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Acta Univ. Oul. D 1537, 2019
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Abstract

Critical illness or staying in intensive care unit (ICU) may have a negative impact on a child’s
quality of life or the family’s life. The aim of this study is to clarify the long-term mortality and
causes of death in Finnish pediatric intensive care population, as well as the health-related quality
of life (HRQL), psychological outcome, schooling difficulties, and family socioeconomical
situation in those alive six years after intensive care.

The study population consisted of all ICU treated pediatric patients in Finland in 2009 and
2010. The long-term mortality and causes of death were retrospectively compared with the
population of all other Finnish children who had not been on an ICU. Survivors were sent
questionnaire material regarding their HRQL and psychological and social situation.

68 out of 2729 (2.5%) patients died before the end of 5 years follow-up. The standardized
mortality rate for the ICU patients was 53.4. The most common causes of death were cancer
(35.3%), neurologic (17.6%), and metabolic diseases (11.7%), whereas trauma was the most
common cause of death in the control group (45.3%).

Questionnaires were answered by 1109 (30.1%) children. 90 children (8.4%) had poor HRQL.
They had a higher rate of chronic diagnoses, medication on a daily basis and a greater need for
healthcare services than those with normal HRQL-scores. Asthma, neurological diseases,
chromosomal alterations, cancer and long-term pain were associated with poor HRQL.

Psychological outcome was abnormal for 84 children (7.6%), and was also associated with
chronic diseases. Children with difficulties in school more often had a severe disease and
frequently need for healthcare services.

In conclusion, mortality after intensive care is low, but the risk of death is increased even at 3
years after discharge. The burden of chronic diseases hamper the quality of life, psychological
wellbeing and school performance.

Keywords: intensive care, mortality, outcome, pediatric, psychiatric wellbeing, quality
of life, socioeconomic





Kyösti, Elina, Tehohoidetun lapsen pitkäaikaisennuste, elämänlaatu ja sosioeko-
nomiset olosuhteet. 
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Tiivistelmä

Vaikea sairaus tai tehohoito voi vaikuttaa haitallisesti lapsen kehitykseen sekä perheen hyvin-
vointiin. Tämän tutkimuksen tarkoituksena oli selvittää suomalaisten tehohoidettujen lasten pit-
käaikaiskuolleisuus ja kuolinsyyt sekä lasten elämänlaatu, psyykkinen hyvinvointi, erityisen
tuen tarve koulussa ja perheen sosioekonominen asema kuusi vuotta tehohoidon jälkeen.

Tutkittava joukko koostui kaikista Suomessa v. 2009 ja 2010 tehohoidetuista lapsista. Kuol-
leisuutta ja kuolinsyitä verrattiin niiden suomalaislasten kuolinsyihin, jotka eivät olleet saaneet
tehohoitoa vuonna 2009 tai 2010. Eloonjääneiden lasten elämänlaatu, psyykkinen vointi ja
sosioekonominen tilanne selvitettiin kyselyiden avulla.

Tutkittavista 2 729 potilaasta 68 (2,5 %) kuoli ennen seuranta-ajan päättymistä. Vakioitu
kuolleisuussuhde oli tehohoidettujen lasten osalta 53,4 %. Yleisimmät kuolinsyyt tehohoidetuilla
olivat kasvaimet (35,3 %), neurologiset sairaudet (17,6 %) ja aineenvaihduntasairaudet (11,7 %),
verrokkiryhmässä onnettomuudet olivat merkittävin kuolinsyy (45,3 %).

Kyselyihin vastasi 1109 (30,1 %) lasta. Heistä 90 (8,4 %) koki elämänlaatunsa huonoksi.
Useat pitkäaikaissairaudet, lääkityksen ja terveyspalveluiden tarve oli yleisempää elämänlaatun-
sa huonoksi kokevien joukossa. Astma, neurologiset sairaudet, kromosomimuutokset, kasvai-
met ja pitkäaikainen kiputila liittyivät huonoon elämänlaatuun.

Psyykkinen vointi oli heikentynyt 84 lapsella (7,6 %). Myös huono psyykkinen vointi liittyi
pitkäaikaissairauksiin, samoin erityisen tuen tarve koulussa.

Yhteenvetona todettakoon, että lasten kuolleisuus tehohoidon jälkeen on Suomessa matala,
mutta kuoleman riski on koholla usean vuoden ajan tehohoidon päättymisestä. Vaikeat pitkäai-
kaissairaudet lisäävät kuolleisuutta tehohoidon jälkeen sekä heikentävät eloonjääneiden elämän-
laatua, psyykkistä vointia vaikeuttavat koulunkäyntiä, ja aiheuttavat taakkaa lapsen perheelle.

Asiasanat: elämänlaatu, ennuste, kuolleisuus, lapset, psyykkinen hyvinvointi,
sosiaalinen ympäristö, tehohoito
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LLC Life limiting condition 
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MODS Multiple organ dysfunction syndrome 

OR Odds ratio 

PCPC Pediatric Cerebral Performance Category 

PedsQL Pediatric Quality of Life Inventory 4.0 

PICANet Pediatric Intensive Care Audit Network (UK) 

PICU  Pediatric Intensive Care Unit 
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PTSD Post-traumatic stress disorder 
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1 Introduction 

Pediatric intensive care is provided for the seriously ill infant, child or adolescent, 

who needs rapid interventions to treat a severe, life-threating acute single or 

multiple organ system dysfunction due to disease or injury (Jaimovich, 2004). This 

care may be executed with medications or mechanical devices, for example 

endotracheal intubation and mechanical ventilation. Intensive care is carried out in 

an intensive care unit using a multidisciplinary team and advanced technology. 

Intensive care is indicated when there is a demand for special technologic aids, 

monitoring, complex intervention or such medications which are excluded on other 

patient care units due to policy limitations (Jaimovich, 2004). Typically, patients 

suffer respiratory, circulatory, metabolic or consciousness failures or have multiple 

organ failure symptoms. The threat of organ failure should be temporary and 

curable. Follow-up after major surgery is provided on intensive care units (ICU). 

Pain treatment, postoperative stabilization of the patient after major surgery, and 

apnea monitoring after anesthesia for premature infants and neonates are common 

causes for intensive care admission (AAP Guidelines, 1999). 

In situations where a child´s life is threated due to a difficult disease that causes 

a severe organ failure or a comparable state of health or any injury, the importance 

of intensive care is unconditional. Critical illness and admission to an intensive care 

unit are, however, a stressful and chaotic situation for a child and the family. 

Staying in an intensive care unit often causes fear and anxiety in a child, (Als, 

Picouto et al., 2015; Lopes-Junior, Rosa, & Lima, 2018; Rennick et al., 2004) and 

may even cause persistent psychological and psychiatric morbidity (Rennick & 

Rashotte, 2009). Various interventions and painful procedures are performed on the 

ICU, but these are necessary for survival. A wide spectrum of psychological 

complications has been recognized in families of intensive care survivors, such as 

anxiety and depressive disorders. These symptoms may cause disturbances in the 

patient’s life for many years. Psychological symptoms may also affect the parents’ 

ability to fully care for their family life (Davidson, Jones, & Bienvenu, 2012). 

In Finland, most hospitals do not have a separate intensive care unit for children, 

and children are admitted to the same intensive care units as adults. Three pediatric 

intensive care units (PICU) exist exclusively for pediatric patients and are located 

in Helsinki, Turku and Oulu. Organ transplantation and heart surgery are only 

provided in Helsinki, as well as pediatric extracorporeal membrane oxygenation 

(ECMO). In addition, neonatal patients are admitted to the neonatal intensive care 

units in all university hospitals. 
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The number of pediatric intensive care patients in Finland is approximately 

2500 children yearly, of which more than 80 % are treated in PICUs. According to 

a personal communication from the chief physicians of the Finnish PICUs, the 

mean length of stay in a PICU is 3.8 days in Helsinki, 2.4 days in Turku, and 3.0 

days in Oulu. Children are under 1 year of age are those most frequently admitted. 

Patients aged less than 18 years of age represented 3 % of all Finnish patients 

admitted to intensive care in 2015, and children under 7 years 1 %. The mean price 

for one day in pediatric intensive care in Helsinki is 4 460 euros, while that on a 

general pediatric ward is 927–1 942 euros. The demand for special devices and a 

personal nurse for every patient increases the costs of treatment to significantly 

higher than that on a normal pediatric ward. The most common admission causes 

in PICUs were respiratory diseases, trauma in adult university hospital ICUs (UH 

ICU) and metabolic diseases, predominantly diabetic ketoacidosis in CH ICUs. 

(Peltoniemi, Rautiainen, Kataja, & Ala-Kokko, 2016) 

As the mortality of pediatric ICU patients is low, and has rapidly decreased 

during the last 30 years due to the development of pediatric intensive care, mortality 

is no longer a reasonable outcome measure (Namachivayam et al., 2010). However, 

survivors can experience disabilities and poor health status. Quality of life (QoL) 

has become a more relevant way to measure the outcome of intensive care. The 

level of disability after critical illness and the corresponding social and economic 

burden define the children’s situation after intensive care (Ong, Lee, Leow, & 

Puthucheary, 2016). The literature shows that in the majority of children (50–70 %) 

QoL was normal or equal to the QoL before PICU admission (Gemke, Bonsel, & 

van Vught, 1995; Morrison et al., 2002). After long-term follow-up, 84 % have 

survived with a favourable QoL (Taylor, Butt, & Ciardulli, 2003). To understand 

the unique health care needs of children and their families, the use of patient-

centered outcomes are important (Reuben & Tinetti, 2012). This is becoming ever 

more important as the prevalence of children with more complex medical problems 

are being admitted to hospitals and ICUs (Edwards et al., 2012).  

Studies concerning long-term outcomes after pediatric intensive care are scarce. 

Children with chronic diseases are at risk for a decreased quality of life. Studies on 

the coping of the general PICU population are needed to determine whether there 

are special groups of patients that are at risk of mortality or decreased quality of 

life, and thus require support or therapies.  

The aim of this study is to determine the long-term outcome of Finnish 

pediatric intensive care patients, as well as to determine those groups of disease 

which decrease the health-related quality of life and have the most negative effect 
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on functional, psychological and mental well-being, as well as on school 

performance or family social life.  
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2 Review of the literature 

2.1 Survival after pediatric intensive care 

Medical and technical advances have contributed to the dramatically improved 

mortality rates for critically ill children over the past decades (Aspesberro, 

Mangione-Smith, & Zimmerman, 2015; Namachivayam et al., 2010). Mortality 

varies from 1.4 % to 3 % according to two large U.S. studies (Hartman et al., 2017) 

(Epstein et al., 2011). 

The increased risk of mortality does not end, however, at ICU or hospital 

discharge. In a small U.S. study of 303 patients, mortality was 3.9 % at discharge 

7.8 % at 6 months and 10.4 % at 3 years (Pinto, 2017). In a Swedish study, mortality 

at discharge was 2.1 % and cumulative mortality after a 5 years follow-up 5.6 %. 

Patients, who were discharged alive from a PICU, had a twenty-fold mortality risk 

in 5 years when compared to the normal pediatric population (Gullberg et al., 2008). 

In another study, by the end of a one-year follow-up period, mortality was found to 

be ten-fold higher than in the general U.S. pediatric population (Hartman et al., 

2017). 

The risk of mortality is increased among those children who stay for an 

extended period on the PICU. In an Australian study of patients who needed more 

than 28 days of intensive care, 21 % died during the ICU stay and 14 % during the 

follow-up time of 2–10 years. In another Australian study, the long-stay pediatric 

ICU patients’ survival was 81.4 % at discharge, 70 % at 1 year and 65.5 % at 5 

years. Predictors for 5-year mortality included bone marrow transplant and single-

ventricle physiology. Two thirds of children with a chronic critical illness with a 

length of ICU stay more than 28 days survive for at least 5 years, but there has not 

been improvement in this statistic between 2000 and 2011 (Namachivayam et al., 

2015). In a U.S. study, mortality one year after the ICU period was low overall, but 

was high among those children whose length of stay was more than 14 days (599 

deaths per 10 000 person years) (Hartman et al., 2017).  

Edwards et al studied the risk of mortality during intensive care when a child 

had a complex chronic disease. The majority of complex chronic conditions are 

associated with a greater risk of PICU mortality and a prolonged length of stay. The 

ORs for mortality were most increased among patients with hematologic and 

oncologic diseases or congenital abnormalities (Edwards et al., 2012). A need for 

mechanical ventilation, early readmission, emergency admission, cardiovascular 
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diagnoses and hematological/oncological diagnoses have been shown to be 

associated with a higher risk of mortality (Peltoniemi et al., 2016).  

In a study using the large British PICANet national cohort, 57.6 % of all PICU 

admissions and 72.9 % of children who died had a life-limiting condition (LLC) 

without reasonable hope for cure, such as malignancies, neurodegenerative disease 

or Duchenne muscle dystrophy. The crude mortality rate was 5.4 % for those with 

LLC and 2.7 % of those without LLC. The one year survival in this study was 96 %, 

but children with LLC were 2.5 times more likely to die during the first year post 

discharge (Fraser & Parslow, 2018).  

Long-term mortality has been studied in a fairly large Australian study in which 

the outcome of intensive care has been followed up for 30 years. During 2005–

2006, the admission diagnoses among deceased pediatric patients were most often 

cardiovascular (18 %), neurological (17 %), other medical (15 %) and respiratory 

(13 %) (Namachivayam et al., 2010). In a Swedish study, long-term mortality was 

most frequent in quite the same admission diagnosis groups: miscellaneous 

including malignancies (6.0 %), neurological (2.9 %), respiratory (2.4 %) and 

gastrointestinal (2.4 %) (Gullberg et al., 2008). Long-term mortality has also been 

studied in a Greek study of 300 patients. The mortality rate was 9.7 % at discharge 

and 19 % 2 years after discharge. Significant risk factors for ICU mortality were 

use of inotropes, mechanical ventilation, arterial and central venous catheterization, 

nosocomial infection, complications and cancer. Predictors of mortality at 2 years 

were comorbidity and cancer (Volakli et al., 2012). 

Studies on long-term mortality typically focus on limited diagnostic categories 

and quite small numbers of patients. Previous studies have not included a cause of 

death analysis, which limits the understanding of the long-term outcomes in 

pediatric patients. Despite low mortality rates, little is known about factors 

increasing mortality after intensive care, or about healthcare utilization after 

intensive care in childhood. 

2.2 Morbidity after pediatric intensive care 

Over the past decades, the PICU population has become more complex. Increasing 

numbers of children are admitted with a chronic disease (Aspesberro et al., 2015). 

Children with a severe illness stay alive in intensive care, and will be later admitted 

to an ICU due to a new acute critical state of health. While in the 1980´s the 

proportion of children with moderate or severe disability at long-term follow-up 

was 8 %, in 2005 this was 18 %.(Namachivayam et al., 2010) Cunha reported that 
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36 % of patients had severe disability before admission (Cunha et al., 2013) and in 

a large U.S. review of 44 000 admissions the prevalence of chronic diagnoses was 

52 %. In an analysis of 53 000 admissions in a PICU, 53 % of critically ill children 

had underlying complex chronic diseases, while 18.5 had noncomplex chronic 

conditions (Edwards et al., 2012). Comorbid illness among critically ill children 

increased from 35 % in 1997 to 41 % in 2006 (Odetola, Gebremariam, & Davis, 

2010).  

