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1Introduction

Children, who are admitted to the Pediatric Intensive Care Unit (PICU) suffer from 

severe and sometimes life-threatening conditions. They use multiple medicines and 

need technical support like mechanical ventilation. Most of the children recover, but 

some children die during their PICU stay.

Over the last decades, PICU mortality in the more economically developed countries 

has declined substantially from around 9% to approximately 2-4% (1-3). This is due to 

many factors, including factors that are not healthcare related, such as improvements 

in road safety, seatbelts, bike-helmets, swimming lessons, less poverty etcetera. 

Prevention of infectious diseases, faster recognition of severely ill children, higher 

levels of care in the hospital ward and improvements in PICU care also contributed to 

the decline in PICU mortality. The last decade, focus on PICU outcomes is no longer 

restricted to mortality alone. Short and long-term outcome, functional outcome, mental 

and cognitive outcomes and quality of life are becoming increasingly important (4-6). 

Nevertheless, PICU-mortality remains an important outcome measure.

When studying (P)ICU outcome, it is important to correct for the severity of illness. This 

is done by using ‘mortality prediction models’, also known as ‘severity of illness models’. 

These models have been developed in both the adult intensive care unit (ICU) and PICU 

to predict outcome, in particular mortality (1, 2, 7-15). They are useful for standardizing 

results of research and for comparing the quality of patient care between (P)ICUs. The 

ultimate goal of these scoring systems is to improve quality of care.

The mortality risk of PICU patients, as measured by prediction models, may vary between 

groups of patients. The majority of the PICU patients has a mortality risk of less than 

1% or between 1-5% (1, 11). In a group of patients with a low mortality risk, the number 

of deaths will be low (but not zero). The model itself only gives a predicted mortality 

risk, does not perform perfectly, and also does not explain the underlying reason why 

a patient dies. Low-risk PICU nonsurvivors are potentially an interesting population. If 

low-risk PICU patients die, death can be considered as ‘unexpected’. Mortality, despite 

low severity of illness score, might be attributed to factors not included in the model 

or to possibly preventable causes like healthcare related harm. Studying ‘unexpected 

deaths’ may be an efficient way to study healthcare related harm, since in a study 

among hospital deaths, the unexpected deaths had a higher prevalence of problems 

related to quality of care compared to all hospital deaths (16). Therefore, identifying 

the reasons why low-risk patients die might reveal opportunities to improve the safety 

and quality of PICU care (16).
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An imaginary example of a patient with a low predicted mortality risk who is exposed 

to healthcare related harm, is given below.

Boy John, an infant of two months, develops a cough and dyspnea and is admitted 

to the hospital. The diagnosis of bronchiolitis is made, an infection of the airways 

caused by a virus. He receives extra oxygen and is admitted to the PICU because 

of high work of breathing. The next day, the work of breathing worsens, he is 

intubated and is put on a mechanical ventilator. He gets a central intravenous line 

to give sedative medications. His parents are overwhelmed at first by the sudden 

deterioration and the sight of all the machines, tubes, lines and sedatives that he is 

receiving. The nurses and doctors assure them however that his situation is stable 

and he will recover in about a week.

After several days, John develops a high fever. He is treated with antibiotics. Despite 

these interventions, he gets sicker. He develops a severe ‘septic shock’, with a low 

blood pressure during many hours. He receives medication to support the circulation. 

The next day, it is discovered that a mistake has been made in the dosage of the 

antibiotics. The dosage was ten-fold too low. The dosage is increased. Gradually, 

John recovers and the sedative medications are stopped. However, he does not 

wake up. A scan of the brain reveals severe and irreversible damage, probably 

induced by the ischemia during the period of low blood pressure. It is decided to 

stop the mechanical ventilation, and John dies, two weeks after being admitted to 

the pediatric intensive care.

In the imaginary example, a central line infection that was inadequately treated, 

changed the outcome of the patient. The central line infection itself and the mistake 

in the dosage of the antibiotics are examples of so called ‘adverse events’. Adverse 

events are unintended injuries, caused by healthcare management rather than by 

the patient’s underlying disease. In this case, the adverse events resulted in a septic 

shock, hypotension, cerebral ischemia and, finally, death.

There has been extensive research on healthcare related harm (adverse events) 

and avoidable death among the hospital population, both internationally and in 

the Netherlands (17-19). There are several studies on healthcare related harm in 

the general PICU population (20, 21). There is hardly any research however on 

healthcare related harm in low-risk PICU nonsurvivors.
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1An important but unanswered question is if death of low-risk PICU patients might 

be preventable in some cases. Can we discover the reasons why some of these 

children die? Can we find opportunities for increasing quality of care in the PICU? 

In the example of boy John, death probably could have been prevented. This thesis 

tries to unravel the above-mentioned questions.
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Aims and outline of this thesis

The aim of this thesis is to study factors involved in mortality of low-risk PICU patients, 

defined as PICU patients with a low predicted mortality risk (<1%) that died during 

their PICU stay. Studying these ‘unexpected deaths’ might reveal opportunities to 

improve quality of PICU care.

In order to differentiate between low-risk patients and other PICU patients, we also 

studied patients at the other end of mortality range, the high-risk PICU patients 

(predicted mortality risk > 30%). Are the same factors involved in the death of high-

risk PICU patients?

The main research questions in this thesis are:

1.	 What factors are associated with death in low-risk PICU patients and in high-risk 

PICU patients?

2.	 What is the occurrence of adverse events in low-risk PICU patients and in high-

risk PICU patients?

3.	 What is the contribution of (preventable) adverse events in death of low-risk PICU 

patients?

In Chapter 2, a retrospective cohort study on factors associated with death of low-

risk PICU patients is presented. Chapter 3 is a retrospective cohort study on factors 

involved in mortality of high-risk PICU patients. Chapter 4 is an exploratory study on 

adverse events in low-risk PICU nonsurvivors in two PICUs. Chapter 5 is a nationwide 

case control study of adverse events in low-risk PICU nonsurvivors, compared with 

low-risk survivors, high-risk nonsurvivors and high-risk survivors. In Chapter 6, the 

main findings and conclusions of this thesis are discussed and recommendations for 

future research are given. In the last two chapters (Chapter 7 and 8) a summary 

and Dutch summary are given.
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Abstract

Objective: To determine differences between survivors and nonsurvivors and 

factors associated with mortality in pediatric intensive care patients with low risk 

of mortality.

Design: Retrospective cohort study.

Setting: Patients were selected from a national database including all admissions 

to the PICUs in The Netherlands between 2006 and 2012.

Patients: Patients less than 18 years old admitted to the PICU with a predicted 

mortality risk lower than 1% according to either the recalibrated Pediatric Risk of 

Mortality or the Pediatric Index of Mortality 2 were included.

Interventions: None.

Measurements and Main Results: In total, 16,874 low-risk admissions were 

included of which 86 patients (0.5%) died. Nonsurvivors had more unplanned 

admissions (74.4% vs 38.5%; p < 0.001), had more complex chronic conditions 

(76.7% vs 58.8%; p = 0.001), were more often mechanically ventilated (88.1% vs 

34.9%; p < 0.001), and had a longer length of stay (median, 11 [interquartile range, 

5–32] d vs median, 3 [interquartile range, 2–5] d; p < 0.001) when compared with 

survivors. Factors significantly associated with mortality were complex chronic 

conditions (odds ratio, 3.29; 95% CI, 1.97–5.50), unplanned admissions (odds ratio, 

5.78; 95% CI, 3.40–9.81), and admissions in spring/summer (odds ratio, 1.67; 95% 

CI, 1.08–2.58).

Conclusions: Nonsurvivors in the PICU with a low predicted mortality risk have 

recognizable risk factors including complex chronic condition and unplanned 

admissions.
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Introduction

Over the last decades, the mortality rate in the PICU in the more economically 

developed countries has decreased substantially from around 9% (United States, 

1980–1985) to approximately 3% (1–5). The PICU mortality rate in The Netherlands has 

decreased from 7.1% in 1992 to 2.9% in 2013 (6–9). The PICU care in The Netherlands 

has been organized in eight tertiary centers. The Pediatric Intensive Care Evaluation 

(PICE) data registry is evaluating practices and outcomes of all patients admitted 

to the PICUs in The Netherlands since 2003. To predict the mortality risk for PICU 

patients, the PICE registry is using both Pediatric Risk of Mortality (PRISM) and 

Pediatric Index of Mortality 2 (PIM2) (1, 9, 10). Eighty percent of the children admitted 

to a Dutch PICU between 2006 and 2009 had a predicted mortality risk lower than 

10% according to both prediction models (9).

Nonsurvival within the low-risk subpopulation may reflect avoidable mortality and 

thus substandard quality of care (11). It is unknown whether there are differences 

between low-risk PICU survivors and nonsurvivors. Identifying these differences may 

recognize currently unknown risk factors and may lead to improvement of care for 

this population.

Therefore, the aim of this study is to determine differences between survivors and 

nonsurvivors of PICU patients with a low risk of mortality and to determine which 

factors are associated with mortality in the low-risk group.
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Materials and methods

Study Population

Patients less than 18 years old with a low predicted mortality risk who were 

admitted to one of the eight PICUs in The Netherlands between January 1, 2006, 

and January 1, 2012, were included in this study. A “low mortality risk” was 

defined as a predicted mortality risk less than 1% according to either the PRISM 

II (referred to as PRISM) or the PIM2 risk score (9). In this study, both models 

were recalibrated to predict the overall mortality in the total population in this 

particular 6-year period without altering the relative weights of risk factors in 

the models and thus retaining the discriminative power of the original models (9).

Patients who were already dead before PICU admission (e.g., patients admitted for 

organ transplantation already being brain-dead) or patients admitted for palliative 

care, patients dying within 2 hours of PICU admission, and patients transferred 

to another ICU during their PICU treatment were excluded from the study. Data 

of patients that did not pass quality control during local site audit visits and were 

excluded from the annual reports were also excluded from the study.

Cases who died in the PICU were defined as nonsurvivors of the PICU, controls 

as survivors. 

The Institutional Review Board waived the need for informed consent.

Design

This was a retrospective cohort study based on prospectively collected data from 

the Dutch PICE registry.

