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Objective: To develop standardization for nomenclature, diagnostic work up and diagnostic criteria for cases of neurocognitive regression in Down syndrome.

Background: There are no consensus criteria for the evaluation or diagnosis of neurocognitive regression in persons with Down syndrome. As such, previously published data on this condition is relegated to smaller case series with heterogenous data sets. Lack of standardized assessment tools has slowed research in this clinical area.

Methods: The authors performed a two-round traditional Delphi method survey of an international group of clinicians with experience in treating Down syndrome to develop a standardized approach to clinical care and research in this area. Thirty-eight potential panelists who had either previously published on neurocognitive regression in Down syndrome or were involved in national or international working groups on this condition were invited to participate. In total, 27 panelists (71%) represented nine medical specialties and six different countries reached agreement on preliminary standards in this disease area. Moderators developed a proposed nomenclature, diagnostic work up and diagnostic criteria based on previously published reports of regression in persons with Down syndrome.

Results: During the first round of survey, agreement on nomenclature for the condition was reached with 78% of panelists agreeing to use the term Down Syndrome Regression Disorder (DSRD). Agreement on diagnostic work up and diagnostic criteria was not reach on the first round due to low agreement amongst panelists with regards to the need for neurodiagnostic testing. Following incorporation of panelist feedback, diagnostic criteria were agreed upon (96% agreement on neuroimaging, 100% agreement on bloodwork, 88% agreement on lumbar puncture, 100% agreement on urine studies, and 96% agreement on “other” studies) as were diagnostic criteria (96% agreement).

Conclusions: The authors present international consensus agreement on the nomenclature, diagnostic work up, and diagnostic criteria for DSRD, providing an initial practical framework that can advance both research and clinical practices for this condition.
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INTRODUCTION

Down syndrome (DS) is the most common cause of genetic intellectual disability worldwide and occurs in 1 in 800–1,000 live births, with more than 214,000 people with DS living in the United States and 417,000 in Europe (1, 2). Neurologic and psychiatric conditions in this population are well established although an increasing number of reports of a subacute neurocognitive regression of unclear etiology have been published over the last decade (3–7). This condition has been referred to as Down syndrome disintegrative disorder (DSDD), Down syndrome regression disorder (DSRD) and unexplained regression in Down syndrome (URDS) (6–8). Symptoms of this condition include subacute loss or deterioration of previously acquired developmental skills in the domains of language, communication, cognition, executive function, behavioral, and adaptive skills (1, 5–7, 9–12). Neuropsychiatric symptoms including catatonia, agitation, hallucination, and depersonalization have also been reported (3–8). This condition is frequently severe and impacts the quality of life of both persons with DS and their caregivers, highlighting the need for expedited research in this area (6–9).

Very little is known about this condition with the majority of studies being limited to smaller data sets and case series. Study to date has compared clinical features between persons with DS and regression and persons with DS without regression, supporting a 28-item clinical definition (8), however, a lack of consistent diagnostic approaches and criteria have hindered research in this area, yielding small studies that are heterogeneous and lack broad generalizability. Limiting dedicated study of this condition are (1) consistent nomenclature, (2) guidance on evaluation of individuals with suspicion for neurocognitive regression in persons with DS and (3) definitive clinical diagnostic criteria for the condition. Dedicated advancement of research in this field has been identified as high need by clinicians and researchers in the field, highlighting the need for tools, such as standardized approaches to assessment, to move forward in characterizing, diagnosing, and treating individuals with this condition (13).

This study sought to survey individuals with expertise in neurocognitive regression in persons with DS using the traditional Delphi method in order to create a multi-disciplinary expert guided consensus on the diagnostic work up and criteria for regression in persons with DS. This study may be of benefit for both future research in regression in DS and for clinical guidance in the diagnosis of this condition.



METHODS


Choice of Assessment Methodology

The Delphi method is an established, multi-stage, process for developing consensus using at least two rounds of anonymous surveys (14). This methodology is often utilized when there is a lack of scientific evidence to make recommendations and is frequently utilized in rare and ultra-rare conditions. The advantages of the method include the ability to involve a large group of international participants, low cost, anonymity, and reducing the likelihood of dominance by certain participants. Given that in-person workgroups were not realistic during the COVID19 pandemic, this research methodology was prioritized. For this study a traditional two-step Delphi method was utilized.



