granger S, et al. Stroke and conversion to high risk in children screened 
with transcranial Doppler ultrasound during the STOP study. Blood 2004;103:3689 – 3694. 
[PubMed: 14751925] 

8. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture 
(REDCap) - a metadat-driven methodology and workflow process for providing translational 
research informatics support. J Biomed Informatics 2009;42(2):377–381.

9. Jones A, Granger S, Brambilla D, et al. Can peak systolic velocities be used for prediction of stroke 
in sickle cell anemia? Pediatr Radiol 2005;35:66 – 72. [PubMed: 15517239] 

10. McCarville MB, Li C, Xiong X, Wang W. Comparison of transcranial Doppler sonography with 
and without imaging in the evaluation of chldren with sickle cell anemia. Amer J Radiol 
2004;183:1117 – 1122.

11. Jones AM, Seibert JJ, Nichols FT, et al. Comparison of transcranial color Doppler imaging (TCDI) 
and transcranial Doppler (TCD) in children with sickle-cell anemia. Pediatr Radiol 2001;31:461 – 
469. [PubMed: 11486797] 

12. Krejza J, Rudzinski W, Pawlak MA, et al. Angle-corrected imaging transcranial Doppler 
sonography versus imaging and nonimaging transcranial Doppler sonography in children with 
sickle cell disease. Amer J Neuroradiol 2007;28:1613 – 1618. [PubMed: 17846223] 

13. Bulas DI, Jones A, Seibert JJ, Driscoll C, O’Donnell R, Adams RJ. Transcranial Doppler (TCD) 
screening for stroke prevention in sickle cell anemia: pitfalls in technique variation. Pediatr Radiol 
2000;30:733 – 738. [PubMed: 11100487] 

14. Nelsh AS, Blews DE Simms CA, Merritt RK, Spinks AJ. Screening for stroke in sickle cell 
anemia: comparison of transcranial doppler imaging and nonimaging US techniques. Radio 
2002;222(3):709–714.

15. Greenwood S, Deane C, Rees OL, et al. The significance of inadequate transcranial Doppler 
studies in children with sickle cell disease. PLoS ONE 2017;12(7):e0181681. [PubMed: 
28742875] 

16. DeBaun MR, Gordon M, McKinstry RC, et al. Controlled trial of transfusions for silent cerebral 
infarction in sickle cell anemia. N Engl J Med 2014;371(8):699 – 710. [PubMed: 25140956] 

17. Casella JF, King AA, Barton B, et al. Design of the silent cerebral infarct transfusion (SIT) trial. 
Pediatr Hematol Oncol 2010;27:69 – 89. [PubMed: 20201689] 

18. Kwiatkowski JL, Granger S, Brambilla DJ, et al. Elevated blood flow velocity in the anterior 
cerebral artery and stroke risk in sickle cell disease: extended analysis from the STOP trial. Br J 
Haematol 2006;134(3):333–339. [PubMed: 16848777] 

19. Ware RE, Davis BR, Schultz WH, et al. Hydroxycarbamide versus chronic transfusion for 
maintenance of transcranial doppler flow velocities in children with sickle cell anaemia - TCD 
With Transfusions Changing to Hydroxyurea (TWiTCH): a multicentre, open-label, phase 3, non-
inferiority trial. Lancet 2016;387:661 – 670. [PubMed: 26670617] 

20. Webb J, Kwiatkowski JL. Stroke in patients with sickle cell disease. Expert Rev Hematol 
2013;6(3):301–316. [PubMed: 23782084] 

21. Hankins JS, Fortner GL, McCarville MB, et al. The natural history of conditional transcranial 
Doppler flow velocities in children with sickle cell anaemia. Br J Haematol 2008;142(1):94–99. 
[PubMed: 18477038] 

22. DeBaun MR, Kirkham FJ. Central nervous system complications and management in sickle cell 
disease. Blood 2016;127(7):829–838. [PubMed: 26758917] 