PICE Registry

The PICE registry was established in 2000 as an independent national nonprofit 

foundation to develop and maintain a continuous registration of data relating to all 

children admitted to all pediatric intensive care departments in The Netherlands 

(12). The database contains anonymized information regarding characteristics of 

patients and admission, severity of illness and risk of mortality (PRISM and PIM2), 

treatment, and patient outcome (1, 10, 13). For the primary admission diagnosis, 

underlying and associated diagnoses, the “Australian and New Zealand Paediatric 

Intensive Care” (ANZPIC) coding system is being used (14). Data quality is assessed 

using standard procedures including audit site visits. Mortality is registered as 

PICU mortality.
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Data Collection and Definitions

To determine differences between both groups, variables were included that 

represented several aspects of the PICU stay as defined in the PICE code book, 

such as variables describing the circumstances of admission, physiologic state, 

PRISM and PIM2, and patient outcome.

A “complex chronic condition” (CCC) was defined according to Feudtner et al 

(15) as “any medical condition that can be reasonably expected to last at least 

12 months (unless death intervenes) and to involve either several different organ 

systems or one organ system severely enough to require specialty pediatric 

care and probably some period of hospitalization in a tertiary care center.” The 

PICE registry uses the ANZPIC registry diagnostic code list (14). An admission 

was classified as having a CCC if either the primary diagnosis, the primary 

underlying diagnosis, or the first additional diagnosis was a diagnosis defined as 

a CCC according to a modified list by Feudtner et al (15–17). PICE diagnoses not 

appearing on these lists were classified before analyzing the data according to 

expert opinion (C.W.V., J.L.). The list of the PICE database diagnoses grouped as 

a CCC is described in Appendix (Supplemental Digital Content 1, http://links.lww.

com/PCC/A387).

“Admission outside office hours” was defined as admission between 6:00 p.m. 

and 8:00 a.m. on weekdays, or on a Saturday or Sunday (18). “Specialized 

transport upon admission” was defined as a transport to the PICU center by a 

specialized transport team accompanied by a pediatric intensivist, neonatologist, 

or specialized trauma team. “Readmission” was defined as a readmission within 

48 hours after discharge from the PICU.

Statistical Analysis

The data were first checked for nonvalid data. Illogical and impossible values 

that surpassed physiologic threshold values were excluded if the value likely 

resulted from a typo or a measurement error. In case of typo/measurement error, 

the corresponding PIM2 or PRISM value was coded as “invalid.” (Examples of 

typo/measurement errors: diastolic blood pressure > 400 mm Hg, low Pao
2
 in 

combination with cyanotic congenital heart disease which by definition should be 

excluded from PRISM score.) Depending on their distribution, differences between 

cases and controls for continuous variables were tested using the Student t test or 

Mann-Whitney U test. For dichotomous variables, Fisher exact test or chi-square 

test was used.
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To determine associations between PICU mortality and risk factors, a multivariable 

logistic regression model was used. For the number of independent variables that can 

be included in the regression model, the rule of thumb is the number of cases divided 

by 10, as long as the number of noncases is the same or higher (19). The number of 

cases let us to include a maximum of eight independent variables in the final analysis. 

Subsequently, several variables were recoded/dichotomized. Criteria for choosing 

the variables were significant result of the univariable logistic regression analysis, 

being present at admission, not being part of the PIM/PRISM score and no relevant 

interaction with another variable. The only exception on variables not being part of 

a mortality score was the variable “unplanned admission,” which is part of the PIM2 

model but not of the PRISM model. “Statistically significant” was defined as p value of 

less than 0.05. Statistical analyses were performed using IBM SPSS Statistics version 

22.0 (Chicago, IL). During the process, an independent statistician was involved.
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Results

Population Characteristics

In total, there were 30,778 PICU admissions, 29,707 survivors and 1,073 

nonsurvivors (3.5%). A total of 1,422 admissions (55 nonsurvivors) were excluded 

based on nonvalid data (admissions not passing quality control, not included in the 

annual PICE reports or no known mortality risk). A total of 1,023 admissions (54 

nonsurvivors) were excluded based on the exclusion criteria. Those admissions 

were either admitted with infaust prognosis, died within 2 hours after admission 

and therefore did not fulfill criteria to obtain PRISM or were greater than 18 years 

old (Fig. 1). A total of 11,459 admissions with a mortality risk greater than or equal 

to 1% were excluded. The remaining 16,874 patients (54.8%) had a low mortality 

risk and were included. Of these patients with a low mortality risk in total, 86 

patients (0.5%) died in the PICU. Their median age was 4 years (interquartile 

range [IQR], 0–11), the median recalibrated PRISM mortality was 0.62% (IQR, 0.46–

0.94%), and median PIM2 recalibrated mortality risk was 0.84% (IQR, 0.40–1.36%) 

(Table 1).

Differences Between Low-Risk Survivors and Nonsurvivors

There were no differences between both groups in age and gender (Table 2). 

Although the predicted mortality risk was low, there was a small but statistically 

significant difference in predicted risk between nonsurvivors and survivors in 

both prediction models.

Nonsurvivors compared to survivors had more unplanned admissions (74.4% 

vs 38.5%; p < 0.001), CCCs (76.7% vs 58.8%; p = 0.001) and were more often 

mechanically ventilated (88.1% vs 34.9%; p < 0.001). Nonsurvivors were more 

often admitted for circulatory problems, more often admitted outside office hours, 

and more often transported with a specialized transport upon admission (Table 

2). Furthermore, nonsurvivors had significantly more ventilator days (median, 9 

[IQR, 3–22] vs median, 2 [IQR, 1–3]; p < 0.001) and longer length of stay (median, 11 

[IQR, 5–32] d vs median, 3 [IQR, 2–5] d; p < 0.001) compared to survivors.

Factors Associated With Mortality in Low-Risk Patients

Based on the univariable analysis, review of the literature and expert opinion, the 

following seven variables age, admission outside office hours, CCCs, unplanned 

admissions, readmissions, specialized transport, and season of admission were 

considered as relevant risk factors and were subsequently included in multivariable 

logistic regression analysis. This showed that CCCs and unplanned admissions 
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were most significantly associated with mortality (odds ratio [OR], 3.29 [95% CI, 

1.97–5.50] and OR, 5.78 [95% CI, 3.40–9.81], respectively) (Table 3). Furthermore, 

whether a patient was admitted between April and September was associated with 

increased mortality (OR, 1.67 [95% CI, 1.08–2.58]).

  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

n=28,333  
(mortality 3.4% (n = 966)) 

Low risk admissions, 
n=16,874  

(mortality 0.5%) 

Admissions excluded,  n=11,459 (mortality 7,7%  (n = 880)) 
- Mortality risk in PRISM and PIM 2  ≥ 1% 

 

Survivors 
n=16,788 

Non-survivors  
n=86 

Admissions 8 PICUs 2006-2011 
n=30,778  

(mortality 3.5% (n=1073)) 

Admissions excluded  
 
-Data not valid 

-  Data not passed local audits (n = 1413 (mort 3,8% (n=53))) 
-  Nonvalid data (n = 9 (mort 2)) 

 - Combined exclusion criteria (n =1023 (mort 5,3% (n=54))) 
 -  Death before PICU admission/palliative care (n = 15) 
 -  Death within 2 hours after PICU admission (n = 32) 
 -  Transfer to another (P)ICU (n = 736 (mort n = 0)) 
 -  Age 18 yrs or older (n = 240 (mort n =7)) 

  

Figure 1. Flowchart of the study population.

PIM = Pediatric Index of Mortality, PRISM = Pediatric Risk of Mortality.
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Table 1. Demographic Characteristics of Low-Risk admissions

Characteristic n = 16,874

Male 9,676 (57.5)

Age (years), median [IQRa] 4.0 [0-11]

Unplanned admission 6,522 (38.7)

PRISM recalibrated mortality risk, median [IQR] (%) 0.62 [0.46-0.94]

PIM2 recalibrated mortality risk, median [IQR] (%) 0.84 [0.40-1.36]

Chronic complex condition 9,945 (58.9)

Mechanically ventilated during PICU stay 5,674 (33.6)

Number of days mechanically ventilated, median [IQR] 2.0 [1 - 3]

Length of stay (days), median [IQR] 3.0 [2 - 6]

Number of nonsurvivors with low risk according to 86 (0.5)

PRISM < 1% 52 (60.5)

PIM2 < 1% 28 (32.5)

PIM2 and PRISM < 1% 6 (7.0)

IQR = interquartile range, PIM = Pediatric Index of Mortality, PRISM = Pediatric Risk of Mortality.
a Interquartile range (25th to 75th percentile).

Data are presented as n (%) unless mentioned otherwise.
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Table 2. Differences between low-risk survivors and nonsurvivors

Characteristic Survivors (n=16,788) Nonsurvivors (n=86) Differences

Demographic characteristics

Male 9628 (57.5) 48 (55.8) 0.747

Age, median [IQRa] 4 [0-11] 3.5 [0-13] 0.993

Diagnosis characteristics

Diagnosis subgroups

Trauma 801 (4.8) 0 (0.0) 0.036

Circulatory 475 (2.8) 16 (18.6) 0.000

Neurological 794 (4.7) 4 (4.7) 1.000

Respiratory 1,579 (9.4) 8 (9.3) 1.000

Renal 64 (0.4) 0 (0.0) 1.000

Gastrointestinal 300 (1.8) 2 (2.3) 0.668

Post procedure diagnosis 9,020 (53.7) 24 (27.9) <0.001

Miscellaneous 2,732 (16.3) 12 (14.0) 0.561

Complex chronic condition 9,879 (58.8) 66 (76.7) 0.001

Admission characteristics

PRISM recalibrated mortality risk, median (%) [IQR] 0.62 [0.46-0.94] 0.76 [0.59-1.21] 0.001

PIM2 recalibrated mortality risk, median (%) [IQR] 0.83 [0.40-1.35] 1.50 [0.94-5.13] <0.001

Unplanned admission 6,458 (38.5) 64 (74.4) <0.001

Admission outside office hours 4,512 (26.9) 32 (37.2) 0.031

Readmission within 48 hours 161 (1.0) 3 (3.5) 0.017

Recovery as primary reason for admission 5,969 (35.6) 8 (9.3) <0.001

Specialized transport upon admission 989 (5.9) 11 (12.8) 0.007

Admission between April and September 8,304 (49.5) 53 (61.6) 0.024

Mechanically ventilated 5,600 (34.9) 74 (88.1) <0.001

Physiological parametersb

Minimal systolic blood pressure (mmHg), mean [SD] 87 [17] 84[20] 0.278

Abnormal heart rate 8,098 (52.7) 37 (47.4) 0.356

Maximal respiratory rate, median [IQR] 32 [25-44] 42 [32-55] <0.001

Minimal Glasgow Coma Score, median [IQR] 15 [15-15] 15 [15-15] 0.007

Maximal glucose level (mmol/L) , median [IQR] 7.5 [6.2-9.2] 8.3 [6.8-11.2] 0.017

Outcome characteristics

Number of days mechanically ventilated, median [IQR] 2 [1-3] 9 [3-22.25] <0.001

Length of stay, median [IQR] 3 [2-5] 11 [5-32] <0.001

IQR = interquartile range,
a Interquartile range (25th to 75th percentile).

b The physiologic parameters are the most abnormal values collected in the first 24 hr. after admission.

