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With the development of intensive care medicine and the standardization of various therapeutic guidelines and education systems, mortality rates in critically ill patients have improved markedly. In sepsis, mortality decreased by 52.8% from 1990 to 2017 [1]. In acute respiratory distress syndrome, the mortality rate decreased from 35.4% to 28.3% from 1996 to 2013 [2]. However, patients leaving the intensive care unit (ICU) continue to have physical, cognitive, and psychiatric problems for several years after discharge. Many patients never regain their pre-hospital activities of daily living (ADL) and still have a difficult path back to society. Post-intensive care syndrome (PICS) is a general term for long-term physical, cognitive, and mental disorders that occur during or after ICU stay, affecting not only the long-term prognosis of ICU patients but also the mental health of their families [3,4]. The current Special Issue, “Post-intensive care syndrome,” in the Journal of Clinical Medicine, is dedicated to collecting high-quality scientific contributions that mainly focus on its epidemiology, prevention, and therapeutic strategies.



The epidemiology of PICS has been extensively documented over the past few years, and the full picture of PICS is becoming clearer. Almost half of the critically ill adult patients had worsened ADL status after ICU discharge. Aging, a high burden of chronic illness, and a longer duration of mechanical ventilation were risk factors for worsened ADL status [5]. In a prospective study, published last year in Japan (J-PICS study), the incidence of PICS in patients who were admitted to the ICU at 6 months was 64%, with 32% having physical impairment, 38% cognitive impairment, and 15% mental impairment. Surprisingly, 18% of patients had PICS in more than one area, indicating that PICS is a complex condition [6]. The results of the study also showed that PICS is a complex condition. In addition, 87% of patients admitted to the ICU with novel coronavirus disease (COVID-19) had physical disability, 8% had cognitive disability, 48% had mental disability at 1 month, and 50% had cognitive disability at one month [7]. At 4 months, 50% had cognitive impairment, 31% anxiety, 21% depression, 54% insomnia, and 14% post-traumatic stress disorder (PTSD) [8]. The review article in this Special Issue demonstrated the pathophysiology of COVID-19 and the recent data on PICS after COVID-19 infection [9].



One of the most prominent symptoms of PICS is physical impairment. Physical impairment is an important problem to be prevented and managed because it significantly reduces quality of life (QOL)—as do cognitive and psychiatric impairments [3]—and it is observed in one-third of patients 6 months after ICU discharge [6]. Long-term physical disability occurs in approximately 30% of ICU survivors after 3 to 6 months in critically ill patients [6,10]. In recent years, several biomarker studies on PICS physical disability and ICU-acquired weakness have been reported. Urinary titin, a giant sarcomere protein, which functions as a spring for muscle extension and elasticity, could be a biomarker of muscle atrophy and physical impairment of PICS [11,12,13].



Cognitive impairment occurs in approximately 40% of ICU survivors after 3–6 months of critical illness [6]. Cognitive impairment, including impaired long-term memory, attention, language, decision making, and executive functioning, is thought to be related to a variety of mechanisms, including metabolic abnormalities, cerebral ischemia, excessive inflammation, disruption of the blood–brain barrier, oxidative stress, and microglial activation [14].



Mental disorders include depression, anxiety, PTSD, and sleep disorders. About one-third of ICU patients experienced a psychiatric disorder one year after discharge from the ICU, including 28% with depression, 17% with anxiety, and 6% with PTSD [15]. These mental health problems negatively impact patients’ health-related quality of life [16]. A recent prospective observational study found that 35% of ICU patients still had one of these mental disorders 3 months after discharge [17].



In addition, one of the important risk factors for PICS is frailty [18]. Critically ill patients had frailty in 19% of patients prior to ICU admission. Compared with patients without frailty, patients with frailty had significantly increased hospital mortality and delirium rates and significantly prolonged ICU and in-hospital length of stay [19]. Furthermore, in oral heath, occlusal insufficiency had a significant impact on PICS. Malocclusion on ICU admission was associated with ADL loss in critically ill patients. Furthermore, poor oral health was a poor prognostic factor among critically ill patients [20]. Based on these findings, dental care and follow-up will be essential for the prevention of PICS in the future.



Critical illness significantly impacts the quality of life of the patient’s family, who experience anxiety, depression, and PTSD during the patient’s ICU stay and after discharge. This condition has been termed PICS-F (Family). PICS-F was present in 48% of families approximately 90 days after the ICU stay, with 13% having depression, 29% anxiety, and 39% PTSD [21]. Sepsis survivors have a high prevalence of PTSD. Sepsis survivors have high healthcare utilization and related costs that persist after discharge from the hospital [22]. Since this economic impact after severe illness is one of the causes of PICS mental disorders and PICS-F, the establishment of financial support should be needed in the future.



