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Abstract 

The globally recognized COVID-19 pandemic has brought about unprecedented and unexpected upheavals in science data. The conse-
quences of SARS-CoV-2 are evident in public health and primarily in almost every human system. Due to the extent of the damage that 
it sometimes causes to the body, it is possible that patients need to be treated in an Intensive Care Unit.  
In particular, during the hospitalization not only organic problems were observed, but also psychological, neuropsychological and neu-
ropsychiatric disorders, which are caused by the nature of the virus. Important findings show that the mental health effects of the virus 
are not limited to the time frame of hospitalization in the ICU, but remain after discharge. 
Post-intensive care syndrome, post-traumatic stress disorder and fatigue are some of the most important persistent effects, so their in-
depth understanding is considered necessary. 
 
Key words: COVID - 19, neuropsychological complications, ICU treatment, post intensive care syndrome, post - traumatic stress disor-
der.   

 

Corresponding Author: Biagkis Nicholas, e-mail: nickbgs.RN.MD@gmail.com. 

Cite as: Biagkis, N., Anthopoulou, I., Kapadochos, T. (2022). Psychological and neuropsychological complications of patients with COVID-
19, after their hospitalization in intensive care units. Health and Research Journal,8(2),90-96. 
https://ejournals.epublishing.ekt.gr/index.php/HealthResJ 
  



  (2020), Volume 8, Issue 2 
  

 

Biagkis et al. 91  https://ejournals.epublishing.ekt.gr/index.php/HealthResJ 

INTRODUCTION 

The disease caused by the novel coronavirus also known as 

Severe Acute Respiratory Syndrome Coronavirus (SARS - COV – 

2) was first recognised on the 31st of December 2019 in the 

Wuhan region China, and was named Coronavirus Disease 

2019 (COVID - 19).1-4 It was rapidly transmitted globally and 

was formally characterized as a pandemic by the World Health 

Organization on March 11th 2020, while by May 18th more 

than 5 million confirmed cases were reported.2,6 Until March 

2021, more than 126 million people worldwide were infected 

by the virus, and more than 2 million deaths occurred.7 Until 

October 2020, although almost half of the infection cases that 

were reported affected the age group of 25 - 64 years, the ma-

jority of mortality outcomes has been shown in the elderly.8 As 

a result of this hyper - contagion, all national healthcare sys-

tems across the globe were tested and forced to directly adapt 

to the new situation, with strategies that aim at the prevention 

of secondary transmission of the disease, along with the sys-

tematic identification of the COVID - 19 carriers, patients, or 

close contacts of a confirmed case, following their assessment 

and isolation.2,3,9 The coronaviruses belong to the Ribonucleic 

Acid (RNA) virus family and they can cause infection with a 

wide clinical spectrum, that can range from common cold 

symptoms to severe acute respiratory syndrome. During ge-

nome sequencing it was defined that SARS – COV 2 is identical 

to SARS at a percentage of 80%.  However, according to new 

data, the disease which was initially characterized as a pure 

respiratory illness now seems to affect a variety of systems.10,11 

This is supported by reported cases with manifestation of both 

cardiovascular, haematological and urinary symptomatology, 

while according to the National Health System (NHS), there is a 

considerable increase on problems of neuropsychological eti-

ology, that can be persistent even after the hospital discharge 

of the COVID - 19 patients.3,5 As it is shown from epidemiolog-

ical data, approximately 1 out of 5 people is being hospitalized 

for the SARS - COV - 2 infection, and almost 1 of 10 is being 

admitted to the ICU, with the higher percentage of patients 

having severe disease and developing Acute Respiratory Dis-

tress Syndrome (ARDS) followed by the need for intubation 

and mechanical ventilation (MV).12 Many patients that suffered 

from COVID - 19, still continue to face psychological issues, 

including Post Traumatic Stress Disorder (PTSD), anxiety and 

depression, after being treated and discharged from the hospi-

tal, just like it happened before with the survivors of SARS 

coronavirus in 2003.13 The fact that new evidence, considering 

the neuropsychological impact of the SARS - COV 2 disease, 

comes to light, leads to the conclusion that apprehension of 

the illness’ long - term complications are getting dubious and 

the need for continuing treatment support, regarding both 

biological and psychological health issues after hospitalization, 

is getting more and more important.3,14   

 