Data are presented as n (%), unless mentioned otherwise.
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Table 2. Differences between low-risk survivors and nonsurvivors

Characteristic Survivors (n=16,788) Nonsurvivors (n=86) Differences

Demographic characteristics

Male 9628 (57.5) 48 (55.8) 0.747

Age, median [IQRa] 4 [0-11] 3.5 [0-13] 0.993

Diagnosis characteristics

Diagnosis subgroups

Trauma 801 (4.8) 0 (0.0) 0.036

Circulatory 475 (2.8) 16 (18.6) 0.000

Neurological 794 (4.7) 4 (4.7) 1.000

Respiratory 1,579 (9.4) 8 (9.3) 1.000

Renal 64 (0.4) 0 (0.0) 1.000

Gastrointestinal 300 (1.8) 2 (2.3) 0.668

Post procedure diagnosis 9,020 (53.7) 24 (27.9) <0.001

Miscellaneous 2,732 (16.3) 12 (14.0) 0.561

Complex chronic condition 9,879 (58.8) 66 (76.7) 0.001

Admission characteristics

PRISM recalibrated mortality risk, median (%) [IQR] 0.62 [0.46-0.94] 0.76 [0.59-1.21] 0.001

PIM2 recalibrated mortality risk, median (%) [IQR] 0.83 [0.40-1.35] 1.50 [0.94-5.13] <0.001

Unplanned admission 6,458 (38.5) 64 (74.4) <0.001

Admission outside office hours 4,512 (26.9) 32 (37.2) 0.031

Readmission within 48 hours 161 (1.0) 3 (3.5) 0.017

Recovery as primary reason for admission 5,969 (35.6) 8 (9.3) <0.001

Specialized transport upon admission 989 (5.9) 11 (12.8) 0.007

Admission between April and September 8,304 (49.5) 53 (61.6) 0.024

Mechanically ventilated 5,600 (34.9) 74 (88.1) <0.001

Physiological parametersb

Minimal systolic blood pressure (mmHg), mean [SD] 87 [17] 84[20] 0.278

Abnormal heart rate 8,098 (52.7) 37 (47.4) 0.356

Maximal respiratory rate, median [IQR] 32 [25-44] 42 [32-55] <0.001

Minimal Glasgow Coma Score, median [IQR] 15 [15-15] 15 [15-15] 0.007

Maximal glucose level (mmol/L) , median [IQR] 7.5 [6.2-9.2] 8.3 [6.8-11.2] 0.017

Outcome characteristics

Number of days mechanically ventilated, median [IQR] 2 [1-3] 9 [3-22.25] <0.001

Length of stay, median [IQR] 3 [2-5] 11 [5-32] <0.001

IQR = interquartile range,
a Interquartile range (25th to 75th percentile).

b The physiologic parameters are the most abnormal values collected in the first 24 hr. after admission.

Data are presented as n (%), unless mentioned otherwise.
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Table 3. Variables associated with nonsurvival in the low-risk group

Factor Odds ratio 95% CI

Age (years) 1.02 0.98 – 1.06

Complex chronic condition 3.29 1.97 – 5.50

Admission out of office hours 0.80 0.50 – 1.28

Unplanned admission 5.78 3.40 – 9.81

Specialized transport upon admission 1.79 0.92 – 3.48

Admission between April and September 1.67 1.08 – 2.58

Indication: readmission within 48 hours 2.24 0.69 – 7.30

OR = odds ratio
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Discussion

In this large cohort study of PICU patients with a low predicted mortality risk in The 

Netherlands, several differences were found between survivors and nonsurvivors. 

CCCs and unplanned admissions were more prevalent among nonsurvivors when 

compared with survivors, and in addition, they were strongly associated with 

mortality.

The hospitalization rates of children with multiple CCCs have been increasing 

over the last decades (20). The association between CCCs and mortality in our 

study is in accordance with the current literature. The association of CCCs with 

PICU mortality was established in the overall PICU population admitted to 54 

units in the United States (16). This study shows that CCCs are common not only 

in the PICU population in general but also in patients with low severity of illness 

as scored by PRISM and PIM2. Although some CCCs are incorporated in the 

PIM2, neither the PIM2 nor PRISM model scores CCCs completely. The declining 

mortality rate in PICUs combined with the increasing prevalence of patients with 

CCCs suggests that PICU outcome studies should shift their focus from mortality 

to morbidity (21).

Also, an association was found between unplanned admissions and mortality. 

It is likely that unplanned low-risk admissions form a different, more seriously 

ill, group than planned low-risk admissions, despite relative normal physiology 

and laboratory results at admission. No association was found between off-hours 

admissions and mortality. Other studies on this subject in adult and pediatric ICUs 

show inconsistent results (18, 22–27). Results of these studies might be influenced 

by structural factors like nursing and medical staffing during off-hours. No 

association was found between PICU readmissions within 48 hours and mortality, 

which is in contrast with a North American study (28). This might be due to the 

low number of readmissions in the low-risk survivor and the nonsurvivor group in 

our study. The increased OR for death associated with admission between April 

and September compared with winter months is counterintuitive (26, 29–31). We 

can only speculate on this.

One of the main differences between survivors and nonsurvivors is the larger 

number of ventilator days and increased length of PICU stay in nonsurvivors. 

It appears that most of the low-risk nonsurvivors probably deteriorated after 

admission and after the recording of the values used to calculate the mortality 

prediction scores, resulting in residual confounding. This is in accordance with 
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the literature on this subject showing a decrease of the predictive capability of 

the models in patients with a longer length of stay and in patients with a higher 

predicted mortality risk and a long length of stay (9, 32). The increased length of 

PICU stay is also associated with the number of adverse events (33, 34). This could 

possibly have influenced the length of stay and outcome in this group.

Our study has several limitations. First, we considered an admission as low-risk when 

either the PRISM- or the PIM2- predicted risk of mortality was less than 1%. This 

choice was arbitrary, since there is no consensus about a cut-off point for low-risk of 

mortality (4). On the other hand, both the PICE and ANZPIC report a risk of less than 

or equal to 1% as the lowest level of mortality risk in their tables meaning this cut-off 

point is generally accepted in the field. Second, the PIM2 and PRISM prediction models 

are not intended for individual patients, but for groups of patients and for individual 

patients these models misrepresent their actual risk of mortality. For example, 

patients with congenital heart disorders sometimes are admitted preoperatively to 

the PICU, prior to their critical issues and not detected by risk scores. New PRISM 

methods deal with this issue and might reflect mortality risk better in this type of 

patients in the future (5). Similarly, there is often a difference between the two scores, 

which in the majority of our cases resulted in a patient being considered low-risk by 

one prediction model and not by the other. To a certain degree, a difference between 

scores is expected: the prediction models include data on different predictors and in 

different time windows. We only found gradual differences between the two models. 

The aim of the study was not to choose the best model for predicting the low-risk 

patient but to determine factors influencing outcome in this population.

Finally, nonsurvival was defined based on PICU mortality and not on long-term 

follow-up, possibly introducing bias. Data on hospital mortality or long-term follow-

up unfortunately were not available in the registry. However, the prediction models 

are based on PICU mortality as well and not on hospital mortality.

Our results indicate that future research is necessary to determine whether adding 

complex chronic conditions to the currently used mortality prediction models would 

result in improvement of the performance of these models, especially for the low-risk 

category PICU patients. It seems that there are more factors involved in nonsurvival in 

the low-risk PICU population. Besides deteriorations of patients’ condition over time 

and socioeconomic status that has been linked to health and mortality (35), it would 

be of interest to determine adverse events emerging during a prolonged PICU stay. 

Studies in adult ICU patients show that adverse events are associated with increased 

mortality (36–38). A retrospective study showed a substantial amount of preventable 
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deaths in hospitals in The Netherlands (39), but prevalence has not been determined 

in the low-risk PICU population. From the perspective of quality improvement, limiting 

adverse events could be a modifiable factor in the death of these patients.