PICS evaluations vary widely. It is recommended by the Society of Critical Care Medicine (SCCM) that PICS be evaluated within 2 to 4 weeks of discharge from the hospital as the initial time of evaluation and continue to be evaluated in subsequent periods [23]. The article in this Special Issue describes the details of their evaluation method [9]. In several assessments of PICS, grip strength is one of the useful evaluation tools that also reflects mental status and QOL [24].



In the ABCDEF bundle as PICS prevention [9], early mobility has been the most studied. Early rehabilitation by physicians or therapists beginning within 3 days was safe with low mortality and improved physical function in patients who underwent coronary artery bypass grafting [25]. Furthermore, early mobilization was associated with decreased psychiatric symptoms 3 months after hospital discharge in critically ill patients [26]. In patients with coronavirus disease pneumonia, an early mobilization program prevents muscle weakness and decreases psychiatric disorders [26].



Thus, 10 years after the proposal of PICS [4], the epidemiology, treatment, and other aspects of PICS are becoming clearer. Fujinami et al. established a mouse model of PICS that is a hybrid of a mouse model of sepsis and animal behavior analysis [27]. The model is based on a molecular model of PICS, and it would be one of the strategies to elucidate the molecular mechanisms of PICS.



As mentioned above, PICS has a significant impact on the lives of patients and their families and imposes a tremendous burden on society. The year 2022 will mark exactly 10 years since the advocacy of PICS. We hope that this opportunity to review the latest findings on PICS will help as many ICU survivors as possible to overcome PICS and return to their normal lives.






Author Contributions


Conceptualization, S.I., N.N. and K.N.; writing—original draft preparation, S.I.; writing—review and editing, S.I., N.N. and K.N. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Rudd, K.E.; Johnson, S.C.; Agesa, K.M.; Shackelford, K.A.; Tsoi, D.; Kievlan, D.R.; Colombara, D.V.; Ikuta, K.S.; Kissoon, N.; Finfer, S.; et al. Global, regional, and national sepsis incidence and mortality, 1990–2017: Analysis for the Global Burden of Disease Study. Lancet 2020, 395, 200–211. [Google Scholar] [CrossRef]

	



Zhang, Z.; Spieth, P.M.; Chiumello, D.; Goyal, H.; Torres, A.; Laffey, J.G.; Hong, Y. Declining Mortality in Patients With Acute Respiratory Distress Syndrome: An Analysis of the Acute Respiratory Distress Syndrome Network Trials. Crit. Care Med. 2019, 47, 315–323. [Google Scholar] [CrossRef] [PubMed]

	



Inoue, S.; Hatakeyama, J.; Kondo, Y.; Hifumi, T.; Sakuramoto, H.; Kawasaki, T.; Taito, S.; Nakamura, K.; Unoki, T.; Kawai, Y.; et al. Post-intensive care syndrome: Its pathophysiology, prevention, and future directions. Acute Med. Surg. 2019, 6, 233–246. [Google Scholar] [CrossRef] [PubMed]

	



Needham, D.M.; Davidson, J.; Cohen, H.; Hopkins, R.O.; Weinert, C.; Wunsch, H.; Zawistowski, C.; Bemis-Dougherty, A.; Berney, S.C.; Bienvenu, O.J.; et al. Improving long-term outcomes after discharge from intensive care unit: Report from a stakeholders’ conference. Crit. Care Med. 2012, 40, 502–509. [Google Scholar] [CrossRef] [PubMed]

	



Miyamoto, K.; Shibata, M.; Shima, N.; Nakashima, T.; Tanaka, R.; Nakamoto, K.; Imanaka, Y.; Kato, S. Incidence and Risk Factors of Worsened Activities of Daily Living Status Three Months after Intensive Care Unit Discharge among Critically Ill Patients: A Prospective Cohort Study. J. Clin. Med. 2022, 11, 1990. [Google Scholar] [CrossRef]

	



Kawakami, D.; Fujitani, S.; Morimoto, T.; Dote, H.; Takita, M.; Takaba, A.; Hino, M.; Nakamura, M.; Irie, H.; Adachi, T.; et al. Prevalence of post-intensive care syndrome among Japanese intensive care unit patients: A prospective, multicenter, observational J-PICS study. Crit. Care 2021, 25, 69. [Google Scholar] [CrossRef] [PubMed]

	



