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Abstract 

The aim of the present thesis is to deepen the knowledge of severe and 

critical COVID-19 infection - its management and outcomes among ICU 

patients in Sweden. This is achieved through retrospective studies of ICU 

patients with COVID-19 from several Swedish hospitals focusing on their 

management and outcomes (study I, III, IV). In addition, a prospective 

follow-up study was conducted on patients with post covid condition 

(PCC) (study II). 

In the first paper (study I), all patients with respiratory failure due to 

COVID-19 who were admitted to an ICU in region Östergötland during 

the initial pandemic wave were included (n=100). The median age was 

63 years, and the 60-day mortality rate was 22% across the entire 

pandemic wave. Divided into three consecutive tertiles, the 60-day 

mortality decreased from 33% in the first tertile to 15% and 18% in the 

subsequent two. Ninety-one percent had at least moderate acute 

respiratory distress syndrome (ARDS) and 88% required invasive 

mechanical ventilation (IMV). During the wave, the use of 

thromboprophylaxis increased, the steep rise in ICU admissions 

subsided, and ICU resources expanded. At four-month follow-up, 63% of 

survivors reported a decline in general health compared with their health 

status prior to SARS-CoV-2 infection. 

In Study II, all patients with PCC at a clinical follow-up four months 

after hospital discharge in region Östergötland were included and 

interviewed two years after initial infection. Of 181 eligible patients, 165 

participated in the study. The majority (84%) reported lingering 

problems affecting everyday life. Nevertheless, improvements were 

observed in both prevalence and severity of several symptoms and 

functional limitations compared with four months post-discharge. The 

most reported symptoms were cognitive, sensorimotor, and fatigue 

related. Comparison between ICU-treated and non-ICU-treated patients 

revealed no significant difference at 24-months. 

In study III, factors associated with ventilator-associated lower 

respiratory tract infection (VA-LRTI) in COVID-19 were explored. All 

patients with respiratory failure requiring IMV who were admitted to an 

ICU in the southeast healthcare region of Sweden were included 
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(n=536). Overall, 28.5% developed VA-LRTI, corresponding to an 

incidence rate of 20.8 first VA-LTRI episodes per 1000 IMV days. The 

incidence of VA-LRTI increased from 14.5 per 1000 days of IMV days 

during the first wave to 24.8 per 1000 IMV days during the subsequent 

two ways. Patients who developed VA-LRTI had fewer ventilator-free 

days, received corticosteroids more frequently, and were more often 

ventilated in prone position. Most detected pathogens were 

Enterobacteriaceae (38.9%) and Staphylococcus aureus (22.8%). 

Logistic regression analysis revealed significantly increased adjusted 

odds ratio (aOR) for first VA-LRTI for corticosteroid treatment (aOR 

2.64 [95% confidence interval [CI]] [1.31–5.74]), antibiotics at 

intubation (aOR 2.01 95% CI [1.14–3.66]), and days of IMV (aOR 1.05 

per day of IMV, 95% CI [1.03–1.07]). 

In the final paper (study IV), mortality disparities among patients with 

COVID-19 admitted to ICUs across seven Swedish hospitals were 

investigated using survival analysis. All patients admitted to one of the 

participating ICUs with respiratory failure due to COVID-19 were 

included (n=747). Across the cohort, 90-day mortality varied 

substantially between hospitals, ranging from 8.5% to 30%. In the final 

cox proportional hazards model adjusted for baseline covariates, 

pandemic wave and with random intercept for healthcare county, the 

adjusted hazard ratios (aHR) for 90‑day mortality by hospital spanned 

from: 2.38 to 5.06, using the hospital with the lowest mortality as 

reference. The results remained robust after sensitivity analysis, 

including complete case analysis, calculation of e-values, assessment of 

multicollinearity, and testing of the proportional hazards assumption. 

 

In conclusion, initial high mortality of ICU-treated COVID-19 patients in 

region Östergötland, quickly declined during the first pandemic wave, 

paralleling increased ICU resources and expanded use of 

thromboprophylaxis. Moreover, many ICU survivors experienced 

reduced general health at four-month follow-up. Many survivors 

developed PCC and reported lingering symptoms affecting their 

everyday life two years after initial infection, but with significant 

improvement compared to the initial follow-up. Additionally, the VA-

LRTI incidence in southeast healthcare region of Sweden was low 
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compared with previously published data, although it increased across 

the pandemic waves - possibly related to expanded use of corticosteroid 

treatment. Finally, during the pandemic, the initial ICU to which a 

patient was admitted correlated with ICU mortality. These results 

contribute to the ongoing discussion regarding healthcare equity in 

Sweden, suggesting that geographical inequities were likely present at 

least during the pandemic. 

 

Keywords:  COVID-19, Post covid condition, Long Covid, ICU, VA-LRTI, 

VAP, ARDS, Sweden, Healthcare equity 
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Populärvetenskaplig sammanfattning 

Under våren 2020 vårdades ett stort antal patienter med svår covid-

19 på svenska sjukhus. Många behövde intensivvård och 

respiratorbehandling på grund av allvarlig andningssvikt. 

Kunskapen om sjukdomen var då begränsad, och behandlingsrutiner 

utvecklades successivt i takt med att erfarenheten ökade.  

Denna avhandling undersöker hur patienter med svår covid-19 togs 

om hand under pandemins första våg i Sverige. Fokus ligger på 

vårdförlopp, komplikationer, överlevnad samt hälsa efter 

utskrivning. Studierna bygger på journal- och registerdata från 

intensivvårdspatienter samt intervjuer med personer som utvecklat 

långvariga symtom efter covid-19.  

Resultaten visar att den initialt höga dödligheten bland 

intensivvårdade patienter minskade under den första 

pandemiperioden. Minskningen sammanföll med förändringar i 

behandlingsstrategier och ökad erfarenhet inom intensivvården.  

En vanlig komplikation hos patienter som behandlades i respirator 

var lunginflammation. Nästan en tredjedel av patienterna i sydöstra 

sjukvårdsregionen drabbades av en sådan infektion. Förekomsten 

var högre än före pandemin, men lägre än i flera andra europeiska 

länder under samma period. Infektionerna var vanligare hos 

patienter med längre respiratortid och hos de som behandlades med 

kortison.  

Avhandlingen visar också att många patienter hade kvarstående 

besvär efter sjukhusvistelsen. Fyra månader efter utskrivning 

upplevde mer än hälften av de överlevande en försämrad hälsa 

jämfört med före insjuknandet. Bland patienter med post-covid hade 

84 procent symtom som påverkade vardagen två år efter 

insjuknandet, även om de flesta upplevde en gradvis förbättring över 

tid. Vanliga besvär var kognitiva svårigheter och uttalad trötthet.  

Avslutningsvis analyseras i avhandlingen skillnader i överlevnad 

mellan sjukhus. Resultaten visar att överlevnaden varierade mellan 

olika sjukhus under pandemin. Skillnaderna kvarstod även efter 

justering för patienternas ålder, samsjuklighet och andra kända 
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riskfaktorer. De bakomliggande orsakerna kan inte fastställas i 

studien, men resultaten pekar på behovet av fortsatt analys av 

organisatoriska och strukturella faktorer samt kunskapsutbyte inom 

intensivvården.  

Sammanfattningsvis bidrar avhandlingen med kunskap om hur 

svensk intensivvård hanterade patienter med svår covid-19 under 

pandemins inledande fas. Den visar att vården anpassades över tid, 

att komplikationer var vanliga vid respiratorbehandling och att 

många patienter har haft långvariga besvär efter sjukdomen. 

Resultaten kan vara av betydelse för framtida planering och 

utveckling av intensivvård vid allvarliga infektionssjukdomar såväl 

som vid en framtida ny pandemi. 
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Preface 

In late 2019, I began working as a new resident at the Department of 

Infectious Diseases in Linköping, just a few months before the first 

COVID-19 patient was confirmed in Sweden. As a young physician, I was 

suddenly faced with a flood of patients suffering from severe respiratory 

failure. Supplies were rapidly diminishing, and staffing levels were 

stretched thin. Patients were treated in cohorts to limit further spread, 

while many family members stood outside, watching as their loved ones 

fought for their lives. In some cases, relatives were treated in the same 

room, and far from everyone made it out alive. Amidst this chaos, two 

senior consultants (Åse and Katarina) encouraged me to get involved in 

research regarding this new disease.  

 

At the time of writing, only six years have passed since COVID-19 first 

emerged worldwide, yet a PubMed search using the term “COVID-19” 

yields more than eight million results. In hindsight, it may seem that the 

pandemic has come and gone—and in many ways, it has. We now have 

highly effective vaccines and treatments, and the virus itself is less 

virulent than the wild-type strain that swept across the globe in 2020. 

Although many of those initial research findings may now seem of 

primarily historical interest, I believe there is much to learn before the 

next pandemic strikes. Some patients still become severely ill with SARS-

CoV-2, and post-COVID conditions continue to pose significant 

challenges.  

 

Thank you for reading my work, I hope you find some of it meaningful to 

you and potentially, your patients. 

 

 

Linköping, JANUARY 2026 

 

 

Gustaf Forsberg 
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INTRODUCTION 

 

The History 
On a Tuesday morning in March of 2020, Anna, a healthy 47-year-old high school 

teacher, woke up with an unusual tiredness and mild fever. The morning news 

was full of uncertainty and rumors about a new virus that apparently had spread 

to Italy now. After some paracetamol she felt okay and went on to work as usual.  

 

Marcus, a 36-year-old mechanic, could not anticipate how his light cough was 

the beginning of something never seen before in modern society. As he heard 

the talk on the radio, he felt both worried and fascinated. He wondered whether 

this new flu would make it to Sweden, and if it was as bad as they said. 

 

Coronaviruses (CoV) are enveloped, positive-sense RNA viruses of the 

family Coronaviridae. Within the subfamily Orthocoronavirinae, there 

are four genera: Alpha-, Beta-, Gamma-, and Delta coronavirus. Birds 

and mammals, including humans, can be infected by various CoVs. Both 

domestic and wild animals can contract CoV infections, which may cause 

mild to severe enteric, respiratory, or systemic disease (1). In humans, 

CoVs were previously known mainly for causing a common cold (1). In 

animal populations, newly emerging CoV strains or mutations of existing 

strains have been documented as early as the 1970s. During that time, a 

novel porcine CoV appeared in Europe and Asia, causing severe 

diarrhoea and high mortality in piglets (2).  Cross-species transmission 

has also been observed on several occasions. For example, under 

experimental conditions, bovine CoV can infect turkeys, which can then 

spread the virus to other bird species (3). 

In 2002, a new infectious disease called severe acute respiratory 

syndrome (SARS) emerged in Guangdong Province, southern China, 

caused by a coronavirus named SARS-CoV. Common symptoms 

included fever, myalgia, dyspnoea (often with a non-productive cough), 

and lymphopenia, alongside general flu-like symptoms (4). About 38% 

of patients required invasive mechanical ventilation (5) and according to 
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the World Health Organization (WHO), there were 8,422 SARS cases in 

total, with 916 deaths across 29 countries, from 2002 until the summer 

of 2003 (6).  A viral strain similar to SARS-CoV was isolated from civets 

and dogs, which were used as food in the region. Before the outbreak was 

contained, SARS had spread to individuals in North and South America, 

Europe, and Asia.  

In 2012, another coronavirus—later named Middle East respiratory 

syndrome coronavirus (MERS-CoV) —was identified in Saudi Arabia. 

Clinical presentation resembled SARS-CoV infection, with a mortality 

rate of around 35% (7).  Humans were infected through contact with 

infected dromedary camels, and of the 2,600 reported cases, more than 

80% originated in Saudi Arabia (8) 

 

In summary, outbreaks of deadly coronaviruses were not unprecedented 

by the time another coronavirus, later named severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), emerged in Wuhan, China, in 

late 2019. However, earlier outbreaks had not reached Western countries 

to such an extent that they attracted widespread public attention. Even 

if they did, many people in countries like Sweden (myself included) likely 

regarded SARS as a disease confined to Asia—and initially viewed 

COVID-19 in much the same way. 

Viral Structure 

Eva, Marcus's mother-in-law, felt that maybe, just maybe, they shouldn't have 

had that birthday party for her grandson William yesterday, with all this corona 

talk going around. Especially since her husband Åke had barely recovered after 

that by-pass operation last autumn. 

 

A week later, Anna slept through her alarm. With some difficulty, she made it to 

the kitchen to fetch some more paracetamol and ibuprofen. Anna had begun to 

realize that this was no ordinary cold. She could feel it in her bones, how the virus 

spread infected every cell of her body and above all - that she was so damn tired. 

That day, Anna did not go to work. 
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Coronaviruses contain four main structural proteins: the nucleocapsid 

(N) protein, which surrounds the viral genome, and three membrane-

associated proteins—the spike glycoprotein (S), membrane glycoprotein 

(M), and the envelope (E) protein (figure 1).  

 

 
Figure 1. Coronavirus ultrastructural morphology. CDC/Alissa Eckert & Dan 

Higgins, Public Health Image Library, public domain 

(https://wwwn.cdc.gov/phil/Details.aspx?pid=23313) 

 

The S protein is crucial for viral attachment, cell entry, species specificity, 

and pathogenicity. Additionally, non-structural proteins such as the 

RNA-dependent RNA polymerase (RdRp) and the main viral protease 

3CLpro are vital for viral replication (9). The viral genome is relatively 

large (28–32 kb), and coronaviruses tend to mutate or recombine into 

new strains (9). 

Although SARS-CoV shares a high degree of similarity with SARS-CoV-

2, there are notable differences in the S protein. Both viruses use 

angiotensin-converting enzyme 2 (ACE2) as a receptor (10,11).  After 

binding, the S protein is cleaved at two sites by host proteases (12), 

exposing a fusion peptide and enabling membrane fusion. The fusion 

https://wwwn.cdc.gov/phil/Details.aspx?pid=23313
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peptide region is identical in both SARS-CoV and SARS-CoV-2; however, 

upstream of the first cleavage site, SARS-CoV-2 has an additional 12 

nucleotides that facilitate S protein priming and may increase its 

transmissibility (13).   

 

Several variants of the original wild-type SARS-CoV-2 have emerged, 

with each new variant typically surpassing the previous one in terms of 

transmission rate. For example, the Alpha and Delta variants exhibit 

enhanced cleavage of the S protein—required for membrane fusion and 

cell entry (14) - while the Omicron variant primarily evades immune 

responses through significant changes to its S protein (15). Currently, 

Omicron sub-lineages dominate globally (16). 

Disease Course 

After visiting his doctor in a green military tent outside the primary health center, 

Marcus was furious. Apparently, there was a limited supply of COVID test kits 

and since his oxygen levels were OK, he did not qualify for testing. They only told 

him to stay home from work and away from other people. No x-ray, no 

antibiotics, nothing. 

 

Anna's colleagues wondered where she was, it was most unlike her not to show 

up and not answer her phone. After work, Tom, a close friend and colleague 

passed by her apartment on his way home. After some time, she opened her 

apartment door. She was having difficulties breathing, and her skin was a 

strange pale almost purple color. Tom called 112 in an instant. 

 

One of the earliest publications of severe SARS-CoV-2 pneumonia, now 

cited in more than 12 000 other manuscripts, was written by Yang et al. 

and published in February 2020 (17). Out of 710 patients with confirmed 

SARS-CoV-2 admitted to the included hospital in Wuhan, China, 55 were 

included as they had a more severe disease course. The authors describe 

a predominantly male cohort (67%), in which 40% had chronic illness 

and had a median age of almost 60. Most common symptoms were fever, 

cough and dyspnea. At 28 days, 61.5% were dead. These findings reflect 
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the clinical severity observed during the early phase of the pandemic, 

when a substantial proportion of hospitalized patients developed critical 

illness and mortality rates were high. Although advanced age and 

significant comorbidity were recognized risk factors for severe outcomes, 

severe disease was also observed in younger and middle-aged individuals 

without major underlying conditions. 

 

For some, SARS-CoV-2 infection goes almost unnoticed, but for others it 

ends in multiple organ failure and death. To begin with, SARS-CoV-2 

infects pulmonary cells through the ACE2 receptor (18).  As the virus 

multiplies, it spreads through the body and infects almost all types of 

cells (18,19).  It has been suggested that ACE2 deficiency may increase 

the risk of severe COVID-19, as it is correlated with many risk factors for 

severe disease (age, hypertension, diabetes, cardiovascular disease). This 

might be explained by a dysregulated balance between ACE2 and ACE 

stimulus (18).  Inflammation arises at first through virus replication, as 

it leads to a lytic cell death (20).  The innate immune system responds 

through infiltration of macrophages and neutrophils, and this response 

is influenced by altered Interferon type 1 (IFN-1) function 

(21).  Engagement of early adaptive immune responses through T helper 

cells are crucial to clear infected cells, and these cells are also down-

regulated by SARS-CoV-2 (17,22). One of the markers of more severe 

disease is indeed a low lymphocyte count (17).  Later, the adaptive 

immune system develops neutralizing antibodies against surface 

antigens. As macrophages bind to virus-antibody complexes they trigger 

further inflammatory effects (23). Locally, while the described immune 

response may dispose of virally infected cells it does so at the expense of 

cell destruction and prolonged inflammation. Additionally, SARS-CoV-2 

induces a highly pro-inflammatory lytic cell death called pyroptosis 

(20).  Down the line, a cytokine storm can develop which has a potential 

to affect all cells. A massive inflammatory response and vasoplegia with 

reduced tissue perfusion may follow. One of the cytokines that play a 

larger role in the pathogenesis is Interleukin 6  (IL-6), an important 

regulator of T-cell response (24) and elevated levels of IL-6 are seen in 

COVID-19 patients (25). However, in comparison with bacterial sepsis, 

COVID-19 is associated with less severe inflammation and organ 
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dysfunction at early stages, but with persistent inflammation and 

immunosuppression (26).  

 

While many with no previous comorbidity also are at risk for severe 

COVID-19, as previously mentioned some risk factors are now well 

defined. Age, male sex and comorbidity (especially hypertension, 

diabetes and cardiovascular disease) are the most prominent risk factors 

(27-29).  So, why do females have a reduced risk? Evidence since before 

COVID-19 suggests that males are at higher risk for lower respiratory 

tract infections, including both community-acquired and healthcare-

associated pneumonia (30-32).  Social lifestyle factors such as smoking 

habits, work environment and diet might constitute one part of the 

explanation, but biological differences between the sexes do exist. Males 

have a higher level of pro-inflammatory cytokines than females, that 

instead present with higher degrees of anti-inflammatory cytokines such 

as Interleukin 10 (IL-10) (33). While men might be more susceptible to 

infections, women are instead at higher risk for many auto-immune 

disorders, with both innate and adaptive immune responses often being 

lower in males than females (34). 

 

The Pandemic 

Sweat poured as Marcus worked changing brakes on an old Ford. All the media 

told him was to stay home, stay away and don’t meet other people. Easy for 

them to say, they didn’t run a business. In the meanwhile, Eva was beginning to 

worry for Åke. They both had fever last night and, well, she did feel quite under 

the weather but Åke had started rambling about some missing tools in his 

garage. Perhaps they should go to the hospital? But what if it isn’t covid? Where, 

if not at the hospital, would they be infected? 