Moderators Panel

The moderator group was comprised of one neurologist, one developmental pediatrician, one clinical psychologist, and one psychiatrist with expertise in the diagnosis and treatment of DSRD. This group had previously worked together on multi-center collaborations in the field of neurocognitive disorders in DS. This group was previously formed and no selection of moderators was made. All panelists were blinded to members of the moderator panel with the exception of the first author who was responsible for recruitment of panelists via e-mail.



Panelist Selection

Experts in DSRD were defined as individuals who had evaluated >10 individuals with DSRD, had published a manuscript, had presented at a national or international conference or who worked on or led a national or international consortium on this disorder. Recruitment to the panel was made through e-mail invitation to physician or psychologist members of the regression sub-committee of the Down Syndrome Medical Interest Group (DSMIG) which is a multi-disciplinary team of medical professionals treating and researching individuals with DSRD. In addition, any corresponding author of a manuscript of DSRD (including when URDS, DSRD, or similar nomenclature were utilized) in the last 20 years was also offered an invitation to join the panel. In addition, to these two inclusion criteria, other authors on published reports who were not the corresponding author were also offered involvement in participating in the study. Panelists were excluded if they were not physicians (defined as medical doctor or doctor of osteopathy) or psychologists (defined as PhD in a clinical field). Given the uncertain etiology (and potential for multiple etiologies) of DSRD, a minimum of two individuals with medical expertise and training in psychology, psychiatry, neurology, and primary care was set to ensure appropriately broad views on DSRD as well as broad diagnostic approaches to the condition. If no response was received, invitations were emailed on a second occasion 2 weeks after the initial invitation. Moderators did not participate in surveys. There was no pre-defined limit to the maximum number of panel participants. Invitations for participation were made on November 29th, 2021, and, when necessary, a second invitation was sent on December 13th, 2021.



Panel Membership

In total, 38 individuals were invited to participate on the panel with 27 (71%) participants completing the first survey. To encourage participation, those who did not respond were sent a maximum of two additional e-mail messages encouraging participation. Demographic information on the panelists from the first round is provided in Table 1. Subsequently, 25 participants completed the secondary survey, all of whom had previously completed the first survey as well. Two individuals who completed the first survey elected to not participate in the second round of the survey and thus did not receive additional communication from the study group. All first and second round surveys were completed in full. The median time from e-mail invitation to survey completion was 32 h (IQR: 17–49).


Table 1. Demographics of expert panel (n = 27).
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Definitions of Agreement and Consensus

Agreement was reported as a percentage and defined as the percentage of positive responses (agree or strongly agree) divided by the total number of responses. Responses were not weighted, and panelist seniority, specialty, or total cases evaluated were not considered. Consensus was defined a priori as >75% of responses meeting either agree or strongly agree, similar to other studies in adjacent rare neurologic disorders (11, 15, 16).



Development of Initial Recommendations for Panel

Nomenclature options were developed by reviewing literature of published cases of developmental regression in DS. Diagnostic medical evaluation recommendations were made by reviewing previously published and institutional data on cases of regression (4–9), review of high prevalence disorders that are treatable in individuals with DS (17–22), and neurodiagnostic studies commonly utilized in both autoimmune encephalitis (23, 24) and unexplained developmental regression (6–8). The latter two components were reviewed and utilized as a framework for the work up and evaluation of patients who have subacute neurocognitive deterioration although the authors believe that regression in persons with DS is ultimately a dissimilar process. Studies were divided into recommendations for all patients or only “if clinically indicated” leaving judgement to the physician or clinical team in the latter category. Clinical diagnostic criteria were developed by reviewing existing formats for the diagnosis of autoimmune encephalitis and encephalopathy (23, 24), analysis of existing published phenotypic data in regression in persons with DS and review of previously published and institutional data in cases of established regression (3–8, 10). In addition, data from studies regarding co-morbid non-regression related causes of regression in persons with DS (e.g., autism spectrum disorders) were also reviewed in order to minimize overlapping diagnostic criteria and differentiate cases (17–22, 25).

The moderator generated diagnostic criteria were evaluated against an existing DSRD data set prior to release to the panel (26). This was performed as a quality control measure to ensure that panelists would receive as high quality a proposal as possible. This process involved application of the moderator proposed diagnostic criteria and applying it to confirmed cases of DSRD that were previously published. The criteria for “possible” DSRD yielded a 100% sensitivity and 79% specificity. Similarly, “probable” DSRD criteria yielded a 94% sensitivity and a 93% specificity. Following confirmation that proposed criteria were reasonable for the identification of DSRD by the moderator panel, the decision to engage panelists was made.