Pre-existing illnesses are common among those who require prolonged 

treatment on the ICU. In an Australian study, 86 % of those patients who had stayed 

more than 28 days had pre-existing comorbidities. More than two thirds had 

moderate or severe disability after discharge, or were dead (Aspesberro et al., 2015; 

Namachivayam et al., 2012). Children with pre-existing comorbid conditions may 

be vulnerable to long-term adverse outcomes and are in general at a greater risk at 

PICU admission (Aspesberro et al., 2015). In general, chronic diagnoses increase 

the risk of multiple organ dysfunction syndrome (MODS) and mortality on the ICU 

(Typpo, Petersen, Petersen, & Mariscalco, 2010). Hospital resource use has been 

reported to be significantly higher among critically ill children with comorbid 

illnesses vs. those without (Odetola et al., 2010). Children with chronic diagnoses 

have been found, however, to be as likely as previously healthy children to return 

to their baseline functional status after MODS. The return to baseline functional 

status has been shown to vary by chronic illness category (Typpo et al., 2010). The 

majority of children with chronic comorbidities are admitted to PICU under 1 year 

of age, and more than 80 % of them are under 5 years of age. If these children 

continue to live with comorbid illnesses, their resource requirements will increase 

significantly in the future (Odetola et al., 2010).  

2.3 Functional status in children after intensive care  

Outcome after critical illness can be assessed in different ways. These include 

survival, functional outcome and quality of life. Functional outcome and quality of 

life are quite different outcomes, and depend on the “tool” which is used to measure 

these outcomes (Butt, 2012). 

Functional impairment has been consistently identified following pediatric 

critical illness. New morbidity has been found in 4.8 % of pediatric patients at ICU 

discharge by using a functional status scale (Pollack et al., 2014). Functional 

impairment in a general PICU population ranged from 10 % to 36 % at discharge 

to 26 % at 6 months and 10–13 % when followed up for more than 2 years (Ong et 
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al., 2016). In one study, residual functional disabilities at 6 months occurred in as 

many as 73 % (Jones et al., 2006). Long-term studies are scarce. In one study of 70 

responders, morbidity was assessed 6 months and 3 years after hospital discharge. 

New morbidity increased cumulatively from 5.2 % at discharge to 6.5 % at 6 

months and 10.4 % at 3 years (Pinto, 2017). Children with normal baseline function 

experience greater functional decline, but have a quicker recovery than those with 

baseline impairment (Choong et al., 2018). The severity of functional decline at 

discharge is associated with late mortality and other poor post-discharge outcomes 

(Volakli et al., 2012).  

Long-term functional outcome has been found to be associated with PICU 

variables including the need for invasive therapies and indicators of severity of 

illness such as mechanical ventilation, ventilator days, use of vasoactive 

medications, and PICU length of stay (Pinto, 2017). Neurological admissions, 

cancer, trauma, poisoning, invasive mechanical ventilation, worse pediatric 

cerebral performance category score at baseline, longer ICU stay, and longer 

duration of extracorporeal membrane oxygenation were independently associated 

with worse functional outcome (Bone, Feinglass, & Goodman, 2014; Ebrahim et 

al., 2013). In previous analyses the follow-up time has mostly been less than three 

years, and the number of patients has been relatively small.  

2.4 Neuropsychological consequences of intensive care 

Disruptions in cognitive function during development can have a large impact on a 

child´s later life course. Studies of cognitive outcome after pediatric critical illness 

are scarce. The studies are mostly small, diagnoses limited and have used diverse 

methodologies. A lower intelligence quotient (IQ) and moderate-to severe deficits 

in attention and memory are common (Als et al., 2013; Watson et al., 2018). 

Managing in school soon after intensive care discharge may be remarkably 

challenging. 

Out of 186 PICU survivors, the Pediatric Cerebral Performance Category 

(PCPC) scores were normal at discharge for only 25 % of previously healthy 

children. Scores had improved after 3 months and normalized for 77 %, but had 

further declined in 21 % (Knoester, Bronner, Bos, & Grootenhuis, 2008). Studies 

using PCPC have found new cognitive problems in 35–73 % of survivors (Ong et 

al., 2016). In a small study of 16 PICU admitted patients, children displayed 

significantly poorer performance on tests of spatial memory, sustained attention 

and verbal memory than age- and sex-matched controls. Septic illness was 
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specifically associated with poorer recognition memory (Elison, Shears, Nadel, 

Sahakian, & Garralda, 2008). In another study of 23 children with 

neuropsychological deficits following admission to PICU, scores were followed up 

for 12 months. The PICU cohort scored significantly worse than controls on 

measures of verbal and visual recall and recognition memory, spatial working 

memory and working memory capacity, and visual sustained attention. The 

researchers found little improvement between the 3- to 6-month and 12-month 

scores in intellectual function and visual attention, in spite of improvements in 

number and visual memory. In this study, premorbid developmental or neurologic 

problems were excluded, and the findings in deterioration of intellectual function 

and attention were only due to a critical illness. IQ levels were reduced compared 

with healthy matched controls, but still remained within the normal range (Als, 

Tennant et al., 2015).  

Sepsis, younger age, lower socioeconomic status and a history of 

meningoencephalitis have been found to associate significantly with psychological 

problems (Als et al., 2013; Bronner et al., 2010; Garralda et al., 2009). Admission 

to intensive care is followed by deficits in neuropsychologic performance and 

educational difficulties (Als et al., 2013). Reduced performance was most prevalent 

in the meningoencephalitis group. Also, children in sepsis group managed 

significantly worse than their controls (Als et al., 2013).  

2.5 Psychological symptoms after intensive care 

Cognitive and psychological stressors originate from sleep withdrawal, sedation, 

anxiety, pain, fear, delusions, and delirium (Aspesberro et al., 2015; Watson et al., 

2018). In addition, children may not be with their parents as much as they wish, 

they are in an uncommon place with strange nurses and doctors, and may even 

witness other children´s illness or death (Rennick, Johnston, Dougherty, Platt, & 

Ritchie, 2002). 

Elevated levels of anxiety, fears, behavioural changes, lowered self-esteem and 

self-confidence and symptoms of post-traumatic stress are reported after intensive 

care up to one year after discharge (Rennick & Rashotte, 2009). The most common 

psychiatric morbidity is post-traumatic stress disorder (Dow, Kenardy, Le Brocque, 

& Long, 2013), which prevalence was found to be 10–34 % among ICU-treated 

children (Als et al., 2015). Children who are younger, more severely ill and exposed 

to more invasive procedures have been demonstrated to be at a higher risk for 

increased medical fears, and more symptoms of post-traumatic stress at six months 
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after ICU discharge (Rennick & Rashotte, 2009). Intensive care and invasive 

procedures, as well as an increased severity of medical illness seem to increase the 

risk for psychopathology (Davydow, Richardson, Zatzick, & Katon, 2010; Herrup, 

Wieczorek, & Kudchadkar, 2017; Rees, Gledhill, Garralda, & Nadel, 2004; 

Rennick et al., 2004). Meningococcal illness severity score, clinical shock at 

admission, and an impairment of premorbid emotional and behavioural problems 

are independent predictors for psychiatric disorders (Shears, Nadel, Gledhill, 

Gordon, & Garralda, 2007). However, it is not always easy to define whether 

neurological impairments are caused by events on the PICU or by a critical illness 

(Rennick & Rashotte, 2009).  

Existing research has focused mainly on the psychological impact immediately 

after a critical illness and up to 12 months post-treatment. The research is 

dominated by parents, health professionals and researchers. There is a lack of child 

survivors’ self-reported psychological and social impact and experiences at least 6 

months following the critical illness (Manning, Hemingway, & Redsell, 2014). 

Interventions to reduce psychologic morbidity may require long-term follow-up 

(Meert et al., 2016). There is a need to develop tools to assess long-term 

psychologic well-being (Gillian, Colville, Kerry, & Pierce, 2008). Low participant 

rates are typical for interventional trials studying psychologic morbidity after 

PICUs. We also have a lack of pre-existing mechanism by which intensivists 

routinely follow patients after intensive care. Despite many challenges to 

investigate psychosocial interventions in PICU, the need for such interventions is 

real (Meert et al., 2016). By using validated instruments we could be able to identify 

high-risk children during discharge and facilitate appropriate interventions before 

the development of substantial psychiatric morbidity (Davydow et al., 2010). As an 

example, the Strengths and Difficulties Questionnaire agrees well with clinical 

diagnoses, and in community samples it has been demonstrated to have a good 

sensitivity for the identification of disruptive and depressive disorders (Shears et 

al., 2007).  

2.6 Health-related quality of life 

Health-related quality of life (HRQL) can be determined as “the quality of life in 

which a dimension of personal judgment over one´s health and disease is added”. 

In children, the ability to play with peers, to take part in activities and schooling 

affect the quality of life (Aspesberro et al., 2015). Measuring HRQL provides a 

broad view of the child´s health and wellbeing (Simon, Chan, & Forrest, 2008). 
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The data on long-term outcomes of pediatric intensive care is limited, especially 

when compared to other pediatric populations, such as survivors of neonatal ICU 

or cancer (Coleman & Slonim, 2012). The health-related quality of life is difficult 

to compare due to the variability in terms of case-mix, the use of different outcome 

measures, and different lengths of follow-up. The majority of studies rely on parent 

or clinician report, despite the recommendations for a children´s own assessment 

of their HRQL (Gillian A., Colville & Pierce, 2013). While the majority of children 

have good HRQL after intensive care, a significant proportion of children have 

been reported to have physical, psychosocial and neurocognitive problems which 

affect their performance in everyday life, such as pain and discomfort, their ability 

to walk and independently perform activities of daily living (Coleman & Slonim, 

2012).  

In the majority of children (50–70 %), HRQL after intensive care has been 

normal or equal to the HRQL before PICU admission (Gemke et al., 1995; 

Morrison et al., 2002; Polic et al., 2013; Taylor et al., 2003). Improvement was seen 

in one study in HRQL for 38 % patient´s, deterioration in 41 % and 21 % had no 

change six months after ICU care (Cunha et al., 2013). In a small Canadian study 

of 65 children, the children’s mean PedsQL rating was 52.8 of 100 after one month 

of follow-up, indicating a poor quality of life rating. Researchers reported that a 

worse pediatric cerebral performance category score at baseline, longer ICU stay, 

and longer duration of extracorporeal membrane oxygenation were independently 

associated with worse health-related quality of life scores. Resuscitation intensity 

and illness severity factors were also independently associated with reduced quality 

of life (Ebrahim et al., 2013). Taylor et al studied long-term outcome of children 

3.5 years after admission to intensive care in which 83.6 % survived with a good 

quality of life, and 10.3 % with an unfavourable outcome, being likely to live 

dependent on care. As many as 29.2 % of survivors had one or more disabilities at 

discharge (Taylor et al., 2003). Of the patients who had a prolonged length of stay 

(LOS) on PICU (more than 28 days), quality of life was impaired for 43–67 % 

(Conlon, Breatnach, O'Hare, Mannion, & Lyons, 2009; Namachivayam et al., 

2012). These patients accounted for 1 % of all PICU admissions and occupied 18.5 % 

of all bed days. The major diagnostic category for long-stay patients was 

cardiovascular diseases (55 %). Half of these patients had died during the follow-

up. Of the survivors, 17.2 % had an unfavourable outcome and were likely to be 

dependent on care by others. The outcome evaluation was performed after at least 

six months post discharge (Namachivayam et al., 2012).  
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There is a lack of general PICU patient studies. In most reports the studies 

concern particular groups of patients. The number of patients is limited in most 

studies.  

2.7 Measuring health status after critical illness in children 

Quality of life is believed to be the most relevant outcome measurement, 

particularly in the pediatric population. Survival rates among pediatric patients are 

higher than in adults, and the years of life remaining are higher as children often 

have the potential to recover and rehabilitate after critical illness (Coleman & 

Slonim, 2012). Therefore, maximizing health-related quality of life for children can 

be considered as the most important goal of medicine (Aspesberro et al., 2015).  

Measuring HRQL in large pediatric populations has several benefits, such as 

identifying subgroups of children who are at risk for health problems, determining 

the burden of the disease, and aiding efforts aimed at prevention and intervention 

(Varni, Burwinkle, Seid, & Skarr, 2003).  

An HRQL instrument must be multidimensional, and should consist of at least 

physical, mental and social health dimensions (Varni et al., 2003). An ideal HRQL 

measure should provide reliable and valid information that can be used to quickly 

quantify morbidity or disability after a child´s acute illness. The questionnaire 

should be as brief as possible so as not to cause a burden for the respondent while 

still maintaining good psychometric properties (Kenzik, Tuli, Revicki, Shenkman, 

& Huang, 2014). Also, in any measurement of HRQL, the scores obtained should 

be universally adaptable and translatable for comparison between results obtained 

in other languages and cultures (Aspesberro, Fesinmeyer, Zhou, Zimmerman, & 

Mangione-Smith, 2016). There are, however, some problems associated with 

measuring the quality of life in children. Children are in constantly changing states 

of development. Furthermore, as HRQL is a subjective concept, the children´s own 

perception of their health should be captured to avoid any bias from data delivered 

by the parents. Parent-proxy reports are used, however, if the child is too young or 

cannot respond due to health or cognitive reasons (Kenzik et al., 2014). The 

clinician’s assessment of pediatric patients has been shown to differ frequently and 

often substantially from the child´s own assessment (Fiser, Tilford, & Roberson, 

2000). As a large part of children admitted to PICU are toddlers, the gold standard 

assessment of patient self-report will never be fully possible.  

Over the past two decades, more than 30 generic and 60 disease-specific HRQL 

instruments have been developed for pediatric populations. The most commonly 
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used instruments are the Child health and illness profile (CHIP), the KIDSCREEN 

52, the KINDL, and the Pediatric Quality of Life Inventory 4.0 (PedsQL). None of 

these instruments is superior to the others, but PedsQL and the KIDSCREEN 

performed better in psychometric properties and contain the essential domains of 

measuring the HRQOL (Kenzik et al., 2014). 

HRQL measures differ from functional outcome measures, which merely 

assess objective symptoms of disability, rather than how the patient feels about the 

circumstances (Fiser et al., 2000). Table 1. presents some of the most used 

measurements of pediatric general health-related quality of life.  

Table 1. Description of the commonly used generic health-related quality of life 

instruments for use in pediatric patients (Aspesberro et al., 2015; Kenzik et al., 2014; 

Ong et al., 2016; Solans et al., 2008).  