 

Late December 2019, adults from Wuhan city presented with what 

seemed like viral pneumonia. Cases were linked to a marketplace in 

Wuhan that handled several types of livestock and a novel coronavirus 

was identified (35). An exponential increase in cases was seen, and as 

many had no connection to the aforementioned marketplace, human to 
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human transmission was likely. On the 23rd of January 2020, a general 

lock-down was declared in Wuhan. But, with a population of more than 

10 million, Wuhan had seen many travellers during this time period 

associated with the ongoing spring festival (36).  Before January had 

ended, cases of COVID-19 were reported in several countries in Asia as 

well as Europe and within the United States.  

 

The Worldometer’s COVID-19 data is as of April 2024 no longer updated 

as it was deemed not feasible to attain correct data any longer. However, 

at that time, the total cases of COVID-19 in Sweden were estimated to be 

over 2.7 million, with more than 27 000 deaths (37). SARS-CoV-2 came 

to Sweden in January 2020, but compared to many other neighbouring 

countries Sweden remained open. Without lock-downs, more permissive 

recommendations were published demanding responsibility of all 

citizens. For example, in March 2020 citizens were advised to avoid 

unnecessary visits to healthcare and elderly care visits were completely 

forbidden, stay home if sick, avoid close contacts and unnecessary travel, 

physical distance in public places and public gatherings of more than 50 

people were forbidden. These recommendations were updated and 

reviewed regularly but no lock-downs were ever enforced. Compared to 

neighbouring Nordic countries, Sweden did have higher rates of 

infection as well as mortality, but lower than other European countries 

enforcing general lockdowns. This initial management and its 

differences compared to the numerous lock-downs that were employed 

in other countries is described in detail as a narrative review by Jonas F 

Ludvigsson at (38).  

 

As a new disease, no evidence-based management and/or treatment of 

COVID-19 existed as a flood of patients with severe respiratory distress 

was admitted to hospitals across the world. Globally, major differences 

in outcome for these patients existed and even within Europe the excess 

death rate per 10,000 inhabitants ranged from 24.7 in Bulgaria to 1.8 in 

Sweden (39) Such inequities can be explained by a plethora of factors 

such as different case-mixes, socio-economic factors, ethnicity, 

healthcare practices, supply of materials and machines, staffing, societal 

logistics etc. However, even within the borders of Sweden, substantial 
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mortality differences existed between ICU departments. The topic was 

even discussed in Swedish national television as differences were large 

(40).  Data for this media coverage were supplied by the Swedish 

Intensive Care Registry, who later commented on the finding with 

caution, suggesting further adjusted comparisons are required to draw 

conclusions (41).  One comparison of three Swedish hospitals and their 

respective ICU exist (42), presenting large mortality differences with age, 

disease severity and nurse staffing proving to be independent risk 

factors. Further comparisons of ICU mortality are scarce, despite that the 

Public Health Agency of Sweden (PHAS) has issued eight national public 

health objectives, where equity in healthcare is one (43).  

 

The wild type SARS-CoV-2 has changed since its debut, with decreasing 

virulence and increased contagiousness for each new strand. After the 

initial wildtype spread, the delta variant became the dominant 

circulating strain in June 2021, followed by a surge of infection and 

hospitalizations. In December of 2021, the omicron subvariant became 

dominant, but this shift did not see a surge in severe cases 

(44,45).  Newer variants of omicron are still dominant as of today, and 

are all associated with a lower mortality than the delta variant. Of course, 

during the omicron time period infection-associated immunity and 

vaccinations contributed to lower mortality but the omicron variant does 

also have a lower pathogenicity (46).  Omicron replicates faster than all 

other SARS-CoV-2 variants and is substantially more transmissible than 

the wildtype and delta variants (46).  Considering that the goal of the 

virus, if there is one, is to spread, it is easy to grasp why in time viral 

strains with high transmissibility and lower mortality are selected forth.  

Treatments 

Tom was not allowed to follow Anna in the ambulance, and so he went home. 

Meanwhile, the emergency department was in chaos. Outside, multiple tents 

were raised where patients stood in line. Inside, a screen above Anna flashed 

red, something to do with her oxygen levels it seemed. Healthcare workers all 

had a strange buzzing mask over their face, it was impossible to hear what they 

were saying. Soon, she was transferred to another unit, and she found herself 
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sharing a room with an older woman. She had an oxygen mask fit tightly over 

her tired face. Within minutes, Anna was instructed to put one on as well.   

 

Åke and Eva were sharing another room at the same unit for covid patients. They 

both needed extra oxygen, but Åke seemed to have a higher demand as the 

oxygen flow hissed over his nose. Their room was on ground level, and outside 

Eva could see William watching together with Marcus. 

 

Initially, in the days that these fictive patients represent, no more than 

supportive treatments existed for patients with COVID-19. This has 

changed dramatically. Approved treatments used for COVID-19 patients 

in Sweden at the time of writing the current thesis are: Corticosteroids 

(preferably dexamethasone), tocilizumab, tixagevimab and cilgavimab, 

anakinra, nirmatrelvir and ritonavir, regdanvimab, imdevimab and 

kasirivimab, remdesivir and sotrovimab. But, only tocilizumab, 

anakinra, remdesivir, and nirmatrelvir/ritonavir is registered and 

available in Sweden (47). Below, these pharmacological treatments (with 

some additions) are briefly summarized within table 1, with their 

mechanism of action, indication for COVID-19 and special notes. 

Supportive care specific for the ICU are discussed further within the 

chapter “Intensive care”. There are additional treatments proposed 

previously, such as statins, vitamin C and hydroxychloroquine (and 

chloroquine). But these treatments have been shown ineffective in large 

trials and will not be discussed further in the current thesis (48-50). The 

initial chloroquine uses even increased adverse events and mortality 

(51). 
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Table 1. Summarizing table on treatments available for COVID-19. 
Treatment Mechanism of action Indication in COVID-19 Notes 

Janus Kinase 
(JAK) 
Inhibitors 

Baricitinib inhibits 
downstream signaling 
from inflammatory 
cytokines via inhibition 
of Janus kinase 

Baricitinib is not approved for use in 
COVID-19 in Sweden, but does 
reduce mortality without increases in 
adverse events (1). 

Used in clinical practice 
for patients in a hyper-
inflammatory state, 
worsening despite 
corticosteroid 
treatment (2). 

Cytokine 
inhibitors 

Direct antagonism of 
pro-inflammatory 
cytokines. Anakinra (an 
IL-1α/β antagonist) 
tocilizumab (an IL-6 
antagonist) 

Both anakinra (3) and tocilizumab (4) 
reduce mortality and morbidity, but 
most likely only in severe cases. 

Timing of therapy and 
appropriate patient 
selection. Identifying 
whether a patient is in a 
hyperinflammatory 
state remains a 
challenge. 

Antivirals Inhibition of 3CLpro 
protease (nirmatrelvir); 
viral RNA inhibition 
(remdesivir, 
molnupiravir)  

Primarily in early infection or for 
immunocompromised patients. May 
reduce risk of severe disease as well 
as post COVID condition (5-7). 

Early treatment is 
essential, why ICU use is 
limited. 

Monoclonal 
antibodies 

Targeting SARS-CoV-2 
spike protein 

No indication for use today New mutations reduce 
or eliminate antibody 
binding, rendering 
previously effective 
treatments obsolete 

Cortico-
steroids 

Anti-inflammatory Hypoxia, inflammation. Mortality 
reduction in multiple studies (8). No 
benefit for patients not requiring 
oxygen. May reduce risk of post-
COVID condition (9). 

Standard-of-care (6mg 
daily). A higher dose 
(20mg daily) increased 
risk of death and non-
COVID pneumonia (10). 

Anti-
coagulants 

Primarily LMWH, 
binding and activating 
antithrombin, inhibiting 
factor Xa and to a lesser 
extent thrombin  

Prophylaxis. Prophylactic dose is 
indicated for all hospitalized COVID 
patients, improving mortality (11). 

Therapeutic doses do 
not improve mortality, 
but increase risk of 
bleeding (11). 

(1) Kramer A et al. JAK inhibitors for COVID-19. Cochrane Database Syst Rev. 2022. (2) Läkemedelsverket. 
Immunmodulerande behandling vid covid-19. 2025. (3) WHO REACT Working Group. IL-6 antagonists and 
mortality. JAMA. 2021. (4) Aziz M et al. Tocilizumab meta-analysis. J Med Virol. 2021. (5) Hammond J et al. 
Nirmatrelvir (Paxlovid). N Engl J Med. 2022. (6) Amstutz A et al. Remdesivir IPD meta-analysis. Lancet 
Respir Med. 2023. (7) Jayk Bernal A et al. Molnupiravir trial. N Engl J Med. 2022. (8) RECOVERY 
Collaborative Group. Dexamethasone (RECOVERY). N Engl J Med. 2021. (9) Badenes Bonet D et al. Acute 
treatment and long COVID. J Clin Med. 2023. (10) RECOVERY Collaborative Group. Higher-dose 
corticosteroids. Lancet. 2023. (11) Farkouh ME et al. Anticoagulation in COVID-19. J Am Coll Cardiol. 2022.  
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Complications 

It happened at night. Some other healthcare workers in all blue outfits took Åke 

with them as he was now almost unconscious. It seemed like he would need to 

be put on a ventilator. Eva barely noticed before she got back to sleep. In the 

morning, she had a new roommate. 

Anna felt better now, no longer needing the oxygen mask—just a light breeze 

brushing over her nose. Tom had brought her a newspaper. Of course, she could 

not meet him, but the nurse kindly helped Tom deliver it. A nice gesture, but she 

did not have the energy to read. Yesterday that old lady in the bed next to her 

had left this life. 

 

Severe COVID-19 is a multi-organ disease, especially in ICU-treated 

patients. Below, I discuss respiratory, infectious, cardiovascular and 

neurological complications specifically, followed by a section on multiple 

organ dysfunction syndrome (MODS). Separating complications due to 

COVID-19 and those due to prolonged hospital and/or intensive care is 

difficult. Most likely, these complications are due to a combination of 

both. Further, a comprehensive review of all potential complications is 

beyond the scope of this thesis; therefore, primary focus is on 

complications relevant to critically ill patients and intensive care 

management. 

 

Respiratory 

Respiratory failure is the main complication of COVID-19 and the 

primary reason many patients have required invasive mechanical 

ventilation (IMV) and succumbed to the infection.  

 

ARDS is commonly defined by the Berlin definition (52) which classifies 

the condition based on the degree of hypoxemia measured by the 

PaO2/FiO2 ratio. ARDS is a heterogeneous syndrome of severe 

hypoxemia involving increased lung weight, vascular permeability, and 

increased dead space. The Berlin definition states that the respiratory 

failure should be acute (≤one week) and show bilateral opacities on 

imaging that is not explained in full by cardiac failure or fluid overload.  
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Early in the pandemic, it was unclear whether COVID-19–associated 

ARDS was a “classic” ARDS, because some researchers noted severe 

hypoxemia with relatively preserved lung compliance (53). However, this 

subgroup of preserved lung mechanics was later identified in non-

COVID ARDS patients as well (54). A Spanish multicenter study 

concluded that COVID-19 ARDS resembles non-COVID ARDS in terms 

of clinical features, and mortality increases with the severity of ARDS 

(55). From a pathophysiologic standpoint, ARDS in COVID-19 likely 

results from the inadequate immune response previously described, 

including impaired interferon signaling, coupled with direct viral 

cytotoxicity. These mechanisms cause local epithelial damage similar to 

that seen in influenza-related ARDS (56). Activation of both local and 

systemic inflammatory responses results in an increased alveolar-

capillary permeability, pulmonary oedema, diffuse alveolar damage with 

hyaline membrane formation. This histopathological hallmark of ARDS 

is seen in both COVID and non-COVID ARDS (57). What distinguishes 

COVID-19 is the pulmonary vascular reaction including endothelial 

injury and microthrombosis (57). 

 

 

Cardiovascular 

A smaller autopsy study of patients who died from COVID-19 revealed 

severe endothelial injury, widespread thrombosis, and intracellular virus 

(58). Compared with influenza, microthrombis was nine times more 

common among those with COVID-19. 

 

 

COVID-19 is often described as a thrombo-inflammatory disease rather 

than a purely respiratory infection. It remains uncertain to what extent 

SARS-CoV-2 can infect endothelial cells directly, as ACE2 expression is 

lower in endothelial tissue than in the respiratory tract. It is possible that 

the spike protein itself causes endothelial dysfunction (59). Notably, the 

endothelial glycocalyx is significantly disrupted (60) increasing vascular 

permeability and contributing to alveolar edema.  
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Venous thromboembolism (VTE) incidence is higher in COVID-19 

patients than in those hospitalized for other causes (61,62). However, the 

classic scenario of deep vein thrombosis progressing to pulmonary 

embolism is less often implicated in COVID patients, often presenting 

with pulmonary thrombosis (63). COVID-19–associated coagulopathy 

(CAC) is characterized by elevated D-dimer and fibrinogen levels 

alongside reduced fibrinolysis (64). A possible mechanism involves a 

reduction in ADAMTS13 protease activity resulting in increased activity 

of von Willebrand factor (VWF), the latter being pivotal for platelet 

adhesion. In thrombotic thrombocytopenic purpura, a deficiency of 

ADAMTS13 causes platelet consumption and disseminated 

microvascular thrombosis. In COVID-19, a noticeable reduction in 

ADAMTS13 activity has also been reported (65). 

 

In addition to VTE, endothelial dysfunction and microthrombi, 

circulatory failure with myocardial involvement may debut in severe 

COVID, ranging from a slight troponin elevation to overt myocarditis 

and cardiomyopathy. Aside from the obvious risk of cardiac injury 

following microvascular thrombosis/dysfunction and systemic 

inflammation, ACE2 is also present within the myocardium (66). Hence, 

both an indirect and a direct damaging effect on the myocardium may 

take place during acute COVID-19 (67). In a meta-analysis regarding 

prevalence of cardiac injury, a high prevalence was seen across all ages 

in hospitalized COVID patients (68). Myocarditis in COVID patients is 

uncommon, but is overrepresented as compared with non-infected. An 

American study of administrative inpatient data found inpatient 

encounters due to myocarditis increasing by over 40% in 2020 compared 

to 2019, with COVID patients displaying almost 16 times higher risk for 

myocarditis compared to uninfected (69). In a Swedish follow-up of 

severe COVID-19 patients at 10 months after discharge, left ventricular 

function and coronary micro-circulation was evaluated - displaying 

reduced strain and stress-perfusion capacity compared to healthy 

controls (70). 
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In summary, myocardial injury in COVID-19 represents a multifactorial 

process, combining direct viral cytopathy, systemic inflammation, 

endothelial dysfunction and micro-thrombosis to impair cardiac and 

circulatory function and worsen outcomes. Further, CAC plays a central 

role in the disease course of COVID-19, potentially explaining both 

respiratory and systemic consequences of infection. 

 

Neurological 

Neurological involvement in COVID-19 includes both nonspecific 

encephalopathy and delirium to cerebrovascular events and peripheral 

neuropathy. A complex interplay of systemic inflammation, hypoxia, 

coagulopathy, critical-illness neuro-myopathy and prolonged ICU care 

moves COVID-19 from a simple flu to a much more severe state.  

 

Regarding the central nervous system, ischemic or hemorrhagic stroke 

may debut during acute COVID-19 with an average incidence of 1.5% 

(71). Compared to ischemic strokes in non-COVID cases, those 

correlated to COVID-19 are more severe with worse functional outcomes 

and higher mortality (72). Delirium is another common complication, 

especially in ICU patients requiring heavy sedation (73). A common 

summarizing term for central nervous system complications is “brain 

fog” and fatigue. Aside from vascular explanations, brain fog may be 

linked to the systemic inflammation, or direct brain inflammation via 

brain entry through the olfactory system (74) in SARS-CoV-2 infection. 

Additionally, although uncommon, encephalitis has been associated 

with acute COVID-19 with an average incidence of 0.2%. (75).  

 

Extended periods of intensive care, deep sedation, prone position and 

even muscle relaxation can cause direct pressure injury to peripheral 

nerves, and is associated with critical illness polyneuropathy, myopathy, 

and isolated neuropathy (76,77). But specific viral complications may 

also arise affecting the peripheral nervous system. Muscle pain, 

weakness and joint pain is common post COVID in both ICU and non-

ICU patients possibly linked to autoimmune disease development or 
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rheumatic disorders (78). Guillain-Barré syndrome has been described 

in COVID patients, but seems an uncommon complication (79). 

 

Thus, neurological complications reflect both direct and indirect 

consequences of severe systemic illness, contributing to morbidity and 

long-term functional limitations among survivors (see the chapter 

“Recovery”). 

 

 

Infectious 

Secondary infections represent a major source of morbidity in critical 

COVID-19 patients, associated with prolonged durations of IMV as well 

as other invasive devices together with immune dysregulation and 

immunomodulatory treatments. Surviving sepsis campaign guidelines 

(published early during the pandemic) on managing critically ill COVID-

19 patients recommend empiric antimicrobials to mechanically 

ventilated COVID-19 patients over no antimicrobials (80). Current 

guidelines instead recommend restrictive antibiotic treatment in 

absence of secondary bacterial infection (81). Consequently, as it is 

almost impossible for a clinician to determine if there is a bacterial co-

infection in these patients, a majority of ICU COVID patients receive 

antibiotics to an extent. Respiratory infection seems most common, 

followed by bloodstream and urinary tract infections, and any co-

infection is associated with both increased morbidity and mortality (82). 

And, as ICU patients receive both antibiotics and corticosteroids, the risk 

of a fungal superinfection increase (83,84). 

 

In ICU COVID patients, pneumonia related to IMV is by far the most 

common superinfection. Given its clinical relevance, and the focus of one 

of the included studies in the current thesis (III), ventilator-associated 

pneumonia (VAP) together with ventilator-associated lower respiratory 

tract infection (VA-LRTI) is discussed in greater detail below. 

 

The incidence of VAP in the ICU varies not only due to differences in 

patient populations but also because of disparate definitions. A 
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significant point of discussion is whether invasive diagnostic methods 

are required for a definitive diagnosis. Mandating a positive culture from 

deep-airway samples may underestimate the true incidence, while 

omitting this requirement may lead to overestimation (85). Regardless 

of the definition used, VAP is consistently associated with increased ICU 

mortality (85-87).  

 

A meta-analysis by Ippolito et al. (88), encompassing all studies on VAP 

in COVID-19 patients published up to March 2021 (20 studies in total, 

with 2,611 patients experiencing at least one episode of VAP), found a 

pooled prevalence of 45.4% and a mortality rate of 42.7%. Five of these 

studies included a non-COVID-19 comparison group, collectively 

suggesting an increased risk (OR 3.24 [2.2–4.7]) of VAP among COVID-

19 patients. 

