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PRODROMAL DEMENTIA WITH LEWY BODIES

Dementia with Lewy bodies (DLB) is a prevalent neurodegenerative dementia (Walker et al., 2015). In recent years, early diagnosis of DLB has attracted growing attention as three different onset phenotypes have emerged and crystallized in recent years, such as (1) mild cognitive impairment (MCI)-onset, (2) psychiatric-onset and (3) delirium-onset. Research criteria were proposed by an international consensus group last year (McKeith et al., 2020). These criteria (McKeith et al., 2020) describe the condition necessary to accurately diagnose prodromal DLB with a delirium onset: a delirious episode must precede the occurrence of cognitive decline or dementia. In their condensed guidelines they report that several factors can induce such a delirium episode preceding DLB, similar to the spectrum of factors associated with various types of delirium such as surgery, inflammation, excessive body temperature, alcohol withdrawal, or other types of psychopharmacologic drug withdrawal. They propose (McKeith et al., 2020) that prodromal DLB in particular should be suspected in those cases in which the aforementioned factors typically provoking delirium are not apparent. Furthermore, they suggest special attention be paid whenever a delirium lasts an unusually long time and is not an isolated, single event. They also maintain that it is important that the cognitive impairment be observed after the experience of delirium. However, the authors mention typical caveats (McKeith et al., 2020) to better identify patients with prodromal DLB, namely the low validity of cognitive fluctuations, as this is a characteristic sign of several delirium types and is not specific for prodromal DLB. Furthermore, motor symptoms have to be carefully assessed while keeping in mind the possibility that such symptoms might be the consequence of antipsychotic drug treatment for delirium. Another important point is visual hallucinations, frequently observed in a delirium episode as a consequence of alcohol withdrawal. As the last issue for careful consideration, they point out that rapid eye movement disorder as a key characteristic of DLB is extremely difficult to diagnose in cases of delirium. Finally, the authors conclude that the topic of prodromal DLB with a delirium onset is highly relevant for clinicians as the antipsychotic drug treatment dosage applied in cases of delirium must be carefully reduced if a prodromal DLB is suspected as the delirium's cause. To better diagnose prodromal DLB, biomarkers might be useful (McKeith et al., 2020) such as the use of (123)-I-2-ß-carbomethoxy-3ß-(4-iodophenyl)-N-(3-fluoropropyl) nortropane single photon emission computed tomography (123-CIT SPECT) to diagnose the nigrostriatal degeneration supporting a DLB diagnosis. However, neuroimaging in delirious patients is highly controversial, as severe sedation is often needed to impede the movement artifacts that seriously compromise the quality of such neuroimaging.



STUDIES RELATED TO A DELIRIUM ONSET OF DEMENTIA WITH LEWY BODIES

The number of large studies reporting delirium as prodromal DLB is limited. FitzGerald et al. (2019) described a large scale study including 194 patients with DLB to define the delirium incidence in their cohort. A year before dementia appeared in these patients, the delirium incidence rate (17.2/100 person years) was much higher than that (3.2/100 person years) observed in 776 Alzheimer dementia (AD) patients. Another investigation years earlier by Vardy et al. reported similar findings (Vardy et al., 2014). They identified a 25% delirium frequency in 85 patients with DLB, whereas a delirium had occurred in just 7% of 95 patients with AD. McKeith et al. (2020), who suggest that a delirium might indicate a prodromal DLB, is further supported by the observation in Vardy's study that more than one delirium episode is reported much more often in conjunction with DLB (23%) than with AD patients (14%). The delirium-onset phenotype is probably more seldom than the psychiatric-onset phenotype with psychotic symptoms. However, no large scale studies exist on this topic. Not a delirium-onset, but delirium was nevertheless observed in 7/21 (33%) of DLB patients during the observation period (Utsumi et al., 2021). Nearly all their patients presented psychotic symptoms as a precursor of DLB (20/21, 95%) as the authors focused on a psychiatric onset of prodromal DLB. One possibility is that prodromal DLB might be followed in the long-run by a delirium episode, as delirium was observed in 33% of prodromal DLB patients suffering a psychotic-onset. In their larger study of 40 screened patients with delirium in a memory outpatient center, 32% had DLB (Hasegawa et al., 2013). However, a delirium episode was as frequent in vascular dementia (34%) as in DLB patients, but delirium was much less frequent in AD patients (15%; Hasegawa et al., 2013). These studies show that a delirium episode reflects a possible DLB manifestation in a subgroup of patients, and that it is much more typical of DLB than of AD. However, other differential diagnoses (like a delirium caused by vascular brain disease) must be systematically ruled out. All in all, the delirium-onset subtype of prodromal DLB seems to occur more often in DLB vs. AD in predementia and dementia stages, although the study evidence is low. A possible explanation why DLB patients in either a predementia or dementia stage are more affected than AD patients might have to do with an impaired autonomic parasympathetic function in DLB caused by damaged autonomic nuclei.