PATHOGENICITY AND NEUROPATHOPHYSIOLOGY OF 

COVID - 19 

The SARS - COV - 2 infection can evoke illness of the respirato-

ry tract with a clinical spectrum that ranges from asymptomatic 

infection to severe viral pneumonia, respiratory failure, septic 

shock, metabolic acidosis, multiple organ impairment and 

death.5,10,15 According to Wiertz CMH et al.,15 three histological 

patterns are being noticed: alterations in the epithelium and 

alveolar impairments, the production of small clots in the pul-

monary blood vessel network and the expression of interstitial 

fibrosis. The typical symptoms of the disease include cough, 

dyspnoea, reduced activity tolerance and fatigue, whereas 

atypical symptoms contain nausea, diarrhoea and acute ab-

dominal pain.15 It is now recognised that the disease affects a 

wide variety of organ systems. Besides the respiratory, issues 

from other systems emerge, like myocardial impairment, 

thromboembolic events, acute renal malfunction, neuropathy 

and weakness.1,15,16  

SARS - COV - 2 seems to critically evoke outcomes to the 

nervous system due to its ability to contribute to coagulation 

disorders, clotting and inflammation. According to Tucker and 

Czapla17 a Spanish study that included 841 hospitalized pa-

tients showed that more than half of them were characterized 

by at least one neurological symptom, whereas the 19,9% 

showed symptoms of neuropsychiatric nature like insomnia, 

depression and psychosis. In the acute phase of the disease, 

36.4%1 of the patients develop neurological symptoms, includ-

ing headaches, distorted mental state, seizures, loss of taste 
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and smell and paraesthesia.14,16,17 Conditions like encephalopa-

thies, chronic inflammatory demyelinating polyneuropathy, 

Guillain - Barré, Miller - Fisher syndrome and epileptic seizures 

can be connected with the acute phase, without known previ-

ous medical history.14,18  The coronaviruses are neuro-invasives 

and can cause neuropsychological fallouts, either with the di-

rect infection of the central nervous system or via indirect ex-

pression of immunological response related symptoms.11 In 

COVID - 19 patients there are noticed elevated levels of inter-

leukin - β, interferon, CCL2 cytokines and CXCL10 chemokines, 

which indicate the T - helper lymphocyte activation.11,19,20 The 

cytokine storm effect that participates in the immunological 

response to the coronavirus, can cause psychiatric symptoms 

due to neuroinflammation, whereas the disruption that is 

caused by the infection of the immune system additionally 

contributes even further to the psychological stress and the 

stress induced by the general inflammation.11,19,20 According to 

a systematic review, higher levels of interleukin – 6 (IL6), IL8 

and tumor necrosis factor – a (TNFa) along with reduced levels 

of CD4 and CD8 T - lymphocytes were associated with the clin-

ical condition.20 Critical neurological complication constitutes 

the Critical Illness Polyneuropathy, a situation that can affect 

both the motor and the sensational neurological function, that 

finally leads to axis degeneration.1,6,11 Beyond the symptoms of 

the illness itself, the patients may experience a variety of stress 

factors and trauma - induced events, such as difficulty access-

ing hospital wards, mental isolation, deaths of other patients or 

loved ones and other unwanted effects towards mental health, 

due to treatment factors.6,14 The experience of ICU treatment 

by itself can effectively increase the possibility of developing 

post traumatic stress disorder syndrome (PTSD), depression 

and anxiety.16,18 Furthermore, patients that received ICU treat-

ment for ARDS reported neurocognitive deficits as high as 

47%, even two years after being discharged.16,18 Also, individual 

factors that occur include the fear of the disease, uncertainty of 

the future, traumatic memories and stigma, and further aggra-

vate the possibility of psychopathological results being devel-

oped.11 Aside from the fact that the biological problems ap-

pear mainly at the acute phase of the disease and its treat-

ment, the cognitive impairments and mental health disorders 

are occurring later in the future, when the patients have re-

turned to their everyday routine and can be connected directly 

to the disease itself or its treatment.8,14,15 Therefore, the long 

term complications that seem to be caused by the nature itself 

of the disease, along with the increased possibility for ICU ad-

mission, from which the consequences have already been de-

scribed, can lead to persistent symptoms or even syndromes 

after ICU hospitalization and treatment.21           

 