Measure Dimensions Respondent, 

Age range 

(year) 

No. of 

domains / 

items 

Validation 

16D 

16-dimensional 

health measure 

Mobility, vision, hearing, breathing, 

sleeping, eating, speech, elimination, 

school and hobbies, friends, physical 

appearance, mental function, 

discomfort and symptoms, 

depression, distress and vitality 

Self, 12–15 16 / 16 Moderate validity 

and reliability 

17D Mobility, vision, hearing, breathing, 

sleeping, eating, speech, elimination, 

school and hobbies, friends, physical 

appearance, mental function, 

discomfort and symptoms, 

depression, anxiety, vitality, ability to 

concentrate, learning ability and 

memory 

Self, 8–11 17 / 17 See above 

CHIP-CE 

Child Health and 

Illness Profile 

Satisfaction, comfort, resilience, risk 

avoidance, achievement 

Proxy or self, 

6–11 

5 / 76 

(proxy) 

45 (self) 

Good structural 

validity, good 

reliability 

CHIP-AE Discomfort, disorders, satisfaction 

with health, achievement (of age-

appropriate social roles), risks, 

resilience 

Self, 11–17 6 / 183 See above 
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Measure Dimensions Respondent, 

Age range 

(year) 

No. of 

domains / 

items 

Validation 

CHQ 

Child health 

questionnaire 

Physical functioning, bodily pain, 

social-physical role, general health, 

social-emotional behaviour, mental 

health, general behaviour, self-

esteem, parental emotional impact, 

parental time impact, family impact 

Parent, 5–18 

Self, 10–18 

11 / 87 

(self) 98 

(parent) 

Good internal 

consistency, 

variable reliability, 

good construct 

validity 

HUI Mark 2 

Health Utility 

Index 

Sensation, mobility, emotion, 

cognition, self-care, pain, fertility 

Parent, 2–18 

Self, 12–18 

7 / 7 Validated in 

multiple patient 

cohorts 

HUI Mark 3 Vision, hearing, speech, ambulation, 

dexterity, emotion, cognition, pain 

Parent, 2–18 

Self, 12–18 

8 / 45 See above 

Kidscreen Kidscreen 52: Physical well-being, 

psychological well-being, moods and 

emotions, self-perception, autonomy, 

parent relation and home life, social 

support and peers, school 

environment, social acceptance, 

financial resources 

Kidscreen 27: Physical well-being, 

psychological well-being, parent 

relations and autonomy, social 

support and peers, school 

environment 

Self and 

Parent, 8–18 

10 / 52 

5 / 27 

Good structural 

validity 

Good reliability 

KINDL Physical well-being, emotional well-

being, self-esteem, family, friends, 

school 

Self and 

Parent, 8–16 

6 / 24 Poor discriminant 

validity,  

PedsQL 4.0 

(Generic core) 

Pediatric Quality 

of life Inventory 

Physical functioning, emotional 

functioning, social functioning, school 

functioning 

Parent, 2–18 

Self, 5–18 

4 / 23 Good correlation 

between patient 

and parent scores 

POPC1 

 

Six point measure of state of cognitive 

health 

Assessed by 

healthcare 

provider 

 Good interrater 

reliability 

Validated. 

RAHC MOF2 

 

1 to 100 point rating scale about 

function 

Assessed by 

healthcare 

provider 

 Moderate 

interrater reliability. 

 

1 Pediatric cerebral performance, 2 Royal Alexandra Hospital for Children Measure of Function 
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2.8 Sociodemographic factors and children´s health 

Children from a low socioeconomic position are in general reported to be more 

affected by mental difficulties than are those from a high socioeconomic position. 

In a German study (Perna, Bolte, Mayrhofer, Spies, & Mielck, 2010), mental 

difficulties were associated with social disadvantage. Parental education and 

household income were the strongest independent variables associated with mental 

difficulties among preschool-aged children. Those children whose parents had the 

lowest educational level and the lowest income were three times more likely to 

have mental difficulties than those whose parents who had the highest educational 

level. Single parenthood was also associated with a higher probability of borderline 

or abnormal SDQ scores. Low parental education is the strongest risk factor for 

mental difficulties (Perna et al., 2010). Similarly, in a Spanish study consisting of 

4 to 15 year-old children, those whose mothers had a primary school or a secondary 

education presented poorer mental health compared to children whose mothers had 

a university degree. Children from disadvantaged social classes showed slightly 

poorer HRQOL scores (Barriuso-Lapresa, Hernando-Arizaleta, & Rajmil, 2012). 

Survival of infants with any biventricular heart defect has been reported to be 

associated with maternal education, ethnicity, marital status, and delivery at a heart 

center (Pace et al., 2018). In another German study, children with a low 

socioeconomic status more frequently had defects in their personal, social and 

family recourses. Children with immigration status more often have poorly 

developed personal and social protective factors. Defects in personal and family 

resources are associated with increased risks of smoking and alcohol consumption 

(Holling, Kurth, Rothenberger, Becker, & Schlack, 2008). Poor childhood social 

status is associated with health and functional limitations and have trajectories to 

old age health and functional status (Haas, 2008). Children who have had poor 

health and a disadvantaged socio-economic status during childhood display more 

pronounced functional limitations in adulthood which lead to diminished social 

achievements (Haas, 2008).  

According to a study of child poverty and child well-being in Europe, Finland 

has one of the lowest child poverty rates in Europe. In addition, the index of child 

well-being is good in Finland. Children in Finland have the highest educational 

attainment levels in Europe (Bradshaw, Richardson, & Ritakallio, 2019).  
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2.9 Burden of the families of a critically ill child 

Disease burden is not the only reason for impaired health-related quality of life. In 

a large U.S. study of 69 000 children, factors that were associated with a lower 

health-related quality of life were biological factors (high disease burden, severe 

asthma, obesity) medical system factors (unmet medical needs, lack of a regular 

health care provider, Medicaid insurance or being uninsured) and socioeconomic 

burden on families of intensive care survivors (Davidson et al., 2012).  

Nearly one third of parents suffer an acute stress disorder after their child´s 

critical illness. A fully-blown post-traumatic stress syndrome has been diagnosed 

in 10–21 % of parents of ICU-treated children. Some partial symptoms of the 

syndrome can be observed in as many as 84 % of all these parents. (Nelson & Gold, 

2012). According to studies (Bronner et al., 2010; Kazak et al., 2006), 15–50 % of 

parents have anxiety, and 15–30 % have depression caused by their child’s severe 

illness. More than one third of the parents will retain PTSD symptoms for 3 years 

or more, and develop chronic PTSD with an increased risk of secondary problems 

such as depression, substance abuse, physical disabilities and medical disorders. 

PTSD results in enormous personal and societal costs because of the prolongation 

of symptoms and high comorbidity of psychiatric and medical disorders. Thus, 

early identification of those parents who will develop PTSD would be important in 

the prevention of long-lasting mental health problems among parents and children 

(Bronner et al., 2010). There are a few studies of possible interventions to prevent 

negative psychological symptoms after PICU discharge (Baker & Gledhill, 2017).  

Risk factors associated with long-term problems include an unexpected PICU 

admission and the number of medical procedures performed on the PICU. 

Furthermore, traumatic life events, psychological problems, limited social support, 

and negative memories during the ICU stay increase the burden of parents (Bronner 

et al., 2010). While it may seem obvious that disease severity and other illness-

related variables should be associated with PTSD, few investigators have found a 

relationship between these factors (Bronner et al., 2010). Mechanical ventilation or 

long length of stay does not increase the risk of parental PTSD. Symptoms of PTSD 

correlated with the parents’ worry that their child would die (Nelson & Gold, 2012). 

Children´s emotional problems also increase the risk of emotional problems in 

parents (Buysse et al., 2008). In a study of family burden after out of hospital 

cardiac arrest in young children, family burden did not differ from reference values 

at the baseline. Family burden increased significantly at 3 and 12 months post arrest, 
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and was associated with the extent of child’s dysfunction 3 months post arrest 

(Meert et al., 2016).  

2.10 Summary of the literature  

– PICU mortality varies between 1.4 % to 3 % in USA and other developed 

countries. However, half of the patients have a chronic morbidity at admission, 

and the number of patients with comorbidities is rising. 

– In studies regarding long-term mortality, the most common reasons for 

admission in patients who subsequently died during the long-term follow-up 

are cardiovascular, neurological, respiratory or gastrointestinal. Causes of 

death analyses have not previously been reported for long-term mortality in 

PICU patients. 

– HRQL is a relevant measure for post intensive care outcome and its 

significance as an outcome measure is increased in patients with critical illness. 

Studies regarding HRQL several years after intensive care in generic pediatric 

population are scarce.  

– The ability to play, take part in activities and schooling influence a child’s 

quality of life. 

– Improving the long-term HRQL of pediatric patients is the most important 

patient-centered treatment goal. 

– Patients who have a LOS more than 28 days, organ failures, high resuscitation 

intensity, extracorporeal membrane oxygenation and brain injury have a 

significantly increased risk of mortality, disability or poor health-related 

quality of life. 

– Younger children, severely ill children and those who endured more invasive 

procedures have an increased risk of psychologic sequelae after discharge. 

– Parents of PICU survivors often have PTSD, anxiety and an increased 

psychological burden, and this will also influence the child’s HRQL and mental 

wellbeing. 

– Psychological outcome in children after intensive care is not widely studied, 

studies mostly focus on post-traumatic stress disorder.  

– Socioeconomic factors in families who have a burden of children’s chronic 

disease are still poorly determined.  
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3 Aims and hypothesis of the study 

3.1 General aims 

The aim of this study was to determine the long-term outcome of Finnish pediatric 

intensive care patients and as well as the risk factors associated with long-term 

health disabilities. It was hypothesized that pediatric ICU survivors may have an 

increased risk of death compared to the general Finnish pediatric population and 

that survivors may have a deterioration in HRQL, functional, psychological and 

social outcome. The more specific aims of the present thesis include: 

1. What is the short-term and long-term mortality among Finnish pediatric 

intensive care patients compared to the general pediatric population and are 

there differences in the cause of deaths? (Study I) 

2. What is the health-related quality of life among children five years after 

intensive care compared to the general population, and which factors are 

associated with a poor quality of life? (Study II) 

3. What is the rate of mental problems in pediatric intensive care survivors 

compared with a healthy population and which disease-related factors are 

associated with these problems? (Study III) 

4. Do the children discharged from ICU have social problems, difficulties at 

school and do the families have financial problems five years after the 

discharge? Which disease-related factors are associated with these problems? 

(Study IV)  
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4 Materials and methods 

4.1 Setting and design 

This study is a registry-based cohort study and a longitudinal follow-up study. The 

study cohort included all pediatric patients who had required intensive care in any 

Finnish hospital during 2009 and 2010.  

4.2 Patients 

The study population consists of all patients under 17 years of age, who had been 

admitted for any cause to any Finnish intensive care unit during 1st January, 2009 

to 31st December, 2010. Neonatal children, i.e. children under 29 days of age, were 

excluded from the mortality study as it would have been undesirable for difficult 

congenital diseases to affect mortality soon after birth. Neonatal intensive care units 

are not included in this study. 

4.3 Methods 

All Finnish hospitals in which pediatric intensive care was performed took part in 

the study. Hospitals provided social security numbers corresponding to patients’ 

identifier codes for all the children and adolescents admitted to the ICU or PICU 

during 2009 or 2010. Statistics Finland provided the mortality data for all deceased 

patients in the ICU group according to these social security numbers, and for all 

Finnish children of the same age who had not been in the ICU during 2009 or 2010 

(other social security numbers than those who had been in ICU). These children 

who had not received intensive care during 2009 or 2010 (n = 1 020 407) formed 

the control group. The flow chart for the mortality study is presented in Fig. 1. 

Mortality data included the time, place, type and cause of death. For those children 

who had been discharged and were alive on 1st July, 2015, we acquired address data 

from the Finnish Population Register Centre. Surviving children were sent the 

questionnaire material regarding their physical, psychological and social status, Fig. 

2. (See Appendix) 

ICU data were collected prospectively from 17 central hospital ICUs and seven 

university hospital general ICUs and used for analysis. This registry, called “The 

Finnish Consortium of Intensive Care Data” was launched in 1994 to ensure the 
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quality of intensive care and performance of different ICUs in Finland. (Tieto 

Healthcare & Welfare; www.tieto.com) The three PICUs are not included on the 

Finnish Intensive Care Consortium database, and the relevant data were extracted 

from the patient data management system of each hospital. Neonatal ICUs were not 

included in this study. 

 

Fig. 1. The Flow-chart of patients in the mortality study. 

In Study I the death data of intensive care patients was compared with a control 

group of all Finnish children of 0–16 years during years 2009–2014 who had not 

had intensive care during 2009 or 2010. The time and place of death, and the cause 

of death were compared. Mortality in the ICU and at the 30 day, 3 month, 6 month, 

1 year and 3 year time points were calculated for patients after intensive care. The 

causes of death were classified into 10 groups of diseases. The causes and 

prevalence of death were compared between the ICU group and the control group. 

To compare ICU mortality with the reference group (Finnish population), the 

person-years of the corresponding age groups in the ICU-treated population were 

estimated, and the Standardized mortality ratio (SMR) was counted. 

In Study II, the health-related quality of life was studied for those patients who 

were alive on the 1st July, 2015. These patients received questionnaire material, 

which included the Pediatric Quality of Life Inventory 4.0 (PedsQL 4.0), and the 

Patients admitted to
ICU n = 3 813

Study population
n = 2 792

Discharged
n = 2 739

Patients alive 30 d
after discharge

n = 2 726

Neonatals
excluded
n = 1 039

Deaths in ICU
n = 53

Deaths 30 days
post ICU
n = 13

Late deaths
n = 68

Control population
n = 1 020 407

Deaths in Control 
population
n = 1 037
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15-dimensional (15D) or 16D or 17D according to the age of the child, as well as 

questions regarding the child´s social environment, such as their family 

circumstances, school performance, chronic diagnoses, and need for regular 

medication or therapies. The questionnaires were sent between 20th October 2015 

and 31st December 2016. 

 

Fig. 2. The Flow-chart of patients in the health-related quality of life study, the 

psychological wellbeing study and the socioeconomic study. 

Both PedsQL and 15D are made for general health-related quality of life assessment. 

The responders were divided into two categories according to their PedsQL scores; 

poor quality of life and normal quality of life groups. The cut off value for the poor 

PedsQL scores was -2 standard deviations of the normal American population mean 

score published by Varni et al. (2003). The responders were also categorized 

according to their 15–17D scores, though the PedsQL was the primary measure. 

For 15–17D categorization, the means and standard deviations in a normal 

population were received from professor Harri Sintonen, and the population means 

for 15–17D domains were acquired from normal population-based publications of 

Patients in ICU
n = 3 831

Admission in ICU in 2009 and 2010
n = 4 827

Deceased during ICU
stay n = 64
Missing ID n = 10

Patients alive after
ICU stay n = 3 757

Patients died after
ICU stay n = 83

Address unknown
n = 222

Patients alive after
follow‐up n = 3 674

Questionnaires
sent n = 3 452

Responders after
1. mail n = 674

Responders after
2. mail n = 1 109
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the developer of the tool (Apajasalo, Sintonen et al., 1996; Apajasalo, Rautonen et 

al., 1996; Sintonen, 2001). The quality of life scores were combined with the 

questionnaire data of the child´s chronic diagnoses, their need for regular 

medication, for therapies, and their annual need for healthcare.  

In Study III the mental wellbeing of the same group of children who had been 

discharged from ICU was studied. Mental wellbeing was measured by the Strengths 

and Difficulties Questionnaire (SDQ), which was sent to survivors simultaneously 

with the questionnaires mentioned above. The children were divided into normal, 

borderline and abnormal psychological wellbeing categories according to their 

SDQ total scores. British values for a healthy population for 4–10 and 11–17 years 

were used as cut-off values. This information was combined with data regarding 

chronic diagnoses and therapies, medication, and need for health visits. To 

determine whether better functioning families received the questionnaires, we also 

compared the middle income of the residential areas among responders’ and non-

responders’ by using registry data gathered by Statistics Finland.  