Martillo, M.; Dangayach, N.; Tabacof, L.; Spielman, L.A.; Dams-O’Connor, K.; Chan, C.C.; Kohli-Seth, R.; Cortes, M.; Escalon, M.X. Postintensive Care Syndrome in Survivors of Critical Illness Related to Coronavirus Disease 2019: Cohort Study From a New York City Critical Care Recovery Clinic. Crit. Care Med. 2021, 49, 1427–1438. [Google Scholar] [CrossRef] [PubMed]

	



Writing Committee for the CSG; Morin, L.; Savale, L.; Pham, T.; Colle, R.; Figueiredo, S.; Harrois, A.; Gasnier, M.; Lecoq, A.L.; Meyrignac, O.; et al. Four-Month Clinical Status of a Cohort of Patients After Hospitalization for COVID-19. JAMA 2021, 325, 1525–1534. [Google Scholar] [CrossRef] [PubMed]

	



Nakanishi, N.; Liu, K.; Kawakami, D.; Kawai, Y.; Morisawa, T.; Nishida, T.; Sumita, H.; Unoki, T.; Hifumi, T.; Iida, Y.; et al. Post-Intensive Care Syndrome and Its New Challenges in Coronavirus Disease 2019 (COVID-19) Pandemic: A Review of Recent Advances and Perspectives. J. Clin. Med. 2021, 10, 3870. [Google Scholar] [CrossRef] [PubMed]

	



Marra, A.; Pandharipande, P.P.; Girard, T.D.; Patel, M.B.; Hughes, C.G.; Jackson, J.C.; Thompson, J.L.; Chandrasekhar, R.; Ely, E.W.; Brummel, N.E. Co-Occurrence of Post-Intensive Care Syndrome Problems Among 406 Survivors of Critical Illness. Crit. Care Med. 2018, 46, 1393–1401. [Google Scholar] [CrossRef] [PubMed]

	



Nakanishi, N.; Tsutsumi, R.; Hara, K.; Matsuo, M.; Sakaue, H.; Oto, J. Urinary Titin N-Fragment as a Biomarker of Muscle Atrophy, Intensive Care Unit-Acquired Weakness, and Possible Application for Post-Intensive Care Syndrome. J. Clin. Med. 2021, 10, 614. [Google Scholar] [CrossRef] [PubMed]

	



Nakano, H.; Hashimoto, H.; Mochizuki, M.; Naraba, H.; Takahashi, Y.; Sonoo, T.; Matsubara, T.; Yamakawa, K.; Nakamura, K. Urine Titin N-Fragment as a Biomarker of Muscle Injury for Critical Illness Myopathy. Am. J. Respir. Crit. Care Med. 2021, 203, 515–518. [Google Scholar] [CrossRef]

	



Nakanishi, N.; Tsutsumi, R.; Hara, K.; Takashima, T.; Nakataki, E.; Itagaki, T.; Matsuo, M.; Oto, J.; Sakaue, H. Urinary Titin Is a Novel Biomarker for Muscle Atrophy in Nonsurgical Critically Ill Patients: A Two-Center, Prospective Observational Study. Crit. Care Med. 2020, 48, 1327–1333. [Google Scholar] [CrossRef] [PubMed]

	



Evans, L.; Rhodes, A.; Alhazzani, W.; Antonelli, M.; Coopersmith, C.M.; French, C.; Machado, F.R.; McIntyre, L.; Ostermann, M.; Prescott, H.C.; et al. Surviving sepsis campaign: International guidelines for management of sepsis and septic shock 2021. Intensive Care Med. 2021, 47, 1181–1247. [Google Scholar] [CrossRef] [PubMed]

	



Unoki, T.; Sakuramoto, H.; Uemura, S.; Tsujimoto, T.; Yamaguchi, T.; Shiba, Y.; Hino, M.; Kuribara, T.; Fukuda, Y.; Nagao, T.; et al. Prevalence of and risk factors for post-intensive care syndrome: Multicenter study of patients living at home after treatment in 12 Japanese intensive care units, SMAP-HoPe study. PLoS ONE 2021, 16, e0252167. [Google Scholar] [CrossRef] [PubMed]

	



Tripathy, S.; Acharya, S.P.; Singh, S.; Patra, S.; Mishra, B.R.; Kar, N. Post traumatic stress symptoms, anxiety, and depression in patients after intensive care unit discharge—A longitudinal cohort study from a LMIC tertiary care centre. BMC Psychiatry 2020, 20, 220. [Google Scholar] [CrossRef]

	



Watanabe, S.; Liu, K.; Nakamura, K.; Kozu, R.; Horibe, T.; Ishii, K.; Yasumura, D.; Takahashi, Y.; Nanba, T.; Morita, Y.; et al. Association between Early Mobilization in the ICU and Psychiatric Symptoms after Surviving a Critical Illness: A Multi-Center Prospective Cohort Study. J. Clin. Med. 2022, 11, 2587. [Google Scholar] [CrossRef] [PubMed]