POST INTENSIVE CARE SYNDROME 

The situation that can be presented after the admission of a 

patient in ICU and can include every physical harm but also, 

any damage to the cognitive and mental field, arising as a con-

sequence of a critical illness, is characterized as Post-ICU Syn-

drome or Post Intensive Care Syndrome (PICS).3,15,21 Individuals 

with severe COVID-19 symptoms are treated in ICUs, usually 

with MV to support breathing.12,16 In particular, patients with 

COVID - 19 who are led to severe respiratory failure are com-

monly treated with sedation, steroids and synaptic inhibitors, 

approaches that have been associated with PICS challenge, 

either in the immediate period after discharge from the hospi-

tal, or later, when patients return to their daily life.15,21,23 It has 

been reported that a significant proportion, accounting for 

56% of patients, develops one or more PICS-related problems, 

even one year after ICU discharge. Crucial part of patient man-

agement is recognizing the syndrome and providing urgent 

care for their rehabilitation. In many cases, however, immediate 

intervention is not possible, due to the risk of spreading hospi-

tal-acquired infections. Therefore, the majority of patients with 

severe respiratory failure do not receive the necessary care for 

their rehabilitation, resulting in an increased chance of devel-

oping PICS symptoms after hospital discharge.15,23 

 

POST-TRAUMATIC STRESS DISORDER 

Widely recognizable factors of PICS are the post-Traumatic 

Stress Symptoms (PTSS) and the onset of PTSD, in patients 

admitted to ICU.5 PTSD is defined as a stress-related disorder, 

with consequent autoimmune disease that may occur after 

exposure to a serious traumatic event or injury.9 In addition, it 

is referred to as the development of symptoms related to in-
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trusive memories, emotions and thoughts, memory avoidance 