 

Table 2. VA-LRTI definition 

 

VAP Ventilator-Associated Pneumonia is defined as fulfilling all of the following criteria:   

1. Intubation for >48 hours.   

2. Clinical signs of infection, including at least one of the following:  

     temperature >38.5°C or <36.5°C;  

     leukocyte count <4 or >12 ×10⁹/L 

     new/worsening pulmonary symptoms (increased oxygen requirement, altered breath     

sounds, or purulent respiratory secretions).   

3. Microbiological confirmation by positive quantitative culture or polymerase chain 

reaction (PCR) from lower respiratory tract samples obtained by bronchoalveolar lavage 

(BAL) or protected specimen brush (1) 

 

VAT Ventilator-Associated Tracheobronchitis is defined as VAP, but lacking positive 

quantitative culture from lower respiratory tract instead using cultures from tracheal 

secretions (2) 

 

VA-LRTI Ventilator-Associated Lower Respiratory Tract Infection is defined as VAP and VAT. 

 

(1) Torres A et al. ERS/ESICM/ESCMID/ALAT HAP/VAP guidelines. Eur Respir J. 2017. 

(2) Salluh JIF et al. Ventilator-associated tracheobronchitis. Rev Bras Ter Intensiva. 2019. 

 

Prior to COVID-19, incidence rates for ventilator-associated lower 

respiratory tract infections (VA-LRTI) ranged between 2 and 20 episodes 

per 1,000 ventilator-days (89-91). Because patients with severe COVID-
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19 often require prolonged mechanical ventilation, the higher prevalence 

of VAP could partly be explained by longer ventilation durations. This 

was demonstrated in a Swedish registry study (92), which found a 

significantly higher prevalence of VA-LRTI in COVID-19 patients 

compared with a non-COVID cohort (39% vs. 18%), yet no difference in 

incidence rates (31 vs. 34 per 1,000 ventilator-days).  

 

Some evidence suggests that corticosteroid treatment may increase the 

risk of VAP (93-95). Additional COVID-19–specific factors may also 

contribute, including lung thrombosis, pulmonary embolism (58), 

immune-paralysis (96), microbiome alterations (97), in addition to the 

extended periods of mechanical ventilation. Further, both tocilizumab 

and JAK inhibitors have been linked to an increased risk of 

superinfections (98,99).  

 

In summary, secondary infections are common in COVID patients, 

perpetuating systemic inflammation and subsequent organ dysfunction.  

 

Multiple Organ Dysfunction 

The mechanisms of viral injury and host response have been discussed 

previously, and the clinical consequence of this systemic process 

manifests as multi-organ dysfunction - a hallmark of critical COVID-19 

within the ICU. The interplay between endothelial injury, dysregulated 

inflammation, bacterial sepsis and microvascular thrombosis drives 

multi-organ dysfunction in COVID patients. Currently, organ failure is 

registered in all Swedish ICU patients using the Sequential organ failure 

assessment (SOFA) score, giving points for failure in respiration, 

coagulation, liver, cardiovascular, central nervous system and renal 

function. In a recent review published in critical care, pros and cons of 

SOFA score were discussed and an updated version was proposed (100). 

Nevertheless, the score reflects the extent of multiple organ dysfunction 

and is a simple tool for prognostic evaluation of COVID-19 patients on a 

group level (101).  
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Acute kidney injury (AKI) is one of the most frequent components of 

COVID related multiple organ dysfunction syndrome (MODS), seen in 

up to half of ICU patients and correlated to worse outcomes (102,103). 

The genesis is likely multi-factorial including microthrombi, 

hypoperfusion, use of nephrotoxic drugs (i.e. antibiotics, anti-

rheumatic) and direct cytokine-mediated injury. Further, restrictive 

fluid treatment, but also over-resuscitation, contribute to AKI 

development (104,105). Clinically, fluid-homeostasis is disturbed, the 

need for renal replacement therapy (RRT) may arise, and mortality is 

increased (102,103). 

 

While direct liver damage with subsequent liver failure in COVID is 

uncommon, elevated liver enzymes are often seen. Whether this reflects 

a systemic illness rather than viral cytopathy is unclear (106), but 

nevertheless correlates with disease severity. Ferritin (elevated levels 

seen both from liver damage and as an inflammatory response) was used 

extensively during the pandemic to monitor disease course and severity 

(107).  

 

The distinct hyper-coagulable state discussed in the cardiovascular 

section contributes to organ ischemia and failure in COVID MODS, 

characterized by elevated D-dimer levels and thrombocytopenia 

reflecting microthrombi in both pulmonary and systemic circulation. In 

line with the systemic inflammatory process, the bone-marrow is 

suppressed and white blood cells consumed. Lymphopenia remains 

another relevant blood sample reflecting this multi-organ process (108). 

 

Together, MODS in COVID-19 presents with endothelial damage and 

microthrombosis. Simultaneous involvement of pulmonary, renal, 

hematologic and neurologic systems increases mortality and 

underscores the importance of organ-supportive therapy and early 

recognition of deterioration.  
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Intensive Care 

Another night shift. Such a surreal experience, seeing the post-operative 

department overflowing, every bed taken by patients either gasping for air or on 

a ventilator. The noise of the fan coming from my protective mask made hearing 

difficult, but the code blue alarm from my pager cut through. One of my 

ventilated patients suddenly bleeding in his airway. The team working frantically 

trying to keep the lungs filled with oxygen made no difference as the monitors 

went silent within minutes. I was left with the stillness of yet another life lost, 

before the next alarm pulled me onward.  

I think Åke was his name. 

 

Management of critically ill COVID patients relied on the use of 

evidence-based intensive-care practices under extraordinary 

circumstances. The combination of severe hypoxemic respiratory failure 

with multiorgan failure, and patient volumes modern healthcare systems 

have never seen in non-war times, necessitated substantial adaptations 

in intensive care. Within this section a few critical points of the intensive 

care that is needed for patients with severe and critical COVID-19 to 

survive is emphasized.  

 

Mechanical Ventilation 

Mechanical ventilation is the cornerstone of supportive therapy in severe 

COVID, correcting life-threatening hypoxemia while minimizing 

ventilator-associated lung damage. 

Available supportive treatments for COVID ARDS include high-flow 

nasal oxygen (HFNO), non-invasive ventilation (NIV) and IMV. In a 

large randomized clinical trial, HFNO was demonstrated to reduce 

intubation rates (109), but no survival benefit was clear. Similarly, NIV 

may reduce intubation rates in mild ARDS (110) but in severe cases 

might delay intubation and increase mortality (111). To further improve 

oxygenation, prone position ventilation should be employed (both in 

awake and intubated patients), as awake prone positioning reduces the 

need for intubation (112).  
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In severe COVID-19 IMV is indeed lifesaving and needs to be used with 

regards to lung mechanics to avoid ventilator-associated pulmonary 

injury. Previous management of “classic” ARDS with small lung volumes 

available for ventilation and progressively more collapsed but possibly 

recruitable lung include high PEEP to keep collapsed parts open, but 

lower driving pressures/tidal volumes, to not overextend the non-

atelectatic regions (113). A significant randomized study defining lung 

protective ventilation strategies for ARDS patients is the ARMA trial, 

displaying lower mortality in patients with ARDS ventilated with a lower 

tidal volume (6ml per kg) (114). More recently, driving pressure has been 

associated with survival, with lower pressure levels increasing survival 

(115). Regarding PEEP levels, there are conflicting results regarding 

optimal strategies (116), reflecting the complexity of mechanical 

ventilation and importance of personalized treatment strategies. In 

addition, short durations of neuromuscular relaxation might be needed 

for patients with severe hypoxemia, ventilator dyssynchrony or to 

achieve lung-protective strategies (117). But in ARDS in general, not 

limited to COVID, no mortality benefit of continuous neuromuscular 

blockade compared to light sedation has been found (118).  

 

In patients with refractory hypoxemia despite conventional therapies 

mentioned above, veno-venous extracorporeal membrane oxygenation 

(VV-ECMO) is indicated. It enables ultra-protective ventilation 

strategies and improves oxygenation. If started early, in patients below 

65 years of age, it can improve survival (119).  

 

An expert consensus using the Delphi method published in critical care 

in 2021 (120) displayed wide agreement of COVID-19 ARDS being 

similar to other forms of ARDS, strongly recommending lung protective 

ventilation (tidal volumes of 4-6ml/kg, plateau pressure below 30cm of 

water and driving pressure below 15 cm of water) but no agreement was 

seen for peep strategies. Further, use of prone position ventilation was 

strongly recommended. Being associated with improved oxygenation, 

reduced mortality and decreased intubation rate in COVID-19 patients 

(121), the technique was widely used during the pandemic.  
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Balancing oxygenation with protective ventilation strategies proved 

central to ICU management, with prolonged ventilation duration 

increasing the risk of secondary complications such as VAP.  

 

Sedation and analgesia 

The demands of advanced ventilation strategies formed sedation 

practices in these patients. Deep and prolonged sedation was often 

necessary to facilitate lung-protective ventilation and prone position, 

creating challenges in maintaining neurologic assessment and 

preventing delirium and neuropathy. 

 

Less use of sedatives decreases delirium and can be associated with 

improved outcomes (122), and its use is associated with delirium in 

critically ill COVID patients (123). General guidelines are to always keep 

mechanically ventilated patients as awake as possible with adequate 

analgesia. However, the situation changes when caring for a patient with 

severe respiratory distress. To enable use of previously mentioned lung 

protective ventilation, and possibly even permissive hypercapnia with 

low tidal volumes, deep sedation is often required (124). In these 

situations, potential benefits from decreased sedation are often not 

possible to consider, as oxygenation takes higher priority. Additionally, 

spontaneous breathing while in IMV poses a risk for self-inflicted lung 

injury (125). There is discussion whether there is a new paradigm of 

sedation strategies emerging in the pandemics wake - a concept called 

“lung protective sedation” by authors Kassis et al. (126). Therein, authors 

urge personalized sedation based not only on levels of arousal but on 

patient-ventilator parameters such as occlusion pressure, dys-

synchrony, frequency and magnitude of respiratory efforts.  

  

Nevertheless, these prolonged sedation regimes, often in combination 

with muscle relaxants, although clinically necessary, possibly 

contributed to extended weaning times, increased infection risk and 

post-ICU cognitive and functional impairment. 

 

Prevention of Ventilator-Associated Pneumonia 
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Considering the long duration of intensive care and mechanical 

ventilation, as well as the immunomodulatory treatments used, 

prevention of ventilator-associated complications in critical COVID-19 

patients are essential. In a Spanish nationwide intervention-based 

project called “Pneumonia Zero” a total of 181 ICUs (75% of all Spanish 

ICUs) participated (127). In total, ten VAP prevention measures were 

used, of which seven were mandatory and the remaining three 

recommended. Compared to registry data the year before 

implementation, VAP incidence decreased by more than 50% after 

implementation of the prevention bundle. The seven mandatory (cited 

from (127)) measures were 1, Education and training in airway 

management. 2; Strict hand hygiene with alcohol solutions before airway 

management. 3; Control and maintenance of cuff pressure. 4; Oral 

hygiene with chlorhexidine. 5; Semi recumbent positioning, avoiding 

zero-degree supine positioning if possible. 6; Promoting procedures and 

protocols that safely avoid or reduce duration of mechanical ventilation 

(such as NIV, lower doses of sedation, daily wake-up and spontaneous 

breathing trials) 7; Avoidance of elective exchanges of ventilator circuits, 

humidifiers, and endotracheal tubes.  

 

In addition, the three highly recommended measures were 1, Selective 

decontamination of the digestive tract (SDD) or selective oropharyngeal 

decontamination. 2; Continuous aspiration of subglottic secretions. 3; 

Short course (2-3 doses) of systemic antibiotics during intubation of 

patients with previously decreased consciousness.  

 

Similar results have been shown in different settings after 

implementation of preventive bundles (128). Within Sweden, there is no 

nationwide recommendation of VAP prevention bundles and as such 

routines vary substantially between ICUs. But it is important to note that 

efforts to prevent secondary infections unfolded within a never-before-

seen strain on intensive-care resources, emphasizing the role of systemic 

preparedness.  

 

 

Healthcare System and Preparedness 
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The unprecedented surge of severely ill patients during the pandemic put 

healthcare systems worldwide to the test, exposing limitations in ICU 

capacity including staffing and supply chains. High bed occupancy, 

increased patient-to-nurse ratios and other measures of ICU strain are 

consistently associated with increased mortality in COVID-19 ICU 

patients, especially if demands exceed planned capacity (129,130). 

Adequate staffing is essential, as increased patient-to-nurse ratios and 

use of non-ICU staff correlate with higher complication rates as well as 

worse outcomes (131). Further, admission thresholds might shift during 

such periods of higher ICU demand, presenting increased amount of 

mechanical ventilation during higher periods of strain (132).  

 

In April 2020 over 9000 ICU clinicians in the US responded to a 

questionnaire regarding challenging aspects of managing COVID-19 

patients. The study identified concerns regarding personal protective 

equipment and limited resources including personnel, capacity and the 

risk for a surge of patients. The most challenging issue was regarding 

minimizing healthcare worker virus exposure (133). A Swedish 

qualitative study exploring factors that would have made COVID ICU 

less demanding as a workplace identified clear guidelines, strengthened 

staffing, clear leadership and psychological support as important factors 

(134). This underlines what was written in an editorial from JAMA, that 

pandemic readiness cannot be simplified into buying more ventilators - 

it requires personnel, education, maintenance, surveillance and 

premises to use (135). A cross-sectional study of almost 12 000 admitted 

COVID patients, a higher nurse staff count remained an independent 

factor associated with fewer adverse events (136). Nevertheless, the 

COVID pandemic forced the existing healthcare system to rapidly 

change, with adaptation of infrastructure, staffing models and treatment 

protocols for this entirely new disease. The immediate crisis was 

mitigated as it had to, there existed no alternative. This has provided 

knowledge regarding preparedness for future large-scale emergencies. 

The European Centre for Disease Prevention and Control (ECDC) 

published an extensive guidance in April 2025 regarding preparations 

for the next pandemic in the EU/EEA (137). Key messages include 

mapping capacity and capability, as well as securing staff recruitment 
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and retention, including laboratory personnel. Regular simulation 

exercises and clear definitions of emergent versus non-emergent care, 

with structured redistribution between them, are essential. It is also 

important to implement programs that protect mental health and 

support workforce well-being, maintain up-to-date schedules, and 

prevent burnout. Finally, procurement procedures for protective 

equipment and systems for efficient information dissemination must be 

established. 

 

Intensive care management of severe COVID-19 illustrated both 

limitations and progress of modern critical care. Through prolonged 

duration of demanding ICU care, clinicians were able to support organ 

function and save lives. However, this prolonged care quickly led to full 

hospitals and possibly premature decisions to limit care in patients with 

estimated poor prognosis. Further, despite these extraordinary efforts 

many survivors left with profound physical, cognitive and psychological 

sequelae. These consequences marked the next phase of the disease, 

rehabilitation and recovery. 

Recovery 

Three months have passed. Eva was alone now. She was admitted to the unit for 

infectious diseases for three weeks in total. Marcus would never forgive himself, 

even though she said that they never would know who infected who. He blamed 

himself deeply.  

 

Anna had difficulties remembering. It was all a blur. And now, she could barely 

read a single page. She was still so very tired. Returning to work seemed like an 

impossibility, simply watching the news was tiresome. Some reporters had 

talked about long covid. Tomorrow, she has an appointment with a physician at 

the rehabilitation clinic. Perhaps she will find some answers there. 

 

Survival from severe COVID-19 did for many not mark the end, but the 

beginning of long and demanding recovery. After weeks of sedation, 

immobility, inflammation, ventilation, patients faced significant muscle 
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weakness, neurocognitive impairment and emotional distress; post-

intensive care syndrome and/or Post-COVID Condition (PCC). The 

following section outlines rehabilitation challenges faced by survivors, 

and strategies developed to meet them. 

  

Compared with other viral respiratory infections, such as influenza, the 

prevalence of lingering symptoms after COVID-19 appears to be notably 

higher (138). PCC can involve multiple organ systems—including 

respiratory, mental, cognitive, psychological, cardiovascular, 

neurological, and gastrointestinal (139-144). This suggests it may 

encompass various distinct conditions with different pathophysiological 

mechanisms. Additionally, SARS-CoV-2 may affect both neural and 

vascular tissue in ways that impact multiple systems. Proposed 

explanations for PCC include prolonged hyperinflammation, central 

nervous system infection, lung dysfunction, endothelial cell infection 

(with associated thrombus formation and vascular dysfunction), or a 

combination of these factors (145,146) 

 

A meta-analysis by the Global Burden of Disease Long COVID 

Collaborators, spanning 54 studies in 22 countries and including 1.2 

million individuals, found that 6.2% of those with symptomatic COVID-

19 reported PCC symptoms three months post-infection (147). Given 

WHO’s estimate of almost 800 million total SARS-CoV-2 infections 

since 2020, the potential number of PCC cases is substantial.  

 

Because PCC is a relatively new diagnosis, long-term follow-up data is 

limited. However, a meta-analysis of patients with PCC up to 12 months 

after hospital discharge (144) reported that a significant portion 

continued to experience symptoms one year later. Three studies 

indicated a higher risk of persistent symptoms in females. Findings 

regarding the effect of initial disease severity were mixed; three studies 

linked severe initial illness with a greater risk of lingering symptoms, 

whereas another did not. Corticosteroid treatment was associated with 

an increased risk of fatigue and muscle weakness but a decreased risk of 

dysphagia, chest pain, and depression. In a south American two-year 

follow-up (148) of patients with PCC, three symptom clusters were 
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identified: Cluster one (named systemic-inflammatory) including 

fatigue, myalgia and in general low prevalence of symptoms. Cluster two 

(named musculoskeletal-cardiorespiratory) had a high prevalence of 

fatigue, myalgia and cardiorespiratory symptoms. Lastly, cluster three 

(named neurological-cardiorespiratory) included ageusia, anosmia, 

fatigue and cardiorespiratory symptoms. Within cluster three there was 

a distinct minority of male patients as compared with the other two. In a 

meta-analysis of return-to-work prevalence after intensive care due to 

COVID-19, one third of patients did not return to work one year after 

hospital care (149) 

 

Some research suggests that cognitive deficits can persist even in 

individuals who do not subjectively report such issues (150).  In one 

longitudinal prospective study in Germany (151) patients were evaluated 

at a median of 26 months post-infection. While the results showed 

general improvement with half of the participants fully recovered by two 

years, many continued to experience cognitive or fatigue-related 

symptoms. 

 

Rehabilitation after COVID-19 takes many shapes. Only to some extent 

dependent on initial disease severity, post covid condition may affect an 

unfathomable number of individuals world-wide. Possibly, several 

subtypes of PCC exist and as a new disease, there is yet much to learn.  
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AIMS 

Overall, the aim of the present thesis is to deepen the knowledge of severe 

and critical COVID-19 infection - management, complications and 

outcomes. Primary research questions are as follows, divided by project. 