Although the number of low-risk admissions is high in the PICU, the total number of 

nonsurvivors is—as expected by risk models—low. The absolute number of nonsurvivors 

in the high-risk population is much higher. It would be interesting to investigate that 

whether in the high-risk population the same or other risk factors influence mortality.
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Conclusion

Children dying in the PICU with a low predicted mortality have recognizable risk 

factors including complex chronic conditions and/or emergency admissions.
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Appendix 1. List of diagnoses classified as complex chronic conditions

Complex chronic conditions

Subgroup Diagnoses from the PICE database

Cardiovascular Absent pulmonary valve syndrome*

Anomaly of the coronary artery

Arterial switch*

Atrioventricular septal defect

Cardiomyopathy

Cavo pulmonary shunt*

Cor triatriatum

Double outlet right ventricle

Ebstein’s anomaly

Fontan procedure*

Hypoplastic left heart syndrome

Hypoplastic left ventricle*

Hypoplastic or interrupted aortic arch*

Hypoplastic right ventricle*

Levo transposition of the great arteries

Mitral valve stenosis

Monoventricle

Norwood procedure – step 1*

Pacemaker insertion/revision*

Portal hypertension*

Pulmonary atresia or stenosis

Pulmonary artery banding*

Reconstruction of aortic arch*

Reconstruction of left ventricular outflow*

Reconstruction of right ventricular outflow*

Restoration of atrioventricular septumdefect*

Repair of plastic pulmonary artery*

Repair or replacement of conduit*

Repair of tetralogy of Fallot*

Right ventricular outflow tract obstruction*

Senning procedure*

Supraventricular arrhythmia

Surgery of pulmonary collateral arteries*

Systemic to pulmonary shunt procedure*

Tetralogy of Fallot

Total abnormal pulmonary venous return

Transplantation of heart

Transplantation of heart and lung

Transplantation of heart and lung – state after procedure

Transposition of the great arteries

Tricuspid atresia or stenosis



Chapter 2

36

Appendix 1. Continued

Complex chronic conditions

Cardiovascular 

(Continued)

Truncus arteriosus

Vasculitis*

Ventricular arrhythmia

Respiratory Bronchiectasis

Central apnea*

Choanal atresia or stenosis*

Chronic lung disease*

Congenital lung disease

Cystic fibrosis

Infant respiratory distress syndrome*

Laryngomalacia

Malacia trachea or bronchus

Massa mediastinum*

Pulmonary edema

Pulmonary hypoplasia

Pulmonary insufficiency*

Reconstuction of larynx*

Subglottic stenosis

Tracheostomy*

Trachea or bronchus stenosis

Transplantation of lung

Transplantation of lung – state after procedure

Vocal cord paralysis*

Hematological Coagulation defects

Hematologic disease*

Endocrinological Congenital metabolism disorder

Diabetes (comorbidity)*

Diabetes insipidus

Diabetes mellitus with ketoacidosis

Diabetes mellitus without ketoacidosis

Endocrine disorder

Kasai procedure*
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Appendix 1. Continued

Complex chronic conditions

Gastrointestinal Biliary atresia

Colitis

Congenital diaphragmatic hernia

Gastroschisis or exomphalos

Hirschsprung’s disease*

Liver disease – other*

Esophageal atresia

Repair of esophageal atresia*

Repair of esophageal fistula*

Repair of total anomalous pulmonary venous return*

Short bowel syndrome*

Transplantation of kidney

Transplantation of liver

Transplantation of liver – state after procedure

Transplantation of small intestine

Varices of esophagus or stomach*

Immunological Congenital immunodeficiency

Graft versus host disease

Neutropenia*

Pancytopenia*

Pheochromocytoma*



Chapter 2

38

Appendix 1. Continued

Complex chronic conditions

Neuromuscular Acute disseminated encephalomyelitis*

Arnold-Chiari malformation

Brain arteriovenous malformation*

Brain tumor

Central nervous system shunt dysfunction or infection*

Cerebral aneurism

Cerebral cyst

Cerebral infarction*

Chronic traumatic encephalopathy

Congenital brain disease*

Convulsions*

Craniotomy – fossa anterior*

Epilepsy (comorbidity)

Hydrocephalus

Insertion of revision of central nervous system shunt*

Lobectomy or hemispherectomy*

Meningomyelocele or spina bifida

Muscular dystrophy

Myasthenia gravis

Myelum – impairment*

Myopathy

Repair of myelomeningocele*

Static encephalopathy

Oncological Cystic hygroma

Leukemia or lymphoma

Malignant solid organ neoplasm

Transplantation of bone marrow

Transplantation of bone marrow – state after procedure

Renal Chronic kidney failure

Hydronephrosis*

Nephrotic or nephritic syndrome*

Transplantation of kidney – state after procedure

Endocrinal Syndrome of inappropriate antidiuretic hormone secretion*

Genetic Chromosome abnormality

Craniosynostosis*

DiGeorge syndrome

Down syndrome

Pierre Robin syndrome*

Urological Repair of extrophia vesicae*

Miscellaneous Syndrome or malformation*

* Diagnoses that were not on the original list (as CCC)
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Appendix 2. Mode of death in low-risk non-survivors

Number of patients

Brain death 2

Maximal treatment including cardiopulmonary resuscitation (CPR) 4

Maximal treatment without CPR 7

Limiting treatment / withdrawal of treatment 14

Data missing* 59

Total 86

* Registration of ‘mode of death’ was started in 2010 and therefore not available for most of the 

patients in the database
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Abstract

Background: High-risk patients in the pediatric intensive care unit (PICU) contribute 

substantially to PICU-mortality. Complex chronic conditions (CCCs) are associated 

with death. However, it is unknown whether CCCs also increase mortality in the 

high-risk PICU-patient. The objective of this study is to determine if CCCs or other 

factors are associated with mortality in this group.

Methods: Retrospective cohort study from a national PICU-database (2006–2012, 

n = 30,778). High-risk PICU patients, defined as patients < 18 years with a predicted 

mortality risk > 30% according to either the recalibrated Pediatric Risk of Mortality-

II (PRISM) or the Paediatric Index of Mortality 2 (PIM2), were included. Patients 

with a cardiac arrest before PICU-admission were excluded.

Results: In total, 492 high-risk PICU patients with mean predicted risk of 24.8% 

(SD 22.8%) according to recalibrated PIM2 and 40.0% (SD 23.8%) according to 

recalibrated PRISM were included of which 39.6% died. No association was found 

between CCCs and nonsurvival (odds ratio 0.99; 95% CI 0.62–1.59). Higher Glasgow 

coma scale at PICU admission was associated with lower mortality (odds ratio 0.91; 

95% CI 0.87–0.96).

Conclusions: Complex chronic conditions are not associated with mortality in high-

risk PICU patients.
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Background

Patients with a high predicted mortality risk in the pediatric intensive care unit (PICU) 

are a challenge to the clinical team. The relatively small subset of these patients 

contributes substantially to the number of nonsurvivors and to PICU-resources. 

Around 1% of the PICU-admissions in the Australian and New Zealand Paediatric 

Intensive Care Registries (ANZPIC) has a predicted mortality risk between 30 and 

100%, but this small cohort contributes to one third of all deaths (1–3).

Complex chronic conditions (CCCs) are associated with prolonged length of stay in 

PICU patients, unplanned readmissions and death (4, 5). A CCC is defined as ‘any 

medical condition that can be reasonably expected to last at least 12 months (unless 

death intervenes) and to involve either several different organ systems or 1 organ 

system severely enough to require specialty pediatric care and probably some period 

of hospitalization in a tertiary care center’ (6). There are many CCCs in several organ 

systems. Examples are spinal cord malformations, cystic fibrosis, hypoplastic left 

heart syndrome, extreme immaturity, metabolic disorders, etc. (7). Besides CCCs 

there are so called ‘noncomplex chronic conditions’ (NCCCs), diagnoses that could 

be expected to last > 12 months but not meeting the additional CCC criteria. Examples 

of NCCCs are asthma, atrial septal defect, obesity, etc. (4). The prevalence of CCCs 

among hospitalized patients and among PICU patients is increasing (4). Only few 

CCCs are incorporated in severity-of illness models like Paediatric Index of Mortality 

(PIM (2,3)) and Pediatric Risk of Mortality (PRISM (II, III, IV) (4, 8–12). In low-risk PICU-

patients (patients with predicted mortality risk < 1%) CCCs and unplanned admissions 

are associated with death (OR 3.29, 95% CI 1.97–5.50) (13, 14). It is unknown whether 

CCCs increase mortality in the high-risk PICU patient as well.

Therefore, the aim of the present study is to determine if CCCs or other identifiable 

factors are associated with death in high-risk PICU-patients.
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Methods

Study population

Patients were derived from a national PICU database containing data from all 

pediatric intensive care departments in the Netherlands (2006–2012, n = 30,778); 

the ‘PICE-registry’ (13, 15). The same cohort was used in a previous study on low-

risk PICU-patients (13). Patients < 18 years old with a high predicted mortality risk 

were included in the study. High-risk was defined as a predicted mortality risk > 30% 

according to either the PRISM II (referred to as PRISM) or the PIM2 risk score (9, 10). 

In this study, as described before, both models were recalibrated to predict the overall 

mortality in the total population in this particular 6-year period without altering the 

relative weights of risk factors in the models and thus retaining the discriminative 

power of the original models (13, 15).

Patients who were already dead before PICU admission (e.g., patients admitted for 

organ transplantation already being brain-dead) or patients admitted for palliative 

care, patients dying within 2 h of PICU admission, and patients transferred to another 

ICU during their PICU treatment were excluded from the study. Data of patients that 

did not pass quality control during local site audit visits and were excluded from the 

annual reports were also excluded from the study (13). Patients with a cardiac arrest 

prior to PICU admission were excluded due to possible bias of the results (16, 17).

Design

Retrospective cohort study based on data prospectively collected in a national 

registry.

Risk variables and data-handling

Variables that were analyzed represented many aspects of the PICU stay, including 

admission characteristics, physiological state, diagnoses and outcome. Nonsurvivors 

were defined as patients who died in the PICU. The ANZPIC diagnostic code list was 

used in the PICE-registry (18). Patients were classified as patients with a CCC if either 

the primary diagnosis, underlying diagnosis or first additional diagnosis was a CCC 

(6, 7). Patients were classified as having a NCCC if the primary diagnosis, underlying 

diagnosis or first additional diagnosis was a diagnosis defined as a NCCC. A modified 

Feudtner’s list was used to classify diagnoses into CCC or NCCC (4, 6, 7, 18). ANZPIC 

diagnoses not appearing on these lists were classified according to expert opinion 

(C.V. and J.L.). The list of CCC-diagnoses was recently published (13). Definitions 

of ‘Admission outside office hours’, ‘readmission’ and ‘specialized transport’ were 

published previously (13). The data were checked for non-valid data. Illogical and 
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impossible values that surpassed physiologic threshold values were excluded if 

the value likely resulted from a typo or measurement error, as described before. 

(Examples of typo/ measurement errors: diastolic blood pressure > 400 mmHg, low 

paO2 in combination with cyanotic congenital heart disease which by definition 

should be excluded from PRISM score.) (13).

Statistical analysis

Depending on distribution, continuous variables were tested using an independent 

T test or Mann-Whitney U test. For dichotomous variables, chi-square test or, in case 

of small expected frequencies, Fisher’s exact test was used. To adjust for multiple 

testing, Bonferroni correction was performed and differences were considered 

statistically significant if p-value was < 0.001.