attempts, negative changes in cognitive function and mood, as 

well as hyperarousal after exposure to a traumatic event.2,9,14 In 

fact, it seems that 1 out of 5 COVID-19 survivors develop 

symptoms of PTSD from the very first year, and this has been 

associated with reduced quality of life.24 Experiences during the 

trauma may lead to limitations and disorders of daily life, or 

even mental disorders such as depression, schizophrenia and 

medicine abuse. In previous domestic outbreaks, the incidence 

of PTSD after a serious infection ranged from 4% to 41% in the 

general population, while, in the case of COVID-19, 29-33% of 

patients were reported and a smaller percentage in the healthy 

population.2 It is scientifically suggested that PTSD complies 

with a biphasic stress response model. Acute stress enhances 

the immune response, while chronic stress can lead to suppres-

sion of the immune response, with increased susceptibility to 

infections.9 The release and changes in the expression of cyto-

kines, the production of inflammatory factors and the process 

of conversion of T2-helper cells by T1-helper cells seem to play 

a role in both acute and chronic stress.9 There is a wide diversi-

ty of risk factors that are connected with the appearance of 

PTSD, and they can be both predictors and ICU - treatment 

related factors. Predisposing factors include patients’ charac-

teristics such as age, gender and various pre-existing medical 

conditions, and informal factors such as interpersonal conflicts, 

low socioeconomic status and reduced social support.2,14 

Women appear to be more associated with PTSD symptoms 

than men.11,23 A study by Stephen J Halpin et al.5 found that in 

patients with COVID-19 who were admitted to ICU, 76.9% of 

women reported PTSD-related symptoms compared with 

38.5% of men who reported similar symptoms, rates that did 

not appear to differ from those who were admitted to other 

nursing departments. Other factors include pre-existing de-

pression, anxiety, alcohol abuse and low educational level,23 

while in 80% of people, who developed PTSD in ICU, obesity 

was observed.5 

Beyond the factors that predispose to PTSD, there are other 

variables related to treatment in the clinical field and especially 

in the ICU, with an incidence of 30 - 40%14 considering post 

traumatic symptoms in patients who survived from ARDS. Inva-

sive therapies such as sedation and antipsychotic treatment, 

variables related to ICU environment such as immobility, endo-

tracheal intubation, tracheostomy, sleep deprivation and con-

ditions such as sensory problems and acute delirium, are 

strong risk factors for the development of PTSS and PTSD.14,22 

Stephen J Halpin et al.,5 reported in their study that patients' 

PTSD levels of those admitted to ICU were twice as high as 

those in the nursing departments. The incidence of PTSD was 

also significantly high in both previous coronaviruses, SARS 

and MERS, as 26% of SARS survivors met the diagnostic criteria 

for PTSD 30 months after treatment, while in the case of MERS 

42% of survivors noted a high score for PTSD, with 27% re-

maining above the clinical cut-off, even 18 months after treat-

ment.14 

The association of PTSD with hospitalization for COVID-19 is 

complex and is indicated by the large difference of percent-

ages in the studies, by reviewing international literature. Based 

on information from previous coronaviruses, an increased inci-

dence of PTSD and PTSS is expected in COVID-19 survivors 14. 

Lisa Mary Sheehy's1 study reported that in patients admitted to 

ICU due to ARDS, PTSD was reported in 22-24%, two years 

after discharge. Another study in Wuhan6 found high levels of 

PTSD in patients with COVID-19 as all patients experienced at 

least one symptom of avoiding memories, feelings or thoughts, 

two negative mood swings and two symptoms of arousal. Sta-

tistical analysis found that 12.4% of these patients were diag-

nosed with PTSD. Symptoms of COVID-19 such as cough, ex-

haustion, and chest discomfort were statistically significantly 

correlated with the onset of post-hospital PTSD. The incidence 

of COVID-19 in PTSD was higher in young adults, at 31.8% in 

the United States, and there was a proportional increase in the 

incidence of PTSD, as the severity of the disease increased. In 

contrast, PTSD symptoms in ICU patients in France, were con-

firmed in only 7.4% of the participants.25 One of the most 

common factors associated with COVID-19 and ICU hospitali-

zation, leading to PTSS, it is likely to be the onset of ARDS, as 

post-traumatic symptoms are present in 30 - 40% of these 

patients even months after treatment, while in patients who 

were supported with MV the rates for PTSD range between 

14% to 51%.1,3,12,14 Therefore, the identification and treatment 
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of PTSD in patients with COVID-19 is an important pillar of 