 

Paper I 

How did the clinical management and outcomes of critically ill COVID-

19 patients change during the initial pandemic wave? 

 

Paper II 

What is the prognosis for recovery in patients surviving severe or critical 

COVID-19 developing PCC, and is rehabilitation correlated to initial 

disease severity? 

 

Paper III 

What is the incidence of and potential risk factors for VA-LRTI in 

COVID-19 patients and did the incidence rate change throughout the 

pandemic waves? What is the common microbiology in VA-LRTI of 

intubated COVID-19 patients, in a Swedish setting?  

 

Paper IV 

Does 90-day mortality among COVID-19 ICU patients differ by the initial 

hospital of admission, and does this variation persist after accounting for 

case-mix and inter-county differences? What inter-hospital differences 

in intensive care management of COVID-19 patients can be identified?  
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METHODS 

Ethics 

Ethic approvals  

All studies were approved by the Swedish Ethical Review Authority 

Paper I The Swedish Ethical Review Authority approved the study 

(2020–03888, 2020–02080 and 2020–03029, 2020–04443).  

 

Paper II The Swedish Ethical Review Authority approved the study 

(Dnr 2020-03029, 2020-04443 and 2021-07038).  

 

Paper III The Swedish Ethical Review Authority approved the study 

(Dnr 2021-03443 and 2021-01701).  

 

Paper IV The Swedish Ethical Review Authority approved the study 

(Dnr 2020-06015 and 2021-01701) 

 

As paper I, III and IV were retrospective studies with low risk for 

participants, the requirement for informed consent was waived by the 

ethics committee. Additionally, as many included participants passed 

away during hospital care, informed consent would have been 

impossible. However, no study is without risk for participants, and both 

I, III and IV include sensitive data. To mitigate this issue data were 

always pseudonymized using a code and key with restricted access.   

The requirement for informed consent was also waived for II, as the 

telephone interview was part of a clinical follow-up of patients with PCC. 

Patients with lingering symptoms in need of medical attention were 

offered referral to appropriate healthcare institutions.  

 

 



 

 29 

Design and Setting 

All papers are set in Sweden. Paper I and II include patients from the 

county of Östergötland. The county has a population of approximately 

450.000 served by three hospitals with a total of five ICUs. The total 

number of ICU beds was 30 before the pandemic. Paper III includes 

patients from the entire south-eastern healthcare region encompassing 

the counties of Östergötland, Jönköping and Kalmar. A total population 

of 1 million inhabitants are served through the region by nine hospitals: 

one-third-level hospital, three second-level hospitals and five first-level 

hospitals. Details on the setting of Paper IV were anonymized to ensure 

that the discussion centers on system-level variation and quality 

improvement, rather than on identifying or comparing individual 

hospitals and units. 

Paper I is an ambi-directional population-based study of all patients 

≥18 years old admitted to an ICU due to COVID-19 in the county of 

Östergötland between 1 March and 30 June 2020.  

Paper II is a longitudinal cohort study following up the LinCoS (152) 

cohort through structured telephone interviews two years after infection. 

All 745 patients with COVID-19 admitted to hospital during the first 

pandemic wave between 1 March and 31 May were initially available for 

inclusion to the LinCoS cohort. Out of these patients, after excluding 

non-COVID-related hospitalizations, severe comorbidity and dropouts, 

433 patients were screened for PCC at four months after infection (152). 

A total of 42.7% reported symptoms consistent with PCC with a severity 

affecting everyday life activities (152). These 185 individuals were 

considered for inclusion in paper II.  

Paper III is a retrospective multicenter population-based study of all 

patients ≥18-year-old, intubated and in IMV for at least 48h at any of the 

seven hospitals with an ICU in the south-eastern healthcare region in 

Sweden between 1 March 2020 and 31 May 2021. The study period was 

chosen as work with the analysis began late 2021. 

Paper IV is a retrospective multicenter population-based study of all 

patients ≥18 years old admitted to an ICU due to COVID-19 at any of the 

seven hospitals participating, encompassing three healthcare counties in 

Sweden, between 1 March 2020 and 31 July 2021. The study period was 
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chosen a priori to capture the initial phase of the COVID-19 pandemic. 

During this time, ICU care pathways, treatment strategies, and resource 

availability were still being developed, providing an opportunity to study 

how early local management strategies and organizational responses 

related to patient outcomes. County 1 includes three hospitals, two of 

which have ICUs (A1 and B1). County 2 comprises three hospitals with 

ICUs (B2, C1, C2). County 3 includes three hospitals, two of which have 

ICUs (B3 and C3). Hospital A1 is a university hospital. Hospitals B1-3 

are county hospitals. Hospitals C1-3 are local hospitals. 

 

Data Collection and Outcomes 

In paper I, III and IV retrospective data were obtained from medical 

records and the Swedish intensive care registry. Patients were identified 

by International Classification of Diseases (ICD) codes of COVID-19 

infection (both primary and secondary). For paper III and IV, data were 

collected and stored using Castor EDC (153) 

 

In paper I, primary outcome was 60-day mortality, with secondary 

outcomes being 30- and 90-day mortality, self-rated general health and 

dyspnea. Prospective data of self-rated general health after COVID-19 

was registered at a clinical telephone follow-up approximately four 

months after hospital discharge. In addition, at the telephone follow-up, 

survivors were asked to recall their general health as it was before 

COVID-19 on a five-point Likert scale from very good to very bad, similar 

to the first question regarding overall health in the WHO health survey 

(154). Baseline characteristics, complications and treatments during and 

before hospital care were collected. 

 

In paper II, interviews were performed by three individuals, two PhD 

students (one of which the author of the current thesis). A third 

interviewer with more experience in interpreter-mediated interviews 

was used when interviews could not be performed in Swedish or English. 

Every week interviews were discussed in the research team (including 

specialists in infectious diseases, critical care, neurology and 
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rehabilitation medicine). Any issues in need of medical attention were 

referred to appropriate medical institutions. To make comparisons 

possible between the initial four-month follow-up and this 24-month 

follow-up, the same interview guide was used. The guide included 37 

questions addressing bodily functions and activity and participation 

limitations and can be found in the thesis appendix. Participants were 

asked to only consider symptoms related to COVID-19 and rate each 

present symptom by their impact on everyday life on a scale between 1-5 

(1: no impact; 2: minor impact; 3: moderate impact; 4: high impact; 5: 

very high impact). General health was assessed on a five-point Likert 

scale ranging from very good to very bad. Please see the appendix for the 

complete interview guide. Two-year outcomes regarding persistent 

symptoms and activity/participation limitations were primary 

outcomes. Secondary outcomes were mortality and hospital readmission 

rates during the interim period, and potential correlations between 

initial disease severity and prognosis for recovery. 

 

In paper III primary outcome was the proportion of first VA-LRTI and 

incidence related to the number of days at risk in IMV, presented as the 

rate of first VA-LRTI per 1000 ventilator-days. Secondary outcomes 

were the microbial species responsible for VA-LRTI, and potential risk 

factors associated with VA-LRTI. Baseline characteristics, ICU 

treatments, medical treatments, microbiological findings, complications 

and mortality (30-, 60-, and 90-day) were registered.  

 

In paper IV primary outcome was 90-day mortality as compared 

between hospitals in the included healthcare counties. Secondary 

outcomes were potential explanatory factors to differences in mortality. 

Variables included were age, sex, comorbidity, disease severity scores 

(Simplified acute physiology score 3 (SAPS3)), respiratory support, 

pharmacological treatments (corticosteroids, antivirals, 

anticoagulation), hemodialysis, complications (readmission, 

reintubations, transfers). 
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Definitions 

Table 3. Definitions used within the thesis. 
Term Definition and Considerations 

Acute kidney 
injury (AKI) 

The Kidney Disease: Improving Global Outcomes (KDIGO) definition is used for AKI 
(1). Only stage 2-3 was registered. 

Acute 
respiratory 
distress 
syndrome 
(ARDS) 

The Berlin definition is used (2), requiring lung injury of acute onset with bilateral 
opacities on chest imaging (chest radiograph or CT) not explained by other lung 
pathology and no other explanation (e.g. heart failure or volume overload) and 
decreased PaO2/FiO2 ratio accordingly: mild ARDS ≤ 39.9 kPa; moderate ARDS ≤ 
26.6 kPa; severe ARDS ≤ 13.3 kPa. The chest imaging criteria was in some cases 
waived due to the nature of critical COVID-19. The Lowest PaO2/FiO2 quota was 
used to grade severity, with exclusion of transiently low ratios after manual 
consideration.  

Bleeding 
events 

Bleeding events were defined according to the International Society on 
Thrombosis and Haemostasis (3) 

Charlson 
comorbidity 
index 

Scored according to the following: Myocardial infarction 1 point; Congestive heart 
failure 1 point; Peripheral vascular disease 1 point; Cerebrovascular disease 1 
point; Dementia 1 point; Chronic pulmonary disease 1 point; Connective tissue 
disease 1 point; Peptic ulcer disease 1 point; Mild liver disease 1 point; Diabetes 
without chronic complications 1 point; Diabetes with chronic complications 2 
points; Hemiplegia or paraplegia 2 points; Renal disease (moderate/severe) 2 
points; Any malignancy (non-metastatic) 2 points; Moderate or severe liver 
disease 3 points; Metastatic solid tumor 6 points; AIDS/HIV 6 points. (4) 

Corticosteroid 
treatment 

Any new treatment with dexamethasone, betamethasone, prednisolone, 
hydrocortisone or methylprednisolone for at least 48h. In paper I, those that 
received at least an equivalent anti-inflammatory dosage of corticosteroids to that 
of 6mg dexamethasone x1 was defined as “high dose corticosteroid”. 

COVID-19 Throughout the thesis projects, COVID-19 is defined as PCR-confirmed infection 
with SARS-CoV-2 or positive serology for SARS-CoV-2 antibodies in combination 
with typical clinical presentation. 

Critical illness 
poly-
neuropathy 

Critical illness polyneuropathy was only registered if confirmed via neuro-
electrophysiological examination 

Disease 
severity 
scores 

Disease severity of COVID-19 is graded according to the WHO Clinical Progression 
Scale (CPS) (5) in paper II. In addition, Sequential Organ Failure Assessment (SOFA) 
and Simplified Acute Physiology Score 3 (SAPS3) scores are used. 

Dyspnoea Throughout the thesis (paper I and II), dyspnoea is graded using the modified 
research council dyspnoea scale (mMRC) (6) 

Estimated 
mortality rate 
(EMR) 

Calculated using the SAPS3 score (7) 

LinCos The Swedish regional population-based Linköping COVID-19 study (8) where 

patients hospitalized due to COVID-19 in region Östergötland underwent a 

screening interview four months post-discharge. 

Mortality All-cause mortality within 30-, 60-, or 90 days following ICU admission 
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Pandemic 
waves 

Pandemic wave one, two and three is defined according to local incidence peaks. 
The following dates were used: Admitted before July 1, 2020, between July 1, 
2020 and February 15, 2021 and between February 16, 2021 and May 31, 2021 
(paper III) or July 31, 2021 (paper IV). 

Post COVID 
condition 
(PCC) 

Defined in accordance with WHO (9) as new or ongoing symptoms lasting for at 

least 2 months, present 3 months after initial SARS-CoV-2 infection. 

Sepsis and 
septic shock 

The sepsis-3 definition is used (10) 

Symptom 
domains 

Identified in a previous LinCos study through explorative factor analysis at four-

month follow-up (11). Domains were vision (domain I), sensorimotor dysfunction 

(domain II), cognition (domain III), affective symptoms (domain IV), swallowing 

(domain V), voice (domain VI), and mental fatigue (domain VII). In addition, 

dizziness, hearing loss, altered smell/taste, difficulty managing work/studies and 

experienced falls after discharge were excluded from the factor analysis due to 

bad fit or low response rate and is reported separately. 

Treatment 
restrictions 

Throughout the thesis, treatment restrictions are defined as withholding or 

withdrawing treatment during ICU care. 

Thromboprof
ylaxis 

Low‐dose low molecular weight heparin (LMWH) was defined as 4500 IU 

tinzaparin or 75 IU/kg once daily. High‐dose LMWH was defined as 4500 IU or 75 

IU/kg twice daily. Full dose LMWH was defined as a total dose of 175 IU/kg daily. 

Ventilator-
associated 
infections 

Please see table 2  

Ventilator-
free days 

Days alive and out of IMV within 60 (paper III) or 90 (paper IV) days following ICU 

admission 

(1) Khwaja A. KDIGO AKI guideline. Nephron Clin Pract. 2012. (2) ARDS Definition Task Force. Berlin 

Definition. JAMA. 2012. (3) Schulman S, Kearon C. Definition of major bleeding. J Thromb Haemost. 

2005. (4) Quan H et al. ICD-9/10 comorbidity algorithms. Med Care. 2005. (5) WHO Working Group. 

Minimal COVID-19 outcome set. Lancet Infect Dis. 2020. (6) Mahler DA, Wells CK. mMRC dyspnea 

scale. Chest. 1988. (7) Engerström L et al. SAPS 3 and ICU performance. Crit Care Med. 2016.  

(8) Divanoglou A et al. Rehabilitation needs after COVID-19. EClinicalMedicine. 2021. (9) Soriano JB et 

al. Post-COVID-19 condition definition. Lancet Infect Dis. 2022. (10) Seymour CW et al. Sepsis-3. JAMA. 

2016. (11) Hellgren L et al. Seven domains after COVID-19. J Rehabil Med. 2022.  

Data Analysis 

Normally distributed continuous data are presented as mean (standard 

deviation (SD)). Non-normal continuous or ordinal data are presented 

as median (Inter-quartile range (IQR)). Categorical data are presented 

as n (%) and 95% confidence intervals (CI) were used. Normality was 

assessed in all papers using the Shapiro-Wilk test, test of skewness 

and/or histograms. Statistical analysis in paper I was performed with 

IBM SPSS statistics for windows v 25.0. In paper II, IBM SPSS statistics 
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27.0 for windows was used. In paper III, IBM SPSS statistics 28.0 for 

Macintosh and Graphpad Prism 9.5.0 for Macintosh was used. In paper 

IV all analyses were performed using R Statistical Software (v4.4.2; R 

Core Team 2024) and RStudio Team (2020). RStudio: Integrated 

Development for R. RStudio, PBC, Boston, MA URL 

http://www.rstudio.com/. Throughout the thesis a p-value of <0.05 was 

considered significant. 

 

For paper I, Mann-Whitney U-test and Kruskal-Wallis test was used for 

continuous variables and the χ2 or Fisher’s exact test for categorical 

variables. More advanced statistical analysis (e.g. regression analysis) 

was omitted due to limited sample size. To analyze temporal changes in 

management and outcomes in paper I, the cohort was divided into three 

tertiles of consecutively admitted patients. The time periods for each 

tertile began on March 16, April 4 and April 20, 2020. No analysis of 

missing data was performed, and missing data were handled through 

listwise deletion. 

 

In paper II Wilcoxon signed-rank test was used for comparisons over 

time, t-test was used for normal continuous data and McNemar’s test 

was used for comparing dichotomized data over time. No analysis of 

missing data was performed, and missing data were handled through 

listwise deletion.  

 

For paper III Kruskal-Wallis and Mann-Whitney U was used for non-

normal continuous variables, one-way ANOVA and independent t-test 

was used for normal continuous variables, Fisher's exact test or χ2 was 

used for categorical variables. Further, a multiple logistic regression 

model was built using first VA-LRTI as outcome including variables 

based on results from simple logistic regression, from which each 

variable with a p-value of <0.2 was considered for inclusion in the 

multiple model. At most one variable per 10 VA-LRTI was used, and 

results are presented as aOR (95% CI). Multicollinearity of included 

variables were tested using collinearity diagnostics determining 

Variance inflation factor (VIF) of all included variables as well as 

bivariate correlations with Spearman correlation coefficient. Significant 
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outliers were identified using Mahalanobis distance. No analysis of 

missing data was performed, and missing data were handled through 

listwise deletion. 

 

In paper IV, statistical analysis was designed to evaluate differences in 

90-day mortality between hospitals while accounting for baseline 

characteristics, disease severity and calendar time (pandemic wave). 

Several methods were employed, please see table 4 for an overview. 

 

Table 4. Method overview, paper IV 
Component Method Purpose 

Missing data Multiple imputation Reduce bias, conserving power 

Calendar time Restricted cubic splines Adjust for  trends over time 

Hospital effect Mixed-effects Cox Contextual association 

Standardized risk G-computation Marginal hospital mortality 

 

 

An unadjusted Kaplan Meier curve was created with one curve per 

hospital. Missing data were analyzed and according to the results 

handled through multiple imputation by chained equations (MICE) 

under the missing at random assumption. All variables were selected a 

priori based on clinical relevance and their role in the analytic model 

(Figure 2). 

The primary analysis was a multivariable Cox proportional hazards 

model with mixed effects with 90-day mortality as outcome. Mixed 

effects (also called random effects) were used to consider that data were 

organized in several layers with a hierarchical structure. As individual 

hospitals were of interest, unknown correlations may exist in hospitals 

within the same healthcare county (e.g. county-wide routines and 

staffing). Calendar time was modeled using restricted cubic splines to 

account for non-linear temporal effects, as the care and outcomes varied 

throughout the three pandemic waves included. Variables included in 

the final model were based on a schematic directed a-cyclical graph 

constructed from previous knowledge of the field (see figure 2). Baseline 
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confounders (age, sex, SAPS3 at admission, Charlson comorbidity index 

(CCI), Body mass index (BMI), smoking status), healthcare county and 

pandemic wave were included for adjustment in the primary analysis. 

Ethnicity was not available and remained an unmeasured confounder for 

the analysis. Model estimates from imputed datasets were combined 

using Rubin’s rules. Results are presented as hazard ratios (95% CI).  

Standardized 90-day mortality by hospital was estimated by g-

standardization from fixed-effects Cox models refitted in each imputed 

dataset, and combined across imputations using Rubin’s rules to obtain 

a pooled point estimate. These standardized 90-day mortality risks 

represent a predicted probability of death if all patients had been treated 

at each hospital. 

 

 
 

Figure 2. Directed acyclic graph (DAG) illustrates the assumed causal 

structure underlying the analysis. Hospital represents the main exposure of 

interest, possibly influenced by baseline confounders, healthcare county and 

the pandemic wave. Treatments, interventions and resource availability act 

as mediators, while complications act as colliders to mortality downstream. 
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Sensitivity analyses included a complete-case, and a secondary 

exploratory model incorporating three treatment-related variables 

downstream of the exposure. Two of these were considered time-

dependent, why the dataset was re-structured to a using the tmerge 

function in R, avoiding immortal time bias.  

Model assumptions were tested for proportional hazard and multi-

collinearity. The potential risk of unmeasured confounders affecting 

the primary model results was assessed by calculating e-values. E-

values quantify the minimum strength of association (in terms of 

hazard ratio) that an unmeasured confounder would need with both 

the exposure and the outcome to fully account for and eliminate the 

observed association between the exposure and the outcome.  