For the multivariable logistic regression analysis, only risk factors that were present at 

the time of admission were included in the regression analysis. Because the selection 

of the study population was based on PIM2 and PRISM scores, predictors from these 

scores were not included in the multivariable logistic regression analysis, except for 

the Glasgow Coma Scale (GCS) at admission.

Statistical analyses were carried out using IBM SPSS Statistics Version 22.1.
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Results

Population characteristics

In total, there were 30,778 admissions of which 738 patients were high-risk patients 

(Fig.1). After excluding patients with cardiac arrest before PICU admission, a total 

of 492 high-risk patients was included with a mortality rate of 39.6%. The mean 

predicted mortality risk of these 492 patients was 24.8% (SD: 22.8%) according to the 

recalibrated PIM2 and 40.0% (SD: 23.8%) according to the recalibrated PRISM. The 

majority of the high-risk patients had an unplanned admission for medical reasons.

Analysis of differences

Baseline characteristics are shown in Table 1. The median GCS at time of admission 

was significantly higher in survivors compared to nonsurvivors (median 15 vs. median 

12, respectively; p < 0.001). Both PRISM and PIM2 mortality risks were significantly 

lower in survivors compared to nonsurvivors. Ventilator-days and length of stay were 

longer in survivors compared to nonsurvivors. No other significant differences were 

found.

Factors associated with survival

Higher GCS at admission was associated with lower mortality (OR 0.91; 95% CI 0.87–

0.96) (Table 2). No association was found between CCCs and nonsurvival (OR 0.99; 

95% CI 0.62–1.59). No other factors were associated with mortality. Results from the 

unadjusted ORs are shown in (Additional file 1: Table S3).
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High risk admissions, 
n=738  

(mortality 48%) 

Survivors 
n = 302 

Non-survivors  
n=206  

Admissions 8 PICUs 2006-2011 
n=30,778  

(mortality 3.5% (n=1073)) 

Admissions excluded  
 
-Data not valid 

-  Data not passed local audits (n = 1413 (mort 3,8% (n=53))) 
-  Nonvalid data (n = 9 (mort 2)) 

 - Combined exclusion criteria (n =1023 (mort 5,3% (n=54))) 
 -  Death before PICU admission/palliative care (n = 15) 
 -  Death within 2 hours after PICU admission (n = 32) 
 -  Transfer to another (P)ICU (n = 736 (mort n = 0)) 
 -  Age 18 yrs or older (n = 240 (mort n =7)) 
- Mortality risk in PRISM and PIM2 < 30%  ( n=27,595 (mortality 0,8% 

  
 

  

Patients  with cardiac arrest before PICU admission excluded  
(n =230 (mortality 64.4%) ) 

            

High risk study population 
n=508  

(mortality 40.6%) 

Figure 1. Flowchart of the population
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Table 1. Population characteristics and differences between high-risk survivors and nonsurvivors

Characteristic Survivors n= 297 Nonsurvivors n=195 p value

Male 179 (60.3) 105 (53.8) 0.16

Age < 12 months 161 (54.2) 90 (46.2) 0.08

Unplanned admission 275 (92.6) 182 (93.3) 0.76

Medical admission 227 (76.4) 146 (74.9) 0.69

Readmission < 48 hours 4 (1.3) 3 (1.5) 0.86

Admission outside office hours 151 (50.8) 96 (49.2) 0.73

Mode of transport upon admission

None 159 (53.5) 104 (53.3) 0.97

Non-specialized transport 52 (17.5) 20 (10.3) 0.03

Specialized transport 107 (36.0) 84 (43.1) 0.12

Season of admission

Winter 74 (24.9 46 (23.6) 0.74

Spring 64 (21.5) 51 (26.1) 0.24

Summer 59 (19.8) 50 (25.6) 0.13

Autumn 100 (33.7) 48 (24.6) 0.03

Recovery as reason for PICU admission 22 (7.4) 15 (7.7) 0.91

PRISM recalibrated mortality risk, median [IQR] 0.36 [0.15-0.48] 0.44 [0.31-0.66] < 0.001

PIM2 recalibrated mortality risk, median [IQR] 0.14 [0.05-0.34] 0.21 [0.09-0.46] < 0.001

Patients with

PRISM > 30% (and PIM < 30%) 190 (64.0) 115 (59.0) 0.26

PIM2 > 30% (and PRISM < 30%) 89 (30.0) 43 (22.1) 0.05

PRISM and PIM2 > 30% 18 (6.1) 37 (19.1) < 0.001

Chronic conditions

No chronic condition 82 (27.6) 68 (34.9) 0.09

NCCC 19 (6.4) 7 (3.6) 0.17

CCC 196 (66.0) 120 (61.5) 0.31

Diagnose groups

Trauma 9 (3.0) 16 (8.2) 0.01

Cardiovascular 30 (10.1) 22 (11.3) 0.68

Neurological 30 (10.1) 31 (15.9) 0.06

Respiratory 79 (26.6) 29 (14.9) 0.002

Renal 2 (0.7) 1 (0.5) 0.82

Gastrointestinal 14 (4.7) 12 (6.2) 0.49

Post procedure diagnosis 45 (15.2) 32 (16.4) 0.71

Miscellaneous 88 (29.6) 52 (26.7) 0.48

Glasgow Coma Scale at admission 15 [9-15] 12 [3-15] < 0.001
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Glasgow Coma Scale at admission 15 [9-15] 12 [3-15] < 0.001
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Table 1. Continued

Characteristic Survivors n= 297 Nonsurvivors n=195 p value

Mechanically ventilated (n=660) 260 (91.5) 178 (97.8) 0.01

Outcome

Number of days mechanically ventilated, median [IQR] 7 [4-13] 3 [2-7] < 0.001

Length of stay PICU, median [IQR] 12 [7-21] 3 [2-7] < 0.001

Data are presented as n (%), unless mentioned otherwise.

[IQR] is defined as interquartile range: [25th percentile – 75th percentile].

NCCC: non-complex chronic condition, CCC: complex chronic condition.

The physiological parameters are the most abnormal values collected in the first 24 hours after 

admission.
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Table 2. Variables associated with nonsurvival in the high-risk group

Factor OR 95% CI

Male 0.75 0.51-1.12

Age < 1 yr 0.84 0.56-1.27

Specialized transport 1.24 0.82-1.88

Admission outside office hours 0.79 0.53-1.17

Season

Winter Ref

Spring 1.29 0.74-2.25

Summer 1.53 0.87-2.70

Autumn 0.84 0.49-1.43

Chronic conditions

No chronic condition Ref

CCC 0.99 0.62-1.59

NCCC 0.53 0.19-1.45

Diagnose subgroups

Trauma Ref

Cardiovascular 0.91 0.30-2.77

Neurological 1.06 0.48-2.33

Respiratory 0.85 0.39-1.87

Renal 0.70 0.36-1.36

Gastrointestinal 0.61 0.05-7.79

Post procedure 0.77 0.42-1.44

Miscellaneous 1.38 0.54-3.52

Glasgow coma scale at admission 0.91 0.87-0.96

NCCC: non-complex chronic condition, CCC:= complex chronic condition.

Results from the unadjusted ORs are shown in Additional file 1: Table S3.
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Discussion

In this large retrospective cohort study in high-risk PICU patients, complex chronic 

conditions were not associated with mortality.

This is different compared to our previous study looking into low-risk admissions, 

where CCCs were associated with increased mortality (13). In a general PICU-

population, without risk stratification, a similar association was found (4). Although 

some CCCs (for example: leukemia, hypoplastic left heart syndrome) are incorporated 

in the PIM2, the majority of CCCs is not part of the risk models. Having a chronic 

disease is often not reflected in physiological values and therefore not shown as 

a higher mortality risk. CCCs can be very heterogeneous. Some CCCs might be 

associated with death in the PICU (e.g. a patient with a complex heart disorder) while 

other CCCs are not lethal but may have impact on other outcome parameters like 

functional outcome. Furthermore, it’s possible that some patients with CCCs may be 

refused PICU admission and thus do not contribute to the overall PICU mortality. We 

did not investigate this and therefore this statement is conjecture. In true high-risk 

patients other factors like the GCS have a clearer influence on mortality for patients 

with CCCs.

Our study has several limitations. First, an arbitrary choice was made for the definition 

of high-risk patients, using a combination of PIM2 and PRISM scores with a certain cut-

off point. Both models use different predictors and different time windows to calculate 

their scores and do not give the same result. Because in the Dutch PICE registry 

both models are used and no model is superior to another, we used a combination of 

both models. Using only one model instead of a combination might underestimate 

a cohort of high-risk patients. Only a minority had a mortality risk of > 30% in both 

models. Mean predicted mortality was higher according to PRISM compared to PIM2. 

However, if only PRISM model had been used to detect high-risk patients, roughly a 

third of the high-risk cohort would not have been detected.

Third, an older version of the PRISM was used, dating from 1988 (10). If the original 

PRISM model would have been used without recalibration, the predicted mortality 

would have been overestimated. However, because the PRISM was recalibrated to fit, 

it is a good predictor of mortality (15).

Fourth, no factors which are part of the PIM2/PRISM models were used for the 

multivariable logistic regression analysis, with the exception of the GCS at admission. 

The GCS at admission is not incorporated in the PIM2 model but is indirectly part of 
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the PRISM score as a dichotomous variable. If the GCS within the first 24 h is less 

than 8, the PRISM score increases. However, a mild decrease in GCS such as GCS 

between 8 and 10 does not increase PRISM score, although there might be a serious 

neurological condition. We found a significant and clinically important lower GCS 

in nonsurvivors. This difference could not be explained by cardiac arrest patients. 

Therefore we decided to add the GCS as a continuous variable in the analysis.
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Conclusions

Complex chronic conditions are not associated with mortality in PICU patients with a 

high predicted mortality-risk, in contrast to low-risk PICU patients. We recommend to 

explore the role of CCCs in (PICU) patients with different risk profiles further. Higher 

Glasgow coma scale at PICU admission was associated with lower mortality.