therapeutic assessment and intervention. Continuous follow-up 

and evaluation of the condition is needed after hospitalization, 

with frequent feedback aimed at detecting mental disorders, in 

order to improve the long-term prognosis of patients with 

SARS-COV-2 who underwent therapeutic interventions in ICU. 
15,23 

OTHER PSYCHOLOGICAL AND NEUROPSYCHOLOGICAL 

EFFECTS 

The knowledge gained from coronaviruses has shown that they 

can cause a variety of psychopathological effects,11,14 directly 

or indirectly, with the mechanisms described in neuropatho-

physiology, in combination of course with the complications of 

the disease and the experience of harrowing stress of a poten-

tially fatal disease, into the inhospitable environment of the 

ICU.11 Specifically, in a systematic review concerning the long-

term psychological distress of survivors from previous corona-

viruses, it was shown that one third of them still had symptoms 

for more than three months after leaving the hospital or ICU, 

and even the prevalence of depression and anxiety were esti-

mated collectively at percentages of 33.2% and 30.04% respec-

tively.26 The critically ill patients with COVID-19 often develop 

severe respiratory failure and therefore it is likely to need ICU 

treatment even with long-term support from MV, in deep se-

dation.12,14,16,24 Regardless of the intubation frequency howev-

er, one third of ARDS survivors from the ICU worsen or begin 

to show symptoms of cognitive impairment up to one year 

after treatment, which include deficits in memory, concentra-

tion and functionality, such as reduced verbal fluency and pro-

cessing speed,12,14 but also signs of impaired mental health up 

to two years later. This could be linked to acquired brain dam-

ages due to hypoxia, but also to the consequences of MV, 

which could possibly induce intrusive memories of panic and 

asphyxiation. Several intubated patients under sedative drugs, 

that overcame ARDS in ICU, showed that they experienced 

hallucinations when therapeutic interventions were performed, 

or sleep disorders, which are sometimes still recalled and affect 

them respectively.14,22 Along with the nature of the action of 

the coronaviruses, triggering factor for the occurrence of neu-

ropsychological consequences may be the treatment in the 

ICU, since only the prevalence of symptoms of depression, anx-

iety and PTSD in survivors of serious diseases who have already 

been treated in units is already elevated, ranging from 17% to 

44%.27 

From the aforementioned it is understood that the negative 

effects on mental health, due to SARS-CoV-2, are not over with 

the discharge, as many patients continue to experience moder-

ate to severe problems one month after they received their 

hospital release form.6 In a French, uncontrolled study, 4 

months after discharge from the ICU, the incidence of anxiety 

was confirmed in 23.4% and depression in 18.1%, while the 

ICU-related neuromyopathy was observed in 14 of 51 intubat-

ed patients (27.5%).25 High rates of psychological distress were 

recorded in the study of Garrigues et al.,28 with the most com-

monly reported symptoms persisting for more than 100 days 

after discharge, being exhaustion, which reached 55%, memory 

loss in 34%, and also sleep and concentration disorders in 

30.8% and 28% respectively, although in the same study no 

statistically significant difference was found between ICU pa-

tients and patients in other nursing departments. However, it is 

obviously difficult to distinguish the effect of patients' poor 

psychological condition due to fear and the impact of stigma 

from the neurobiological effects.18,26 Current data characterize 

the fatigue, which is associated with the new disease, as one of 

the most frequently reported symptoms, as it occurred in 72% 

of patients in the ICU and in 60.3% of patients in other nursing 

departments.5 Persistent fatigue as well as other neuropsycho-

logical symptoms are reported in rates of 35% in outpatients 

with COVID-19, and 87% in those who were hospitalized. At 

this stage, it is generally accepted to speak only of a post-

infectious fatigue.21 Nevertheless, to conclude that symptoms 

of Chronic Fatigue Syndrome may occur after COVID-19, as 

shown in a four-year follow-up of SARS survivors,29 these 

symptoms should last at least 6 months, and a complete medi-

cal record with additional laboratory tests should be taken, for 

the examination of previous health state and the degree of 

possible pre-existing fatigue, in order to determine to what 

extent is the new coronavirus responsible.21 There is still ambi-

guity about the exact causes of exhaustion, although it is 

known that ICU care, after acute lung injury, is likely to lead to 
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muscle weakness, which is associated with reduced physical 

activity and quality of life.26 Also, according to the available 

data, the cells of the infected, after the end of the infection 

duration, face difficulties in receiving energy from sources, 

compared to the cells of the healthy ones. It is presumed that 

the role of inflammatory processes in the body is very im-

portant. The "cytokine storm" caused by SARS-COV-2, in case it 

afflicts the body for a long time, has been considered to con-

tribute to aging and thus to inhibition of cell proliferation.19,20 

Alongside, in the case of the causes that contribute to the oc-

currence of fatigue, there are even assumptions about the 

post-infectious permeability of the blood-brain barrier from 

pro-inflammatory cytokines and the persistence of elevated 

levels of anti-inflammatory cytokines after healing from the 

infection, which implies a persistent inflammation in the 

body.19,21 All this information emphasizes the need for vigilance 

and preparation against these potential long-term neuropsy-

chiatric complications, which lead to a reduction in patients' 

quality of life after the disease.27  

 