Considering p-values, a significance level of p<0.05 was set and no 

formal adjustment of the significance level was made despite multiple 

hypothesis testing (primary and secondary research question). This 

decision was made as the primary analysis was defined beforehand 

with a specific research question, and a predefined causal framework 

was used rather than simple exploratory data mining. The secondary 

analysis was made to explore possible explanatory factors for 

mortality differences. Therefore, the results should be interpreted as 

hypothesis generating rather than an analysis of causality. Similarly, 

the descriptive statistics and their p-values are presented with the 

purpose of painting a picture of the data available. Due to this, 

between-group comparisons were omitted and the significance level 

unadjusted. The code for descriptive statistics, survival analysis and 

evalues-calculation can all be found in complementary Quarto files in 

the appendix. Main packages used were readxl, writexl, mice, 

survival, dplyr, lubridate, miceadds, splines, MissMech, nainar, VIM, 

tidyr, ggplot2, broom, coxme, car, stdReg, EValue, survminer, scales, 

gtsummary, magrittr, labelled, flextable, officer, gt. 
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RESULTS 

Paper I 

In paper I, all ICU treated COVID-19 patients from the initial pandemic 

wave in region Östergötland were included. A complete study flowchart 

is presented in figure 3. Of these 100, 75% were male, with a median age 

of 63 years. Most patients (91%) presented with moderate or severe 

ARDS. Baseline characteristics, stratified by survival at 60 days post-ICU 

admission, are shown in table 5.  

 

Mortality 

The 30-, 60-, and 90-day mortality rates were 19% (95% CI 11–27%), 

22% (CI 14–30%), and 23% (CI 15–31%), respectively. Patients without 

comorbidities (n=25) had a 60-day mortality of 4%, which was 

significantly lower than the 28% observed among those with 

comorbidities (n=75; p=0.04). Non-survivors experienced more ICU-

related complications and were significantly older than survivors. The 

decision to withdraw or withhold treatment was made in 59% of non-

survivors.  

 
Treatments 

At ICU admission, 92% of patients were already receiving broad-

spectrum antibiotics. In addition, 83% received high-dose LMWH, 17% 

received corticosteroids equivalent to 6 mg dexamethasone, and 19% 

received hydroxychloroquine. Continuous renal replacement therapy 

(CRRT) was used in 27% of patients. Hydroxychloroquine was 

administered only during the first tertile of the pandemic wave, whereas 

the use of high-dose LMWH increased significantly in the second and 

third tertiles.  
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Figure 3. Study Flowchart of inclusion and final outcome (60-day mortality): 

Patients hospitalized for COVID-19 and admitted to ICU in region Östergötland 

1st of March to 30th of June 2020 

 

  



40 

Table 5. Baseline patient characteristics, total and stratified by survivors and 

non-survivors.  

Characteristics N All (n=100) Survivors (n= 78) Deceased (n=22) 

Female, n (%) 100 25 (25%) 18 (23%) 7 (31%) 

Age years, median (IQR) 100 63 (56-70) 61 (54-68) 70 (62-75) 

   18-49yr 
 

14 (14%) 12 (15%) 2 (9%) 

   50-64yr 
 

40 (40%) 35 (45%) 5 (23%) 

   >64yr 
 

46 (46%) 31 (40%) 15 (68%) 

Active smoker  91 5 (5%) 2 (3%), n=71 3 (15%), n=20 

BMI median (IQR) kg/m2 79 29.3 (26.4-32) 29.3 (26.3-31.9), n=63 29.6 (28-32.3), n=16 

Total no. Comorbidities, 

median (IQR) 

100 2 (1-2) 1 (0-2) 2 (1-2) 

   No comorbidity 100 25 (25%) 24 (31%) 1 (5%) 

   Asthma 100 15 (15%) 13 (17%) 2 (9%) 

   Obstructive sleep apnoea 100 4 (4%) 4 (5%) 0 

   Chronic obstructive   

pulmonary disease 

100 2 (2%) 1 (1%) 1 (5%) 

    

Neurologic/neuromuscular 

disease 

100 8 (8%) 6 (8%) 2 (9%) 

   Cerebrovascular disease 100 5 (5%) 3 (4%) 2 (9%) 

   Diabetes 100 29 (29%) 22 (28%) 7 (31%) 

   Ischemic heart disease 100 18 (18%) 11 (14%) 7 (31%) 

   Congestive heart failure 100 4 (4%) 2 (3%) 2 (9%) 

   Hypertension 100 53 (53%) 38 (49%) 15 (68%) 

   Liver disease/cirrhosis 100 2 (2%) 2 (3%) 0 

   Cancer 100 5 (5%) 4 (5%) 1 (5%) 

   Chronic renal failure 100 11 (11%) 8 (10%) 3 (14%) 

Medications  
    

   ACEI/ARB 100 44 (44%) 31 (31%) 13 (59%) 

   Warfarin 100 5 (5%) 5 (6%) 0 

   DOACs 100 5 (5%) 3 (4%) 2 (9%) 

   Clopidogrel 100 6 (6%) 3 (4%) 3 (14%) 

   ASA 100 10 (10%) 5 (6%) 5 (23%) 

   Immunosuppressants 100 8 (8%) 6 (8%) 2 (9%) 

   Statins 99 33 (33%) 26 (33%) n=78 7 (33%) n=21 

Expected mortality rate 96 11.6% (7.3-20.8) 10% (6.5-19.2) n=75 17.6% (8.7-31.9) 

n=21 
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Recovery 

A total of 62 individuals underwent routine clinical follow-up at four 

months post-discharge, with a median of 130 days (IQR, 114–149) from 

ICU discharge. General health prior to COVID-19 was reported as good 

or very good by 85%. At follow-up, this figure had dropped to 39%. 

Twenty-one individuals declined in self-rated general health by two or 

more levels, and 18 declined by one level. Among the 23 individuals 

whose health did not deteriorate, the majority (n=20) were male, with a 

median age of 61 years; 21 had moderate or severe ARDS, and 10 had no 

comorbidities. In contrast, those who declined by two or more levels had 

a median age of 59, there was fewer men (14/21), and 7 out of 21 reported 

no comorbidities; all had moderate or severe ARDS. Additionally, 39% 

of survivors reported breathing limitations, indicated by scores above 

two on the mMRC scale (see figure 4).  

 
Figure 4. Survivors report at follow-up of any persisting dyspnoea according to 

the modified Medical Research Council (mMRC) dyspnoea scale. Point-based 

questions included in the mMRC Dyspnoea Scale are; 0p:’I only get breathless 

with strenuous exercise’, 1p: ‘ I get short of breath when hurrying on the level 

or walking up a slight hill’, 2p: ‘ I walk slower than people of the same age on 

the level because of breathlessness or have to stop for breath when walking at 

my own pace on the level’, 3p: ‘I stop for breath after walking about 100 yards 

or after a few minutes on the level’, 4p:’I am too breathless to leave the 

house’ or ‘I am breathless when dressing’, n = 64  
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Time Trends 

Figure 5 shows the weekly number of new ICU admissions and illustrates 

how the cohort was divided into tertiles. Figure 6 provides an overview 

of each tertile’s characteristics. Over the course of the pandemic wave, 

the number of ICU beds increased from 30 to 52. During the first tertile, 

the most rapid rise in ICU admissions was observed, whereas the second 

tertile saw the highest daily census of ICU patients (n=39). Mean 

increase in the number of COVID-19 patients treated per day in the ICU 

was 1.5 in the first tertile, 0.6 in the second tertile and negative 

(declining) in the third tertile. The average number of ICU patients per 

day during the study period was 35.7, compared to 17.1 during the same 

time frame in 2019 and 22.7 in 2018. 

The 60-day mortality declined from 33% (CI, 24%–42%) in the first 

tertile to 15% (CI, 8%–22%) and 18% (CI, 11%–26%) in the second and 

third tertiles, respectively (p = NS). 

 
Figure 5. Number per day of ICU-treated patients with confirmed COVID-19 in 

region Östergötland, one of 21 healthcare counties in Sweden, during the 

early COVID-19 pandemic 2020. Each color correlates to the patients admitted 

to ICU during the same week and the color curve follows their total stay in ICU.  

n = 100 
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Figure 6. Timeline of observed and expected 30-day mortality (dotted black 

and grey line, right y-axis) stratified by tertiles of patients admitted to ICU due 

to COVID-19 during the first wave in region Östergötland. Selected treatments 

used during hospital and ICU stay stratified by tertiles refer to the left y-axis. 

The median time (days) in mechanical ventilation is displayed by the light blue 

bars. *=stage 2 and 3 AKI, n = 98  



44 

Paper II 

In paper II, patients hospitalized due to COVID-19 with PCC at follow-

up after discharge, were included two years after infection. A total of 181 

survivors were eligible for inclusion, of whom 165 participated. Please 

see figure 7 for a flow-chart of study inclusion. The median follow-up 

time was 719 days (IQR 702–753) after hospital admission. Twenty-one 

percent of participants had been readmitted to the hospital between the 

initial and two-year follow-up, with a median of 2 readmissions (IQR 1–

4). Forty-seven individuals received ICU treatment during their initial 

illness, and 89% of those had a CPS score of seven or higher. For detailed 

cohort characteristics by initial disease severity, see Table 6. 

 

Symptoms Two Years after Infection 

Each study participant underwent telephone interview (see appendix, 

interview guide), see table 7 for a complete depiction of all registered 

symptoms. During analysis, symptoms were grouped at a domain level 

(visual, sensorimotor, cognitive, affective, dysphagia, voice/language 

abnormalities, fatigue and other) identified in a previous study on the 

same cohort using an exploratory factor analysis (155). Across the entire 

cohort—both ICU and non-ICU groups—several symptoms showed 

significant improvement in their impact on daily life, including difficulty 

managing work or studies, mental fatigue, difficulty in physical activity, 

increased need for sleep, and weakness/fatigability in the arms or legs. 

Despite these improvements, a majority (84.2%) still reported at least 

one symptom with a moderate or greater impact on everyday life (i.e., 

≥3/5 on the severity scale). At the domain level, there were significant 

improvements in symptoms related to sensorimotor deficits, affective 

symptoms, and mental fatigue (see figure 8). 
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Figure 7. Study flowchart for patients hospitalized for COVID-19 during March 

1st–May 31st, 2020, in region Östergötland, Sweden. The bottom-most box 

represents the cohort presented in paper II. 
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Table 6. Patient characteristics 

Characteristics Total (n = 165) ICU (n = 47) Non-ICU (n = 118) 

Female 61 (40%) 9 (19%) 52 (44%) 

Age 61 (SD 13) 64 (SD 11) 60 (SD 14) 

Cardiovascular disease 31 (18%) 4 (9%) 27 (23%) 

Hypertension 68 (39%) 20 (43%) 48 (41%) 

Diabetes 38 (22%) 12 (26%) 26 (22%) 

Obesity 16 (9%) 8 (17%) 8 (7%) 

Chronic respiratory disease 32 (18%) 12 (26%) 20 (17%) 

Chronic kidney disease 10 (6%) 6 (13%) 4 (3%) 

Cancer 5 (3%) 2 (4%) 3 (3%) 

Psychiatric disease 19 (11%) 5 (11%) 14 (12%) 

No previous comorbidities 52 (30%) 13 (28%) 39 (33%) 

Clinical Progression Scale (CPS)       

CPS 4-5 107 (65%) 1 (2%) 106 (90%) 

CPS 6 16 (10%) 4 (9%) 12 (10%) 

CPS 7–9 42 (25%) 42 (89%) 0 (0%) 

Ethnicity       

Swedish 109 (66%) 30 (64%) 79 (67%) 

Other European 19 (12%) 5 (11%) 14 (12%) 

Middle Eastern/North African 28 (17%) 9 (19%) 19 (16%) 

Other African 3 (2%) 2 (4%) 1 (1%) 

Other 4 (2%) 1 (2%) 3 (3%) 

Unknown 2 (1%) 0 (0%) 2 (2%) 

Current smoker (n = 151) 12 (8%) 4 (9%) 12 (11%) 

Ever smoked (n = 140) 81 (58%) 24 (75%) 57 (53%) 

Vaccination status at 24-months (doses)       

0 10 (6%) 4 (9%) 6 (5%) 

1 3 (2%) 0 (0%) 3 (3%) 

2 27 (16%) 6 (13%) 21 (18%) 

3 or more 124 (75%) 36 (77%) 88 (75%) 

Unknown 1 (1%) 1 (2%) 0 (0%) 

Comorbidities represented by categories of ICD-10 diagnostic codes. “No previous 

comorbidities” indicates that neither of the disease categories listed above were 

present. 
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Table 7. All registered symptoms. The degree to which the symptoms affected 

daily life was graded from 1 to 5 (1: no impact; 2: minor impact; 3: moderate 

impact; 4: high impact; 5: very high impact) and is presented as n experiencing 

the symptom followed by median (IQR). The p-values refer to paired 

comparisons made between the 4-month and 24-month follow-up. 

Symptoms All (n = 165) 

p-

value 

ICU 

(n = 47) 

p-

value 

Non-ICU 

(n = 118) 

p-

value 

Domain I—Visual symptoms 

Photophobia 
57 (35%) 2 

(2–3) 
0.13 

14 (30%) 2 

(2–4) 
0.17 

43 (37%) 2 (2–

3) 
0.33 

Difficulty or discomfort when 

altering focus 

23 (14%) 3 

(2–4) 
0.51 

8 (17%) 3 

(2–3) 
0.81 

15 (13%) 3 (3–

4) 
0.53 

Blurred vision/double vision 
40 (24%) 3 

(2–3) 
0.41 

11 (23%) 3 

(2–3) 
0.92 

29 (25%) 3 (2–

3) 
0.27 

Difficulty reading 
45 (27%) 3 

(2–4) 
0.91 

8 (17%) 3 

(2–4) 
0.96 

35 (30%) 3 (2–

4) 
0.91 

Difficulty watching fast moving 

objects such as TV 

29 (18%) 3 

(2–3) 
0.95 

8 (17%) 3 

(2–3) 
0.75 

21 (18%) 3 (2–

3) 
0.92 

Sensitivity to visual motion in busy 

environments 

56 (34%) 3 

(2–3) 
0.86 

17 (36%) 3 

(2–4) 
0.21 

39 (33%) 3 (2–

3) 
0.34 

Headache 
51 (31%) 3 

(2–4) 
0.08 

12 (26%) 2 

(2–3) 
0.34 

39 (33%) 3 (2–

4) 
0.16 

Domain II—Sensorimotor symptoms 

Weakness/fatigability in arms/legs 
96 (58%) 3 

(2–4) 
≤0.001 

28 (60%) 3 

(2–3) 
≤0.001 

68 (58%) 3 (2–

4) 
0.01 

Difficulty walking >1 km 
55 (33%) 3 

(3–4) 
0.002 

10 (21%) 3 

(3–4) 
0.001 

45 (38%) 3 (3–

4) 
0.08 

Difficulty being physically active 
103 (62%) 3 

(2–4) 
≤0.001 

28 (60%) 3 

(2–4) 
≤0.001 

75 (64%) 3 (3–

4) 
0.02 

Muscular soreness/discomfort 
93 (56%) 3 

(2–3) 
0.38 

31 (66%) 3 

(2–4) 
0.71 

62 (53%) 3 (2–

3) 
0.24 

Difficulty driving a car/using public 

transport 

22 (13%) 3 

(2–4) 
0.10 

5 (11%) 3 

(2–3) 
0.006 

17 (14%) 3 (2–

4) 
0.96 

Altered bodily sensations 
50 (30%) 2 

(2–3) 
0.32 

18 (38%) 3 

(2–3) 
0.05 

32 (27%) 2 (2–

3) 
0.91 

Difficulties performing personal 

hygiene or dressing 

22 (13%) 3 

(2–4) 
0.32 

4 (9%) 3 (3–

3) 
0.03 

18 (15%) 3 (2–

4) 
0.81 
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Symptoms All (n = 165) 

p-

value 

ICU 

(n = 47) 

p-

value 

Non-ICU 

(n = 118) 

p-

value 

 

 

Domain III—Cognitive symptoms 

Difficulty remembering 
99 (60%) 3 

(2–4) 
0.88 

19 (40%) 3 

(2–3) 
0.17 

80 (68%) 3 (2–

4) 
0.57 

Word finding difficulties 
80 (48%) 3 

(2–3) 
0.43 

20 (43%) 3 

(2–3) 
0.40 

60 (51%) 3 (2–

3) 
0.71 

Mental Slowness 
64 (39%) 3 

(2–4) 
0.02 

13 (28%) 3 

(2–3) 
0.08 

51 (43%) 3 (2–

4) 
0.10 

Difficulty multitasking 
63 (38%) 3 

(2–4) 
0.36 

15 (32%) 3 

(2–3) 
0.37 

48 (41%) 3 (2–

4) 
0.65 

Difficulty concentrating 
78 (47%) 3 

(2–4) 
0.01 

16 (34%) 3 

(2–3) 
0.05 

62 (53%) 3 (2–

4) 
0.06 

Difficulty expressing thoughts when 

speaking 

62 (38%) 3 

(2–3) 
0.90 

17 (36%) 3 

(2–3) 
0.96 

45 (38%) 3 (2–

3) 
0.91 

Difficulty participating in social 

activities 

64 (39%) 3 

(2–3) 
0.31 

17 (36%) 3 

(2–3) 
0.80 

47 (40%) 3 (3-

3) 
0.22 

Increased sleep (>2 h difference) 
17 (10%) 3 

(2–3) 
0.004 

1 (2%) 3 (3–

3) 
0.03 

16 (14%) 3 (2–

3) 
0.03 

Domain IV—Affective symptoms 

Feeling anxious 
62 (38%) 3 

(2–4) 
0.05 

19 (40%) 3 

(2–3) 
0.24 

43 (36%) 3 (2–

4) 
0.11 

Feeling low/depressed 
66 (40%) 3 

(2–4) 
0.38 

18 (38%) 3 

(2–4) 
0.97 

48 (41%) 3 (2–

4) 
0.30 

       

Domain V—Dysphagia 
 

Difficulty swallowing 
34 (21%) 3 

(2–3) 
0.30 

9 (19%) 2 

(1–3) 
0.96 

25 (21%) 3 (2–

3) 
0.31 

Domain VI—Voice/language 

abnormalities 
            

Dysphonia 
54 (33%) 3 

(2–3) 
0.53 

11 (23%) 3 

(2–3) 
0.11 

43 (36%) 3 (2–

3) 
0.89 

Dysarthria 
25 (15%) 3 

(2–3) 
0.91 

6 (13%) 3 

(2–4) 
0.32 

19 (16%)2 (2–

3) 
0.52 

Difficulty understanding speech 
26 (16%) 3 

(2–3) 
0.22 

4 (9%) 2 (2–

3) 
0.03 

22 (19%) 3 (2–

3) 
0.89 
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Symptoms All (n = 165) 

p-

value 

ICU 

(n = 47) 

p-

value 

Non-ICU 

(n = 118) 

p-

value 

 

 

Domain VII—Fatigue 

Sleep less (>2 h difference) 
44 (27%) 3 

(2–4) 
0.08 

13 (28%)1 

(1-1) 
0.65 

27 (23%)3 (3–

4) 
0.07 

Stress sensitivity/irritability 
90 (55%) 3 

(2–4) 
0.46 

27 (57%) 3 

(2–4) 
0.44 

63 (53%) 3 (2–

4) 
0.19 

Phonophobia 
65 (39%) 3 

(2–4) 
0.96 

17 (36%) 3 

(3-3) 
0.87 

48 (41%) 3 (2–

4) 
0.85 

Mental fatigue 
108 (65%) 3 

(2–4) 
≤0.001 

32 (68%) 3 

(2–3) 
0.01 

76 (64%) 3 (2–

4) 
≤0.001 

Symptoms not included in domains 

Difficulty managing work/studies 
35 (32%) 3 

(2–4) 
0.001 

8 (17%) 3 

(2–4) 
0.02 

27 (23%) 3 (3–

4) 
0.02 

Experienced falls after discharge 
20 (12%) 3 

(2–4) 
0.61 

7 (15%) 3 

(2–4) 
0.27 

13 (11%) 3 (2–

4) 
0.89 

Hearing deterioration 
43 (26%) 3 

(2–4) 
0.08 

11 (23%) 3 

(2–4) 
0.03 

32 (27%) 3 (2–

4) 
0.43 

Altered smell/taste 
59 (36%) 3 

(2–4) 
0.09 

10 (21%) 2 

(1–3) 
0.14 

49 (42%) 3 (2–

4) 
0.23 

Dizziness 
50 (30%) 3 

(2–3) 
0.20 

14 (30%) 2 

(2–3) 
0.55 

36 (31%) 3 (2–

3) 
0.07 

The prevalence of symptoms is presented as n (%). All significant findings are in bold 

and were due to improvements at the individual level from the 4-month follow-up. 