	



Riegel, B.; Huang, L.; Mikkelsen, M.E.; Kutney-Lee, A.; Hanlon, A.L.; Murtaugh, C.M.; Bowles, K.H. Early Post-Intensive Care Syndrome among Older Adult Sepsis Survivors Receiving Home Care. J. Am. Geriatr. Soc. 2019, 67, 520–526. [Google Scholar] [CrossRef] [PubMed]

	



Darvall, J.N.; Bellomo, R.; Paul, E.; Bailey, M.; Young, P.J.; Reid, A.; Rockwood, K.; Pilcher, D. Routine Frailty Screening in Critical Illness: A Population-Based Cohort Study in Australia and New Zealand. Chest 2021, 160, 1292–1303. [Google Scholar] [CrossRef]

	



Fujinami, Y.; Hifumi, T.; Ono, Y.; Saito, M.; Okazaki, T.; Shinohara, N.; Akiyama, K.; Kunikata, M.; Inoue, S.; Kotani, J.; et al. Malocclusion of Molar Teeth Is Associated with Activities of Daily Living Loss and Delirium in Elderly Critically III Older Patients. J. Clin. Med. 2021, 10, 2157. [Google Scholar] [CrossRef] [PubMed]

	



Harlan, E.A.; Miller, J.; Costa, D.K.; Fagerlin, A.; Iwashyna, T.J.; Chen, E.P.; Lipman, K.; Valley, T.S. Emotional Experiences and Coping Strategies of Family Members of Critically III Patients. Chest 2020, 158, 1464–1472. [Google Scholar] [CrossRef] [PubMed]

	



Schmidt, K.F.R.; Huelle, K.; Reinhold, T.; Prescott, H.C.; Gehringer, R.; Hartmann, M.; Lehmann, T.; Mueller, F.; Reinhart, K.; Schneider, N.; et al. Healthcare Utilization and Costs in Sepsis Survivors in Germany–Secondary Analysis of a Prospective Cohort Study. J. Clin. Med. 2022, 11, 1142. [Google Scholar] [CrossRef] [PubMed]

	



Mikkelsen, M.E.; Still, M.; Anderson, B.J.; Bienvenu, O.J.; Brodsky, M.B.; Brummel, N.; Butcher, B.; Clay, A.S.; Felt, H.; Ferrante, L.E.; et al. Society of Critical Care Medicine’s International Consensus Conference on Prediction and Identification of Long-Term Impairments After Critical Illness. Crit. Care Med. 2020, 48, 1670–1679. [Google Scholar] [CrossRef] [PubMed]

	



Nakamura, K.; Kawasaki, A.; Suzuki, N.; Hosoi, S.; Fujita, T.; Hachisu, S.; Nakano, H.; Naraba, H.; Mochizuki, M.; Takahashi, Y. Grip Strength Correlates with Mental Health and Quality of Life after Critical Care: A Retrospective Study in a Post-Intensive Care Syndrome Clinic. J. Clin. Med. 2021, 10, 3044. [Google Scholar] [CrossRef] [PubMed]

	



Ohbe, H.; Nakamura, K.; Uda, K.; Matsui, H.; Yasunaga, H. Effect of Early Rehabilitation on Physical Function in Patients Undergoing Coronary Artery Bypass Grafting: A Nationwide Inpatient Database Study. J. Clin. Med. 2021, 10, 618. [Google Scholar] [CrossRef]

	



Kotani, T.; Sugiyama, M.; Matsuzaki, F.; Kubodera, K.; Saito, J.; Kaneki, M.; Shono, A.; Maruo, H.; Mori, M.; Ohta, S.; et al. Roles of Early Mobilization Program in Preventing Muscle Weakness and Decreasing Psychiatric Disorders in Patients with Coronavirus Disease 2019 Pneumonia: A Retrospective Observational Cohort Study. J. Clin. Med. 2021, 10, 2941. [Google Scholar] [CrossRef] [PubMed]

	



Fujinami, Y.; Inoue, S.; Ono, Y.; Miyazaki, Y.; Fujioka, K.; Yamashita, K.; Kotani, J. Sepsis Induces Physical and Mental Impairments in a Mouse Model of Post-Intensive Care Syndrome. J. Clin. Med. 2021, 10, 1593. [Google Scholar] [CrossRef] [PubMed]












	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  jcm-11-04381


  
    		
      jcm-11-04381
    


  




  





media/file0.png