Schlenz et al. Page 10

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schlenz et al. Page 11

TA
B

L
E

 1

R
ec

om
m

en
da

tio
ns

 f
or

 s
tr

ok
e 

sc
re

en
in

g 
in

 s
ic

kl
e 

ce
ll 

an
em

ia
 a

nd
 p

ra
ct

ic
e 

pa
tte

rn
s 

in
 D

IS
PL

A
C

E
 c

on
so

rt
iu

m

P
ra

ct
ic

e 
R

ec
om

m
en

da
ti

on
s 

pe
r 

20
14

 N
H

L
B

I 
G

ui
de

lin
es

an
d 

ST
O

P
 S

tu
di

es
 (

ST
O

P,
 S

T
O

P
 I

I,
 P

os
t 

ST
O

P
)

P
ra

ct
ic

e 
P

at
te

rn
s 

in
 D

IS
P

L
A

C
E

 C
on

so
rt

iu
m

N
 =

 2
8 

(p
ro

po
rt

io
n;

 n
)

Fo
r 

ch
ild

re
n 

w
ith

 H
bS

S 
an

d 
H

bS
β0

:

•
Sc

re
en

 a
nn

ua
lly

 w
ith

 T
C

D
 s

ta
rt

in
g 

at
 a

ge
 2

 u
p 

to
 a

ge
 1

6

Fr
eq

ue
nc

y 
of

 T
C

D
 S

cr
ee

ni
ng

:

•
A

nn
ua

lly
 (

92
.9

%
; 2

6)

•
E

ve
ry

 6
 m

on
th

s 
(7

.1
%

; 2
)

M
et

ho
d 

us
in

g 
T

C
D

 s
ta

nd
ar

d:

•
H

ig
he

st
 ti

m
e-

av
er

ag
e 

m
ea

n 
bl

oo
d-

fl
ow

 v
el

oc
ity

 in
 2

-m
m

 in
cr

em
en

ts
 in

 th
e

–
M

id
dl

e 
ce

re
br

al
 a

rt
er

y 
(a

t t
hr

ee
 p

oi
nt

s)

–
D

is
ta

l i
nt

er
na

l c
ar

ot
id

 a
rt

er
y

–
A

nt
er

io
r 

an
d 

po
st

er
io

r 
ce

re
br

al
 a

rt
er

ie
s

–
B

as
ila

r 
ar

te
ry

•
St

ro
ke

 r
is

k 
de

te
rm

in
ed

 f
ro

m
 m

id
dl

e 
ce

re
br

al
 a

nd
 in

te
rn

al
 c

ar
ot

id
 a

rt
er

ie
s

N
o 

cl
ea

r 
gu

id
el

in
es

 f
or

 u
si

ng
 T

C
D

 im
ag

in
g

M
et

ho
d 

of
 T

C
D

:

•
D

ed
ic

at
ed

 D
op

pl
er

 (
57

.1
%

; 1
6)

•
T

C
D

 I
m

ag
in

g 
(4

2.
9%

; 1
2)

C
er

eb
ra

l v
es

se
ls

 e
xa

m
in

ed
:

•
M

id
dl

e 
ce

re
br

al
 a

rt
er

y 
(9

6.
4%

; 2
7)

•
D

is
ta

l i
nt

er
na

l c
ar

ot
id

 a
rt

er
y 

(7
1.

4%
; 2

0)

•
A

nt
er

io
r 

ce
re

br
al

 a
rt

er
y 

(7
1.

4%
; 2

0)

•
Po

st
er

io
r 

ce
re

br
al

 a
rt

er
y 

(3
5.

7%
; 1

0)

•
B

as
ila

r 
ar

te
ry

 (
14

.3
%

; 4
)

•
R

ad
io

lo
gi

st
 d

ec
id

es
 (

7.
1%

; 2
)

A
bn

or
m

al
 T

C
D

 (
≥2

00
 c

m
/s

ec
) 

in
 e

ith
er

 th
e 

m
id

dl
e 

ce
re

br
al

 a
rt

er
y 

or
 th

e 
in

te
rn

al
 c

ar
ot

id
 a

rt
er

y:

•
In

iti
at

e 
C

R
C

T
 O

R

•
E

ar
ly

 r
ep

ea
t o

f 
ab

no
rm

al
 T

C
D

 (
w

ith
in

 4
 w

ee
ks

) 
an

d 
in

iti
at

e 
C

R
C

T
 if

 a
bn

or
m

al
 c

on
fi

rm
ed

Fo
llo

w
-u

p 
af

te
r 

ab
no

rm
al

 T
C

D
:

•
In

iti
at

e 
C

R
C

T
 (

85
.7

%
; 2

4)

•
O

bt
ai

n 
M

R
I/

M
R

A
 (

64
.3

%
; 1

8)

•
R

ep
ea

t T
C

D
 p

ri
or

 to
 c

ha
ng

e 
(2

8.
6%

; 8
)

•
In

iti
at

e 
hy

dr
ox

yu
re

a 
(7

.1
%

; 2
)

•
In

iti
at

e 
bo

th
 C

R
C

T
 a

nd
 h

yd
ro

xy
ur

ea
 (

3.
6%

; 1
)

C
on

di
tio

na
l T

C
D

 (
17

0–
19

9 
cm

/s
ec

)

•
Sc

re
en

 m
or

e 
fr

eq
ue

nt
ly

 th
an

 a
nn

ua
lly

 A
N

D

•
Fu

rt
he

r 
in

cr
ea

se
 in

 s
cr

ee
ni

ng
 if

:

–
Y

ou
ng

er
 c

hi
ld

 a
ge

–
T

C
D

 v
el

oc
ity

 c
lo

se
r 

to
 2

00
 c

m
/s

ec

Fo
llo

w
-u

p 
af

te
r 

co
nd

iti
on

al
 T

C
D

 (
lo

w
er

 r
an

ge
s)

:

•
R

ep
ea

t T
C

D
 p

ri
or

 to
 c

ha
ng

e 
(7

1.
4%

; 2
0)

•
In

iti
at

e 
hy

dr
ox

yu
re

a 
(5

7.
1%

; 1
6)

•
O

bt
ai

n 
M

R
I/

M
R

A
 (

32
.3

%
; 1

1)

•
N

o 
ch

an
ge

 (
7.

1%
; 2

)

Fo
llo

w
-u

p 
af

te
r 

co
nd

iti
on

al
 T

C
D

 (
hi

gh
er

 r
an

ge
s)

:

•
R

ep
ea

t T
C

D
 p

ri
or

 to
 c

ha
ng

e 
(9

6.
4%

; 2
7)

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schlenz et al. Page 12

P
ra

ct
ic

e 
R

ec
om

m
en

da
ti

on
s 

pe
r 

20
14

 N
H

L
B

I 
G

ui
de

lin
es

an
d 

ST
O

P
 S

tu
di

es
 (

ST
O

P,
 S

T
O

P
 I

I,
 P

os
t 

ST
O

P
)

P
ra

ct
ic

e 
P

at
te

rn
s 

in
 D

IS
P

L
A

C
E

 C
on

so
rt

iu
m

N
 =

 2
8 

(p
ro

po
rt

io
n;

 n
)

•
In

iti
at

e 
hy

dr
ox

yu
re

a 
(6

7.
9%

; 1
9)

•
O

bt
ai

n 
M

R
I/

M
R

A
 (

46
.4

%
;1

3)

•
In

iti
at

e 
C

R
C

T
 (

3.
6%

; 1
)

•
N

o 
ch

an
ge

 (
3.

6%
; 1

)

In
ad

eq
ua

te
 T

C
D

 (
du

e 
to

 te
ch

ni
ca

l p
ro

bl
em

s 
or

 s
ev

er
e 

ar
te

ri
al

 d
is

ea
se

 w
ith

 o
cc

lu
si

on
 o

f 
th

e 
ar

te
ri

es
 o

f 
in

te
re

st
):

•
N

o 
cl

ea
r 

gu
id

el
in

e

•
R

ep
ea

t T
C

D
 o

r 
al

te
rn

at
iv

e 
m

et
ho

ds
 o

f 
ev

al
ua

tio
n 

(e
.g

., 
M

R
A

) 
of

te
n 

pe
rf

or
m

ed

Fo
llo

w
-u

p 
af

te
r 

in
ad

eq
ua

te
 T

C
D

:

•
R

ep
ea

t T
C

D
 (

60
.7

%
; 1

7)

•
O

bt
ai

n 
M

R
I/

M
R

A
 (

57
.1

%
; 1

6)

•
In

iti
at

e 
hy

dr
ox

yu
re

a 
(7

.1
%

; 2
)

•
N

o 
ch

an
ge

 (
3.