 

 



50 

 
Figure 8. Percentages of participants reporting at least one persisting 

symptom in the respective domain rated as at least 3/5 (a moderate degree 

of impact on everyday life).*Significant improvement at 24 months (p < 

0.001) according to the paired Wilcoxon signed-rank test. 

 

Breathlessness, measured by the mMRC scale, also improved 

significantly (figure 9). Among ICU-treated patients, the median 

mMRC score at follow-up was 1 (IQR 0–2), whereas for non-ICU 

patients it was 2 (IQR 1–2). 
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Figure 9. Perceived dyspnea as assessed by the modified Medical Research 

Council (mMRC) dyspnea scale, comparing the 4-month (black) and 24-

month (grey) follow-ups. 0p: “I only get breathless with strenuous 

exercise”, 1p: “I get short of breath when hurrying on level ground or 

walking up a slight hill”, 2p: “I walk slower than people of the same age on 

level ground because of breathlessness or have to stop for breath when 

walking at my own pace on level ground”, 3p: “I stop for breath after 

walking about 100 yards or after a few minutes on level ground”, 4p: “I am 

too breathless to leave the house” or “I become breathless when dressing”. 

Using the paired Wilcoxon signed-rank test a significant improvement was 

seen for the entire cohort at 24 months (p < 0.001). 

 

Self-rated general health showed significant improvement as well (see 

figure 10). In a subgroup analysis of vaccinated (three or more doses 

at follow-up; n=122) versus unvaccinated (n=10) individuals, a 

significant difference emerged (p=0.002), with vaccinated 

participants demonstrating improvement while unvaccinated 

participants experienced deterioration. 
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Figure 10. Self-rated general health on a 5-point Likert scale from very good 

to very bad at the 4 and 24-month follow-ups, respectively. Using the 

paired Wilcoxon signed-rank test a significant improvement was seen for 

the entire cohort at 24 months (p < 0.001). 

 

Occupation 

Before COVID-19, 94 individuals (57% of the cohort) were working or 

studying. At the four-month follow-up, 69% (65) of these were still 

employed or in school, and 19% (18) were on full-time sick leave (FTSL). 

Of those on FTSL, 44% (8) had returned to work by the two-year follow-

up. Overall, the percentage of participants who were employed or 

studying was notably lower at the two-year mark, with more than half of 

those who had been working prior to COVID-19—but were on FTSL at 

four months—not returning to work by two years post-infection. In 

appendix figure 1 an alluvial diagram of occupational status is presented. 
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Paper III 

A total of 536 patients required invasive mechanical ventilation (IMV) 

for at least 48 hours due to COVID-19 in the southeastern healthcare 

region and were included in this study. The cohort was 72% male, with a 

mean age of 62.7 years (SD 12.9). One hundred fifty-three patients 

(28.5%) developed at least one ventilator-associated lower respiratory 

tract infection (VA-LRTI), comprising 134 cases of VAP and 19 of VAT, 

resulting in an incidence rate of 20.8 first VA-LRTI events per 1,000 IMV 

days. Table 8 provides an overview of the cohort characteristics. 

 

Table 8. Cohort characteristics, divided into two groups of VA-LRTI (ventilator 

associated lower respiratory tract infection) and no VA-LRTI. 
 

n All patients 

(n=536) 

VA-LRTI patients 

(n=153) 

Non-VA-LRTI 

patients (n=383) 

p 

Male sex 536 72.0% 

(386/536)  

77.8% (119/153) 69.7% (267/383) .060 

Age 536 62.7 (SD 12.9) 62.2 (SD 11.9) 63.0 (SD 13.2) .620 

Body Mass Index (BMI) 520 30.7 (SD 6.0) 31.2 (SD 5.9) 

n=150 

30.5 (SD 6.1) n=370 .152 

No. of comorbidities 534 2 (1–3) 2 (1–3) 2 (1–3) n=381 .167 

Any comorbidity 534 76.8% (410/534) 79.7% (122/153) 75.6% (288/381) .365 

Asthma 536 14.0% (75/536) 12.4% (19/153) 14,6% (56/383) .507 

Chronic osbtructive 

pulmonary disease 

536 6.9% (37/536) 7.2% (11/153) 6.8% (26/383) .869 

Ischemic heart disease 536 17.5% (94/536) 22.2% (34/153) 15.7% (60/383) .071 

Hypertension 536 53.3% (286/536) 56.9% (87/153) 51.7% (198/383) .279 

Chronic kidney disease 

(CKD) 

534 24.7% (132/534) 28.1% (43/153) 23.4% (89/381) .250 

CKD grade 3 or worse 534 9.9 % (53/534) 11.8% (18/153) 9.2% (35/381) .929 

Habitual creatinine 476 81 (67–90) 80 (68–90) n=143 82 (67–90) n=333 .492 

Diabetes mellitus 536 26.9% (144/536) 29.4% (45/153) 25.9% (99/383) .401 

Diabetes mellitus type 2 536 25.2% (135/536) 26.8% (41/153) 24.5% (94/383) .501 
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Liver cirrhosis 536 0.9% (5/536) 2.0% (3/153) 0.5% (2/383) .143 

Neuromuscular disease 536 3.0% (16/536) 5.9% (9/153) 1.8% (7/383)  .013 

Cancer 536 9.0% (48/536) 11.1% (17/153) 8.1% (31/383) .269 

Metastatic cancer 536 2.4% (13/536) 5.9% (9/153) 1.0% (4/383) .006 

Hematological cancer 536 3.2% (17/536) 2.0% (3/153) 3.7% (14/383) .419 

Immunodeficient 536 12.3% (66/536) 13.1% (20/153) 12.0% (46/383) .736 

SOFA upon ICU admission 424 4 (3-5) n=128 4 (3-5) n=128 4 (3-5) n=296 .584 

SAPS3 upon ICU admission 482 56 (49-62) 

n=143 

56 (49-62) n=143 56 (50-62) n=339 .735 

Days in hospital 523 31 (20-50) 41 (29-68) n=152 27 (18-41) n=371 <.001 

Days in ICU 529 15 (10-25) 25 (17-36) n=152 13 (8-20) n=377 <.001 

Total number of cases with data for each row is presented in column n. In cases of 

missing data, the number of cases with available data is specified under each column 

(n). Bold p values highlight significance. 

 

Ventilator-Associated Lower Respiratory Tract Infection  

Detailed comparisons of ICU management and outcomes are found in 

table 9. Patients with VA-LRTI had fewer ventilator-free days, longer 

ICU stays, and increased use of neuromuscular relaxants, prone 

positioning, corticosteroids, norepinephrine, and antibiotics at 

intubation. They also experienced more severe ARDS, as well as a higher 

frequency of IMV-related complications (e.g., tracheal recannulations, 

reintubations, pneumomediastinum, or pneumothorax). Moreover, deep 

airway cultures were obtained more frequently in these patients. They 

showed a trend toward higher 90-day mortality at 28.1% versus 20.4% 

in those without VA-LRTI (p = 0.053), although no significant 

differences were found in age, underlying comorbidities, or initial 

SOFA/SAPS3 scores.  

 

Of the 133 patients with VAP, 94 (70.7%) experienced a late VAP (more 

than 4 days after intubation). This subgroup had worse ARDS severity 

(p=0.031), had fewer ventilator-free days (p<0.001), required higher 

maximum doses of norepinephrine (p=0.018), underwent fewer cultures 
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per IMV day (p=0.003), and more frequently received antibiotics at 

intubation (p=0.027). They also had fewer ventilator-free days. No 

significant differences were observed in initial SOFA/SAPS3 scores, age, 

or mortality rates. 

 

Antibiotic therapy at intubation consisted of cefotaxime (69.8%), 

piperacillin/tazobactam (20.7%), erythromycin (6.2%), and meropenem 

(3.1%), with no significant difference between patients who developed 

VA-LRTI and those who did not. 

 

Table 9. ICU management and outcomes of all patients on invasive mechanical 

ventilation for respiratory failure due to COVID-19, divided into two groups of 

VA-LRTI (ventilator associated lower respiratory tract infection) and no VA-LRTI. 
 

n All patients 

(n=536) 

VA-LRTI 

patients 

(n=153) 

Non-VA-LRTI 

patients (n=383) 

p 

Ventilator-free days within 60 

days 

529 43 (7-52) 32 (0-43) 47 (30-53) n=376 <.001 

Days of mechanical ventilation 528 14 (8-22) 22 (15-33) 10 (6-18) n=375 <.001 

Tracheostomy 536 58.6% 

(314/536) 

83.0% (127/153) 48.8% (187/383) <.001 

Days from hospital admission 

to intubation 

533 3 (1-5) 2 (1-5) n=152 3 (1-5) n=381 .408 

Days to tracheostomy 285 7 (4-11) 8 (6-13) n=112 7 (3-10) n=173 .001 

Non-invasive ventilation 

before intubation 

530 35.1% 

(186/530) 

39.9% (61/153) 33.2% (125/377) .112 

High-flow nasal cannula before 

intubation 

534 68.8% 

(369/534) 

67.3% (103/153) 69.8% (266/381) .630 

ECMO 536 0.9% (5/536) 1.3% (2/153) 0.8% (3/383) 1.000 

Prone position 477 70.7% 

(337/477) 

78.0% (110/141) 67.6% (227/336) .022 

Neuromuscular relax^  523 50.5% 

(264/523) 

62.9% (95/151) 45.4% (169/372) <.001 

Antibiotics upon intubation 513 75.4% 

(387/513) 

82.0% (123/150) 72.7% (264/363) .026 
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Corticosteroid treatment 536 82.7% 

(443/536) 

90.2% (138/153) 79.6% (305/383) .004 

Max. norepinephrine dose 

(ug/kg/min) 

493 <0.1  

(<0.1-0.2) 

0.1-0.2  

(<0.1-0.2) n=146 

<0.1  

(<0.1-0.2) n=347 

<0.001 

Culture within 48h* 536 65.1% 

(349/536) 

71.9% (110/153) 62.4% (239/383) . 009 

Cultures per day in invasive 

ventilation 

527 0.16 (0.07-

0.23) 

0.19 (0.13-0.25) 0.14 (0.04-0.21) 

n=374 

<.001 

Treatment restrictions 536 18.8% 

(101/536) 

23.5% (36/153) 17.0% (65/383) .080 

Remdesivir 533 14.4% (77/533) 17.0% (26/153) 13.4% (51/380) .289 

Tocilizumab 533 11.1% (59/533) 9.8% (15/153) 11.6% (44/380) .555 

Worst ARDS grade 509Δ 3 (2-3) 3 (2-3) n=152 2 (2-3) n=357 .014 

Pneumomediastinum or 

Pneumothorax 

536 7.1% (38/536) 11.6% (17/153) 5.5% (21/383) .022 

Reintubation 365 17.0% (62/365) 25.3% (24/95) 14.1% (38/270) .012 

Tracheal recannulation 181 9.2% (24/262) 13.2% (14/106) 6.4% (10/156) .006 

Cardiopulmonary 

Resuscitation  

531 2.8% (15/531) 4.0% (6/153) 2.4% (9/378) .332 

Septic shock 532 11.3% (60/532) 13.7% (21/153) 10.3% (39/379) .257 

Delirium 526 30.6% 

(161/526) 

40.8% (62/152) 26.5% (99/374) <.001 

RRT 533 21.0% 

(112/533) 

26.8% (41/153) 18.7% (71/380) .038 

Dialysis 30 days after ICU 

discharge 

529 4.7% (25/529) 5.3% (8/152) 4.5% (17/377) .712 

30-day mortality 536 16.2% 15.7% 16.4% .829 

60-day mortality 536 21.0% 24.8% 19.6% .178 

90-day mortality 536 22.5% 28.1% 20.4% .053 

Total number of cases with data for each row is presented in column n. In cases of 

missing data, the number of cases with available data is specified under each column as 

(n). Bold p values highlight significance. ^ Neuromuscular relax used to improve 

ventilation and/or oxygenation. *Deep airway culture within 48 hours from intubation. 

Δ For the remaining 27 patients with missing data, ARDS grade was not available. 
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Regression analysis  

The following variables were included in the multiple logistic regression 

model: prone positioning, ARDS grade, number of comorbidities, sex, 

age, BMI, duration of IMV, neuromuscular blockade for oxygenation, 

antibiotic use at intubation, and corticosteroid treatment. Variable 

inclusion was informed by univariable logistic regression analysis (data 

not shown). After listwise deletion of cases with missing data, 422 cases 

remained—equivalent to 12 events (first VA-LRTI) per included variable. 

The analysis identified significantly increased adjusted odds ratios (aOR) 

for corticosteroid treatment (aOR 2.27, CI [1.16–4.76]), antibiotics at 

intubation (aOR 2.17, CI [1.23–3.98]), and each additional day of IMV 

(aOR 1.03, CI [1.01–1.05]). Results from the multivariable regression 

model are visualized in a forest plot in figure 11. 

 

 

 

 
Figure 11. Multivariable logistic regression analysis using first ventilator-

associated lower respiratory tract infection (VA-LRTI) as outcome. Results 

presented as adjusted odds-ratio (aOR) (95% confidence interval [CI]). 
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Microbiology 

Among all culture findings, 31.2% were gram-positive, 60.7% gram-

negative, and 8.1% unspecified. Comparing early versus late VAP, gram-

positive findings decreased from 42.9% to 26.4%, gram-negative 

findings increased from 50.0% to 63.6%, and fungal/unspecified showed 

no major change, from 7.1% to 10.0% (figure 12). Gram-negative 

pathogens were significantly more common in late VAP (p = 0.044). Two 

extended-spectrum beta-lactamase (ESBL) pathogens and one MRSA 

case were identified.  

 

 

 

Figure 12. Microorganisms found in the airway in ventilator-associated lower 

respiratory tract infection (VA-LRTI), early and late VAP patients, respectively. 

 

 

Wave Characteristics 

A nearly equal number of patients were treated in the region during each 

pandemic wave (180, 182, and 174 patients, respectively). Comparing the 

first wave with the subsequent two waves combined revealed a 

significant rise in VA-LRTI prevalence (22.8% to 31.5%) and in incidence 

rates (14.5 to 24.8 per 1,000 IMV days). Analyzing each wave 

individually showed no statistically significant difference in VA-LRTI 

prevalence (22.8%, 32.4%, and 30.5%, respectively). However, a 

progressively shorter time to first VA-LRTI emerged, alongside fewer 

tracheostomies, less antibiotic use at intubation, less neuromuscular 
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blockade, and an increase in ventilator-free days. Corticosteroid 

treatment increased markedly, from 48.9% in the first wave to nearly 

100% in the subsequent waves. Moreover, treatment restrictions were 

more frequent during the first two waves (22.8%, 23.6%) than the third 

(9.8%). Table 10 provides a comparison of each wave separately. 

 

Table 10. Characteristics, treatments and outcomes of all patients on invasive 

mechanical ventilation for respiratory failure due to COVID-19, divided into the 

initial three pandemic waves. 

  N Wave 1(n=180) Wave 2 (n=182) Wave 3 (n=174) p 

Age 536 62.1 (SD 13.1) 65.1 (SD 12.6) 60.6 (SD 12.6) .004 

Male sex 536 70.0% (126/180) 75.8% (138/182) 70.1% (122/174) .371 

N of comorbidities 534 2 (1–3) 2 (1–3) n=180 2 (0–3) .094 

SOFA upon ICU admission 424 4 (3–5) n=156 4 (3–5) n=161 4 (4–5) n=107 .679 

SAPS3 upon ICU admission 482 55 (49–61) n=160 58 (53–63) n=165 55 (49–61) n=157 .006 

Worst ARDS grade 509 2 (2–3) n=170 3 (2–3) n=176 3 (2–3) n=163 .624 

Tracheostomy 536 66.1% (119/356) 61.0% (111/182) 48.3% (84/174) .002 

Non-invasive ventilation before 

intubation 

530 13.8% (25/178) 37.4% (68/182) 53.5% (93/174) <.001 

High-flow nasal cannula before 

intubation 

534 54.7% (98/180) 72.5% (132/182) 79.9% (139/174) <.001 

ICU transfer 536 18.8% (34/180) 18.7% (34/182) 37.9% (66/174) <.001 

Prone position 477 74.4% (116/156) 63.7% (116/170) 60.3% (105/151) .449 

Neuromuscular relax 523 68.4% (121/177) 42.3% (77/180) 37.9% (66/166) <.001 

Antibiotics upon intubation 513 82.5% (146/177) 74.2% (135/179) 60.9% (106/157) .007 

Corticosteroid treatment 536 48.9% (88/180) 99.5% (181/182) 100% (174/174) <.001 

Cultures per day in invasive 

ventilation 

527 0.11 (0.05-0.19) 

n=178 

0.17 (0.11-0.24) 

n=181 

0.18 (0.08-0.25) 

n=168 

<.001 

Remdesivir 533 0.6% (1/178) 24.2% (44/182) 18.4% (32/173) <.001 

Tocilizumab 533 1.1% (2/178) 0 n=182 32.8% (57/173) <.001 

RRT 533 29.8% (53/178) 18.7% (34/182) 14.4% (25/173) .001 
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Ventilator-free days 529 41 (7–49) n=179 45 (0–52) n=182 47 (23–54) n=168 .001 

30-day mortality 536 16.6% 17.0% 14.9% .851 

60-day mortality 536 20.0% 23.6% 19.5% .582 

90-day mortality 536 21.1% 26.4% 20.1% .313 

VA-LRTI 536 22.8% (41/180) 32.4% (59/182) 30.5% (53/174) .101 

Days to first VA-LRTI 153 12 (8–17) 9 (6–12) 6 (3–12) .008 

Treatment restrictions 536 22.8% (41/180) 23.6% (43/182) 9.8% (17/174) <.001 

Total number of cases with data for each row is presented in column n. In cases of 

missing data, the number of cases with available data is specified under each column as 

(n). Bold p values highlight significance. 