Study IV examined the effect of intensive care and chronic diseases on school 

performance and psychological outcome. The families provided their own 

assessment of their financial situation, as well as data on the educational and 

working status of the mother and father. Problems in school such as requirements 

for personalized teaching or small group teaching were determined. The mental 

wellbeing of the subject was classified according to the Strengths and Difficulties 

Questionnaire as normal, borderline and abnormal groups as mentioned above. 

Data on chronic diseases and the burden of medication and healthcare needs were 

collected. Accessory questionnaires regarding the child’s schooling, family 

circumstances and chronic diagnoses are presented in the Appendix. The setup of 

classification in family socioeconomical state is presented in Study IV, Table 1 and 

Table 2.  

The questionnaire material was sent between October 20th, 2015 and December 

31st, 2016. The questionnaires were sent to parents for children in the 5–15 years 

age group, and they were instructed to allow the child to self-report the PedsQL 

and 17D or 16D questionnaires. For adolescents more than 15 years of age, the 

questionnaires were sent to the patients themselves. Parents were instructed to help 

the child or adolescent if he/she did not understand the questions. Unintentionally, 

adolescents of 15 years received the 15D questionnaire instead of the 16D. A 

Swedish-language version of the questionnaires and a Swedish translation of the 

cover letters and socioeconomical state questionnaire were used if the child or 

parent had given their mother tongue as being Swedish. English or other language 
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versions were not used. A Webropol version of the questionnaires was drawn up, 

and adolescents more than 12 years of age were able to answer the questionnaires 

over the internet in Webropol.  

4.4 Instruments 

4.4.1 Pediatric quality of life inventory 4.0 

The Pediatric Quality of Life Inventory 4.0 (PedsQL 4.0) is a 23-item generic 

quality of life measurement tool. It contains the following domains: physical 

functioning, (8 items), emotional functioning (5 items), social functioning (5 items) 

and school functioning (5 items). The questionnaire has self-reports for children at 

ages 5–7, 8–12 and 13–18 years. The parent-proxy report includes the 2–4 (toddler), 

5–7 (young child), 8–12 (child) and 13–18 (adolescent) age groups. The items for 

each form are identical. The responder should consider the degree to which 

problems in each area of the questionnaire has caused problems in his or her life 

during the past month. A 5-point response scale is utilized (0 = never a problem, 

1 = almost never a problem, 2 = sometimes a problem, 3 = often a problem, 

4 = almost always a problem). For children 5–7 years of age, the response scale is 

simplified to a 3-point scale with happy or sad faces in the scale. Items are reverse-

scored and linearly transformed to a 0–100 scale so that higher scores mean better 

HRQOL. In our study, children whose PedsQL total score was less than -2SD of 

the American population-based mean score studied by Varni (Varni et al., 2003), 

were classified as the poor HRQL group. 

PedsQL has been shown to be effective in psychometric evaluation and 

contains the recommended domains for measuring the essential construct in 

physical, psychological, and social functioning, as is suggested by the World Health 

Organization’s instructions (Kenzik et al., 2014). PedsQL has been demonstrated 

to have responsiveness and construct validity in a broad population of critically ill 

children. It has been shown to be a patient-centered and critically meaningful 

outcome-measure for pediatric research assessing the clinical effectiveness of 

PICU interventions (Aspesberro et al., 2016). The PedsQL is the only generic 

pediatric HRQL measure providing self-report for children aged 5–18 years while 

items and scale-construct are consistent (Varni et al., 2003).  
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4.4.2 15D, 16D and 17D 

The 15D is a generic, standardized 15-dimensional measure of health-related 

quality of life. It can be used as a profile and single index score measure. The 15D 

subscribes to the definition of the World Health Organization (WHO) as being 

composed of components describing physical, mental and social well-being.  

The 15D questionnaire includes the following 15 dimensions: breathing, 

mental function, speech (communication), vision, mobility, usual activities, vitality, 

hearing, eating, elimination, sleeping, distress, discomfort and symptoms, sexual 

activity, and depression. Each dimension is divided into 5 levels, by which the 

attribute is distinguished.  

The valuation system of the 15D is based on a multiattribute theory. The 

maximum score in all dimensions is 1, when there are no problems on any 

dimension, and the minimum score is 0 (when the subject is dead).  

15D has a small measurement burden, it is repeatable, valid and sensitive. 

Because the measurement is Finnish, the normal population valuations are made in 

the Finnish population.  

The 16D and 17D measures are based on the 15D measure. 16D is a 16-

dimensional measure which was developed for 12–15-year-old children. Some of 

the questions in 15D were deleted (e.g. sexual life) and others added (physical 

appearance, friends) or reformulated to be age-appropriate (Apajasalo et al., 1996). 

17D is a 17-dimensional generic health-related measure, which is based on 

16D. 17D was developed for 7–11-year-old children. One of the question in 16d 

(distress) is replaced by a question on the subject’s ability to concentrate and 

questions on learning ability, memory and anxiety have been reformulated to be 

age-appropriate (Apajasalo et al., 1996).  

4.4.3 Strengths and Difficulties Questionnaire 

The child’s psychological status was assessed by using the parent and self-reporting 

versions of the Strengths and Difficulties Questionnaire (SDQ). The SDQ is a brief 

behavioural screening questionnaire that has been widely used in epidemiologic 

and other studies. The psychometric properties have been evaluated by Goodman 

(Goodman, 2001). The SDQ has been shown to have moderate-to-strong internal 

reliability, and satisfactory external validity against clinical diagnoses (DSM-IV) 

(Vostanis, 2006). It consists of 25 items covering four problem domains (emotional 

symptoms, conduct problems, hyperactivity-inattention, and peer problems) as well 
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as personal strengths (prosocial behavior). Each item can be answered with “not 

true”, “somewhat true” or “certainly true”. Answers are rated 0–2 for negatively 

worded items and 2–0 for positively worded items. The scores on the first four 

domains are counted to form a “Total difficulties score”. The prosocial subscale 

measures a child´s ability to act prosocially. Total scores and subscales can be 

classified as “normal”, “borderline” and “abnormal”. This division is made among 

cut-off scores. In a normal population, abnormal (or high-risk) scores are above the 

90th percentile in the borderline group the 80–90th percentile and in the normal (or 

low risk) group under the 80th percentile (Goodman, 2001; Van Roy, Veenstra, & 

Clench-Aas, 2008; Vostanis, 2006). A brief supplement is used to assess the impact 

of the problems in family life, friends, classroom learning and leisure activities. 

Each item is scored: 0 used for “not at all”, 0 for “only a little”, 1 for “quite a lot” 

and 2 for “a great deal”. The five impact scores, of which one concerns overall 

distress and four concern social impairment, can be summed to generate a total 

impact score ranging from 0 to 10. A total impact score of 0 is normal, a score of 1 

is defined as borderline and a score of 2 or more as abnormal.  

In this study, the British cut-off scores were used. Finnish cut-off scores only 

exist for children aged 4–9 years and for adolescents 13–17 years. The Finnish 

Käypä hoito -recommendation recommends the use of the British SDQ cut-off 

scores until more research data is available on cut-off scores for a Finnish pediatric 

population (Puustjärvi & Borg, 2016). Finnish studies in older age groups have 

mainly been validation studies examining the applicability of scoring systems 

developed in other countries (Borg, Kaukonen, Joukamaa, & Tamminen, 2014; 

Koskelainen, Sourander, & Kaljonen, 2000).  

The British cut-off scores used in this study were for children 4–17 years. In 

the parent-completed questionnaire, scores of 0–13 are “normal”, scores of 14–16 

are “borderline” and scores of 17–40 “abnormal”. In the self-completed SDQ, 

scores of 0–15 are “normal”, 16–19 are “borderline” and 20–40 are “abnormal”. 

(Youth in Mind, 2016) The British cut-off scores for children aged 4–9 years old, 

as well as for those aged 13–17 years old are, however, 1–2 points higher than those 

validated for a Finnish population. (Borg et al., 2014; Koskelainen et al., 2000) 

An impact score is used as mentioned previously. The sub scores are divided 

in the same way, but were not used in this study.  
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4.4.4 Accessory Questionnaire 

Children and families were asked questions regarding school performance, the 

child´s chronic diagnoses as categorized in diagnosis groups, their need for regular 

medication, for therapies, the type of therapy, their need for annual health care visits, 

and the parents’ marital status and their own assessment of their economic situation. 

The accessory questionnaire was not validated, but was designed by our 

multidisciplinary team including a child psychiatrist. These questionnaires are 

attached in the Appendix.  

4.5 Statistical methods 

The study consists of pediatric patients who were admitted to Finnish intensive care 

units during the years 2009 and 2010. Sample size or power analysis were not 

performed as the study was designed to be observational and descriptive.  

Statistical analyses were performed using IBM SPSS software version 22 

(Study I), version 24 (Study II), and version 25 (Study III and Study IV). (IBM 

SPSS Statistics for Windows, Armonk, NY, IBM Corp.) 

Summary measurements were presented as means and standard deviation (SD), 

for continuous variables as medians with 25th–75th percentiles. Categorical 

variables are presented as counts (%). 

Continuous variables were tested using the Mann-Whitney U nonparametric 

test. Categorical data were tested using Pearson’s chi-square test or Fisher’s exact 

test. Fisher’s exact test could not be calculated when comparing ICU diagnoses due 

to the large number of children and categories, and the Monte Carlo test was 

therefore used for those calculations.  

A Kaplan-Meier survival curve was drawn for the intensive care group using 

the discharge day as day 0. In those with multiple admissions, the last admission 

was used in survival analysis. The standardized mortality rate (SMR) was 

calculated using the Finnish population as a reference group. For the control group, 

we had to estimate the person-years of corresponding age groups in residence. The 

person-years for the reference group were calculated by adding the number of 

people aged 0–16 years alive in Finland at the end of each year (2009–2014). The 

incidence density of death was calculated by dividing the number of deaths by the 

sum of the person-years in ICU population and in the control population. The 

standardized mortality ratio (SMR) was calculated by dividing the number of 

observed deaths by the number of expected deaths. The number of expected deaths 
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is the number of ICU treated patients x the death ratio in an age-matched population 

during 2009–2014. The SMRs were calculated for selected time points (admission, 

30 d after discharge, 6 mo, 1 yr and 3 yr) for the patients for at least that amount of 

observation time.  

A multivariate logistic regression model was built for low PedsQL scores 

(Study II) and low SDQ scores (Study III and Study IV). 

4.6 Study permissions and ethical considerations 

The permissions for this study protocol were obtained from the Oulu University 

Hospital administration (152/2014), the Regional Ethics Committee of the 

Northern Ostrobothnia Hospital District (70/2014), and the National Institute of 

Health and Welfare (THL/1609/5/05 1/2014). 

All patients and families received an age-appropriate cover letter explaining 

the study and provided their written informed consent. Patients and their guardians 

had the possibility to ask questions regarding the study by e-mail. 

The patients did not receive any interventions except to fill the questionnaires. 

Participation was completely voluntary. The only harm that subjects might have 

encountered was due to the effort of answering and the reawakening of any possible 

negative memories from their intensive care period.  

4.7 Summary of methods 

Table 2. Methods used in Studies I–IV. 

Study designs 

and outcomes 

Study 1 Study 2 Study 3 Study 4 

Study design Retrospective 

registry study 

Retrospective 

registry study and a 

cohort study 

Retrospective 

registry study and a 

cohort study 

Retrospective registry 

study and a cohort 

study 

Registries and 

data sources 

used 

Intensive care data 

Hospital ICU 

registries 

Finnish ICU 

consortium 

database 

Cause of death 

registry of Statistics 

Finland 

Intensive care data 

Hospital ICU 

registries 

Population Register 

Centre 

Intensive care data 

Hospital ICU 

registries 

Population Registry 

Centre 

Intensive care data 

Hospital ICU registries 

Population Registry 

Centre 
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Study designs 

and outcomes 

Study 1 Study 2 Study 3 Study 4 

Number of 

subjects 

2792 

Neonates excluded 

1109 responders of 

3831 patients 

Age groups:  

PedsQL: 5–7y, 8–

12 y, 13 y and older 

15D: Adolescents > 

15 y 

16D: Children 12–

15y 

17D: Children 5–

11y 

1105 responders of 

3831 patients 

Age groups:  

SDQ: 5–10 (parent) 

Adolescents >11 y 

1109 responders of 

3831 patients 

Age groups in 

accessory 

questionnaire:  

5–15 y 

Over 15 y 

 

Controls/ 

Comparison 

Finnish children not 

admitted to ICU 

during 2009–2010 

PedsQL: U.S. 

normal population 

values 

15–17D: Finnish 

normal population 

values 

SDQ: British normal 

population values 

Statistics Finland: 

Income level in 

responder´s and non-

responder´s 

residental area 

SDQ: British normal 

population values 

Statistics Finland: 

Income level, 

education, marital 

status, occupation of 

parents 

Study question Long-term mortality 

Differences in 

mortality between 

study group and 

control group 

Causes of death 

HRQL among 

pediatric ICU 

patients 

Psychological 

outcome among 

pediatric ICU 

survivors 

School performance  

Socioeconomical 

factors in family 

Psychological outcome 

in different social 

classes 

Main outcome 

variables 

Mortality 

Causes of death 

HRQL (PedsQL and 

15–17D) 

Chronic diseases  

SDQ score 

Chronic diseases 

SDQ score 

Chronic diseases 

School performance 

Parents’ socioeconomic 

factors 

Primary 

analysis and 

statistical 

method used 

Frequencies and 

percentages 

Medians and 25th-

75th percentiles 

Pearson chi square 

Mann-Whitney U or 

Kruskal-Wallis 

nonparametric test 

Kaplan-Meier 

survival curve 

Means, standard 

deviation 

Frequencies, 

percentages 

Student’s t-test 

Mann-Whitney U-

test 

Fisher’s exact test 

Multivariable logistic 

regression model 

Means, standard 

deviation 

Frequencies, 

percentages 

Student’s t-test 

Mann-Whitney U-test 

Fisher’s exact test 

Multivariable logistic 

regression model 

Means, standard 

deviation 

Frequencies, 

percentages 

Student’s t-test 

Mann-Whitney U-test 

Fisher’s exact test 
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5 Results 

During the study period 1st January, 2009 to 31st December, 2010, there were 4 827 

pediatric admissions to Finnish intensive care units for 3 831 children and 

adolescents under 17 years of age. Of these, 789 had several admissions. There 

were 2 188 boys (57.1 %) and 1 642 girls (42.9 %). Most of the children, 1 813 

(47.3 %) were under 1 years of age at admission. Neonatal cases (under 28 days) 

comprised 1 039 children. 

Most of the children, 3 049 (79.6 %), were admitted into pediatric intensive 

care units. Children most frequently required intensive care due to respiratory 

diagnoses 680 (17.7 %), neurological diagnoses 543 (14.2 %) and postoperative 

cardiologic diagnoses 471 (12.3 %).  