Ethics approval and consent to participate

The Institutional Review Board approved the study and waived the need for informed 

consent (Commissie Mensgebonden Onderzoek Radboudumc; 2017–3848).
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Table S3. Variables associated with mortality survival in the high-risk group

Factor Crude OR 95% CI Adjusted OR 95% CI

Male 0.77 0.53-1.11 0.75 0.51-1.12

Age < 1 yr. 0.72 0.50-1.04 0.84 0.56-1.27

Specialized transport 1.34 0.93-1.94 1.24 0.82-1.88

Admission outside office hours 0.94 0.65-1.35 0.79 0.53-1.17

Season

Winter Ref Ref

Spring 1.28 0.76-2.16 1.29 0.74-2.25

Summer 1.36 0.81-2.31 1.53 0.87-2.70

Autumn 0.77 0.47-1.28 0.84 0.49-1.43

Chronic conditions

No chronic condition Ref Ref

CCC 0.74 0.50-1.09 0.99 0.62-1.59

NCCC 0.44 0.18-1.12 0.53 0.19-1.45

Diagnose subgroups

Trauma Ref Ref

Cardiovascular 0.41 0.15-1.10 0.91 0.30-2.77

Neurological 0.58 0.22-1.52 1.06 0.48-2.33

Respiratory 0.21 0.08-0.52 0.85 0.39-1.87

Renal 0.28 0.02-3.55 0.70 0.36-1.36

Gastrointestinal 0.48 0.16-1.48 0.61 0.05-7.79

Post procedure 0.40 0.16-1.02 0.77 0.42-1.40

Miscellaneous 0.33 0.14-0.81 1.38 0.54-3.52

Glasgow coma scale at admission 0.91 0.87-0.94 0.91 0.87-0.96

OR = odds ratio, NCCC = non-complex chronic condition, CCC= complex chronic condition
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Abstract

We studied the occurrence of adverse events (AEs) in low-risk nonsurvivors (LN), 

compared to low-risk survivors (LS), high-risk nonsurvivors (HN), and high-risk 

survivors (HS) in two pediatric intensive care units (PICUs).

The study was performed as a retrospective patient record review study, using a 

PICU-trigger tool. A random sample of 48 PICU patients (0–18 years) was chosen, 

stratified into four subgroups of 12 patients: LN, LS, HN and HS. Primary outcome 

was the occurrence of AEs. The severity, preventability, and nature of the identified 

AEs were determined.

In total, 45 AEs were found in 20 patients. The occurrence of AEs in the LN group 

was significantly higher compared to that in the LS group and HN group (AE 

occurrence: LN 10/12 patients; LS 1/12 patients; HN 2/12 patients; HS 7/12 patients; 

LN-LS difference, p < 0.001; LN-HN difference, p < 0.01). The AE rate in the LN group 

was significantly higher compared to that in the LS and HN groups (median [IQR]: 

LN 0.12 [0.07–0.29], LS 0 [0–0], HN 0 [0–0], and HS 0.03 [0.0–0.17] AE/PICU day; 

LN-LS difference, p < 0.001; LN-HN difference, p < 0.01). The distribution of the AEs 

among the four groups was as follows: 25 AEs (LN), 2 AEs (LS), 8 AEs (HN), and 

10 AEs (HS). Fifteen of forty-five AEs were preventable. In 2/12 LN patients, death 

occurred after a preventable AE.

Conclusion:

The occurrence of AEs in LN was higher compared to that in LS and HN. Some AEs 

were severe and preventable and contributed to mortality.
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Introducton

The mortality rate in the pediatric intensive care unit (PICU) in economically 

developed countries has decreased in the last decades to approximately 3% (26). 

Moreover, a substantial part of the PICU population (55% in a recent study) has 

a mortality risk of < 1% (35). Although these are low-risk patients, some of these 

patients die on the PICU. Patient factors like complex chronic conditions (CCCs) do 

not explain all deceased patients in this patient group (6,35). For quality purposes, it 

is interesting to analyze whether adverse events (AEs) or even medical errors play a 

role in the death of low-risk PICU patients (3, 16). An AE is an unintended injury that 

results in temporary or permanent disability, death, or prolonged hospital stay and 

that is caused by healthcare management rather than by the patient’s underlying 

disease process (38). A national project on preventable deaths in Dutch hospitals 

showed that preventable AEs contributed to 4.1% of hospital deaths (38,39). In most 

international AE studies, (young) children were excluded or the number of included 

PICU admissions was not specified or very low, so data about PICU patients are scarce 

(2-4, 18, 38).

Because of their vulnerability, intensive care patients are more prone to iatrogenic 

events (10, 12, 13). The incidence of AEs in the PICU population depends on the method 

used to detect AEs (1, 17, 19, 22, 28, 31, 33, 36). Studies using a trigger tool method 

show that 59–76% of all PICU patients encounter at least one AE during their stay 

(1, 17, 36).

Although one could speculate that AE incidence is higher in the more complex and 

sicker patients needing extensive support (high-risk patients), AEs also occur in the 

less severely ill PICU patients (1, 17, 22). To our knowledge, no studies have focused on 

the occurrence of AEs in low-risk PICU patients. The incidence of AEs among low-risk 

patients might be underestimated when only the general PICU population is examined. 

Analyzing medical records from nonsurvivors with a low risk of dying is an efficient tool 

to discover problems in the quality of care (14). If low-risk PICU patients deteriorate 

or die because of preventable AEs, there is a potential for improving their outcome.

The aim of this exploratory study was to study the occurrence of AEs in the low-

risk nonsurvivors (LN), compared to low-risk survivors (LS), high-risk nonsurvivors 

(HN), and high-risk survivors (HS) in two PICUs. Of all AEs, we studied the severity, 

preventability, and nature. The study was designed as a retrospective exploratory 

study that used chart review to examine the feasibility of detecting AEs in this patient 

group.
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Methods

Study design and setting

This is a retrospective patient record study to measure the occurrence of AEs in low-

risk nonsurvivors and to compare the results with patients with a different risk profile 

and different outcomes, using a random stratified sample of 48 records. The study 

was performed in two PICUs. Data collection was performed in 2015.

Admission selection

Admissions in each PICU between 1 January 2006 and 1 January 2012 were stratified 

into four groups with different risk profiles and different outcomes. The study group 

consisted of LN. Three control groups were chosen: LS, HN and HS. Low-risk admissions 

were defined as admissions with a mortality risk in the simply recalibrated Pediatric 

Index of Mortality (PIM) 2 score and/or recalibrated Pediatric Risk of Mortality II score 

(further referred as “PRISM”) of < 1% (24, 25, 27, 29, 35). High-risk admissions were 

defined as admissions with a mortality risk in the simply recalibrated PIM2 and/or 

PRISM of ≥ 30% (35).

Other inclusion criteria were the following: age < 18 years and PICU length of stay of 

at least 2 h. Exclusion criteria were the following: patients already deceased before 

admission (for example, brain dead patients, admitted for organ donation), corrected 

age < 36 weeks (gestational age), invalid or impossible PIM2/PRISM score, and no 

clinical data available.

The mortality risk scores and PICU outcome data were provided by the national PICU 

registry (Pediatric Intensive Care Evaluation (PICE) registry) (23). The PICE registry is 

a national database containing anonymized information of admission characteristics, 

severity of illness, and patient outcome. Data quality is assessed using standard 

procedures including audit site visits. Of all patients, both PIM2 and PRISM scores 

are collected. The models were recalibrated for the study period to predict the overall 

mortality in the total population in this period without altering the relative weights of 

risk factors in the models and thus retaining the discriminative power of the models 

(35, 37). A local copy from the PICE registry was sent to the local PICUs including all 

admissions between 2006 and 2012. The database of these two PICUs (total of 11,216 

admissions: PICU-1, 8438 admissions; PICU-2, 2778 admissions) contained 39 LN.

Since the study was designed as an exploratory study, a selection of roughly one third 

of the LN was used for the study. Twelve LN were selected for the study. Because 

the number of patients between the two participating centers was unequal, nine 
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admissions from PICU-1 and three admissions from PICU-2 were selected for each 

study group, using a computer-based research randomizer (34). To avoid different 

population characteristics, the patients in the control groups (LS (n = 12), HN (n = 12), 

HS (n = 12)) were stratified based on PICU center, gender, and age category. After 

stratification, the patients were randomly chosen using the computer-based research 

randomizer.

To verify if the risk profile of patients was correct, the PIM2 and PRISM scores 

were checked using available physiologic and laboratory data. If a discrepancy was 

discovered, e.g., the corrected mortality risk turned out to be >2% in LN and LS or 

< 30% in HN and HS, the patient was excluded from the study. The next from the 

list of available patients (with the same risk group/outcome/PICU center/gender/age 

category) was selected until, in each group, 12 patients were included.

Data collection

An established set of triggers was modified to local characteristics of the PICU 

population and was used in a retrospective chart review to discover AEs (Table 4, 

online only) (1). In the first stage, patient charts were manually reviewed for the 

presence of 19 triggers. In the second stage, each positive trigger was followed by 

an in-depth investigation for the presence of associated AEs. Both stages were 

performed by a pediatric intensivist (CV) with more than 15 years of PICU experience 

who was trained in the use of the trigger tool method.

Primary outcomes were the occurrence of AEs and AE rate (AE/PICU day). For 

the AE rate, only AEs occurring during the PICU admission were included. AEs 

that occurred shortly before PICU admission and were beyond doubt related to 

the PICU admission were scored as “AE pre PICU.” The severity of AEs was rated 

using the National Coordinating Council for Medication Error Reporting and 

Prevention (NCC-MERP) Index for Categorizing Errors (Table 5, online only) (20). 

Preventability of AEs was scored on a 6-point scale (Table 6, online only) (3). AEs 

with a preventability score of 4–6 were defined as preventable. A preventable AE 

results from an error in management due to failure to follow accepted practice at 

an individual or system level. Accepted practice was taken to be “the current level 

of expected performance for the average practitioner or system that manages 

the condition in question” (38). AEs were grouped into eight categories, based 

on the classification made by Hogan et al. (Table 7, online only) (15). If problems 

were encountered in AE determination and categorizing AEs, a decision was taken 

after discussion within the research group.
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The ANZPIC registry diagnostic code list was used for diagnosis classification (30). 