Paper IV 

The study included 747 patients, please see figure 13 for a study 

flowchart. Table 11 presents cohort characteristics and outcomes, divided 

by hospital of initial admission within each healthcare county. A 

significant difference was seen in 90-day mortality across all hospitals, 

with B2 having the lowest (8.5%) and C2 the highest (30%). This is 

visualized in a Kaplan-Meier curve in figure 14. Significant differences 

were also identified for comorbidities, with B1 having the lowest CCI 

score and C2 the highest. No differences were seen regarding age and 

sex.  

Treatments and interventions are presented in Table 12. Hospital B2 and 

C2 used less non-invasive ventilation before intubation. In line with this, 

the duration from symptom debut to start of invasive mechanical 

ventilation were shorter in B2 and C2. Further, use of neuromuscular 

relaxation for longer durations was more common in B2 and C1 and the 

severity of ARDS was lower in B2, C1 and C2. 
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Figure 13. Study flowchart. All patients admitted to an ICU with PCR-confirmed 
SARS-CoV-2 was considered for inclusion. Patients not admitted due to 
respiratory failure was excluded. Patients with limited data available was due 
to transfers with incomplete medical journal registrations outside included 
healthcare counties. 
 

 



62 

 
Figure 14. Kaplan-Meier curve of un-adjusted survival, stratified by hospital. A 
significant difference between the hospitals was seen with a p-value of 
0.00014, as tested by a log-ranks test. 
 
 
Primary analysis  

The final mixed effects Cox model was adjusted for baseline 

characteristics, disease severity upon admission, calendar time and 

healthcare county. Hospital of initial admission was significantly 

associated with 90-day mortality, with hazard ratios ranging from 2.38 

to 5.06 (Table 13). Standardized 90-day mortality ranged from 8.3% to 

31.8% (Table 14). Full analysis code in the form of a rendered Quarto pdf 

is available in the digital appendix, were coefficients for the adjustment 

factors within the primary analysis can be found (Quarto pdf file named 

“Survival analysis”). 
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Table 13. Primary analysis of inter-hospital differences in 90-day mortality. 

Hazard ratios (95% CI) derived from random-effects Cox regression with 

healthcare county as random intercept and initial hospital of ICU admission, 

pandemic wave and baseline covariates as fixed effects. Analyses performed on 

multiply imputed data (m=30) and pooled using Rubin’s rules. 

Variable Hazard.Ratio (95% CI) p.value e-

value 

Hospital A1 2.52 (1.31, 4.83) 0.005 3.18 

Hospital B1 3.62 (1.92, 6.82) <0.001 4.23 

Hospital B2 1 - - 

Hospital B3 5.06 (2.56, 10.02) 0.007 5.40 

Hospital C1 2.38 (1.16, 4.89) 0.018 3.03 

Hospital C2 3.85 (1.98, 7.48) <0.001 4.43 

Hospital C3 4.75 (1.53, 14.74) 0.007 5.17 

Hazard ratio > 1 indicates higher mortality relative to reference Hospital B2. N=747. 

Baseline covariates are CCI, SAPS3 upon ICU admission, age, sex, smoking status and 

BMI. For pandemic wave, three splines with two internal knots at Juli 1 2020 and 

February 16 2021 was used. 

 

Table 14. Adjusted 90-day mortality estimated by marginal standardisation of 
model-based predictions. Models were adjusted for baseline covaraites and 
pandemic wave. Estimates were combined across imputations (m=30) using 
Rubin’s rules. 

Variable Standardized 90-day 

mortality (%) 

Hospital A1 18.6  

Hospital B1 24.9  

Hospital B2 8.3  

Hospital B3 31.8  

Hospital C1 17.7  

Hospital C2 25.8  

Hospital C3 30.4  

The mortality represents the predicted risk if all patients in the cohort had been treated 

at that hospital. Baseline covariates were CCI, SAPS3 upon ICU admission, age, sex, 

smoking status and BMI. For pandemic wave, three splines with two internal knots at 

Juli 1 2020 and February 16 2021 was used.   
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Sensitivity analysis and robustness 

A total of 401 cases were included within the complete-case analysis, 

which yielded estimates directionally consistent with the imputed 

primary analysis. Two hospitals lost nominal statistical significance (A1 

and C2). Inter-county variability was small with a random intercept SD 

of 0.04. E-value calculation based on hazard ratios from the primary 

analysis found that an unmeasured confounder would need an 

association with both hospital and mortality with a magnitude of 3-5 on 

the risk ratio scale to fully explain the findings. The assumption of 

proportional hazards was met, and no issues with multi-collinearity was 

identified. These details can be found in the digital appendix ((Quarto 

pdf file named “Survival analysis” and “e-values”). 

 

Within the study, 141 (19%) of the cohort was transferred to another ICU. 

Compared with non-transfers, no difference in 90-day mortality was 

identified (17% and 20%, respectively). Additionally, no difference was 

seen regarding age, sex or SAPS3 at admission. Transferred patients 

were less often treatment restricted (11% vs 21%), and had lower CCI 

(1.27 (1.51) vs 1.41 (1.80)). In a complementary sensitivity model 

excluding transferred patients, reduced sample size was seen (EPV ≈ 8), 

resulting in wider confidence intervals. Similar to the complete case 

analysis, directionally similar results were seen but two hospitals lost 

nominal significance (C1 and C3).  

 

Missing data and imputation  

For most covariates, missingness was modest (below 4%). But, for 

smoking status and CCI missingness was 27% and 17% respectively. 

Logistic regressions on missingness indicators showed that missingness 

was associated with sex and hospital for smoking status, and hospital and 

SAPS3 for CCI, indicating that data was not missing completely at 

random (MCAR) but missing at random (MAR). Missing values were 

imputed using chained equations (30 iterations), using predictive mean 

matching for continuous variables and logistic regression for binary. 

Stable convergence was seen (trace plots presented in the digital 
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appendix). The mean fraction of missing information (FMI) was below 

9%. The details of these analyses can be found in the digital appendix 

(Quarto pdf file named “Missing analysis” and “Survival analysis”) 

 

Exploratory analysis  

The secondary exploratory model included an addition of three 

treatment-related variables downstream of the exposure (inter-hospital 

transfers, days to intubation and days to corticosteroid initiation) 

together with the same baseline covariates as the primary analysis 

model. Data were imputed (30 iterations) and then analysed as a time-

dependent Cox model, pooling estimates using Rubin’s rules. All 

hospitals retained significant hazard ratios in the exploratory model, and 

hospitals as a variable block was highly significant in the pooled Wald 

test test (χ² = 35.98 df = 6, p < 0.001). All code for the secondary analysis 

can be found in the digital appendix (Quarto pdf file named “secondary 

analysis).  
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DISCUSSION 

The papers included in this thesis depict the course of the COVID-19 

pandemic in Swedish hospitals and ICUs, with a focus on patient 

management, pulmonary infectious complications, mortality disparities, 

and rehabilitation of survivors. In brief, initial high ICU mortality 

declined rapidly during the first pandemic wave, despite a continuous 

influx of critically ill patients. This initial decrease in mortality was 

associated with increased use of thromboembolic prophylaxis and 

occurred in parallel with adaptations to the rising workload. Survivors 

reported reduced general health status at four months post-infection, 

and even at two years, a high prevalence of persistent symptoms 

remained. Approximately half of those who were on sick leave due to PCC 

after their initial infection were still on sick leave 24 months later. During 

ICU care, a high incidence of VA-LRTI was observed. These infections 

were associated with increased morbidity but not with mortality. The 

incidence of VA-LRTI increased from the first to the subsequent two 

pandemic waves. Factors associated with increased incidence of VA-

LRTI included corticosteroid treatment, antibiotic administration at the 

time of intubation, and prolonged invasive mechanical ventilation. 

Finally, substantial differences in ICU mortality were identified across 

seven hospitals, even after adjusting for plausible confounders such as 

chronic comorbidities and acute illness severity. Adjusted hazard ratios 

for all hospitals as compared with the one with lowest 90-day mortality 

ranged from two- to five-fold. These results remained robust across 

sensitivity analysis, although no definitive explanation for the observed 

mortality differences could be determined. 

 

Mortality 

Within paper I, a relatively low 60-day mortality was found (22%), 

compared to other European countries (156,157), despite a high degree 

of moderate to severe ARDS. Mortality declined over time with no major 

change in case-mix or disease severity, suggesting that improved 

outcomes were not due to changes in patient characteristics. Instead, this 
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temporal decline parallelled increased use of high-dose 

thromboprophylaxis, organizational adaptation and expansion of ICU 

capacity. Highest mortality coincided with peak resource strain, 

supporting the interpretation that workload, ICU strain and capacity 

limits, and evolving clinical management contributed to outcome 

improvement. These findings are in line with international reports of 

declining ICU mortality during the initial pandemic wave (158,159), 

highlighting the importance of organizational resilience and resource 

availability in such a crisis setting.  

 

After adjustment, between-hospital differences in mortality during the 

first three pandemic waves persisted, indicating a contextual association 

related to hospital of initial ICU admission. Likely, our exposure variable 

reflects a combination of organizational characteristics, clinical routines, 

ICU strain, and admission thresholds that were not captured within the 

available dataset. In the secondary exploratory analysis including a few 

plausible treatment-related factors downstream of the exposure hospital 

(transfers, time to intubation and time to corticosteroid treatment) the 

exposure variable effect (hospital) remained unchanged, telling us that 

these variables likely do not alone explain the mortality differences. 

However, data on central process- and resource factors (staffing, 

capacity, routines and protocols) were unavailable although well 

established to impact ICU outcomes (129-131). Even if available, a much 

larger dataset would be needed to include all possible mediators together 

with the baseline variables in a complex multi-level multi-variable 

survival analysis, why the reason for these mortality disparities could not 

be explored within the framework of paper IV.  

 

However, differences in management of these critically ill patients were 

seen within the descriptive statistics, where clues to possible 

explanations can be found. One of these differences clearly visible in the 

data was respiratory care. Hospital B2, which had the lowest mortality, 

had a low degree of NIV before intubation, and in accordance with this a 

shorter duration from symptom debut to start of mechanical ventilation. 

In addition, their patients displayed a less severe degree of ARDS 

throughout the ICU stay. Whether they did not develop severe ARDS to 
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a similar extent to other hospitals due to differences in care, or if they 

simply had a less severe disease course is unknown. When to intubate 

COVID patients was discussed back and forth during the pandemic. At 

first, both to avoid aerosol contamination of healthcare providers and 

because it was thought beneficial for the patient, early intubation was 

recommended (160).  Later, some studies presented a possibility to avoid 

IMV through HFNO/NIV usage (161-163).  If this was done at a regular 

or intermediate-level ward, more patients likely survived without 

admission to an ICU and hence were not part of paper IV. This might also 

explain why, in paper III, no obvious reduction in mortality was seen 

comparing each pandemic wave - perhaps more patients were able to 

survive without passing an ICU? Nevertheless, it is possible that awake 

patients can cause themselves pulmonary damage from an enormous 

respiratory effort (164). Likely, in patients that are not ever going to 

survive without IMV, it is better to intubate early to avoid this self-caused 

pulmonary damage. But, as many patients may survive without IMV, 

intubation in each specific case remains a complex decision. Herein lies 

the difficulty for the clinician treating these patients. Especially during 

these study periods, to quickly develop a way of personalized decision-

making while surrounded by an enormous workload, with a completely 

novel disease. 

 

There are few other comparisons of ICU mortality in COVID patients 

from Sweden published. Taxbro and colleagues displayed substantial 

variations in mortality across three ICUs, associated with disease 

severity and nurse staffing levels (42). Additionally, there are a few 

European examples. Already during the first year of the pandemic, 

authors found differences of up to +4 adjusted hazard ratio across over 

90 National health service (NHS) trusts in England, without any reason 

as to why (165). In a large comparison of 41 Swiss and 386 German 

hospitals (166), totalling over 1.4 million admitted cases of COVID-19, 

in-hospital mortality was larger in Germany compared to Swiss 

hospitals. The cohorts were matched, and no distinct reason could be 

found. In a smaller observational study from Australia, it was suggested 

that high-volume hospitals had better outcomes than low-volume ones 

(167). Hospital B2 is a county-hospital, in generic terms most similar in 
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description to a Secondary healthcare centre - but did in paper IV display 

a lower mortality than the included tertiary healthcare centre (University 

level, Hospital A1).  

 

Treatment restrictions, either in the form of withholding or withdrawing 

life-sustaining treatments, will by definition impact mortality. Local 

routines regarding Do-not-resuscitate (DNR)-orders may vary, both 

between clinicians at the same ICU but also between ICUs. If there is a 

hospital or clinic-wide culture regarding DNR-orders, it could explain 

differences in mortality to an extent. In a study of Finnish ICU 

colleagues, long-term prognosis of ICU patients was more often under-

estimated than overestimated, with no difference between doctors in 

training and experienced ICU specialists (168). Similarly, studies exist 

regarding early prognostication of outcomes following brain injury, 

which is proven very difficult (169). In the midst of the pandemic, 

treatment restrictions within the ICU were discussed frequently (170-

172). Re-allocating ventilators from patients with poor prognosis to new 

patients with better expected outcome, consequently withdrawing life-

sustaining treatment, was likely a reality in some parts of the world. 

Given that COVID-19 was a new disease, it is plausible that in some cases 

patients that would have survived if given time, were not given enough 

time. Indeed, patients in hospital B2 with lowest mortality, had longer 

duration of IMV - possibly due to earlier intubation, but maybe due to 

earlier treatment restrictions in other hospitals. However, underlying 

reasons to each decision of treatment restriction varies and these 

nuances were not captured within paper IV. Many factors that in a non-

pandemic setting should not affect such decisions likely did so during the 

study period, such as staffing, material supply, patient inflow and the 

number of available ICU beds. Additionally, increased ICU strain is 

associated with changes in admission thresholds reflected by increased 

number of patients simultaneously on IMV (132). Consequently, cohort 

selection most likely varied between included units in paper IV, affecting 

case-mix in ways not fully captured by our adjusted analysis. 

 

Healthcare equity is one of eight national public health objectives as 

issued by the Public Health Agency of Sweden (PHAS) (43). In 
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collaboration, Sweden's 21 healthcare counties have established 26 

national program areas, overseen and coordinated by eight national 

collaboration groups. The overarching objective of these areas are to 

promote equitable and knowledge-based healthcare delivery (173). Our 

results further cement the importance of such work, as at least during 

the pandemic paper IV identifies a geographic variation in mortality for 

critically ill COVID patients within Swedish ICUs.  

 

Recovery 

Common symptoms of PCC — including sensorimotor, fatigue, 

neurological, affective, and cognitive issues—are consistent with the 

findings of paper II (138-144). Although improvement over time is 

commonly observed, complete recovery often remains elusive (139,142-

144). In paper II, the definition of “significant symptoms” centered on 

those substantially impacting daily activities. Notably, many participants 

experienced reduced work capacity, aligning with previous studies (149). 

The WHO recommends a multidisciplinary approach with systemic 

follow-up for rehabilitation after COVID-19 (174). This is similar to the 

follow-up which patients within study II and the Lincos cohort took part 

of, and our results underlines the importance of the WHO 

recommendation. Without the systematic follow-up of the LinCos 

cohort, symptom prevalence probably would have been even higher. 

 

The initial LinCos cohort (152) included 460 COVID-19 survivors who 

had been hospitalized during the first pandemic wave. Among them, 139 

out of the 165 participants (84%) in paper II still reported symptoms 

affecting daily life at two years, indicating that at least 30% (139/460) of 

all hospital-discharge survivors continued to experience debilitating 

symptoms. These findings mainly pertain to patients infected with wild-

type SARS-CoV-2 before vaccinations were available. However, given the 

large number of individuals hospitalized worldwide in those early 

months—who subsequently survived—the global burden of severe, long-

lasting PCC symptoms is likely substantial. A recent three-year follow-up 

study of both hospitalized and non-hospitalized patients revealed a 
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decrease in post-discharge sequelae over time but still found a 

noteworthy risk of persistent issues even at three years (139). 

Furthermore, earlier research suggests that cognitive deficits may 

endure in some individuals who do not self-report such problems 

(150,175); since paper II did not objectively assess cognition, the true 

prevalence could be higher than reported.  

 

Vaccination before infection may lower the risk of developing PCC (176). 

Whether vaccination can be used to treat existing PCC remains unclear 

(177). In paper II, all participants were infected during the initial wave 

and therefore unvaccinated at the time of infection, although most were 

vaccinated by the two-year follow-up. Those who had received vaccines 

exhibited significantly better self-rated health than those who had not, 

suggesting a possible therapeutic benefit of vaccination—contrary to 

some previous studies (177). 

 

In an earlier LinCos follow-up, more severe initial disease was linked to 

an increased risk of persistent symptoms (175), especially sensorimotor 

deficits. However, in paper II no significant difference was observed 

between ICU and non-ICU groups at two years, indicating that initial 

disease severity does not necessarily predict long-term PCC risk. One 

reason could be that the ICU subgroup was predominantly male, whereas 

female sex is a known risk factor for PCC. Although some symptoms—

particularly those related to prolonged ICU stays, such as critical illness 

neuromyopathy or pressure-related wounds—were more common in 

ICU-treated patients, most symptoms cataloged in paper II had no 

association with disease severity. In contrast, a three-year follow-up 

study (139) found significantly higher incidences of PCC symptoms 

across all organ systems in individuals hospitalized with COVID-19 

compared with non-hospitalized individuals; however, no subgroup 

analysis by disease severity was provided, and most participants in both 

groups were male. 

 

As identified in paper I, the majority of COVID-19 ICU survivors 

reported dyspnea and worsened general health four months after 

discharge. However, these findings are subject to recall bias, as pre-
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COVID general health was assessed retrospectively. In paper II, a 

significant improvement was observed at the two-year follow-up, yet a 

majority of patients continued to experience persistent symptoms 

affecting daily life. Notably, approximately half of those employed before 

their COVID-19 illness remained on sick leave due to PCC two years after 

hospital admission.   