5.1.1 Mortality (Study I) 

After exclusion of the neonatal patients from the mortality study, there were a total 

of 2 792 pediatric ICU treated patients. Of these, 53 patients (1.9 %) died during 

their intensive care. Within 30 days after ICU discharge there were 13 deaths more 

(0.5 %). The median follow-up period was 4.9 years (25–75th percentiles, 4.4–5.5 

years), until the end of December 31st, 2014. During this follow-up time there were 

an additional 68 (2.4 %) deaths. The one-year cumulative mortality was 3.3 %, the 

long-term mortality during the follow-up period was 4.8 %. The median age at 

death was 5.6 years (25–75th percentiles, 1.9–13.3 years). Table 3 presents the 

variables among survivors and deceased patients. In control population, which was 

formed of all other Finnish children 0–17 years of age during 2009–2014, 

(n = 1 020 407 children) there were 1 037 deaths (0.10 %). Table 8 and Fig. 1. 

The crude incidence of death in the study population was 990.0/100 000/yr (95 % 

CI, 830.0–1173.0) and 17.2/100 000/yr (95 % CI, 16.2–18.2) for the control 

population. The incidence of death is presented in Table 4 and the number of 

deceased children in the intensive care group in Table 5. 

The mortality rate was highest in the 1 month to 1 year age group both for 

children in the study group 2432.4/100 000/yr (95 % CI, 1 487–3 770, and for 

children in the control group 69.9/100 000 (95 % CI, 56.2–86.0) (Table 4).  
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Table 3. Intensive care variables among survivors and deceased patients. 

Variable Survivors 

n = 2 658 

(95.2) 

Death in ICU and 

within 30d of 

ICU discharge 

n = 66 

(2.4) 

Death following 

30d ICU 

discharge 

n = 68 

(2.4) 

p-value 

Gender (m/f), n 1517 /1141 34 /32 39 /29 0.667 

Age (yr) median (IQR) 4.64 [0.88-13.08] 5.51  [1.37-13.70] 3.65 [0.69-11.01] 0.068 

Emergency admission, n (%) 1618 (60.9) 61 (92.4) 47 (69.1) < 0.001 

Emergency admission, n (%) 1618 (60.9) 61 (92.4) 47 (69.1) < 0.001 

Surgical, n (%) 1319 (50.2) 12  (18.2) 32 (47.1) < 0.001 

Need of mechanical ventilation, n (%) 946 (35.6) 53 (80.3) 32 (47.1) < 0.001 

Readmission < 48 h, n (%) 34 (1.3) 5 (8.5) 2 (2.9) 0.001 

ICU Length of stay, n (%)       < 0.001 

0–24 h 1289 (48.5) 25  (37.9) 30 (44.1)  

24–96 h 1096 (41.2) 21 (31.8) 23 (33.8)  

> 96 h 273 (10.3) 20 (30.3) 15 (22.1)  

> 1 ICU admission, n (%) 369 (13.9) 26 (39.4) 29 (42.6) < 0.001 

Table 4. The incidence density of death in intensive care and in control population. 

Age 

(years) 

Incidence density of death in  

ICU / 100 000 

 Incidence density of death in control 

population / 100 000 

All Boys  Girls All Boys  Girls 

< 1 2432.4 

(1441.6–3844.3) 

2252.3 

(1080.1–4142.0) 

2702.7 

(1166.8–5325.4) 

 69.9 

(55.8–86.4) 

83.6 

(62.4–109.6) 

57.2 

(39.6–80.0) 

1–6 981.7 

(749.1–1263.6) 

1046.4 

(736.7–1443.0) 

892.9 

(566.0–1339.7) 

 10.8 

(9.3–12.4) 

11.4 

(9.3–13.8) 

10.2 

(8.2–12.5) 

7–12 895.8 

(561.4–1356.2) 

583.1 

(251.7–1148.9) 

1291.5 

(706.1–2166.9) 

 8.6 

(7.4–10.0) 

8.7 

(7.0–10.6) 

8.6 

(6.9–10.6) 

13–16 804.7 

(557.3–1124.5) 

760.8 

(450.9–1202.4) 

860.7 

(491.9–1397.7) 

 26.6 

(24.6–28.7) 

35.6 

(32.3–39.0) 

17.3 

(15.0–19.8) 

Table 5. Number of deceased children (boys and girls) in ICU population during the 

follow-up time. 

Age (years) All  Boys   Girls 

1–6 60  37  23 

7–12 22  8  14 

13–16 34   18  16 
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Causes of death  

The most frequent causes of death in the post ICU group were neoplasms (35.3 %), 

neurological (17.6 %) and metabolic diseases (11.7 %), while in the control group 

the causes of death were most often head injury and other injury (17.9 and 27.4 %), 

neoplasms (12.7 %) and metabolic diseases (6.9 %) and intoxication (6.9 %). The 

causes of death in those who died during ICU stay or during the first 30 days after 

ICU discharge, those who died after 30 days of discharge and in the control 

population are presented in Table 7. 

Table 6. Standardized mortality ratios for patients admitted to intensive care during the 

ICU care and follow-up time. 

Age (years) Admission Admission - 30 days Admission - 1 year Admission - 3 years 

< 1 34.8 (20.6–55.0) 11.6 (4.3–25.3) 
 
 

 
 

1–6 91.1 (69.5–117.2) 50.1 (34.5–70.3) 31.9 (19.7–48.7) 6.1 (1.7–15.5) 

7–12 104.0 (65.2–157.5) 61.5 (32.7–105.1) 42.6  (19.5–80.8) 23.6 (4.7–55.2) 

13–16 30.3 (21.0–42.3) 14.2 (8.1–23.1) 10.7 (5.5–18.7) 6.2 (2.5–12.8) 

All cases 53.4 (44.7–63.2) 27.1 (21.0–34.3) 16.7 (12.1–22.6) 6.4 (3.6–10.3) 

Table 7. Causes of death in intensive care population and in control population. 

Deceased within 30 days of discharge group includes children dead in ICU.  

Diagnosis group Deceased within 30 

days of discharge 

n = 66 

Deceased after 30 

days of discharge 

n = 68 

Controls 

n = 1037 

Infection (including pneumonia) 7 (10.6) 5 (7.4) 36  (3.5) 

Neoplasms 12 (18.2) 24 (35.3) 132 (12.7) 

Metabolic diseases 4 (6.1) 8 (11.7) 72 (6.9) 

Cardiovascular 12  (18.2) 5 (7.4) 57 (5.5) 

Respiratory 0  (0.0) 0 (0.0) 5 (0.5) 

Neurology 8 (12.1) 12  (17.6) 98 (9.5) 

Head injury 5 (7.6) 2 (2.9) 186 (17.9) 

Other injury 5 (7.6) 2 (2.9) 284 (27.4) 

Gastrointestinal 3 (4.5) 3  (4.4) 10 (1.0) 

Intoxication 2 (3.0) 1 (1.5) 71 (6.9) 

Other medical 7  (10.6) 6 (8.8) 66 (6.4) 

Unknown 1 (1.5) 0 (0.0) 20 (1.9) 

In the intensive care population, the cause of death was nontraumatic in 94.1 % of 

cases, mostly neoplasms, metabolic, and neurologic diseases, in contrast to 496 of 

the 1 037 deaths (47.3 %; p < 0.001) in the control population (head injury, other 
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injury and intoxication). Congenital malformations were a significant problem 

among those children who died at ICU; 29.6 % of children who died after intensive 

care had a congenital malformation, even though neonates were excluded from this 

study.  

The standardized mortality rate (SMR) for children who had been admitted to 

intensive care was 53.4 (95 % CI, 44.7–63.2), while the SMR for those children 

alive 1 year after discharge was 16.7 (12.1–22.6) and 6.4 (3.6–10.3) after 3 years 

(Table 6). A Kaplan Meier survival curve is presented in Fig. 3 for the intensive 

care group. The mortality is highest during intensive care and within 30 days of 

discharge, even though mortality is very low. Mortality is rare after 30 days from 

discharge, but still occurs. 

 

Fig. 3. Kaplan-Meier survival curve of intensive care admitted children. 

5.1.2 Health-Related Quality of Life (Study II) 

The responders  

Quality of life questionnaires were sent to 3 452 surviving children and adolescents. 

The initial response rate was 18.3 %, and the final response rate following a 
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renewed request was 30.1 % for admitted patients. The number of responders was 

1 109 in the following age categories: 5–7 years (819, 73.9 %), 8–10 years (77, 

6.6 %), 11–14 years (113, 10.2 %) and 15 or older (100, 9.0 %). Responders had 

less frequently been admitted as emergency admissions, but there were no clinically 

significant differences in age at first admission, gender, ICU length of stay or ICU 

type. Responders more often received mechanical ventilation during their ICU stay, 

and had undergone surgery more often during their hospital stay, Study II, Table 1. 

Among those parents or patients whose mother tongue was other than Finnish or 

Swedish, only 24 of 159 (15.1 %) responded.  

Slightly more than half of the responders had one or several chronic diagnoses, 

most often neurologic diagnosis (13.7 %) or a cardiovascular disease (13.1 %) The 

distribution of responders’ chronic diagnoses is presented in Table 8 and 

demographic values in Table 9. 

Table 8. Chronic diseases of the responders. 

Chronic diagnose Number of children  Percentage  

Number of chronic diagnoses    

No chronic diseases 525 47.9 

1–2 diseases 475 43.3 

> 2 diseases 97 8.8 

Asthma and other respiratory diseases 137 12.4 

Cardiovascular diseases 145 13.1 

Neurology 152 13.7 

Endocrinology 55 5.0 

Gastrointestinal 52 4.7 

Orthopedic diseases  32 2.9 

Cancer 21 1.9 

Long-term pain 12 1.1 

Chromosomal aberrations 24 2.2 

Skin diseases and allergies 35 3.2 

Mental illness 12 1.1 

Sense organ diseases 9 0.8 

A total of 90 (8.4 %) responders had poor PedsQL scores. The admission diagnoses 

and chronic diagnoses of the patients in the poor QoL and normal HRQL groups 

among PedsQL scores are presented in Table 10. Patients in the poor HRQL group 

had a higher rate of admissions due to neurological diagnoses (30.7 % vs. 14.5 %) 

and a lower rate of admission due to respiratory diagnoses (9.1 % vs. 17.6 %) or 

sepsis (0.0 % vs. 4.6 %) compared to those with a good HRQL. Those chronic 
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diseases, which were associated with a poor quality of life were asthma, 

neurological diseases, chromosomal alterations, cancers, and long-term pain. A 

need for therapies and medication on a daily basis were significantly more common 

among those with a poor HRQL.  

Table 9. Demographic values of questionnaire responders and non-responders. 

Demographic values  Responders, n = 1109 

(30.1 %) 

Non-Responders, n = 2579 

(69.9 %) 

p-value 

Gender, Male 606 (54.6) 1503 (58.3) 0.063 

Age at admission, mean, year  4.57 (SD 5.44) 4.75 (SD 5.96)  < 0.001 

Age at time of questionnaires     0.007 

5–7 819 (73.9) 1903 (70.2)  

8–10 77 6.9) 154 (5.7)  

11–14 113 (10.2) 345 (12.7)  

> 15 100 (9.0) 310 (11.4)  

Mechanical ventilation 448 (40.4) 810 (31.4) < 0.001 

Emergency admissions 689 (62.2) 1887 (73.3) < 0.001 

Table 10. Admission related factors and chronic diseases in children with poor HRQL 

and normal HRQL among PedsQL. 

Variable PedsQL score poor, 

n = 90 

PedsQL score normal, 

n = 981 

p-value 

Gender, male 49 (54.4) 531 (54.1)  > 0.90 

Age at admission, mean (SD), years 4.91  (5.51) 4.44 (5.38) 0.19 

Age at time of answering, mean (SD), years 11.37 (5.43) 10.83 (5.38) 0.21 

ICU length of stay, mean (SD), h 68.39 (104.66) 63.39 (114.38) 0.77 

Emergency admission, n, (%) 45 (50.0) 624 (63.7) 0.01 

Hospital type     0.95 

PICU 74 (82.2) 804 (82.0)  

UH ICU 9  (7.7) 108 (11.0)  

CH ICU 7 (7.8) 69 (7.0)  

Admission diagnosis     0.005 

Cardiovascular, not operated 1  (1.1) 34 (3.5)  

Cardiovascular, postoperative 19 (21.6) 165 (17.0)  

Respiratory 8 (9.1) 171 (17.6)  

Gastrointestinal 8  (9.1) 121 (12.4)  

Sepsis 0 (0.0) 45 (4.6)  

Haematological  1 (1.1) 10 (1.0)  

Neurological  27 (30.7) 141 (14.5)  

Injury  7  (8.0) 96 (9.9)  

Metabolic  8 (9.1) 67 (6.9)  
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Variable PedsQL score poor, 

n = 90 

PedsQL score normal, 

n = 981 

p-value 

Other non-operative 2  (2.3) 42 (4.3)  

Orthopaedic 6  (6.8) 51 (5.2)  

Other postoperative 1 (1.1) 30 (3.1)  

Surgery during admission 55  (62.5) 497 (51.1) 0.045 

Chronic diseases, patient report      

Asthma and other respiratory 21 (23.3) 104 (10.6) 0.001 

Cardiovascular 15  (16.7) 123 (12.5) 0.25 

Epilepsy, CP and other neurological  42  (46.7) 102 (10.4) < 0.001 

Chromosomal 16 (17.8) 35 (3.6) < 0.001 

Diabetes and metabolic  8 (8.9) 46 (4.7) 0.12 

Liver and kidney 0  (0.0) 18 (1.8) 0.39 

Gastrointestinal 3 (3.3) 30 (3.1) 0.75 

Musculoskeletal 6 (6.7) 23 (2.3) 0.03 

Malignancy 6 (6.7) 15 (1.5) 0.01 

Allergy, dermatological  3 (3.3) 31 (3.2) 0.76 

Sensory organ diseases 0 (0.0) 8 (0.8) 1.00 

Long-term pain 5 (5.6) 7 (0.7) 0.002 

Mental disease 3 (3.3) 8 (0.8) 0.06 

Number of chronic diagnoses     < 0.001 

0 5 (5.6) 514 (52.7)  

1–2 56 (62.2) 434 (44.5)  

> 2 29  (32.2) 28 (2.9)  

Need for healthcare contacts 85 (97.7) 748 (82.2) < 0.001 

Need for regular monthly therapy 67 (75.3) 159 (16.5) < 0.001 

Regular medication 70 (78.7) 285 (29.4) < 0.001 

Table 11. ICU admission-related factors and chronic diseases in children with poor 

HRQL and normal HRQL according to the 15D, 16D or 17D questionnaire. 