Survey Administration and Rounds

Surveys were distributed to panelists by e-mail invitation. Interested panelists then followed a hyperlink to the REDCap (version 12.1.1, Vanderbilt University) survey home page where responses were entered (12). The original proposal was drafted by the moderator panel based on clinical experience in the evaluation of individuals with DSRD and previously reported data.

The first round of the Delphi process asked participants to evaluate moderator panel proposed nomenclature, diagnostic work up, and diagnostic criteria. Participants were offered multiple selection options (strongly agree, agree, disagree, strongly disagree), although only one response could be recorded. All questions, regardless of the response provided, contained open-ended sections seeking additions to or deletions from the original suggestions. Panelists had 2 weeks to complete the initial survey. Following the end of round one, moderators made the suggested revisions to the corresponding proposal.

The criteria for integrating feedback between the first and second round of the survey was uniform. In the first round, an item was carried forward or edited if it was identified by at least two panel members. The rationale for these criteria was that an item endorsed by only one panel member or attracting <5% of the total scoring variance, was not clinically important in the view of the expert panel as a whole. These criteria were intended to keep in play any items that the group might ultimately consider important and to exclude items unlikely to be considered important in any subsequent round.

A second round followed and asked panelists to provide input on diagnostic work up and diagnostic criteria. This was again performed using a REDCaps survey. Only individuals who completed the first round of the survey were invited to participate in the second round. As consensus had been reached on nomenclature during round one of the survey, this was not included for additional evaluation. Panelists were offered selection options (agree or disagree only) but open-ended responses were not provided after each section. Each section was offered as a combined field (e.g., criteria 1–4 listed jointly). Reponses of panelists (anonymized) were provided from the first round for review. A final comments section was provided to all panelists for any additional input. Panelists had 2 weeks to complete the second survey and e-mail reminders were administered on two occasions to optimize full panelist retention. All changes made between the first and second surveys were clearly listed at the bottom of each section of the second survey for rapid review by panelists.

After completion of the second survey, consensus was determined to have been obtained as noted above for all components of the proposals. Final edits were made by the moderator panel and are reviewed below.



Statistical Analysis

Demographic data was collected and reported as a percent of the total participants in round one of the surveys. Responses to survey questions in both rounds one and two were reported as a frequency (total responses of one type divided by the number of all responses). When determining consensus, responses were clustered as “strongly agree” and “agree” or “strongly disagree” and “disagree.” Odds ratios were calculated to determine if panelist demographics influenced the likelihood of particular response although the cohort was too small for formal regression analysis. Specificity and sensitivity were calculated on the inception cohort used to generate recommendations after consensus criteria were developed.




RESULTS

A flow diagram of the selection process and voting process is displayed as Figure 1.


[image: Figure 1]
FIGURE 1. Flow diagram for panelist selection and Delphi method assessment.



Nomenclature

Consensus for nomenclature for this condition was Down Syndrome Regression Disorder (DSRD), with 78% (n = 21) of all votes in favor of this terminology (Table 2). Consensus was reached on the first survey. Down syndrome disintegrative disorder received 19% of vote (n = 5) and unexplained regression in Down syndrome (URDS) received 4% (n = 1). Open responses from panelists were appreciated in two responses (8%) and included “URDS indicates that there is no etiology” and “DSDD has negative connotations as a permanent/static condition”.


Table 2. Expert panel responses.
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Diagnostic Work Up

Round one survey responses regarding diagnostic evaluations are displayed in Table 2. Across 12 total fields, consensus agreement during round one was present in nine fields (75%). Fields lacking a priori consensus were EEG testing (if clinically indicated), urine testing (all patients) and urine testing (if clinically indicated) receiving 70% (n = 19), 67% (n = 18), and 74% (n = 20) agreement, respectively. All fields garnered panelist feedback suggesting revision with six fields (50%) meeting criteria for revision as noted above. Panelists with >15 years of clinical experience (n = 7) were more likely to vote “disagree” or “strongly disagree” on all diagnostic studies except neuroimaging and bloodwork (OR: 2.47, 95%CI: 1.28–4.79, p = 0.01). Other demographic factors did not impact responses and were evenly distributed. Selected open responses regarding each diagnostic study were broad and are contained in Appendix 1.