PUTATIVE PATHOMECHANISMS OF BRAINSTEM-RELATED PRODROMAL DLB WITH DELIRIUM

Although there are so few studies regarding prodromal DLB with a delirium-onset and DLB patients may start with a delirium episode, the topic has made researchers curious enough to investigate the pathogenic basis of a delirium-onset in DLB patients, although there is no clinical method yet enabling us to differentiate rapidly patients with prodromal DLB and from those with a delirium of another cause. Its neuropathological origin is entirely unknown, and its neuroanatomic pathways seem to be affected differently in prodromal DLB with a delirium-onset than in patients with fully established DLB. A recent study demonstrated Lewy bodies in the substantia nigra (SN) of a minority of patients with delirium—a finding that did not differ in patients without delirium (Davis et al., 2019). The presence of Lewy bodies pathologically reveals the presence of protein alpha synuclein (Burré et al., 2018). The absence of Lewy bodies in the SN could be attributable to initial Lewy body deposited in another brainstem location prior to SN deposition of Lewy bodies, i.e., in the locus coeruleus (LC), as reported recently in a recent review (Hansen, 2021). However, the Lewy body pathology in the LC and SN is one of the potentially diverse patterns of the various anatomical pathways affected early in Lewy body disease (Spotorno et al., 2020; Borghammer et al., 2021) such as an affected olfactory bulb, amygdala with possible olfactory bulb involvement, brainstem with possible amygdala or olfactory bulb contribution, the limbic system (possible olfactory bulb, amygdala and brainstem contribution) and the neocortical pattern with potential involvement of all other aforementioned predilection sites (Attems et al., 2021). In other words, not all patients with Lewy body pathology adopt the same pathological spreading pattern of alpha-synucleinopathies. Indeed, a pattern is often observed with affected structures such as the amygdala, entorhinal cortex and SN, but other patterns such as the involvement of lower brainstem nuclei and autonomous nuclei are another potential pattern in Lewy body pathology (Borghammer et al., 2021) termed as a predominantly brainstem pattern (Attems et al., 2021), so that the LC's involvement in delirium could be one possible, but not the sole conceivable pattern. Furthermore, a key question distinguishing different Lewy body-pathology patterns and their spread is the existence of an Alzheimer co-pathology, as one investigation (Spotorno et al., 2020) demonstrated that those LBD patients presenting such an Alzheimer co-pathology exhibit cortical thinning more often in the temporal lobe. Thus, there is substantial debate about which time relationship and in what type of pattern the pathological Lewy body pathology spreads, and how this relates to the prodromal DLB phenotype. For instance, a recent study (Chen et al., 2021) demonstrated that the SN displayed an early pathology also in patients with MCI and Lewy body pathology vs. controls in 3 T MRI analyzed via quantitative susceptibility mapping. Another working group (Saari et al., 2021) showed that those patients with more depressive symptoms and LBD had more sparsely distributed neurons than those with no depressive symptoms. Thus, further research is needed into how certain clinical features are associated with which type of Lewy body pathology and its spread. The absence of Lewy bodies in the SN could thus implicate Lewy bodies in lower brainstem nuclei such