Variable 15–17D score poor 

n = 113 

15–17D score normal 

n = 981 

p-value 

Gender, male 68 (60.2) 537 (54.0) 0.23 

Age at admission, mean (SD), years 6.2 (6.3) 4.5 (5.4) 0.004 

Age at time of answering, mean (SD), years 12.5 (6.1) 10.8 (5.3) 0.005 

ICU length of stay, mean (SD), h 82.9 (115.6) 61.6 (111.6) 0.031 

Emergency admission 65 (57.5) 624 (62.8) 0.31 

Hospital type     0.46 

PICU 88 (77.9) 815 (82.0)  

UH ICU 14 (12.4) 107 (10.8)  

CH ICU 11 (9.7) 72 (7.2)  

Admission diagnosis     0.04 
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Variable 15–17D score poor 

n = 113 

15–17D score normal 

n = 981 

p-value 

Cardiovascular, not operated 5 (4.5) 29 (2.9)  

Cardiovascular, postoperative 23 (20.7) 169 (17.1)  

Respiratory 12 (10.8) 179 (18.2)  

Gastrointestinal 9 (8.1) 123 (12.5)  

Sepsis 2 (1.8) 43 (4.4)  

Haematological  2 (1.8) 9 (0.9)  

Neurological  28 (25.2) 144 (14.6)  

Injury  10 (9.0) 95 (9.6)  

Metabolic  9 (8.1) 68 (6.9)  

Other non-operative 2 (1.8) 42 (4.3)  

Orthopaedic 8 (7.2) 55 (5.6)  

Other postoperative 1 (0.9) 30 (3.0)  

Surgery during admission 60 (54.1) 515 (52.2) 0.76 

Chronic diseases, patient report      

Asthma and other respiratory 28 (24.8) 109 (11.0) < 0.001 

Cardiovascular 24 (21.2) 122 (12.3) 0.12 

Epilepsy, CP and other neurological  45 (39.8) 107 (10.8) < 0.001 

Chromosomal 20 (17.7) 32 (3.2) < 0.001 

Diabetes and metabolic  8 (7.1) 47 (4.7) 0.26 

Liver and kidney 1 (0.9) 17 (1.7) 1.00 

Gastrointestinal 5 (4.4) 29 (2.9) 0.38 

Musculoskeletal 6 (5.3) 26 (2.6) 0.13 

Malignancy 8 (7.1) 13 (1.3) 0.001 

Allergy, dermatological  3 (2.7) 32 (3.2) 1.00 

Sensory organ diseases 2 (1.8) 7 (0.7) 0.23 

Long-term pain 10 (8.8) 2 (0.2) < 0.001 

Mental disease 5 (4.4) 7 (0.7) 0.004 

Number of chronic diagnoses     < 0.001 

0 12 (10.6) 505 (53.0)  

1–2 63 (55.8) 426 (44.7)  

> 2 38 (33.6) 22 (2.3)  

Need for healthcare contacts 107 (99.1) 754 (84.6) < 0.001 

Need for regular monthly therapy 82 (73.2) 152 (15.6) < 0.001 

Regular medication 70 (73.2) 294 (29.9) < 0.001 

The 15D/16D/17D answers, which measured the general health-related quality of 

life in a more functional scope, agreed with the results of the PedsQL (Table 11). 

Of the PICU patients, 113 (10.3 %) had total scores in the 15–17D less than −2SD 

of the Finnish population age-matched total score. 
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In the multivariable regression analysis, the OR for low PedsQL scores was 

associated with the number of chronic diseases, the number of ICU admissions and 

the need for medication and therapies. A decreased risk of low scores was observed 

in those who had required ICU care as neonates. (Table 12) 

Table 12. Multivariable regression analysis in children with low PedsQL scores. 

Variable Odds ratio  95 % CI p-value 

Neonate 0.23 0.09–0.56 0.001 

Number of chronic diseases     

0 1.0 (reference category)   

1 4.16 1.34–12.9 0.01 

2 8.28 2.47–27.7 0.001 

≥ 3 18.6 5.08–68.12 < 0.001 

Daily medication 2.47 1.26–4.85 0.009 

Need for therapies 8.25 4.57–14.88 < 0.001 

Number of ICU periods    

1 1.0 (reference category)   

2 1.21 0.57–2.55 0.6 

≥ 3 3.15 1.32–7.51 0.01 

Need of surgery 1.65 0.93–2.91 0.09 

Fig. 4 presents the mean values and standard deviations in PedsQL and 15–17D. In 

the entire intensive care population, the mean scores are lower than in the reference 

population. The results are statistically significant except for the scores obtained 

from PedsQL for 8–12-year-olds and from the 17D questionnaire for the 5–11-year-

olds. Fig. 5 presents how intensive care patients assess the quality of life in different 

functional dimensions. There are some differences between the ICU group and the 

reference group, mostly among children less than 15 years of age. Eating, school, 

mobility, elimination and friendship were the problem areas among both 12–15 

year and under 12 years old, younger children also had problems with speech and 

learning and memory. 
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A sub analysis for neonatal children in the responder group was performed. There 

were 208 neonatal children in the responder group. Only 8 of the responders in the 

neonatal group had poor PedsQL scores. Five of the eight had had mechanical 

ventilation, p = 0.27, and six (75 %) had an emergency admission, p = 0.62. Of 

those with poor scores, six, p = 0.002 had regular medication and six, p = 0.002 

needed further therapy. All eight children with poor scores needed annual 

healthcare visits, p > 0.99. Of the different diagnosis groups in the poor PedsQL 

group, two (25 %), p = 0.20 children had asthma, four (50 %), p = 0.05 had a 

cardiovascular disease, four, p = 0.004 a neurologic disease, while one each had an 

endocrinological disease, p = 0.18, a gastroenterological disease, p > 0.99, an 

orthopedic disease, p > 0.99, cancer p > 0.99, a chromosomal aberration p = 0.15 

and an allergy disease p = 0.27. No children in the neonatal subgroup without 

illness had poor PedsQL scores, p = 0.006. Three (37.5 %) children with poor 

scores had 1–2 diseases and five (62.5 %) had more than 2 diagnoses, p < 0.001. In 

17D questionnaire 14 of 208 (6.7 %) children in the neonatal group had 17D scores 

under -2 SD of population mean value. There was no significant difference in 

neonatal population mean score (0.9383) and control population mean score 

(0.9375), p = 0.87. 

When quality of life was analysed among a subgroup of children who needed 

surgical treatment during their ICU stay, but had no chronic diseases, only two 

children of 234 had poor PedsQL scores. There were not significant differences in 

terms of the type of hospital or ICU, gender, the need for mechanical ventilation, 

the need for emergency admission, long-term medication or need for therapy. In 

addition, only 5 (0.96 %, p < 0.001) of the children from the entire ICU population 

with no chronic diseases had poor HRQL among PedsQL scores.  
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Fig. 5. Scores in 15–17D dimensions in the ICU population and in the control population. 

A: 15D (15 years and older), B: 16D (12–14 years), C: 17D (5–11 years). 
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5.1.3 Mental well-being (Study III) 

After two requests, 1 105 (30.1 %) children responded to the SDQ questionnaire. 

An analysis was performed comparing the economical state according to the 

residential area’s annual net income between the responders’ and non-responders’ 

families. There were no differences between these groups.  

Of the group of 1 105 responders, 941 (84.9 %) had normal SDQ total scores, 

80 (7.2 %) had borderline scores, and 84 (7.6 %) had abnormal scores when the 

British cut-off values were applied (Table 13).  

Table 13. Chronic diagnoses in normal, borderline and abnormal SDQ scores. 

Variable Total 

n = 1 105 

SDQ total 

score 

abnormal 

n = 84 

SDQ total 

score 

borderline 

n = 80 

SDQ total 

score 

normal 

n = 941 

p-value 

Chronic disease, any, n, (%) 570 (52.2) 66 (79.5) 63 (78.8) 441 (47.4) < 0.001 

Chronic disease, n     < 0.001 

0 529 (48.1) 17 (20.2) 17 (21.3) 495 (52.9)  

1–2 508 (46.2) 50 (59.5) 46 (57.5) 412 (44.1)  

> 2 diagnoses 62 (5.6) 17 (20.2) 17 (21.3) 28 (3.0)  

Continuous medication 376 (34.4) 41 (49.4) 40 (50.0) 295 (31.7) < 0.001 

Need for any therapy 233 (21.5) 48 (58.5) 38 (47.5) 147 (15.9) < 0.001 

Psychotherapy 31 (2.8) 13 (15.5) 5 (6.3) 13 (1.4) < 0.001 

Need for health care/year 859 (86.3) 74 (91.4) 72 (93.5) 713 (85.2) 0.045 

Chronic diseases; diagnoses      

Asthma, other respiratory  137 (12.4) 12 (14.3) 14 (17.5) 111 (11.8) 0.29 

Heart and vascular 144 (13.0) 14 (16.7) 13 (16.3) 117 (12.4) 0.38 

Neurology  150 (13.6) 27 (32.1) 27 (33.8) 96 (10.2) < 0.001 

Diabetes and endocrinology 55 (5.0) 5 (6.0) 3 (3,8) 47 (5.0) 0.80  

Rheumatic and orthopaedics 32 (2.9) 3 (3.6) 4 (5.0) 25 (2.7) 0.34 

Gastrointestinal 52 (4.7) 6 (7.1) 9 (11.3) 37 (3.9) 0.008 

Cancer  21 (1.9) 2 (2.4) 3 (3.8) 16 (1.7) 0.27 

Long-term pain 12 (1.1) 1 (1.2) 5 (6.3) 6 (0.6) 0.001 

Psychiatric 12 (1.1) 3 (3.6) 4 (5.0) 5 (0.5) 0.001 

Allergy, skin 34 (3.1) 0 (0.0) 2 (2.5) 32 (3.4) 0.24 

Chromosomal 24 (2.2) 8 (9.5) 4 (5.0) 12 (1.3) < 0.001 

Sensory organs 9 (0.8) 1 (1.2) 2 (2.5) 6 (0.6) 0.096 

Abnormal scores were linked to young age (3.06 vs 4.70 years, p = 0.02) and a 

burden of at least one chronic disease (79.5 % vs 47.4 %, p < 0.001). Children with 
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abnormal scores more often needed continuous medication (49.4 % vs 31.7 %, 

p < 0.001), therapy (58.5 % vs 15.9 %, p < 0.001) and annual health-care visits or 

used healthcare services more frequently (91.4 % vs 85.2 %, p = 0.005). The 

chronic diagnoses linked to poor mental outcome are presented in Table 13. When 

children had no chronic diseases, their SDQ scores were significantly higher than 

those with one or several chronic diseases and even higher than the normal 

population. Most children have normal SDQ score unless they have a chronic 

disease. For example, more than 80 % of children with asthma, cardiovascular 

disease, diabetes or allergy have normal SDQ scores. In cases with long-term pain, 

only 50 % had normal SDQ scores and if a child had a psychiatric diagnosis, 42 % 

had normal scores. 

The mean scores and standard deviations for the SDQ questionnaire domains 

in different age groups are presented for Study 3 in Table 2. The means are lower 

in the ICU population than the mean values in the British population. Fig. 6 presents 

the distribution of all responders’ SDQ total scores and subscores in normal, 

borderline and abnormal answers. The impact supplement score was higher in our 

material than in the general population. The impact supplement domain had the 

highest percentage (14.4 %) of abnormal scores. In multivariable logistic 

regression analysis, abnormal scores were associated with age, need for therapy, 

and chronic diseases (Table 14). Children who do not have any chronic diseases 

have significantly better SDQ scores in every domain (Table 15).  

Table 14. Multivariable regression analysis for factors associated with abnormal SDQ 

scores. 

Variable OR  95 % CI p-value 

Age at admission    

≥ 7-years 1.0   

≤ 28-days (Neonatal child) 1.75 0.76 to 4.03 0.19 

29 days to 1-year 2.77 1.33 to 5.77 0.007 

> 1-year to 6-years 2.78 1.33 to 5.84 0.007 

Number of chronic diseases    

0 1.0   

1–2 2.34 1.29 to 4.22 0.005 

> 2 4.30 1.89 to 9.80 0.001 

Need for therapy 4.00 2.39 to 6.69 < 0.001 
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Fig. 6. Normal, borderline and abnormal SDQ score answers, total scores and 

subscores. Percentages (top) and numbers (bottom).  
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Table 15. Distribution of scores in Strengths and Difficulties Questionnaire domains 

among pediatric intensive care discharged patients without chronic diseases or with 

one or several diseases. 

SDQ domain No diseases One or several diseases p-value 

Total score   < 0.001 

Normal  495 (93.6) 440 (77.2)  

Borderline 17 (3.2) 63 (11.1)  

Abnormal 17 (3.2) 67 (11.8)  

Emotional   < 0.001 

Normal  499 (83.9) 481 (84.4)  

Borderline 18 (3.4) 40 (7.0)  

Abnormal 12 (2.3) 49 (8.6)  

Conduct   < 0.001 

Normal  444 (83.9) 407 (71.4)  

Borderline 49 (9.3) 81 (14.2)  

Abnormal 36 (6.8) 82 (14.4)  

Peer   < 0.001 

Normal  451 (85.3) 386 (67.7)  

Borderline 47 (8.9) 80 (14.0)  

Abnormal 31 (5.9) 104 (18.2)  

Hyperactivity    < 0.001 

Normal 480 (90.7) 437 (76.7)  

Borderline 24 (4.5) 48 (8.4)  

Abnormal 25 (4.7) 85 (14.9)  

Prosocial   0.006 

Normal 466 (88.1) 466 (81.8)  

Borderline 39 (7.4) 54 (9.5)  

Abnormal 24 (4.5) 50 (8.8)  

Impact supplement   < 0.001 

Normal 469 (88.7) 403 (70.7)  

Borderline 29 (5.5) 38 (6.7)  

Abnormal 31 (5.9) 129 (22.6)  

5.1.4 Social welfare, SDQ and school performance (Study IV) 

There were 1 109 patients or parents who responded to questionnaires regarding 

social circumstances (Study IV). Social determinants for children and adolescent 

groups are presented in Study IV, Table 1 and 2. 

In the present study population, 639 of 739 school age children (86.5 %) had 

no need for special arrangements in school. Mechanical ventilation during intensive 

care (p = 0.20), neonatal age (p = 0.78) or emergency admission (p = 0.40), surgery 
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during ICU stay (p = 0.32) had no effect on school performance. Children with 

problems in school had more often had several ICU admissions (12.7 % vs. 4.3 %, 

p = 0.001), one or more chronic diagnoses (86.3 % vs. 48.4 % p < 0.001), regular 

medication (71.3 % vs. 32.4 %, p < 0.001) or a need for therapy (61.4 % vs. 13.8 %, 

p < 0.001). Neurological diseases (p < 0.001), chromosomal alterations (p < 0.001), 

long-term pain (p = 0.014) and psychiatric diagnoses (p = 0.014) were associated 

with problems in school. Altogether, 96 % of children with no chronic diseases had 

normal school performance (p < 0.001), Table 16 and Study IV, Table 3. According 

to Statistics Finland, intensified or special support was provided for 17.5 % of all 

comprehensive school pupils in Finland in 2017 (Official Statistics of Finland & 

Special Education (e-publication), 2018).  

The greater part (75.0 %) of parents in the study population were married or 

cohabitating. Most parents assessed their economic situation as good (83.4 %). 

Families with two children were the most common, including 442 of 1 109 families 

(39.9 %). Economic difficulties were most common among single parent families 

(12.3 %, p = 0.001). In those families with more than 3 children, economic 

difficulties were reported in 4.4 %. The unemployment rate was 5.3 % in the study 

population (5.3 % in males and 5.3 % in females). The national unemployment rate 

for the Finnish adult population of 15–64 years of age is 6.3 %. (Official Statistics 

of Finland, 2019)  

The parents’ economic well-being was more frequently good in those with 

normal SDQ scores compared to those with borderline and abnormal scores (85.9 % 

vs 66.7 % vs 70.8 % p < 0.001). The child’s mother more often had a high level of 

education in the normal SDQ group compared to the borderline or abnormal group 

(56.6 % vs 48.1 % vs 32.9 %, p < 0.001). The father´s unemployment was more 

common in abnormal and borderline groups than in the normal SDQ group: (11.1 % 

vs 9.1 % vs 4.4 %, p = 0.008) (Study IV, Table 4)  

Table 16. School performance and number of diagnoses in the ICU population. 