This raises an important question—particularly regarding ICU patients: 

To what extent do these findings differ from those observed in ICU 

survivors of non-COVID critical illness? Conditions such as Post-Sepsis 

Syndrome (PSS) and Post-Intensive Care Syndrome (PICS) exhibit 

considerable overlap with PCC, all describing long-term physical, 

cognitive, and psychological impairments following critical illness. PICS 

is defined as “new onset or worsening of impairment(s) in physical, 

cognitive, and/or mental health that arose after the ICU and persisted 

beyond hospital discharge” (178). In a large cohort study of over 600 

patients with ARDS, follow-up at six and twelve months revealed four 

distinct subtypes of impairment, with most patients exhibiting a decline 

from baseline physical and/or mental function (179). Known risk factors 

for PICS include older age, comorbidities, female sex, and negative ICU 

experiences, particularly those associated with anxiety and post-

traumatic stress symptoms (180). Regarding return to work, a meta-

analysis of over 10,000 ICU patients found that only 60% had resumed 

employment 12 months after discharge, despite being employed prior to 

admission (181). When comparing ICU survivors of COVID-19 with those 

who had non-COVID ARDS, studies suggest that cognitive and mental 

health impairments are similarly prevalent, while physical impairments 

appear less common in COVID-19 survivors (182). Nevertheless, despite 

this, quality of life was reported to be lower among COVID-19 survivors 

(182). A recent study (183) highlights the substantial clinical overlap 

between PCC, PICS, and PSS. The authors argue that these conditions 

cannot yet be reliably distinguished, and likely share a common 

pathophysiological basis—though certain SARS-CoV-2-specific 

mechanisms may also contribute, as both post-ICU and post-infectious 

sequelae are recognized entities.  In paper II, we found no association 

between the severity of initial disease and the severity of PCC symptoms 

at two-year follow-up, reinforcing the notion that PCC is not solely a 
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post-ICU phenomenon.  Finally, although Sweden did not impose strict 

lockdowns during the pandemic (184) many other countries did. Such 

enforced lockdowns have been associated with worsening of mental 

health and cognitive function (185-187), an important consideration 

when interpreting international PCC studies, as lockdown-related effects 

may confound the observed outcomes. 

Ventilator-Associated Lower Respiratory Tract Infection 

In paper III, VA-LRTI was associated with increased morbidity but not 

mortality. Likewise, in paper I, VAP cases were more common in 

survivors. Possibly, this is associated with the definition used, as the 

most severe cases of COVID-19 most likely are treated with empiric 

antibiotics without the need of deep airway cultures used for VAP/VA-

LRTI diagnosis. This would explain why both paper I and III failed to 

find an association between these infections and mortality, as it has been 

found in some previous studies (188,189). 

 

Early antibiotic treatment has previously been shown to reduce the risk 

of VAP (190-192). Why, then, did paper III find an association between 

early antibiotic administration and an increased risk of ventilator-

associated lower respiratory tract infection (VA-LRTI)? One plausible 

explanation is that patients who received antibiotics at the time of 

intubation were more severely ill. This is supported by the subgroup 

analysis, which found an even stronger association between early 

antibiotics and late-onset VAP. These patients required longer durations 

of mechanical ventilation, higher doses of norepinephrine, and 

underwent microbiological cultures more frequently.  Another possible 

explanation involves microbial dysbiosis. Antibiotic therapy is known to 

reduce the diversity of microbial communities (193), and lower microbial 

diversity has been associated with both infectious complications and 

worse outcomes in the ICU (194). In contrast, SDD has been shown to 

reduce mortality in ICU patients (195) and an increased presence of gut-

associated microbiota in the lung has been linked to higher morbidity 

and mortality in critically ill patients (195). In paper III, most patients 

with late-onset VAP had received antibiotics at intubation, and their 



 

 77 

culture results were dominated by Enterobacteriaceae, typically 

associated with the gastrointestinal tract. This may help explain the 

observed association between early antibiotic treatment and subsequent 

VA-LRTI.  It is important to note that the lung microbiome was, until 

recently, believed to be sterile (196), and its clinical relevance remains an 

emerging field of study. An editorial published in the American Journal 

of Respiratory and Critical Care Medicine (197) in 2018 discussed 

potential links between dysbiosis and inflammation as drivers of ARDS 

following lung injury, including viral infections. A recent systematic 

review on the topic presents that in ARDS, a marked pulmonary 

dysbiosis with reduced diversity and overrepresentation of gut-

associated Enterobacteriaceae is seen (198). This suggests that 

disruption of normal lung microbiome, most likely driven by broad-

spectrum antibiotics, mechanical ventilation and direct viral damage, 

can facilitate opportunistic pathogens, echoing our findings of increased 

Enterobacteriaceae in late VAP COVID patients. 

 

The RECOVERY study (199) demonstrated a reduction in 28-day 

mortality for hospitalized COVID-19 patients receiving corticosteroids, 

establishing steroids as a standard of care. This shift was evident in paper 

III, where all but one patient from the second and third waves received 

corticosteroid therapy. The observed reduction in organ failure—

manifested by more ventilator-free days, and fewer instances of renal 

replacement therapy and tracheostomy—in wave two and three may be 

partially explained by this treatment change. 

Although no clear mortality reduction was observed between pandemic 

waves in paper III, a meta-analysis of seven randomized controlled trials 

(RCTs) across 12 countries supports a mortality benefit from 

corticosteroids in COVID-19, showing an odds ratio of 0.64 (95% CI, 

0.50–0.82) for 28-day mortality (200). Corticosteroid use has also been 

increasing in the ICU for other indications, including bacterial 

pneumonia following findings by Dequin et al. (201), but it can come 

with additional risks (202-203). In a large secondary analysis of the 

Corona Virus Disease in Very Elderly Intensive Care Patients (COVIP) 

study, steroid therapy in patients over 70 years of age increased 30-day 
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mortality (204), particularly among those requiring IMV and 

vasopressors.  

Paper III suggests that in patients with severe COVID-19 who need at 

least 48 hours of IMV, there is an association between VA-LRTI 

incidence and corticosteroid treatment, however causal inference is 

difficult to interpret from this retrospective approach. The association 

align with a recent French retrospective cohort study that reported a 

threefold increase in VAP risk in patients treated with dexamethasone, 

reaching a 51% incidence (205). Further supporting evidence comes 

from another arm of the RECOVERY trial comparing high-dose 

dexamethasone against standard of care (including low-dose 

dexamethasone) in hypoxic patients not on mechanical ventilation, 

which showed increased mortality and higher rates of bacterial 

pneumonia in the high-dose group (206).  

A previously cited Swedish registry study comparing COVID-19 and non-

COVID-19 patients found a higher prevalence of VA-LRTI in COVID-19 

patients (30% vs. 18%). However, when expressed as incidence per day 

of IMV, the difference disappeared (31 vs. 34 VA-LRTI per 1,000 IMV 

days) due to prolonged ventilation periods in COVID-19 patients (92). 

Notably, that study also revealed an increased incidence in the second 

wave (28 vs. 52 VA-LRTI per 1,000 IMV days), mirroring the findings of 

paper III. A possible contributing factor is the rise in corticosteroid use. 

However, given the retrospective nature of paper III, these results should 

be interpreted cautiously. Other factors that changed over the waves, but 

were not fully captured in the study, may confound the apparent 

association between corticosteroid therapy and VA-LRTI. 

When discussing VA-LRTI it is essential to mention the issue of 

definition, as differences within definitions makes comparisons between 

different settings and studies difficult (207). The aforementioned 

Swedish study (92) relied on clinicians report to the Swedish Intensive 

Care Registry for VA-LRTI diagnosis. This is most likely a more liberal 

approach to diagnosis, as our definition hinges on culture verification, 

which likely leads to underdiagnosis. A review on the topic (208) found 

incidence rates varying from 18-45 per 1000 days of IMV. A common 

middle-ground for transparency would be to always use the term 

“suspected VAP/VA-LRTI” in cases of none or negative cultures.  
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Methodological Considerations 

Research is rarely conducted under pressure and urgent timelines. 

However, with COVID-19, the need for rapid evidence was 

unprecedented, prompting the research community to produce findings 

swiftly to guide clinicians and benefit patients. Designing prospective 

studies takes time; consequently, only one project (paper II) in this thesis 

used a prospective approach. Once nationwide vaccinations took effect 

and patient inflows declined, studies of severely ill COVID-19 patients 

had to rely on retrospective designs. Additionally, all papers primarily 

included patients who were infected before the onset of widespread 

vaccination, limiting generalizability to current patient populations and 

newer viral variants. Further, as all studies are observational, and a 

majority retrospective, causal interpretation is difficult and residual 

confounding unavoidable. 

 

Across all papers, the statistical approach evolved in parallel with the 

increasing complexity and maturity of the research questions. Papers I 

and II were primarily descriptive, focusing on a group-level comparison 

of clinical characteristics and outcomes using standard hypothesis tests. 

In paper I, simple descriptive statistics were used to describe the first 

pandemic wave in one healthcare county. Paper II, although prospective 

relied on self-reported symptoms and activity limitations without an 

external control group. Potential selection bias is obvious. In paper III, 

regression modelling was introduced to explore variables associated with 

VA-LRTI. Although representing a methodological step forward, the 

analysis was still limited by its retrospective design and absence of a 

causal framework. Findings from paper III should be interpreted as 

correlations between patient- or treatment-related characteristics and 

VA-LRTI occurrence, rather than causal risk factors. Additionally, 

throughout paper I-III missing data was simply handled through listwise 

deletion without further analysis.  

In contrast, paper IV applied a more advanced as well as transparent 

statistical framework based on causal reasoning. Variable inclusion was 
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guided by a DAG, in turn based on previous studies and clinical 

knowledge. Missing data was handled in a systematic way by analyzing 

missing patterns and because of the results using multiple imputation. 

Further, calendar time was incorporated with restricted cubic splines. 

Sensitivity analysis through complete case analysis and a secondary 

exploratory model was performed. This progression displays a clear 

methodological refinement of retrospective studies throughout the thesis 

- from exploratory and descriptive analysis towards robust, reproducible 

and more causally informed inference.  

 

Papers I, III, and IV share the common limitation of retrospective 

analysis, depending on data recorded in patient charts. As with all 

retrospective research, findings are dependent on the accuracy and 

completeness of documentation. Differences in record-keeping protocols 

across multiple hospitals and healthcare counties may lead to 

misclassification and systematic errors. In paper III, for example, the 

chosen definition of VA-LRTI hinges on lower respiratory tract cultures, 

and practices for obtaining these cultures likely vary across hospitals, 

regions, and countries. Moreover, no causal inferences can be 

definitively drawn, as VA-LRTI could be a marker of more severe disease 

rather than its cause. Similarly, patients who received corticosteroids 

might have had more severe illness initially. Additionally, corticosteroid 

use surged after the first pandemic wave, making it difficult to parse 

whether increased VA-LRTI incidence was due to steroid therapy or to 

unmeasured changes in patient management during subsequent waves. 

 

Paper I also carries the limitation that patient’s recollections of their pre-

COVID health status may lead to overestimation of baseline health, given 

that it was impossible to assess their health retrospectively before they 

contracted COVID-19. 

 

Paper II lacks a control group. Additionally, the results are solely based 

on self-reported symptoms which as discussed previously may both over- 

and under-estimate the true prevalence. It may also have contributed to 

a selection bias, as those more likely to report symptoms were included. 
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Furthermore, two years after infection it is difficult to discern what 

symptoms are attributable to the initial infection and which were not.  

 

Paper IV’s retrospective design did not capture certain nuances of ICU 

care. Although robust statistical methods identified mortality differences 

even after adjusting for major confounders, it remains unclear why these 

differences exist. In addition, as E-values were computed on pooled 

estimates after multiple imputation, typically reducing confidence 

intervals, e-values may appear more robust and should be interpreted 

conditional to the MAR assumption. Key data on staffing levels, staff 

training, socioeconomic factors, and variations in clinical protocols were 

unavailable. Additionally, as we did not include data from patients never 

admitted to an ICU, a selection bias is possible. Even though we adjusted 

for both chronic and acute illness, it is still plausible, even likely, that the 

ICU cohorts differ between the included hospitals. The larger hospitals 

often contain intermediate-level care that can handle respiratory failure 

outside of mechanical ventilation better than a regular ward. This option 

does not exist at smaller hospitals.  

 

Nevertheless, this thesis provides a comprehensive and 

methodologically rigorous account of intensive care during an 

unprecedented global health crisis. By combining population-based 

analyses, advanced time-to-event modelling, contextual hospital-level 

evaluations, and structured long-term follow-up of survivors, it 

integrates clinical epidemiology with patient-centered outcomes. The 

work not only documents treatments, mortality patterns, and recovery 

trajectories, but also identifies how organizational context, evolving 

practice, and critical care strain may shape outcomes beyond individual 

patient characteristics. In doing so, the thesis contributes durable 

knowledge that extends beyond COVID-19 itself, offering 

methodological frameworks and clinical insights relevant for future 

pandemics, large-scale critical care challenges, and long-term 

survivorship research. 
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CONCLUSIONS 

• We observed a decline in mortality among critically ill 

COVID-19 patients during the initial pandemic wave, 

consistent with previous studies. However, no single 

explanation for this decrease could be identified.  

 

• We observed a comparatively low VA-LRTI incidence 

relative to other European reports. We also identified a low 

prevalence of multidrug-resistant pathogens, although the 

overall microbiological spectrum closely mirrored that in 

other European settings. 

 

• Long-term recovery from post-COVID condition does not 

appear to be heavily associated with initial disease severity. 

In a cohort of individuals discharged after COVID-19 who 

subsequently developed PCC, we found significant clinical 

improvements two years post-infection; however, most 

continued to experience symptoms that interfered with daily 

life. 

 

• Hospital-level mortality variations were evident throughout 

the pandemic and were not explained by case-mix 

differences. Such discrepancies may stem from differences 

in clinical protocols but in our retrospective cohort no 

explanation could be found.   
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FUTURE PERSPECTIVES 

Findings from Paper IV suggest that our patients may benefit from 

enhanced collaboration among individual hospitals, potentially even a 

future national governance model for intensive care. Such a structure 

would optimize resources and standardize protocols, ultimately aiming 

to improve patient outcomes. 

 

Preventive measures remain the cornerstone of VA-LRTI management. 

One notable preventive strategy, as discussed, is SDD. This intervention 

could be beneficial for a wide range of patients requiring IMV and merits 

further study. Data from earlier references (209) indicate that SDD use 

may be most advantageous in ICUs with a low prevalence of MDR 

organisms, similar to those included in Paper III. 

  

A key challenge with PCC is that its criterion-based diagnosis can 

encompass a broad spectrum of symptoms. To develop more targeted 

treatments, there is much to gain from defining sub-diagnoses. With a 

deeper pathophysiological understanding—achievable through future 

research, this goal becomes more attainable. 

 

Although the pandemic-related surge of critically ill patients examined 

in this thesis has largely subsided following widespread vaccinations, 

future pandemics are inevitable. As the global population continues to 

grow, new public health challenges may even arise at an increased rate. 

The findings from this thesis, combined with worldwide COVID-19 

research, contribute to our understanding of how modern societies 

manage pandemics and can help guide preparations for those yet to 

come. This consideration is particularly important given the current 

economic constraints in many public healthcare systems, including 

Sweden’s, especially when factoring in an aging population and the 

growing complexity of healthcare needs. 
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APPENDIX 

Interview guide (paper II)  

Section A 

Consider the following question for each of the items below.  

“At this moment in time, do you experience that the issue below 

comprises a new or aggravated problem as compared to prior to 

COVID-19 infection?” 

If yes, to what extent does this new or aggravated problem affect your 

daily life? 

1: no impact; 2: to a minor degree; 3: to some degree; 4: to a high 

degree; 5: to a very high degree 

·       Weakness/fatigability in arms and/or legs 

·       Difficulty walking >1km 

·       Difficulty being physically active 

·       Experienced falls post-discharge 

·       Altered bodily sensation   

·       Muscular soreness/ aches/ cramps/ discomfort 

·       Difficulty swallowing 

·       Altered smell and/ or taste 

·       Difficulty hearing 

·       Blurred vision/double vision 

·       Difficulty watching fast moving objects such as TV 

·       Difficulty or discomfort when altering focus or gaze 

·       Increased light sensitivity (photophobia) 

·       Increased sound sensitivity (phonophobia)  

·       Headache 

·       Dizziness 

·       Sleep less/ disturbed sleep (>2 hours change) 

·       Increased need for sleep (>2 hours change) 

·       Mental fatigue/ fatigability 

·       Stress sensitivity/ irritability 

·       Feeling anxious 

·       Feeling low/ depressed 

·       Difficulty concentrating 
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·       Difficulty multi-tasking 

·       Mental slowness 

·       Difficulty remembering 

·       Difficulty understanding speech 

·       Difficulty word-finding when speaking 

·       Difficulty expressing thoughts when speaking 

·       Slurred/ indistinct speech (dysarthria) 

·       Weak/ hoarse voice (dysphonia) 

·       Sensitivity to visual motion in busy environments 

·       Difficulty participating in social activities (socialising with family 

and friends) 

Difficulty managing work/ studies 

·       Difficulty driving a car/ using public transport* 

·       Difficulty performing personal hygiene and dressing 

·       Difficulty reading  

  

Section B 

modified Medical Research Council (mMRC) Dyspnea Scale 

0 - “I only get breathless with strenuous exercise” 

1 - “I get short of breath when hurrying on the level or walking up a 

slight hill” 

2 - “I walk slower than people of the same age on the level because of 

breathlessness or have to stop for breath when walking at my own 

pace on the level” 

3 - “I stop for breath after walking about 100 yards or after a few 

minutes on the level” 

4 - “I am too breathless to leave the house” or “I am breathless when 

dressing” 

  

Section C 

At the moment, would you say your health is:  

Very good; Good; Decent; Bad; Very bad 
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Appendix Figure 1. Alluvial 

diagram of occupational 

status before COVID-19, at 

four months post-discharge 

and at 24 months post-

admission for individuals 

who were working or 

studying (n = 94) before 

COVID-19. All three images 

represent the same picture, 

with some parts highlighted 

in each for clarity. The 

numbers in each circle 

indicate the total number of 

individuals with a particular 

occupational status at a 

given point in time. The 

coloured lines and their 

corresponding number 

represent the flows of 

individuals from the 

respective groups (e.g., red 

for FTSL) based on 4-month 

occupational status. Green 

= Working or studying. Blue 

= Retired. Grey = 

Unemployed. Yellow = 

Part-time sick leave (PTSL). 

Red = Full-time sick leave 

(FTSL). Black = Missing 

data/unknown. Panels a), b) 

and c) detail the flows of 

individuals from the 4-

month assessment to the 24-

month assessment. Panel a (left) shows the change in occupational 

status from the 4-month to the 24-month follow-ups specifically for 
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those individuals who were still working or studying at the 4-month 

follow-up. Panel b (middle) shows the change in occupational status for 

those who were working or studying before COVID-19 but were on 

FTSL at the 4-month follow-up. Panel c (right) shows the change in 

occupational status for those who were working or studying before 

COVID-19 but were not working/studying or on FTSL at 4 months post-

discharge (i.e., 4-month occupational status was PTSL, unemployed, 

retired or unknown). The right-most column in each panel shows the 

total number of individuals in each category at the 24-month follow-up 

(and is therefore identical in all three panels)
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