as the LC. Lewy body pathology might start in the enteric nervous system (Borghammer et al., 2021), but it is also found in the brain, i.e., the olfactory bulb, brainstem, amygdala, limbic or neocortical pattern, as evident in recent neuropathological consensus guidelines termed LPC criteria (LP = Lewy body pathology relating to Lewy bodies and Lewy neurites, C = consensus criteria; Attems et al., 2021). Therefore, Lewy bodies deposited in the LC is one route of Lewy body pathology distribution, but one not applying to all cases of prodromal DLB. More clinicopathological investigations should be done to clarify this issue. However, if the LC is affected by LC pathology (brainstem-predominant type of Lewy body pathology), the deposition of Lewy bodies in structures such as the LC might have functional consequences for the release of noradrenaline, as (1) the LC is the main source of noradrenaline in the brain and (2), noradrenergic neurons degenerate in the LC with a compensatorily altered release pattern of noradrenaline in the brain. Brain functions involved in the noradrenergic processing of information are thus altered by Lewy-body pathology, like the attention and executive functions typically affected in DLB. It is potentially worthwhile to assess the olfactory function in delirium patients suspected of having DLB via sniffing sticks, as there is recent evidence (Kon et al., 2020) that Lewy body pathology might affect the olfactory bulb even before it affects the LC. Alpha synuclein might accumulate via Lewy bodies in specific neuroanatomical pathways as aforementioned, such as the first the olfactory bulb, amygdala, or brainstem-predominant pathway including the LC and substantia nigra, then the limbic pathway, and finally the diffuse neocortical pathway; this is the neuropathological hallmark of DLB and its time course of disease progression (Lashuel et al., 2013; Burré et al., 2018; Kon et al., 2020). However, as mentioned above, there may be other specific anatomic predilection patterns controlling how alpha-synucleinopathy spreads within the brain or secondarily in the brain after early manifestation in the enteric nervous system. In patients suffering a postoperative delirium (POD) following hip fracture surgery or a gastrectomy, two studies (Sunwoo et al., 2013; Yuan et al., 2020) demonstrated that exosome alpha synuclein in blood plasma (Yuan et al., 2020) and alpha-synuclein immunoreactivity in myenteric plexus (Sunwoo et al., 2013) were higher in patients with POD than in those without POD. Their evidence indicates that early alpha-synuclein production or deposition might play a decisive role in generating delirium in surgery patients who already have alpha-synucleinopathy, or that delirium triggers increased accumulation of alpha-synuclein in blood plasma or the myenteric plexus in those patients. Alpha-synucleinopathy in a brainstem location as one possible route for alpha-synucleinopathy's spreading pattern might peak or exceed a specific limit beyond which it triggers delirium states via systemic inflammation such as sepsis, inflammatory conditions, or postoperative disorders; thus a delirium symptomatology would appear in patients that could facilitate a prodromal DLB diagnosis. Lewy body pathology's effects in structures such as the LC or other brainstem structures (Seidel et al., 2015) like the reticular formation or dorsal vagus nerve (DVN) (Del Tredici and Braak, 2013) may explain why attention, cognitive, arousal, and vegetative functions as well as consciousness