School performance No diseases 1–2 diseases > 2 diseases Total 

Normal, n, (%) 336 (96.0) 294 (82.8) 21 (43.8) 651 (86.5) 

Special arrangements 14 (4.0) 61 (17.2) 27 (56.3) 102 (13.5) 

Total 350  355  48  753  

5.2 Summary of main results 

The main results of this study are summarized to Table 17. 
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Table 17. The main results of the study. 

Study Aim Main results 

I What is the short-term and long-term 

mortality among Finnish pediatric 

intensive care patients compared to the 

general pediatric population and are 

there any differences in the causes of 

deaths? 

 53 patients (1.9 %) died during the intensive care. 

 One-year cumulative mortality was 3.3 %, long-term 

mortality during the follow-up period was 4.8 %. 

 The mortality was 0.10 % in the control population, 

(all the other Finnish children of 0–17 years) during 

2009–2014.  

 The most frequent causes of death in the post ICU 

group were neoplasms (35.3 %), neurological causes 

(17.6 %) and metabolic diseases (11.7 %), while in 

the control group the causes of death were most 

often head injury and other injury (17.9 and 27.4 %), 

neoplasms (12.7 %), metabolic diseases (6.9 %) and 

intoxication (6.9 %) 

 In the intensive care population, the cause of death 

was nontraumatic in 94.1 % of cases. 

 SMR for PICU population was 53.4 (95 % CI 44.7–

63.2). 

II What is the health-related quality of life 

among children 5 years after ICU care 

compared to the general population and 

which factors are associated with a poor 

QoL?(Study 2) 

 In total 8.4 % of responders had poor HRQL 

according to PedsQL scores. 

 Nearly all children with poor HRQL had an increased 

need for healthcare, 75 % required regular therapy 

and 80 % regular medication.  

 The chronic diseases associated with a poor quality 

of life were asthma, neurological diseases, 

chromosomal alterations, cancers, and long-term 

pain. Neonates and surgical patients without chronic 

diseases had poor HRQL significantly less often than 

in the entire ICU population. 

 Of the entire intensive care population, the mean 

scores in PedsQL and 15–17D indicated a lower QoL 

in the ICU population than in the reference population 

(Fig. 4). 

III What is the rate of mental health 

problems in pediatric intensive care 

survivors compared with a healthy 

population and which disease-related 

factors are associated with these 

problems? 

 Poor psychological outcome after intensive care is 

not more common than in the normal population. 84 

of 1 105 responders (7.6 %) had an abnormal 

psychological outcome. 

 Neurologic diagnoses, chromosomal alterations, 

long-term pain and existing psychiatric diagnosis are 

the diseases in which mental health problems are 

most common.  
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Study Aim Main results 

IV Do intensive care-treated children have 

social problems, difficulties with school 

performance, and do the families have 

financial problems five years after 

discharge? Which disease-related factors 

are associated with these problems? 

(Study IV) 

 Most children in the ICU group (86.5 %) had no need 

for special arrangements in school. 

 The majority (75.0 %) of parents in the study 

population were married or cohabitating. Most 

parents assessed their economic situation as being 

good (83.4 %). 

 The parents’ economic well-being was associated 

with normal SDQ scores. The mother more often had 

a high level of education in the normal SDQ group. 

Unemployment of the father was more common in 

the abnormal and borderline groups than in the 

normal SDQ group. 

 Problems in school were linked to several ICU 

admissions, one or several chronic diagnoses, 

regular medication or need for therapy, neurological 

diseases, chromosomal alterations, long-term pain or 

psychiatric diagnoses.  
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6 Discussion 

6.1 Main findings 

The main findings of this study were as follows: 

1. During the 5-year follow-up, pediatric patients have a fifty-fold higher 

mortality than in the general Finnish population of the same age. Neurologic 

diagnoses, neoplasms and metabolic diseases were the dominant causes of 

death among ICU patients, while trauma caused the most deaths in the control 

population.  

2. The long-term quality of life is good for the majority of Finnish children and 

adolescents discharged from an ICU. Impaired HRQL is associated with the 

burden of chronic diseases. Neurological diseases and chromosomal alterations 

are the risk diagnoses for an impaired HRQL.  

3. Psychological outcome is poor for 7.6 % of patients in the long-term follow-

up. The prevalence of impaired psychological outcome in the normal 

population is 10 % among SDQ standardization. The proportion of patients 

with a high need for psychological interventions in the ICU population is quite 

similar to that in the normal population. The number of chronic diseases, 

neurological diagnoses, chromosomal alterations, and psychiatric disorders, as 

well as long-term pain were all linked to poor psychological health.  

4. Poor socioeconomic circumstances at home were more frequent in those with 

difficulties in school and poor psychological outcome. Those with multiple 

ICU admissions, a greater burden of chronic diseases, and a higher number of 

diseases, such as neurologic diseases and chromosomal alterations, frequently 

experienced more difficulties at school.  

6.2 Strengths of the study and generalizability of the results 

In the mortality study, the study population was one of the largest published, with 

2 729 patients and a control population of a million children. The follow-up time 

was long. The intensive care data was comprehensive and the population included 

all ICU-admitted children in all diagnosis groups. Finnish ICU registries and 

Statistic Finland registries of very good quality were available. The cohort was 

closed, all deaths in Finland at observation time were included in our study. The 
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mortality figures were based on reliable data and the cause of death was clarified 

by autopsy in 75.0 % in the control group and 53.7 % in ICU patients.  

In the questionnaire study, the follow-up group was one of the largest in HRQL 

studies ever made and the follow-up time was among the longest. The address data 

was up to date. Two different general quality of life questionnaires were used that 

focused on HRQL from slightly different perspectives, and the psychological and 

social aspects of the quality of life were also queried. Every child and adolescent 

who had been in intensive care during the two years study period for any cause 

were given the possibility to answer the questionnaires.  

The results are generalized for a mixed pediatric ICU population. The case-mix 

in this study is comparable to ICU patients in developed countries. The PedsQL 

and SDQ are widely used worldwide and there have been many studies regarding 

the validity of these questionnaires. The measures used were user-friendly. Children 

answered the HRQL questionnaires themselves, which is the gold-standard for 

assessing HRQL. 

6.3 Discussion of the main findings of substudies 

6.3.1 Mortality  

The short-term mortality of 1.9 % in our series is very low globally (Aspesberro et 

al., 2015; Hartman et al., 2017; Typpo et al., 2010). The mortality over the entire 

follow-up period of five years was 4.8 %. The mortality risk persists among ICU 

survivors for several years. ICU patients have a fifty-fold mortality compared to 

their age-adjusted control population at the time of admission. Mortality is still six-

fold three years after discharge. High mortality rates after ICU discharge were also 

found in Gullberg’s study in which patients who were discharged alive from a PICU 

had a twenty-fold mortality risk at follow-up after 5 years when compared to a child 

population of the same age (Gullberg et al., 2008). The differences compared to the 

results from our study may be due to different methods of calculating the control 

population. In a US study, mortality was ten-fold compared to a pediatric control 

population after a one-year follow-up period (Hartman et al., 2017). Increased long-

term mortality is caused by the long-term life-limiting conditions. Many patients 

survive the PICU, but morbidity remains high and the presence of several chronic 

diseases raise the risk of death in future. In our study, 52.1 % had one or more 

chronic diagnoses, which is similar to the results reported from Edward’s and 
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Cunca’s studies (Cunha et al., 2013; Edwards et al., 2012). Our low mortality rate 

might, however, be due to the large number of healthy surgical patients.  

Mortality among those who were discharged alive and died during the follow-

up is caused by underlying chronic conditions, especially neurologic and metabolic 

diseases and cancer. Almost a third of children who died within 30 days of 

discharge were admitted due to a neurologic reason. The cause of death is different 

between those who were admitted to an ICU and children who had not been 

admitted to an ICU, who most often died due to trauma. Trauma was a minor cause 

of death in those who had been admitted to ICU; 7.6 % of deaths within 30 days of 

ICU admission were caused by head trauma and 7.6 % by other trauma, and in late 

deaths these proportions were 2.9 % and 2.9 %. Trauma deaths occurred outside 

the healthcare system. 

The risk of mortality in the PICU population is increased with the prevalence 

of chronic comorbid conditions. In previous studies, however, there is no data as to 

which chronic diseases increase the risk of death in a PICU population. In some 

studies, the admission diagnoses and the risk of mortality are presented. In 

Gullberg’s study, late death was encountered in 9.4 % of children with respiratory 

diagnoses, in 8.3 % of those with neurological and in 6.5 % of those with 

cardiovascular diseases. The miscellaneous group, which included patients with a 

cause of death of malignancy, endocrinological disease, sepsis and post-cardiac 

arrest, was seen in 15.8 % (Gullberg et al., 2008). The causes of death were quite 

similar to those in our study, though none in our material died due to respiratory 

illness.  

In the entire Finnish child population during 2017, a total of 101 children under 

1 year of age died according to Statistics Finland. Twenty years ago, the number of 

deaths in this age group was more than 200. The most frequent causes of death in 

children under 1 year are perinatal problems, congenital malformations and 

chromosomal alterations comprising a total of 77 % of deaths. The first week of 

life is the most critical for a neonate, with one third of deaths occurring in the first 

day after birth. Prematurity is the leading cause of neonatal mortality. The leading 

causes of neonatal deaths globally are birth asphyxia or trauma during labor, and 

neonatal infections. In high-income countries the role of congenital malformations 

is more significant (Lehtonen, Gimeno, Parra-Llorca, & Vento, 2017). In Finland, 

congenital abnormalities contributed to 43 % of neonatal deaths during 2008 to 

2011 among Finnish medical birth register. Trauma, violent cause of death and 

infections are uncommon causes of death among children under 1 year of age. Also, 

the number of deaths in children 1–14 years of age has halved during last 20 years. 
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During 2017 a total of 81 children of 1–14 years died. The cause of death was most 

often neoplasm or trauma. During later teenage years, traffic accidents and suicides 

become the leading causes of deaths among boys. Accidental and violent deaths in 

boys are more common in all age groups than in girls, but the general characteristics 

of mortality are quite similar in both genders. (Official Statistics of Finland & 

Causes of Death, 2018)  

6.3.2 Quality of life 

In this study, it was demonstrated that less than 10 % of patients had poor long-

term quality of life after intensive care discharge. Poor quality of life was defined 

as a PedsQL score more than -2 standard deviations below the population-based 

mean value (Varni et al., 2003). The majority of children have a normal quality of 

life after treatment on an ICU. The results from this study are similar to those in 

Taylor’s study, in which almost 85 % of children had a good quality of life after a 

3.5 year follow-up, while 10 % of children had a poor HRQL and were likely to 

live dependent on care (Taylor et al., 2003). The rate of children with poor QoL in 

our study population was in agreement with previous studies with a rate of 10–17 % 

of children experiencing functional impairment as a result of critical illness after 

2 years of follow-up (Conlon et al., 2009; Gemke et al., 1995; Namachivayam et 

al., 2012).  

Poor QoL is linked to chronic conditions instead of acute events leading to ICU 

admission. The presence of a chronic illness clearly impairs quality of life. The 

burden of disease, such as the need for chronic medication, visits to healthcare, and 

a need for therapy increase the risk of a poor outcome. Nearly 95 % of patients with 

a low HRQL at follow-up had chronic conditions, most commonly neurologic 

diseases (nearly half of the children), chromosomal abnormalities (20 %) and 

malignancies. Almost all of them required healthcare services. Only 8 of 208 (3.8 %) 

of those children who had been admitted to ICU in neonatal age, had poor HRQL. 

Intensive care factors did not associate with poor HRQL, but in the poor HRQL 

group children had significantly more often several chronic diagnoses, a need for 

medication and for therapies. Cardiovascular diseases and neurological diagnoses 

were significantly more often represented in this group.  

In the subanalysis among healthy surgical patients, intensive care factors did 

not differ among those two (0.9 %) children who had a poor HRQL. There was not 

a statistically significant difference between the groups in the need for therapy or 
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regular medication. Among healthy children, the risk of poor HRQL after intensive 

care is very small.  

Mestrovic et al reported similar results in their study. The majority of children 

discharged from the PICU had a good HRQL as measured by Royal Alexandra 

Hospital for Children Measure of Function (RAHC MOF). Similarly, the majority 

of children with no chronic condition (88.8 %), as well as those with a chronic 

condition other than a neurodevelopmental disability (81.6 %) had minimal 

ongoing health problems and a good quality of life. Only 21.4 % of children with 

neurodevelopmental disabilities had a good HRQL, 39.3 % had a poor HRQL and 

39.3 % had a fair HRQL (Mestrovic et al., 2007). In another study the quality of 

life of ICU admitted patients was studied before admission by using the RACH 

MOF score and 24 months after discharge and compared with HRQL of non-ICU 

patients. After 24 months follow-up, the RAHC MOF score was decreased for 19 % 

of ICU admitted patients, and especially for those patients who had a chronic health 

condition. In a control group, the RACH MOF score was decreased for only 1 % 

of patients. Severity of illness had a significant impact on children’s quality of life. 

Reduced HRQL was more frequent among children with neurodevelopmental 

disability (Polic et al., 2013). The burden of several chronic diseases seems to 

decrease HRQL. However, children with comorbid diseases assess their HRQL as 

being better than does the assessment by parents or clinicians (Morrison et al., 

2002).  

To better understand the effect of intensive care admission on outcome, a sub 

analysis was made among neonatal and healthy surgery patients. There was no 

statistically significant difference in mean total 17D scores between neonatal ICU 

population and control values. A poor HRQL was rare in the neonatal group and 

associated with chronic conditions. The results were similar to those in a Finnish 

study of 1 000 very preterm infant´s HRQL at the age of 5 years using the 17D. 

Unless preterm infants had a statistically significantly lower HRQL than the control 

group, the HRQL was close to that of the controls. Socioeconomic factors such as 

a low family income, mother´s unemployment, and living in a family with a step-

parent or in a single-parent home decreased the HRQL in their study (Rautava et 

al., 2009). In another Finnish study, premature-related morbidity’s impact on 

HRQL at eight years of age was examined and compared to term-born controls of 

the same age. The HRQL of the healthy preterm children was very good and did 

not differ significantly from that of the controls. Among children with one or more 

morbidities, the 17D scores were significantly lower in nine of 17 dimensions than 

the children in the control group (Huhtala et al., 2016).  
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Unfortunately, we do not know what the children’s’ HRQL was before 

admission or soon after discharge in our study population. This is a major limitation 

hampering the comparison of children’s’ quality of life to population means. In the 

set up included in this study, only those whose quality of life was very poor were 

sublimated from the rest of the PICU population. A child may suffer clearly 

impaired HRQL, however, even though his or her scores were above the -2SD cut-

off point scores. 

6.3.3 Psychological wellbeing 

This study concerning psychological outcome after pediatric intensive care was the 

first study with a follow-up time of several years and an entire general large PICU 

population. The psychological outcome after pediatric intensive care population 

was good. Only 7.6 % of children had a poor psychological outcome 6 years after 

intensive care admission. Children with abnormal SDQ scores were younger, and 

they more often had regular medication and a need for healthcare. Multivariate 

logistic regression revealed that poor psychological outcome was associated with 

chronic diseases, neurological and chromosomal diagnoses and long-term pain, and 

existing psychiatric diagnoses. 

