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			Abstract

			Objective: Cognitive long-term impairment is a relevant sequela after sepsis. Certain diseases accompanied with cognitive decline are often also associated with fatigue (e.g. multiple sclerosis). The aim of this pilot report is to investigate if sepsis survivors with persistent cognitive deficits also suffer from fatigue syndrome.

			Methods: In this cross-sectional study, 24 survivors of severe sepsis with persistent cognitive deficits were being examined by means of a neuropsychological test battery and interviewed on the basis of two German fatigue scales.

			Result: 22 of the 24 sepsis survivors (91.7%) reported relevant fatigue symptoms. Considering their most relevant impairment of cognitive domain (alertness), sepsis survivors showed a close relationship between alertness and fatigue (higher fatigue scores were associated with lower alertness performance). 

			Conclusion: Fatigue is also a long-term sequela of sepsis survivors with persistent cognitive decline. As a result, this should be considered in rehabilitation of sepsis survivors, e.g. by a specific fatigue treatment and / or a training of alertness. In addition, this also raises the question whether sepsis survivors without cognitive impairment also suffer from fatigue syndromes, which could be another promising field of research.
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			Introduction

			Sepsis survivors have an increased risk for a long-term cognitive impairment which could affect various key domains of neuropsychological functioning, e.g. attention, memory or executive functioning [1,2]. Cognitive decline has been also detected in connection with certain diseases associated with fatigue (e.g. multiple sclerosis or stroke). In this regard, fatigue is defined as an overwhelming sense of tiredness, lack of energy or feeling of exhaustion [3]. A systematical investigation if fatigue is also a relevant long-term outcome in sepsis survivors suffering from persistent cognitive deficits has not been conducted so far. Therefore, the aim of this pilot observational study was to analyze if sepsis survivors with cognitive impairment also suffer from fatigue. 

			
Participants and Methods

			The inclusion criteria were a sepsis or septic shock episode with subsequent cognitive impairment dating back to at least more than one year. Sepsis and septic shock were defined according to the sepsis-3 consensus [4]. To verify cognitive impairment, participants were tested with a comprehensive neuropsychological battery targeting different domains of cognition: alertness, divided attention, selective attention, working memory, memory span, learning capacity, delayed recall and rate of decay, visuo-spatial ability, and executive function. Participants were defined as cognitively impaired if they reached a performance below one standard deviation at least in two cognitive domains a or if they had a performance below 1.5 standard deviation at least in one domain.

			Exclusion criteria were history of other neurological diseases (e.g. brain trauma, stroke, parkinson or multiple sclerosis) which alter the brain. Psychiatric symptoms (e. g. depression or schizophrenia). Further distinctions with regard to participants selection and characteristics are listed in Figure 1. 24 participants whose sepsis or septic shock with subsequent persisting cognitive impairment dates back to more than one year were included (12 male, age 53.8 ± 10.6, years post sepsis 2.6 ± 1.9). All participants gave their written informed consent before participating in the study. This study was approved by the local ethics committee.
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			For fatigue assessment, two German fatigue questionnaires were used (“Würzburger Erschöpfungsinventar” WEIMuS [5] and “Fatigue Skala für Motorik und Kognition” FSMK [6], both contain items for cognitive and motor fatigue symptoms and corresponding cut-off values. Analyzing the relation between cognitive impairment and fatigue, first for both WEI MuS and FSMK, the scores were transformed into z-values and separately averaged for Fatigue total, Fatigue cognitive and Fatigue motor. The averaged z-values for fatigue were correlated with the T-values of those cognitive domains that were affected in more than 50% of the included participants. The significance threshold was set at p ≤ 0.05 (one-tailed, corrected for multiple comparisons according to Bonferroni-Holm).

			Results

			Tonic alertness was most frequently affected (in 13 participants; 54%), followed by working memory (in 11 participants; 46%), Memory functions were impaired in eight participants (33%) regarding their learning capacity; seven participants (30%) showed deficits in delayed recall, six participants (25%) in memory decay rate, and two participants (8%) in memory span. A total of 22 out of 24 participants (91.7%) reached Fatigue total scores in WEIMuS or FSMK which exceeded the cut-off. For WEIMuS, the mean value of Fatigue total score came to 43.0 (±176.2 SD), the result for the sub score Fatigue cognitive was 21.7 (±10.0 SD) and the sub score Fatigue motor amounted to 21.4 (±7.1 SD). For FSMK, the mean value of Fatigue total score came to 74.8 (±15.1 SD), the sub score Fatigue cognitive came to 36.5 (±9.0 SD) and the sub score Fatigue motor came to 38.3 (±6.9 SD). Thus, fatigue (i.e. the averaged z-values of Fatigue total of WEIMuS and FSMK) significantly correlates with tonic alertness (higher alertness deficit correlated with more fatigue; (Figure 2a). 
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			Discussion

			Our new approach is to describe fatigue as a long-term sequela in our study population of sepsis survivors with cognitive deficits. In this respect, we found a close association between fatigue and alertness deficits. 

			Alertness is supposed to be the most basic aspect of attention providing higher attention functions as well as higher cognitive demands [7]. With a deficit in this domain, the basic attention functions are in turn being reduced, which consequently affects higher cognitive processes. Thus, with regard to cognitive impairment sepsis survivors are forced to deploy considerably more cognitive effort in order to solve complex tasks. Therefore, sepsis survivors reported symptoms of fatigue. This suggestion links the manifestation of fatigue to the alertness deficit. On the other hand, sepsis is a systemic inflammatory process that develops fatigue similar to other inflammatory diseases (multiple sclerosis, rheumatism) [8]. Such a depiction would link an inflammation process to a development of fatigue.

			In our report we did neither consider clinical parameters during the ICU stay (e.g. delirium) [2] nor psychological (e. g. depression and anxiety) and personality variable (e. g. resilience). The lack of this data thus requires further longitudinal studies to verify factors that encourage fatigue after sepsis (Figure 2b). Furthermore, we cannot give a general assessment about the prevalence of fatigue in sepsis survivors because we only investigated sepsis survivors with cognitive impairment.

			Conclusion

			Fatigue must be considered in sepsis survivors. To refine the intervention, specific treatments like cognitive behavioral therapy or graded exercise therapy should be taken into account during rehabilitation. Moreover, targeted training of alertness may also improve fatigue symptoms and should be considered as a constituent part in rehabilitation of sepsis participants.
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Figure 1: Enrollment and participants characteristics. Partici-
pants were selected from the German Sepsis Help National Ho-
tiine, from databases of the Jena University hospital, and from
one rehabilitation hospital
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Figure 2:
a.  Scheme of sepsis, cognitive impairment and fatigue
b.  Relation between alertness performance and degree of

fatigue.
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