are impaired in patients with a delirium-onset and possible prodromal DLB. We propose that the brain pathology in DLB's delirium onset might resemble one predominant brainstem-affection subtype with its initial pathology in structures such as the olfactory bulb (OB), peripheral nervous system (PNS) like myenteric plexus, and DVN, as well as later involvement of the LC. As the time relationship as to when structures are affected by Lewy body pathology it is unknown, this question should be kept open and further studies done to shed light on this issue. We do not yet know whether patients with a psychiatric-onset, delirium-onset or MCI-onset of prodromal DLB differ in their brainstem pathology—a subject that deserves further investigation in animal and human studies, including postmortem brain histopathology. A recent study showed that patients with MCI and hints for DLB also presented volume reduction in the nucleus basalis Meynert that did not differ from other MCI patients such as those with Alzheimer's pathology (Schumacher et al., 2021) indicating that prodromal DLB with the MCI subtype might entail a degenerated nucleus basalis Meynert. That would make possible that the nucleus basalis Meynert is affected in prodromal DLB with an MCI onset. Recent studies have not been specific in declaring the localization of Lewy body pathology and how it correlates with clinical features. It does not always follow the same bottom-up progression from brainstem to cortex, as there may also be a multifocal distributional pattern of Lewy body pathology (Uchihara and Giasson, 2016). A recent study differentiated between a body-first subtype vs. a brain-first subtype of Lewy body pathology, both including Lewy body pathology within the LC, of different extents of severity and time points coinciding with the Lewy pathology (Borghammer et al., 2021). LC degeneration occurs in the prodromal phase of DLB in the body-first type, but LC degeneration in the brain-first type is detected after a DLB diagnosis (Borghammer et al., 2021). Both anatomical predilection subtypes, either the caudo-rostral or amygdala-centered pattern, might include LC degeneration. However, degeneration of autonomic nuclei, sympathetic and parasympathetic denervation occurs mainly in the body-first subtype affecting the brainstem also including the LC. The delirium phenotype shares several features related to a dysregulated vegetative nervous system, making it likely that the brainstem-predominant pattern might be detected in prodromal DLB with a delirium-onset that we propose (see Figure 1 for schematic delineation of LC involvement in delirium-onset prodromal DLB). More investigation should be done to assess the relevance and frequency of these patterns of Lewy body pathology in prodromal DLB, and exactly how and when they spread.
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FIGURE 1. Proposed brainstem predominant pathologies in prodromal DLB's delirium onset. There is controversy about whether neuropathology starts in the enteric nervous system (ENS) as first-body pathology or in the brain such as in the olfactory bulb (OB) or brainstem. However, postulating a brainstem-type of Lewy body pathology in prodromal DLB with delirium, we propose Lewy body pathology and degeneration affecting the spinal cord (SC), dorsal motor nucleus of the vagus nerve (DNV), magnocellular reticular formation (RF), lower raphe nuclei (LRN), and the locus coeruleus (LC). The substantia nigra (SN) is more likely to be affected later than the LC.