An admission was classified as having a CCC or a non-complex chronic condition 

(NCCC) if either the primary diagnosis, the primary underlying diagnosis, or the 

first additional diagnosis was a diagnosis defined as a CCC or NCCC according to a 

modified Feudtner’s list (5, 7, 8). PICE diagnoses not appearing on these lists were 

classified before analyzing the data according to expert opinion (CV, JL) (35). The 

list of the PICE database diagnoses grouped as a CCC and NCCC is described in Table 

8 and Table 9 (online only).

Socio-economic status of the family was obtained by coupling the four digits of 

the postal code to the socio-economic status of the neighborhood in 2006 (The 

Netherlands Institute for Social Research) and grouped into three categories (32).

Data analysis

Normal distribution of continuous variables was tested using sampling distributions 

and skewness and kurtosis tests. Not normally distributed data were reported by 

median and inter-quartile range (IQR). Non-parametric tests (Mann-Whitney U) were 

used for the analyses of not normally distributed data. For categorical variables, 

Fisher’s exact test or the chi-square test was used (software: IBM SPSS Statistics 22).

Reliability study

To assess the reliability of the record review process, a random sample of nine records 

(20%) was reviewed by a second investigator.
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Results

Respondent characteristics

A total of 48 patients were randomly selected. Nine admissions were excluded, and 

therefore, nine new admissions were chosen as described (Fig. 1, flowchart).

2 PICUs (2006-2012)
11,216 admissions

7,143 low risk and high admissions
39 LN
6776 LS
157 HN
171 HS

4,073 admissions no low- or 
high risk category

9 admissions excluded
- 1 administration failure, no real admission (LN)
- 8 exclusion criteria

- 1 brain dead on arrival (HN)
- 7 change risk category after revising 

PIM2/PRISM score (1 LN, 1 LS, 5 HS)

57 admissions 
randomly selected

48  patients 
in study

Figure 1. Flowchart of the study population

LN = low-risk nonsurvivor, LS = low-risk survivor, HN = high-risk nonsurvivor, HS = high-risk survivor, 

PIM2 = Pediatric Index of Mortality score, PRISM = Pediatric Risk of Mortality.

Patient characteristics are listed in Table 1. The four groups were different on admission 

characteristics, mortality risk scores, presence of CCCs, and outcome characteristics 

like length of stay. The LN group had more medical admissions and higher PRISM 

mortality risk compared to the LS group. The PIM2 mortality risks between LN and 

LS were comparable. LN patients were more often mechanically ventilated; had more 

ventilator days, more central venous catheters, and more central venous catheter 

days; and had a longer length of stay compared to LS patients.
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Table 1. Patient characteristics

Characteristic LN LS HN HS

Patients in each subgroup 12 12 12 12

Gender: male 6 6 6 6

Age group

1–28 days 1 1 1 1

29–365 days 4 4 4 4

1–4 years 0 0 0 0

5–17 years 7 7 7 7

Age: median [IQR] (years) 9.5 [0–12.8] 7.5 [0–13.0] 5.0 [0–13.3] 5.5 [0–11.3]

Weight: median [IQR] (kg) 32.5 [3.9–53.5] 14.9 [3.1–44.8] 20.0 [7.0–50.0] 22.0 [5.5–37.0]

Socio-economic status

Low 3 3 2 3

Intermediate 5 8 8 8

High 3 1 1 1

Unknown 1 0 1 0

Non-elective admission 10 7d,f 12 12

Medical admission 12aa,c 6 8 10

CPR or brain herniation as the cause for PICU admission 0 0 9b 3

Off-hours admission 6 4 6 7

Chronic condition

CCC 9cc 7 3b 6

NCCC 2 1 0 3

None 1 4 9 3

Recalibrated PRISM mortality risk, median [IQR] (%) 0.9 [0.7–1.4]a,ccc,eee 0.6 [0.5–0.8]ddd,fff 77.0 [21.4–87.4] 43.6 [35.3–60.5]

Recalibrated PIM2 mortality risk, median [IQR] (%) 1.3 [0.8–6.1]ccc,e 1.3 [1.0–2.2]d,fff 56.1 [21.8–83.4]b 14 [14–46]

Mechanical ventilation 11aa 4dd,ff 12 12

Ventilator days, median [IQR] 6.5 [2.5–30.8]aaa 0 [0–1.8]ddd,ff 2.5 [1.0–9.3] 6.5 [4.3–11.5]

Central venous catheter 10a 5ff 11 9

Central venous catheter days, median [IQR] 4.5 [1.3–14.3]aa 0 [0–2]dd,ff 2.5 [1–17.5] 6.5 [1–11.8]
Extracorporeal life support 21 0 1 3

Length of stay, median [IQR] (days) 16 [5.5–32.8]aa,c,e 2 [2–2.8]dd 2.5 [1–9.3]b 11 [6.3–13]

Mode of death (n = 24)   Not applicable   Not applicable

Brain death 0c   6  

Maximal treatment including CPR 1   0  

Maximal treatment without CPR 2   1  

Limiting or withdrawal of therapy 9   5  

All numbers are expressed as the number of patients unless specified otherwise.
LN = low-risk nonsurvivors, LS = low-risk survivors, HN = high-risk nonsurvivors, HS = high-risk survivors.
1Two patients in LN with extracorporeal life support (ECLS): one patient, a neonate with a very complex 
congenital cardiac disorder including pulmonary atresia and total abnormal pulmonary venous return, 
was admitted preoperatively for cardiac surgery and needed ECLS after surgery but did not survive. he 
mortality risk in this patient was—according to the PIM2/PRISM criteria—measured before surgery and 
was low. Another patient, admitted with severe asthma, was resuscitated during PICU stay (day 2) 
and supported by ECLS after resuscitation but died of cerebral post-anoxic complications.

ap < 0.05, aap < 0.01, and aaap < 0.001, LN compared with LS; bp < 0.05, HN compared with HS; cp < 0.05, 
ccp < 0.01, and cccp < 0.001, LN compared with HN; dp < 0.05, ddp < 0.01, and dddp < 0.001, LS compared 
with group HS; ep < 0.05, and eeep < 0.001, LN compared with group HS; fp < 0.05, ffp < 0.01, and 
fffp < 0.001, LS compared with group HN.
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Characteristic LN LS HN HS

Patients in each subgroup 12 12 12 12

Gender: male 6 6 6 6

Age group
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Socio-economic status

Low 3 3 2 3

Intermediate 5 8 8 8

High 3 1 1 1

Unknown 1 0 1 0

Non-elective admission 10 7d,f 12 12

Medical admission 12aa,c 6 8 10

CPR or brain herniation as the cause for PICU admission 0 0 9b 3

Off-hours admission 6 4 6 7

Chronic condition

CCC 9cc 7 3b 6

NCCC 2 1 0 3

None 1 4 9 3

Recalibrated PRISM mortality risk, median [IQR] (%) 0.9 [0.7–1.4]a,ccc,eee 0.6 [0.5–0.8]ddd,fff 77.0 [21.4–87.4] 43.6 [35.3–60.5]

Recalibrated PIM2 mortality risk, median [IQR] (%) 1.3 [0.8–6.1]ccc,e 1.3 [1.0–2.2]d,fff 56.1 [21.8–83.4]b 14 [14–46]

Mechanical ventilation 11aa 4dd,ff 12 12

Ventilator days, median [IQR] 6.5 [2.5–30.8]aaa 0 [0–1.8]ddd,ff 2.5 [1.0–9.3] 6.5 [4.3–11.5]

Central venous catheter 10a 5ff 11 9

Central venous catheter days, median [IQR] 4.5 [1.3–14.3]aa 0 [0–2]dd,ff 2.5 [1–17.5] 6.5 [1–11.8]
Extracorporeal life support 21 0 1 3

Length of stay, median [IQR] (days) 16 [5.5–32.8]aa,c,e 2 [2–2.8]dd 2.5 [1–9.3]b 11 [6.3–13]

Mode of death (n = 24)   Not applicable   Not applicable

Brain death 0c   6  

Maximal treatment including CPR 1   0  

Maximal treatment without CPR 2   1  

Limiting or withdrawal of therapy 9   5  

All numbers are expressed as the number of patients unless specified otherwise.
LN = low-risk nonsurvivors, LS = low-risk survivors, HN = high-risk nonsurvivors, HS = high-risk survivors.
1Two patients in LN with extracorporeal life support (ECLS): one patient, a neonate with a very complex 
congenital cardiac disorder including pulmonary atresia and total abnormal pulmonary venous return, 
was admitted preoperatively for cardiac surgery and needed ECLS after surgery but did not survive. he 
mortality risk in this patient was—according to the PIM2/PRISM criteria—measured before surgery and 
was low. Another patient, admitted with severe asthma, was resuscitated during PICU stay (day 2) 
and supported by ECLS after resuscitation but died of cerebral post-anoxic complications.

ap < 0.05, aap < 0.01, and aaap < 0.001, LN compared with LS; bp < 0.05, HN compared with HS; cp < 0.05, 
ccp < 0.01, and cccp < 0.001, LN compared with HN; dp < 0.05, ddp < 0.01, and dddp < 0.001, LS compared 
with group HS; ep < 0.05, and eeep < 0.001, LN compared with group HS; fp < 0.05, ffp < 0.01, and 
fffp < 0.001, LS compared with group HN.



Chapter 4

68

In the LN group, most patients had a CCC (not resulting in a higher PIM2 or PRISM 

score) in contrast to the HN, where CCCs occurred in a minority of patients. In the HN, 

cardiopulmonary resuscitation was a frequent reason for admission, often resulting 

in brain death as the cause of death. In the majority of the LN, patients died after 

limiting therapeutic options. The length of stay in the LN was much longer compared 

to the HN and also longer compared to the HS.

Adverse events

The occurrence of AEs in the LN group was significantly higher compared to that 

in the LS and HN groups (Table 2). Eighty-three percent of the LN patients suffered 

from at least one AE. Twenty-five AEs occurred in the LN group. The AE rate (AE per 

PICU day) in the LN group was significantly higher compared to that in the LS and 

HN groups (median 0.12 AE/PICU day).