6%
; 1

)

C
R

C
T

 =
 c

hr
on

ic
 r

ed
 c

el
l t

ra
ns

fu
si

on
s;

 D
IS

PL
A

C
E

 =
 D

is
se

m
in

at
io

n 
an

d 
Im

pl
em

en
ta

tio
n 

of
 S

tr
ok

e 
Pr

ev
en

tio
n 

L
oo

ki
ng

 a
t t

he
 C

ar
e 

E
nv

ir
on

m
en

t

M
R

A
 =

 m
ag

ne
tic

 r
es

on
an

ce
 a

ng
io

gr
ap

hy
; M

R
I 

=
 m

ag
ne

tic
 r

es
on

an
ce

 im
ag

in
g;

 N
H

L
B

I 
=

 N
at

io
na

l H
ea

rt
, L

un
g,

 a
nd

 B
lo

od
 I

ns
tit

ut
e

ST
O

P 
=

 S
tr

ok
e 

Pr
ev

en
tio

n 
T

ri
al

 in
 S

ic
kl

e 
C

el
l A

ne
m

ia
; S

T
O

P 
II

 =
 O

pt
im

iz
in

g 
Pr

im
ar

y 
St

ro
ke

 P
re

ve
nt

io
n 

in
 S

ic
kl

e 
C

el
l A

ne
m

ia
;

T
C

D
 =

 tr
an

sc
ra

ni
al

 D
op

pl
er

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 April 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Schlenz et al. Page 13

TA
B

L
E

 2

M
in

im
um

 a
nd

 m
ax

im
um

 ti
m

e-
av

er
ag

ed
 m

ea
n 

of
 th

e 
m

ax
im

um
 (

TA
M

M
) 

cu
t-

of
f 

va
lu

es
 (

cm
/s

ec
) 

by
 s

ite
s 

w
ith

 m
ea

ns
 a

cr
os

s 
si

te
s 

fo
r 

va
lu

es
 c

ha
ra

ct
er

iz
ed

 

as
 n

or
m

al
, c

on
di

tio
na

l, 
an

d 
hi

gh
/a

bn
or

m
al

 b
y 

tr
an

sc
ra

ni
al

 D
op

pl
er

 (
T

C
D

) 
m

et
ho

d 
co

m
pa

re
d 

w
ith

 th
e 

ST
O

P 
pr

ot
oc

ol

N
or

m
al

 T
C

D
 H

ig
he

r 
E

nd
C

on
di

ti
on

al
 T

C
D

 L
ow

er
 E

nd
C

on
di

ti
on

al
 T

C
D

 H
ig

he
r 

E
nd

H
ig

h/
A

bn
or

m
al

 T
C

D
 L

ow
er

 E
nd

ST
O

P 
Pr

ot
oc

ol
16

9
17

0
19

9
20

0

D
ed

ic
at

ed
 D

op
pl

er
 T

C
D

M
ea

n
17

0
17

0
19

9
20

0

M
in

16
9

17
0

19
9

20
0

M
ax

17
9

17
1

20
0

20
1

Im
ag

in
g 

T
C

D
 (

T
C

D
i)

M
ea

n
16

3
16

3
18

8
19

0

M
in

14
9

15
0

17
4

18
0

M
ax

17
0

17
0

19
9

20
0

Pediatr Blood Cancer. Author manuscript; available in PMC 2021 April 01.


	Abstract
	Introduction
	Brief Summary of Guidelines and STOP Study Recommendations

	Methods
	Sample and Setting
	Data Collection
	Data Analysis

	Results
	Methods for Screening and Classification of TCD Results
	Actions Taken According to Results
	Abnormal.
	High-range Conditional.
	Low-range Conditional.
	Inadequate

	Methods for Determining Inadequate Result

	Discussion
	References
	TABLE 1
	TABLE 2