FINAL REMARKS AND CONCLUSION

We are planning a study to assess the risk factors for delirium (Find delirium risk factors = FINDERI, Trial registration: German Clinical Trials Register: DRKS00025095; Sadlonova et al., 2021) and the frequency of the delirium-onset subtype of prodromal DLB in conjunction with POD in a cohort of cardiac-surgery patients. Furthermore, we will determine cell destruction markers to measure neural brain damage, and seek potentially useful biomarkers. We maintain that prodromal DLB's delirium onset is a neglected entity, and that further research is essential to identify such patients early to improve their therapy. Delirium is a frequent phenomenon in intermediate care units, and often treated with antipsychotic drugs. However, the use of antipsychotic drugs might trigger adverse reactions in DLB patients. It is therefore very clinically relevant to further develop biomarkers to identify these patients at an early stage so as to prevent the serious adverse sequelae that drug therapy can cause.



AUTHOR CONTRIBUTIONS

NH wrote and conceptualized the manuscript. CT, CB, CL, and KP revised the manuscript for important intellectual content. All authors contributed to the article and approved the submitted version.



FUNDING

Funding was received from the Open access fund of the University of Göttingen.



REFERENCES

 Attems, J., Toledo, J. B., Walker, L., Gelpi, E., Gentleman, S., Halliday, G., et al. (2021). Neuropathological consensus criteria for the evaluation of Lewy pathology in post-mortem brains: a multi-centre study. Acta Neuropathol. 141, 159–172. doi: 10.1007/s00401-020-02255-2

 Borghammer, P., Horsager, J., Andersen, K., Van Den Berge, N., Raunio, A., Murayama, S., et al. (2021). Neuropathological evidence of body-first vs. brain-first Lewy body disease. Neurobiol. Dis. 161, 105557. doi: 10.1016/j.nbd.2021.105557

 Burré, J., Sharma, M., and Südhof, T. C. (2018). Cell Biology and Pathophysiology of alpha-Synuclein. Cold Spring Harb. Perspect. Med. 8, a024091. doi: 10.1101/cshperspect.a024091

 Chen, Q., Boeve, B. F., Forghanian-Arani, A., Senjem, M. L., Jack, C. R. Jr, Przybelski, S. A., et al. (2021). MRI quantitative susceptibility mapping of the substantia nigra as an early biomarker for Lewy body disease. J. Neuroimaging 31, 1020–1027. doi: 10.1111/jon.12878

 Davis, D. H., Muniz-Terrera, G., Keage, H. A., Stephan, B. C., Fleming, J., Ince, P. G., et al. (2019). Epidemiological Clinicopathological Studies in Europe (EClipSE) collaborative members. association of delirium with cognitive decline in late life: a neuropathologic study of 3 population-based cohort studies. JAMA Psychiatry 74, 244–251. doi: 10.1001/jamapsychiatry.2016.3423

 Del Tredici, K., and Braak, H. (2013). Dysfunction of the locus coeruleus-norepinephrine system and related circuitry in Parkinson's disease-related dementia. J. Neurol. Neurosurg. Psychiatry 284, 774–783. doi: 10.1136/jnnp-2011-301817

 FitzGerald, J. M., Perera, G., Chang-Tave, A., Price, A., Rajkumar, A. P., Bhattarai, M., et al. (2019). The incidence of recorded delirium episodes before and after dementia diagnosis: differences between dementia with lewy bodies and Alzheimer's disease. J. Am. Med. Dir. Assoc. 20, 604–609. doi: 10.1016/j.jamda.2018.09.021

 Hansen, N. (2021). Locus coeruleus malfunction is linked to psychopathology in prodromal dementia with Lewy bodies. Front. Aging Neurosci. 13, 641101. doi: 10.3389/fnagi.2021.641101

 Hasegawa, N., Hashimoto, M., Yuuki, S., Honda, K., Yatabe, Y., Araki, K., et al. (2013). Prevalence of delirium among outpatients with dementia. Int. Psychogeriatr. 25, 1877–1883. doi: 10.1017/S1041610213001191

 Kon, T., Tomiyama, M., and Wakabayashi, K. (2020). Neuropathology of Lewy body disease: clinicopathological crosstalk between typical and atypical cases. Neuropathology 40, 30–39. doi: 10.1111/neup.12597

 Lashuel, H. A., Overk, C. R., Queslati, A., and Masliah, E. (2013). The many faces of α-synuclein: from structure and toxicity to therapeutic target. Nat. Rev. Neurosci. 14, 38–48. doi: 10.1038/nrn3406

 McKeith, I. G., Ferman, T. J., Thomas, A. J., Blanc, F., Boeve, B. F., Fujishiro, H., et al. (2020). Prodromal DLB diagnostic study group. Research criteria for the diagnosis of prodromal dementia with Lewy bodies. Neurology 94, 743–755. doi: 10.1212/WNL.0000000000009323

 Saari, L., Heiskanen, L., Gardberg, M., and Kaasinen, V. (2021). Depression and nigral neuron density in lewy body spectrum diseases. Ann. Neurol. 89, 1046–1050. doi: 10.1002/ana.26046