CONCLUSIONS 

Pandemics constitute a challenge to the functional normality of 

public health and coerce into the development of goals and 

coordinated movements by each system. The pandemic of 

COVID-19 disease as well as its challenges made the presence 

of organizational issues and deficiencies in the clinical areas 

noticeable. As mentioned, the effects of the disease are not 

limited to specific time frames after patients’ discharge from 

the ICU, nor do they always affect the same organ systems. The 

attention of health professionals should also be focused on the 

persistent neurological and psychiatric consequences, as 

groups of symptoms that contribute to the development of 

PICS, PTSD, anxiety and depression after ICU treatment have 

already been identified. There are also reports of a group of 

new symptoms, including post-hospital fatigue, referred to as 

Post Covid-19 Neurological Syndrome.8 Therefore, it is reason-

able to expect new symptoms and syndromes after COVID-19 

treatment, especially when symptoms in this population begin 

to be studied in detail. Due to the increased frequency of prob-

lems, the consequences of the pandemic ring the alarm bell for 

improved organization and redefinition of our priorities, in 

order to have adequate preparation and appropriate approach 

to potential or existing patient health problems, in every aspect 

and all - time phases of the disease. Health systems must focus 

on the prevention of COVID-19 and neuropsychiatric conse-

quences, their proper treatment inside and outside hospital 

structures, but also on post-hospital monitoring and rehabilita-

tion.  

 

REFERENCES 

1. Sheehy LM. Considerations for postacute rehabilitation for 

survivors of COVID-19. JMIR Public Health and Surveil-

lance. JMIR Publications Inc 2020;6(2):1-8  

2. Chang MC, Park D. Incidence of Post-Traumatic Stress Dis-

order after Coronavirus Disease. Healthcare 2020;8(4):373.  

3. Kemp HI, Corner E, Colvin LA. Chronic pain after COVID-

19: implications for rehabilitation. British Journal of Anaes-

thesia 2020;125(4):436–40.  

4. Islam KU, Iqbal J.. An Update on Molecular Diagnostics for 

COVID-19. Frontiers in cellular and infection microbiology 

2020;10:560616.  

5. Halpin SJ, McIvor C, Whyatt G, Adams A, Harvey O, 

McLean L, et al. Postdischarge symptoms and rehabilita-

tion needs in survivors of COVID-19 infection: A cross-

sectional evaluation. Journal of Medical Virology 

2021;93(2):1013–22. 

6. Liu D, Baumeister RF, Veilleux JC, Chen C, Liu W, Yue Y, et 

al. Risk factors associated with mental illness in hospital 

discharged patients infected with COVID-19 in Wuhan, 

China. Psychiatry Research 2020;292:113297. 

7. University of John Hopkins. COVID-19 Map - Johns Hop-

kins Coronavirus Resource Center 2020.  

8. Wijeratne T, Crewther S. Post-COVID 19 Neurological Syn-

drome (PCNS); a novel syndrome with challenges for the 

global neurology community. Journal of the Neurological 

Sciences 2020;419:117179. 

9. Liang X, Zhu Y, Fang Y. COVID-19 and post-traumatic 

stress disorder: A vicious circle involving immunosuppres-

sion. CNS Neuroscience and Therapeutics 2020;26(8):876–

8.  



  (2020), Volume 8, Issue 2 
  

 

Biagkis et al. 96  https://ejournals.epublishing.ekt.gr/index.php/HealthResJ 

10. Mohamadian M, Chiti H, Shoghli A, Biglari S, Parsamanesh 

N, Esmaeilzadeh A. COVID‐19: Virology, biology and novel 

laboratory diagnosis The journal of gene medicine. 

2021;23(2):e3303.  

11. Mazza MG, De Lorenzo R, Conte C, Poletti S, Vai B, Bol-

lettini I, et al. Anxiety and depression in COVID-19 survi-

vors: Role of inflammatory and clinical predictors. Brain, 

Behavior, and Immunity 2020;89:594–600/. 

12. Hosey MM, Needham DM. Survivorship after COVID-19 

ICU stay. Nature Reviews Disease Primers 2020;6(1):1–2.  