Responses to modified (second round) diagnostic work up recommendations presented in the second stage of the survey are also presented in Table 2. As feedback necessitated review of all fields, each was included again for review by the expert panel although were grouped in one unit given the multiple suggestions to do so by panelists. Agreement on the second round of survey was 96% (n = 24) for neuroimaging, 100% (n = 25) for bloodwork, 88% (n = 22) for lumbar puncture, 100% (n = 25) for urine studies, and 96% (n = 24) for “other” studies. Thus, all fields met pre-defined consensus cut-offs of >75% agreement during the second round of surveys. No additional comments were made by panelists during round two regarding diagnostic recommendations.



Criteria for DSRD

Initial responses to the proposed criteria for DSRD are included in Table 2. A high degree of agreement was reached for nearly all fields with the exception of criteria three (paraclinical neurodiagnostic studies) which reached 52% (n = 14) agreement. All other fields reached a minimum of 93% agreement. Disagreement on criteria three was notably driven by non-neurologists who voted either disagree or strongly disagree on this metric (10/13, 77% were non-neurologists, p = 0.02, 95%CI: 1.47–47.22). Other demographic factors did not impact responses and were evenly distributed. Selected open response feedback regarding diagnostic criteria is contained in Appendix 1.

In round two, the criteria were restricted to excluded paraclinical neurodiagnostic studies. Agreement was subsequently 96% (n = 24; Table 1). No additional feedback was offered during this second round of study.



Validation of Diagnostic Criteria

Consensus diagnostic criteria were re-applied to the inception cohort that was originally used to generate the proposed diagnostic criteria referenced in the methods section (26). Application of the subsequent diagnostic criteria improved specificity to 100% for “possible” DSRD and 98% for “probable” DSRD. Similarly, sensitivity of these criteria improved to 84% for “possible” DSRD and 92% for “probable” DSRD.




DISCUSSION

DSRD is a poorly defined neurocognitive disorder that can have devastating effects on persons with DS and their families (6, 7, 9, 10). Individuals with DS are presenting with symptoms of DSRD to clinics both nationally and internationally, but a lack of clear guidance on diagnosis and work up has impeded standardized recognition and care of these individuals. Further, variation in terminology has made it difficult to compare cases across settings. This not only impacts more immediate options for diagnosis and treatment but also creates challenges when attempting to research understanding of the etiologies of this condition and has been identified as a high need area in DS-related research (13).

Utilizing the traditional Delphi method (14), this study collected feedback from an international group of clinicians with expertise in the care of individuals with both DS and DSRD. These agreed upon recommendations for diagnostic work up and clinical diagnosis are displayed in Tables 3, 4, respectively. The data-driven approach to this survey allowed for rapid consensus amongst an international group of experts across several medical disciplines.


Table 3. Consensus recommendations for the work up of regression in Down syndrome.
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Table 4. Consensus recommendations for the diagnosis of Down syndrome regression disorder.
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In general, agreement was high with nearly three quarters of responses on the first survey meeting a priori consensus definition. This early agreement was presumably driven by the development of proposed diagnostic work up and diagnostic criteria from real-world data considering the heterogeneity of the panelist team. Panelists with more significant clinical experience (>15 years) were more likely to disagree or strongly disagree with diagnostic study recommendations. The reasons for this are unclear although informal post hoc interview of veteran clinicians (n = 5) revealed a consistent theme of preferring to treat patients clinically as opposed to relying on adjunct diagnostic algorithms. In addition, three clinicians in this group (60%) reported that they felt uncomfortable ordering tests that they would not feel comfortable evaluating independently (e.g., interpretation of an EEG). Exclusion of neurodiagnostic studies (criteria three) from the final diagnostic criteria was driven largely by non-neurologists. As neuroimaging, EEG, and lumbar puncture are all frequently in the purview of the neurologist for both ordering and interpretation, this result was not surprising although it highlights the importance of utilizing the Delphi method to avoid skew of recommendations based on demographics of panelists.