 Sadlonova, M., Vogelgsang, J., Lange, C., Günther, I., Wiesent, A., Eberhard, C., et al. (2021). Identification of risk factors for delirium, cognitive decline, and dementia after cardiac surgery (FINDERI - Find Delirium Risk Factors): a study protocol of a prospective monocentric observational pilot trial. Res. Square doi: 10.21203/rs.3.rs-812268/v1

 Schumacher, J., Taylor, J. P., Hamilton, C. A., Firbank, M., Cromarty, R. A., Donaghy, P. C., et al. (2021). In vivo nucleus basalis of Meynert degeneration in mild cognitive impairment with Lewy bodies. Neuroimage Clin. 30, 102604. doi: 10.1016/j.nicl.2021.102604

 Seidel, K., Mahlke, J., Siswanto, S., Krüger, R., Heinsen, H., Auburger, G., et al. (2015). The brainstem pathologies of Parkinson's disease and dementia with Lewy bodies. Brain Pathol. 25, 121–135. doi: 10.1111/bpa.12168

 Spotorno, N., Coughlin, D. G., Olm, C. A., Wolk, D., Vaishnavi, S. N., Shaw, L. M., et al. (2020). Tau pathology associates with in vivo cortical thinning in Lewy body disorders. Ann. Clin. Transl. Neurol. 7, 2342–2355. doi: 10.1002/acn3.51183

 Sunwoo, M. K., Hong, J. Y., Choi, J., Park, H. J., Kim, S. H., and Lee, P. H. (2013). α-Synuclein pathology is related to postoperative delirium in patients undergoing gastrectomy Neurology 80, 810–813. doi: 10.1212/WNL.0b013e3182840782

 Uchihara, T., and Giasson, B. I. (2016). Propagation of alpha-synuclein pathology: hypotheses, discoveries, and yet unresolved questions from experimental and human brain studies. Acta Neuropathol. 131, 49–73. doi: 10.1007/s00401-015-1485-1

 Utsumi, K., Fukatsu, R., Hara, Y., Takamaru, Y., and Yasumura, S. (2021). Psychotic features among patients in the prodromal stage of dementia with lewy bodies during longitudinal observation. J. Alzheimers Dis. 83, 1917–1927. doi: 10.3233/JAD-210416

 Vardy, E., Holt, R., Gerhard, A., Richardson, A., Snowden, J., and Neary, D. (2014). History of a suspected delirium is more common in dementia with Lewy bodies than Alzheimer's disease: a retrospective study. Int. J. Geriatr. Psychiatry 29, 178–181. doi: 10.1002/gps.3986

 Walker, Z., Possin, K. L., Boeve, B. F., and Aarsland, D. (2015). Lewy body dementias. Lancet 386, 1683–1697. doi: 10.1016/S0140-6736(15)00462-6

 Yuan, Y., Li, Z., Yang, N., Han, Y., Ji, X., Han, D., et al. (2020). Exosome alpha-synuclein release in plasma may be associated with postoperative delirium in hip fracture patients. Front. Aging Neurosci. 12, 67. doi: 10.3389/fnagi.2020.00067

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Hansen, Timäus, Bouter, Lange and Packroß. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Delirium-Onset of Prodromal Dementia With Lewy Bodies—Putative Brainstem-Related Pathomechanism and Clinical Relevance



		Prodromal Dementia with Lewy Bodies



		Studies Related to a Delirium Onset of Dementia with Lewy Bodies



		Putative Pathomechanisms of Brainstem-Related Prodromal DLB with Delirium



		Final Remarks and Conclusion



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
’ frontiers
in Aging Neuroscience

Delirium-Onset of Prodromal
Dementia With Lewy
Bodies—Putative Brainstem-Related
Pathomechanism and Clinical
Relevance





OPS/images/fnagi-14-829098-g001.gif
Bo0Y TveE ‘ @

PATHOLOGY PP
PREDOMMNANT

PATHOLOGY
PATHOLOGY









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Aging Neuroscience