In contrast to our results, Als et al found that 20 % of PICU-admitted, severely 

ill children had a risk of psychiatric disorders at 5 months after discharge (Als et 

al., 2013), although that follow-up time was considerably shorter than in our study. 

In a small study by Rees, PICU admission was found to be associated with a higher 

prevalence of PTSD at 12 months after discharge compared to children treated in 

general wards (21 % vs 0 %) (Rees et al., 2004). Shears et al studied psychiatric 

status after meningococcal disease in a cohort of 66 children. Psychiatric disorders 

were found in 57 % of survivors, the most common disorders were depressive, 

oppositional defiant and anxiety disorders. After 12 months of follow-up, 

psychiatric disorders were present in 32 % of those of 6 years and older, and in 26 % 

of children under 6 years (Shears et al., 2007).  

According to Goodman’s studies in a low risk population, 10 % of children 

give abnormal scores and 10 % borderline scores (Goodman, 1997). The intensive 

care population does not appear to be at risk of elevated rates of psychological 

problems according to the British thresholds. The low response rate, however, is 

important to keep in mind in this context. In addition, we performed the follow-up 

5 years after ICU treatment and we do not have data as to psychological wellbeing 

within 12 months after discharge. It is therefore possible that there were mental 
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problems in our study patients during the first months or years after intensive care. 

The residential area income did not differ according to responder and non-

responder groups. However, we cannot exclude the possibility that better-

functioning families filled out the questionnaire more often. In Long´s study from 

Switzerland the response rate of critically ill patient´s family members was found 

to be low, especially when assessing psychological symptoms. A better self-

assessed health among family members was associated with a higher likelihood of 

completion of baseline surveys (Long, 2017). In a Swiss study, subjects who had a 

higher socio-economic status, reported a better subjective health, and those who 

were Swiss nationals responded more often to questionnaires (Volken, 2013).  

The burden of the psychological situation is heavy in those families with 

children with abnormal SDQ scores. As many as 71 % of those families reported 

increased Impact supplement rates. When only 15.5 % of these children received 

psychotherapy, the families are struggling alone under a heavy burden. Patient- and 

family-oriented care has been found to prevent post intensive care symptoms in 

families. The American College of Critical Medicine has published guidelines for 

improving family caregivers’ outcome after ICU stay  (Davidson et al., 2012). They 

recommend that family members be offered open or flexible family presence at 

bedside that meets their needs, while providing support for staff, and be allowed to 

participate in interdisciplinary team rounds, and even be allowed to be present 

during resuscitation. Family members need the option to be taught how to assist in 

the care of their critically ill child to improve parental confidence and parental 

psychological health during and after the ICU stay. Family educational programs 

as a part of clinical care have been demonstrated to be beneficial for family 

members. The need for patient- and family-centered care is greatest in the pediatric 

intensive care. Health care delivery systems should provide for the physical 

comfort and emotional support for patients and family members (Davidson et al., 

2012).  

Psychiatric disorders in the PICU population may impair functioning at school, 

as well as in family and social roles, and may negatively affect health-related 

quality of life. Mental disorders also carry a risk of suicide, which may continue on 

into adulthood (Davydow et al., 2010).  

6.3.4 Socioeconomic circumstances, mental health and schooling 

The main finding in this study was that socioeconomical difficulties are more 

frequently reported in families of children with poor mental health and chronic 
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diseases. Up to 40 % of children in abnormal and borderline SDQ groups have 

difficulties at school, which is four-fold compared to those with normal scores. 

Similarly, parents in these families reported a three-fold rate of economic problems 

compared to families with normal SDQ-scored children. Maternal education was 

also lower, and parental unemployment was higher among families with abnormal 

or borderline SDQ scores. Intensive care factors were not associated with 

difficulties in school, whereas those with a burden of a chronic disease more 

frequently had a need for special arrangements at school. Performance in school 

was good for 96 % and family financial status was significantly better among 

children with no chronic diseases compared to those with one or several diseases. 

Neurological diseases represented a clearly perceptible group that more often 

experienced difficulties in school and in further education. 

There are a few studies concerning children´s social circumstances after 

intensive care in a general PICU population, as school performance is more often 

studied. Als et al reported an increased risk of deterioration in academic 

performance and difficulties in school among previously ICU-treated children. 

They also found that neuropsychological function was most reduced in children 

with meningoencephalitis and septic illness (Als et al., 2013). Similarly, in a British 

national cohort study, more than a quarter of children who survived after meningitis 

in infancy had major educational problems at the age of 16 years (de Louvois, 

Halket, & Harvey, 2007). A decline has been shown to occur in neurofunctional 

status in up to a quarter of children requiring PICU care. The proportion varies 

based on primary diagnosis and the severity of illness. Children who have been 

admitted for primary neurologic diagnoses or suffer cardiac arrest or need invasive 

interventions have the poorest outcomes (Caprarola, Kudchadkar, & Bembea, 

2017). It is important to recognize the difficulties in schooling in these patient 

groups and imperative to provide the support needed.  

In our study, the frequency of abnormal SDQ was 9.7 % in families that 

reported financial problems while only 2.9 % of those with normal SDQ scores had 

financial problems. These numbers are lower than in a German general population 

study with children and adolescence in the age-range of 3–17 years, in which 23.2 % 

of the children in the lowest socioeconomic group were classified as having 

abnormal or borderline SDQ scores, compared to 8.1 % in highest socioeconomic 

group (Holling et al., 2008). The differences may be explained by difference in 

social security structures between the countries and due to the fact, that in our 

material the parents defined their economic situation themselves and no income 

limits were used.  
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In our study, the frequency of families reporting economic problems in those 

with poor school performance was only 4.2 %. The unemployment rate among 

fathers of those with problems in school was 4.2 % and mothers 4.0 %, while it was 

5.3 % in the entire population (5.3 in males and 5.3 % in females). These numbers 

are lower than the unemployment rate for the Finnish adult population of 15–64 

years of age (6.3 % in 2018). (Official Statistics of Finland, 2019) 

In Finland, poverty has increased most over the last years in families with small 

children. Based on statistics from 2015, 101 000 children in Finland (9.4 %) live in 

poverty. Child poverty is higher in single-parent families; One in five children of 

single-parents families belonged to low-income group, while 7 % of children in 

two parent families lived in low-income households. The poverty in families with 

children is caused by unemployment, low education and changes in working life. 

(Sironen & EAPN-Fin, 2017)  

6.4 Limitations of the thesis 

The major limitation of this study was the low response rate of 30 % in the 

questionnaire studies. Although there were no clinically significant differences 

between the age of responders and non-responders, the responders were more often 

electively admitted for ICU treatment and more often received mechanical 

ventilation or surgical treatment. It is possible, that responders were better 

functioning surgical patients. It is not possible to exclude that better functioning 

families were more active in responding to the questionnaire, even though no 

financial differences between the residential areas of responders and non-

responders was demonstrated. 

Another major limitation concerns the lack of data on the children´s state of 

health before and after the ICU period in 2009–2010. Data in intensive care 

treatment before or after 2009 and 2010 was not available. All information on 

diseases was asked in the questionnaires, though for example congenital diseases 

must have existed prior to the ICU admission. Furthermore, the pediatric mortality 

scores were not available for all the patients admitted to the ICU in 2009 or 2010. 

Paediatric index of mortality (PIM2) or Pediatric Risk of Mortality Score (PRISM3) 

indicate well the burden of diseases in pediatric intensive care patients. The absence 

of scores hampers a comparison of the morbidity of the patients with other units. 

American cut-off points were used in the PedsQL questionnaire and British 

cut-off points in the SDQ to determine abnormal scores, as ratified Finnish 

thresholds were not available. British cut-off values have been shown to be 1–2 
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points higher than the Finnish scores in other age-groups, and this might have 

caused an underestimation in the numbers of children with a poor outcome. 

The quality of life was assessed at one moment in time, and it is therefore not 

known if the HRQL was going to become better or worse. We as well did not 

enquire as to the parents’ or siblings’ chronic diseases, psychiatric diseases or 

substance abuse problems, which could increase the family’s burden of diseases.  

The diagnosis groups in this study are quite inexact, such as neurologic disease 

or metabolic disease. It is therefore not possible to make any comparison in the 

degree of difficulty between the diagnosis groups. One diagnosis group may 

include many different levels of state of health.  

6.5 Clinical and practical implications 

Discharged pediatric patients and their families have numerous impairments in 

their health status which may last for months or years after hospital discharge. 

These impairments may affect physical, psychological, cognitive and social 

functioning (Watson et al., 2018). These long-term consequences may be 

ameliorated by rehabilitation, as well as outpatient and community care settings. 

The continuum of care is important.  

This study demonstrates that pediatric intensive care mortality in Finland is 

low, but mortality occurs in certain patient groups. Mortality is increased in the 

PICU group compared to the non-PICU group. The health-related quality of life is 

good for the majority of children, less than 10 % experience their HRQL as being 

poor. Mortality and a poor HRQL, as well as poor psychological outcome and poor 

success in school are largely linked to neurologic diagnoses. As the risks are 

recognized, there should be a specific follow-up and rehabilitation system for every 

child at risk for a poor HRQL. Some diseases progress, however, in spite of 

treatment or rehabilitation. For some diseases, there is no healing treatment.  

As this study is one of the first long-term follow-up studies in a general 

pediatric intensive care population, it can pave the way for further studies.  

Globally, there is a lack of long-term HRQL follow-up for critically ill children. 

In some countries, such as in the U.S., the U.K., Australia and New Zealand, long-

term outcome has been planned to be included as a part of registry data and 

reporting (Namachivayam et al., 2012). Registry data for long-term HRQL would 

help clinicians to focus resources and care on those children who are likely to need 

the most support. 
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6.6 Palliative care and intensive care 

Some children have such life-limiting conditions (LLC) that there is no reasonable 

hope of any cure. Due to the use of medical technology, including PICU stay, the 

prevalence of these children in hospitals worldwide is increasing. The death of a 

child with these conditions is often expected. Admissions to PICU are stressful for 

both child and parents, and the parents and siblings of a child who die in hospital 

have been shown to suffer more psychological symptoms than if the child dies at 

home. If a child is going to die despite PICU care, should intensive care be withheld 

and palliative care be provided (Fraser & Parslow, 2018). A child will benefit from 

palliative care when no treatment has been shown to substantially alter their 

expected progression towards death (Himelstein, Hilden, Morstad Boldt, Weissman, 

2004). Applying palliative care requires that in each case and in each family the 

situation is explored individually (Meyer, Ritholz, Burns, Truog, 2006). Patients 

and families must be given enough time to reach decisions at the end of life, and 

physicians should provide the information about the patient’s prognosis and what 

goals can be accomplished by the use of specific interventions (Truog et al., 2008). 

Examples of conditions appropriate for pediatric palliative care are diseases 

requiring intensive long-term treatment aimed at maintaining the quality of life (e.g. 

chronic and severe respiratory failure), progressive conditions in which it is not 

possible to provide curative treatment (e.g. progressive metabolic disorders), and 

conditions involving severe, nonprogressive disabilities causing extreme 

vulnerability to health complications (e.g. hypoxic or anoxic brain injury) 

(Himelstein et al., 2004). 

Palliative care maintains the quality of life in an ultimately terminal condition. 

The focus is on the relief of symptoms such as pain, dyspnea, agitation or nausea. 

The child’s physical, emotional, social, psychological and spiritual needs must be 

cared for. The patient’s and family´s wishes must be listened to (Himelstein et al., 

2004).  

6.7 Suggestions to improve children’s outcome after ICU care and 

for future studies 

Pediatric ICU survivors, and those with a chronic critical illness or pre-existing 

chronic disease represent a research gap (Watson et al., 2018). Studies of the long-

term outcome of intensive care patients and their families are urgently needed to 

determine strategies to prevent post-ICU morbidities in survivors and in families. 
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More data is needed at the individual level to identify those patients who are at 

greatest risk for health impairments, and to elucidate the factors affecting their 

recovery (Aspesberro et al., 2015; Needham et al., 2012). The vulnerabilities and 

exposures that lead to an increased risk of psychiatric morbidity must also be well 

understood. Studies of the best methods for survivors’ cognitive rehabilitation and 

psychiatric interventions and complementary medicine interventions (Needham et 

al., 2012; Watson et al., 2018) are also needed. A systematic PICU follow-up should 

exist to integrate care and rehabilitation expertise to better identify and manage 

post-PICU morbidities (Bennett, 2015).  

Studies of PICU survivors should include well-designed prospective 

longitudinal studies. Studies should include information on ICU admission causes, 

the ICU course, as well as the surrounding events, pre-existing comorbidities and 

family characteristics. A pre-admission health-related quality of life should be 

assessed at the time of admission to identify any possible deterioration due to 

critical illness.  

It is important to inform families of the potential cognitive and psychological 

difficulties that their child may face during recovery. Psychological support may 

improve outcomes for both children and parents. Further research is necessary to 

determine the timing, extent and type of psychological support that is best for 

children and families. As we begin to address the long-term outcome for our 

patients, we must address long-term outcomes for their families as well. The 

increased burden on the caregiver is a risk for the entire family. We should look 

beyond the hospital doors to maximize the quality of life of young survivors.  
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Table 18. Interventions to improve children’s outcome. 

Intervention 

A Rehabilitation pre and post-discharge 

 Rehabilitation plan for different diagnosis groups and individual rehabilitation plans for at risk patients 

 Physical, psychological and complementary medicine interventions (e.g. physiotherapy, 

psychotherapy, occupational therapy) 

 Focusing interventions on the most severe diagnoses and risks after discharge 

B Raising awareness and education of post-ICU health threats among survivors, families and clinicians 

C Follow-up 

 Measuring HRQL as a part of the follow-up 

 Systematized PICU follow-up clinics 

 Identifying barriers in post-ICU rehabilitation 

D Future studies 

 Understanding the mechanisms of post-ICU morbidities and evaluation of risk factors for survival and 

decreased HRQOL 

 Identifying research gaps and resources to study 

 Individual level study to make the rehabilitation work optimally 

 Study of risks of psychiatric morbidity 
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7 Conclusions 

1. Pediatric intensive care mortality is low in Finland. Mortality may still occur 

several years after intensive care discharge. Children admitted to an ICU are at 

a fifty-fold greater risk of mortality than those who have not been admitted to 

an ICU. Neoplasms, neurological causes and metabolic diseases are the most 

frequent causes of death in ICU group.  

2. Health-related quality of life is good in the majority of Finnish children after 

intensive care. The factors leading to decreased HRQL are the burden of 

chronic diseases, as well as continued healthcare and medication. Nearly half 

of the children in the poor QoL group had a neurological disease, and almost 

20 % of children in this group had chromosomal alterations. The majority of 

children in the poor QoL group had one or several chronic diseases and 

required healthcare support and continuous medication. 

3. The majority of children have a good psychological long-term outcome after 

intensive care. Children with a poor psychological outcome after ICU 

admission showed a higher prevalence of neurological, chromosomal, and 

psychiatric diagnoses, and long-term pain, as well as a greater need for 

healthcare services, therapies, and daily medication. 

4. Difficulties in school and socioeconomical problems were more frequent in 

those families whose child had chronic comorbid illnesses, especially 

neurologic or chromosomal abnormalities or poor mental health. 
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