13. Cai X, Hu X, Ekumi IO, Wang J, An Y, Li Z, et al. Psychologi-

cal Distress and Its Correlates Among COVID-19 Survivors 

During Early Convalescence Across Age Groups. American 

Journal of Geriatric Psychiatry 2020;28(10):1030–9.  

14. Kaseda ET, Levine AJ. Post-traumatic stress disorder: A 

differential diagnostic consideration for COVID-19 survi-

vors. Clinical Neuropsychologist 2020;34(7–8):1498–514.  

15. Wiertz CMH, Vints WAJ, Maas GJCM, Rasquin SMC, van 

Horn YY, Dremmen MPM, et al. COVID-19: Patient Charac-

teristics in the First Phase of Postintensive Care Rehabilita-

tion. Archives of Rehabilitation Research and Clinical 

Translationlation 2021;000:100-108. 

16. Mayo Clinic Staff. COVID-19 (coronavirus): Long-term ef-

fects. Mayo Clinic 2020.  

17. Tucker P, Czapla C. Post-COVID-19 Stress Disorder: Anoth-

er Emerging Consequence of the Global Pandemic. Psychi-

atric Times 2021;38(1):1–11.  

18. Sher L. Post-COVID syndrome and suicide risk. QJM: An 

International Journal of Medicine 2021;114(2):95-98.  

19. Coomes EA, Haghbayan H. Interleukin‐6 in COVID‐19: a 

systematic review and meta‐analysis. Reviews in medical 

virology 2020;30(6):1-9.  

20. Mulchandani R, Lyngdoh T, Kakkar AK. Deciphering the 

COVID‐19 cytokine storm: Systematic review and meta‐

analysis. European journal of clinical investigation 

2021;51(1):e13429.  

21. Lamprecht B. Is there a post-COVID syndrome? Pneu-

mologe 2020;17(6):398–405.  

22. Bienvenu OJ, Gerstenblith TA. Posttraumatic Stress Disor-

der Phenomena After Critical Illness. Critical Care Clinics 

2017;33(3):649–58.  

23. Soh M, Hifumi T, Iwasaki T, Miura Y, Otani N, Ishimatsu S. 

Impaired mental health status following intensive care unit 

admission in a patient with COVID‐19. Acute Medicine & 

Surgery 2020;7(1):e562.  

24. Tingey JL, Bentley JA, Hosey MM. COVID-19: Understand-

ing and Mitigating Trauma in ICU Survivors. Psychological 

Trauma: Theory, Research, Practice, and Policy 

2020;12(S1):S100-S104.  

25. Morin L, Savale L, Pham T, Colle R, Figueiredo S, Harrois A, 

et al. Four-Month Clinical Status of a Cohort of Patients af-

ter Hospitalization for COVID-19. JAMA - Journal of the 

American Medical Association 2021;325(15):1525–34.  

26. Ahmed H, Patel K, Greenwood DC, Halpin S, Lewthwaite P, 

Salawu A, et al. Long-term clinical outcomes in survivors of 

severe acute respiratory syndrome (SARS) and Middle East 

respiratory syndrome (MERS) coronavirus outbreaks after 

hospitalisation or ICU admission: A systematic review and 

meta-analysis. Journal of Rehabilitation Medicine 

2020;52(5):1-11.  

27. Wang S, Mosher C, Perkins AJ, Gao S, Lasiter S, Khan S, et 

al. Post-intensive care unit psychiatric comorbidity and 

quality of life. Journal of Hospital Medicine 

2017;12(10):831–5.  

28. Garrigues E, Janvier P, Kherabi Y, Le Bot A, Hamon A, 

Gouze H, et al. Post-discharge persistent symptoms and 

health-related quality of life after hospitalization for 

COVID-19. Journal of Infection 2020;81(6):e4–e6.  

29. Kamal M, Abo Omirah M, Hussein A, Saeed H. Assessment 

and characterisation of post-COVID-19 manifestations. In-

ternational Journal of Clinical Practice 2021;75(3):e13746.  

 

 

 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