The proposed diagnostic workup rests upon the premise that the main differential diagnoses for this condition are either neurologic or psychiatric in origin as the basis for standardization of testing is designed to rule out medical explanations for symptoms. This is an important consideration for clinicians utilizing these consensus recommendations as we currently lack sensitive and specific biomarkers for the diagnosis of DSRD. The hypothesis for neurologic and/or psychiatric origins in DSRD is based upon data reporting therapeutic benefit from both immunomodulatory therapies (e.g., steroids, IVIg, and rituximab) as well as therapies for catatonia (e.g., lorazepam) and other psychiatric diseases (e.g., antidepressants, antipsychotics, and electroconvulsive therapy) (3–5, 26, 27). The panelists in this study were largely of neurology, psychiatry or psychology backgrounds (18/27, 67%), which may have influenced the rationalization for testing recommendations although there were no differences in likelihood of rating particular testing more or less frequently based on field of practice.

Flexibility regarding “possible” and “probable” diagnoses of DSRD were well received by panelists. Although these designations are much more unique to the field of neurology, and specifically autoimmune encephalitis (23, 24), panelists agreed that clinical phenotypes of DSRD may vary over time and may be more or less concerning as their clinical course unfolds. A caveat to these designations brought up by panelists was that treated patients may move from “probable” to “possible” criteria if they clinically improve, and thus, should be operationally used during initial evaluations and not after treatment is initiated (rather, referring to a patient as having only DSRD). Panelists favored not utilizing characterization of disease severity due to the highly subjective nature of this and the need to collect additional natural history data before accurate characterization could be performed.

The impact of this study lies in the ability to provide a framework for future investigations into DSRD. By unifying a clinical approach to the work up and diagnosis of this condition, more consistent retrospective and prospective studies can be performed on this unique, and poorly described condition. Certain factors were purposely excluded from the proposed diagnostic criteria such as age ranges and phenotyping of severity as panelists felt more data was needed before incorporating into these recommendations. The authors acknowledge that as further data is collected and published, revision of both the proposed diagnostic work up and diagnostic criteria will be necessary. For this reason, the authors have proposed a reconvening (with additional panelist recruitment) in a period of 5 years (2027). It is the hope of the authors that significantly more data will be available for review at that time, necessitating review and revision of the proposed criteria in this study.

This study is not without limitations. This study used the Delphi method for capture of agreement on a variety of measures. While the Delphi method is considered a preferred consensus measure, limitations of this method include the use of arbitrary cut-offs for consensus and potential for influence of moderators. To mitigate these factors, the authors utilized an a priori cutoff of 75% consensus which is utilized in similar studies in rare neurologic disease (11, 15, 16). Although consensus diagnostic work up recommendations were rendered, these studies are designed to rule out other conditions that could potentially mimic DSRD as opposed to “ruling in” the condition as there are a lack of definitive biomarkers of the disease available at this time. This is an important consideration for clinicians utilizing these recommendations and highlights the importance of having a multi-disciplinary team evaluating cases of DSRD. Regarding the influence of moderators, the moderators did not directly communicate with panelists nor were their responses collected for integration into the consensus criteria. DSRD is thought to be a rare condition which is why consensus criteria were proposed originally and this is noted in the generally low number of patients evaluated by most members of the expert panel. Bias in the selection of panelists using the Delphi method is possible. To minimize panel selection bias the authors solicited any panelists who had published in the field previously (as a corresponding author) and also solicited panelists from multiple different medical specialties. There was a higher rate of neurology representation in this study although this was felt to be more reflective of the identification of unique neurologic features in this condition over the past decade which has reflected a paradigm shift away from viewing DSRD as strictly psychiatric in nature (3, 6–10). In addition, the use of non-weighted determination of consensus was made to avoid skewing data toward larger academic medical centers and clinics. While panelists represented an international group, there was a significant skew toward centers from the United States which limits some of the generalizability regarding the feasibility of the diagnostic work up proposed. This geographic limitation is also likely reflective of the fact that individuals involved with DSMIG or who had previously published on DSRD were mostly from the United States or United Kingdom. Thus, it is possible that clinicians with experience treating DSRD were not included in this study. Finally, validation of these criteria could only be performed on the inception cohort noted in the methods section as insufficient data was available in nearly all literature reviewed. While the sensitivity and specificity of diagnosis of DSRD both improved with application of the proposed criteria, the authors intend to perform prospective validation of these criteria.

In summary, this study describes the first systematic consensus process for DSRD from an international group of experts in DS and regression. These findings will hopefully be used as a launch point for further research investigations into this growing field although will require monitoring and revision as more information is learned.
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