Table 2. Adverse events

Outcome measure LN LS HN HS

Patients with ≥ 1 AE(/n) 10/12aaa,cc 1/12dd 2/12b 7/12

AE PICU/PICU day, median [IQR] 0.12 [0.07–0.29]aaa,cc 0 [0–0]dd 0 [0–0]b 0.03 [0.0–0.17]

Number of AEs, total 25 2 8 10

Number of AEs/patient, median [IQR] 2 [1–3.8] 0 [0–0] 0 [0–0] 1 [0–1]

Only the primary outcome (patients with greater than or equal to one AE) and AE rate were tested.

LN = low-risk nonsurvivors, LS = low-risk survivors, HN = high-risk nonsurvivors, HS = high-risk 

survivors, AE = adverse event, PICU = pediatric intensive care unit, AE PICU/PICU day = the number 

of AEs per patient day.
aaap < 0.001, LN compared with LS; bp < 0.05, HN compared with HS; ccp < 0.01, LN compared with HN; 
ddp < 0.01, LS compared with group HS.

In Table 3, preventability, severity, and classification of all identified AEs are shown. 

In the LN group, eight preventable AEs occurred. In five of these preventable AEs, 

the severity was high (grade G-I). Two patients, in both the LN groups, died after a 

preventable AE. Looking at all 15 preventable AEs found among all subgroups in 

this study, most preventable AEs were related to problems in clinical monitoring 

(n = 5), infection control (n = 5), and diagnosis (n = 2). Detailed information about all 

patients with AEs including description, timing, severity, and preventability of the AEs 

is shown in Table 10 (online only). The day on which the AE occurred varied from day 

0 (preceding the PICU admission) to the last days of the PICU stay.
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Table 3. Preventability, severity, and classification of adverse events

Group No AEs Preventability Severity Classification

LN 25 8 preventable AEs I = 2 Infection control = 1

Clinical monitoring = 1

G–H = 3 Drug or fluid related = 1

Diagnosis = 2

E–F = 3 Infection control = 2

Clinical monitoring = 1

17 non-preventable AEs I = 4 Other = 3

Drug or fluid related = 1

G–H = 5 Other = 4

Drug or fluid related = 1

E–F = 8 Infection control = 4

Other = 3

Technical = 1

LS 2 2 preventable AEs H = 2 Infection control = 1

Drug or fluid related = 1

HN 8 2 preventable AEs G–H = 1 Clinical monitoring = 1

E–F = 1 Infection control = 1

6 non-preventable AEs I = 1 ECLS = 1

G–H = 1 ECLS = 1

E–F = 4 ECLS = 1

Other = 3

HS 10 3 preventable AEs G–H = 1 ECLS = 1

E–F = 2 ECLS = 1

Clinical monitoring = 1

7 non-preventable AEs G–H = 5 Clinical monitoring = 1

ECLS = 1

Other = 3

E–F = 2 ECLS = 1

Technical = 1
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Table 3. Continued

Group No AEs Preventability Severity Classification

Total 45 15 preventable   Clinical monitoring = 4

30 unpreventable Diagnosis = 2

Drug or fluid related = 2

ECLS = 2

Infection control = 5

Clinical monitoring = 1

Drug or fluid related = 2

Technical = 2

ECLS = 5

Infection control = 4

Other = 16

Severity categories: E = contributed to or resulted in temporary harm to the patient and required 

intervention, F = contributed to or resulted in temporary harm to the patients and required initial or 

prolonged hospitalization, G = contributed to or resulted in permanent patient harm, H = required 

intervention to sustain life, I = contributed to or resulted in the patient’s death.

LN = low-risk nonsurvivors, LS = low-risk survivors, HN = high-risk nonsurvivors, HS = high-risk 

survivors, AE = adverse event, ECLS = extracorporeal life support.

Interobserver agreement

Nine patient records were reviewed by the second investigator. Interobserver 

agreement was 8/9 (89%).
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Discussion

Major findings

In this exploratory study, AEs occurred in 83% of the LN. The occurrence of AEs 

and AE rate in these LN patients were significantly higher compared to those in LS 

patients and also higher compared to those in HN patients. A substantial part of the 

AEs in the LN group was preventable and had severe consequences, including two 

LN patients who died after a preventable AE. Screening patients with a low mortality 

risk is a valuable tool to discover problems in the quality of care and might reduce 

preventable death by implementing targeted quality improvement measures.

A possible explanation for the higher occurrence of AEs in the LN group might be that 

“low-risk” as defined by a calculated low mortality risk does not always reflect a true low 

risk of dying. Mortality risk scores such as PIM2 or PRISM scores perform reasonably 

well for the PICU population in general with an AUC between 0.83 and 0.90 but not for 

each individual (37). Many patients in the LN group are sicker than they appear based 

on the PIM2 or PRISM score. Misclassifications do occur. For example, seven LN patients 

were admitted to the PICU with major comorbidity such as hemato-oncology patients 

and patients with complex congenital heart disorders. These low-risk patients with a 

CCC are often at high risk for AEs (35). Patients with congenital heart disorders are 

sometimes admitted preoperatively to the PICU. Mortality risk scores can be obtained 

before surgery and do not measure true postoperative risk. New PRISM methods like 

PRISM IV might reflect mortality risk better in these patients because the risk score is 

measured after surgery (26). However, severe and preventable AEs did occur in patients 

with and without a CCC, so to our opinion, this is not the only explanation.

Comparing the AE rate from this study with other studies is difficult because in this 

exploratory study, we did not include the general PICU population but focused on the 

low- and high-risk groups. A single PICU study on patient safety factors in 47 PICU 

nonsurvivors found that 36% of nonsurvivors suffered at least one AE of category I 

and 60% suffered a “critical incident” (19). These results cannot be compared with 

our study not only because of different population characteristics but also due to 

different outcome measures. The “critical incidents” used in the study of Monroe 

could either be AEs or medical errors not causing harm (categories B–D), a category 

which is too wide in our opinion (21).

From the viewpoint of quality improvement, preventable AEs are the most interesting. 

Looking at the nature of the 15 preventable AEs found in this study, problems in clinical 

monitoring (n = 5), infection control (n = 5), and diagnosis (n = 2) were most prevalent. 
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For example, a pediatric early warning system might lead to timely recognition of 

deterioration and thus lead to lower mortality (11). During the study period, pediatric 

early warning systems and sepsis bundles were implemented in the participating 

hospitals, but the effectiveness could not be systematically examined yet.

The length of stay in the LN group was significantly longer compared to that in all 

other groups. A longer duration of stay may be the consequence of the AEs or might 

have contributed to an increased chance for AEs, and this cannot be estimated from 

this retrospective study.

Limitations

Our study has several limitations. First, children in the age group of 1–4 years were 

not present in the randomly chosen LN group and therefore not in the other groups, 

possibly giving rise to bias. Second, a relatively high number of admissions were 

excluded from the study. The decision to exclude patients was made on predefined 

criteria. Remarkably, in seven patients, the PIM2/PRISM score turned out to be false 

after verifying with the data from the medical record. This should encourage better 

surveillance of the database. Third, poor quality of the information in patient records 

might lead to underestimation of the number of AEs. The assessment of AEs with a 

trigger tool method depends on the presence of data in the medical record. However, 

in a patient record review study in Dutch hospitals, poor quality of the information 

present in the medical record was associated with higher rates of AEs (40). Another 

weakness of all retrospective studies is hindsight bias (9, 39). Knowledge of the final 

outcome may have influenced judgment on severity and preventability. This could 

lead to an overestimation of preventable severe AEs as judged by the investigators. 

Finally, the mortality prediction models do not perform perfectly. However, we found 

that both in real LN and in LN with a CCC, severe AEs and AEs contributing to death 

occur.
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Conclusion

This exploratory study shows that AEs do occur in PICU low-risk nonsurvivors. The 

occurrence of AEs in low-risk nonsurvivors was higher compared to that in low-risk 

survivors and high-risk nonsurvivors. Some AEs were severe and preventable and 

contributed to morbidity and mortality. The exact scale and nature of this safety 

problem should be analyzed in a larger multi-center study.

Informed consent and ethics

The study protocol has been presented to the Medical Ethical Committee of the 

Radboud University Medical Center in Nijmegen (registration number: 2016-2829). 

The committee judged that ethical approval was not required under Dutch national 

law. Data were anonymized and handled according to the principles of good clinical 

practice. No informed consent was obtained.
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Table 4. Triggers used to identify adverse events (modification of triggertool used by Agarwal (1)).

No Trigger Examples / Potential AEs

1 Cardiac or respiratory arrest Resuscitation, defibrillation, cardioversion, emergency 

intubation, administration of epinephrine

2 Accidental extubation

3 Pulmonary Pneumothorax, chylothorax , aspiration pneumonia

4 Neurology CNS bleed, CNS ischemia/infarction

5 Infectious disease Infection of any kind occurring > 3 days after admission

6 Subcutaneous infusion Need for hyaluronidase infusion

7 Decubitus ulcer (pressure sores)

8 Readmission < 48 hours

9 Central catheter Central catheter clot, inadvertent catheter removal, 

bleeding from central catheter, change of ECLS system

10 Trachea Post extubation stridor, racemic epinephrine 

administration

11 Dislocation endotracheal tube Order to pull back or push ETT or chest X ray with tube 

> 0.5 cm to (un)deep, not direct after intubation/ ETT 

mal-positioning requiring reposition

12 Oversedation COMFORT-B score < 11 during 24 hours

13 Allergy Allergic reaction, treatment with clemastine, allergic 

rash

14 Pain,undersedation Uncontrolled pain, undersedation (two times 

COMFORT-B score > 17 and/or NRS > 4 within one hour)

15 Hypo-/ hyperglycaemia Insulin treatment, glucose <4 or > 8 mmol/l in children, 

glucose <2.7 or >8 mmol/l in neonates

16 Withdrawal symptoms Notification of withdrawal symptoms in medical 

record, use of medications (like methadon, lorazepam, 

clonidine orally), SOS score > 4 twice.

17 Delirium Notification of delirium in medical record, use of 

medications like haloperidol, risperidon, combinations 

of different scores (CAP-D score, pCAM-ICU score, SOS-

PD score)

18 Thrombosis Deep vein thrombosis

19 Other Other incidents: unplanned return to surgery, problems 

with foley catheter, problems with epidural catheter, 

falling incidents, diagnostic delay

CNS = central nervous system, ECLS = extra corporal life support, ETT = endotracheal tube, 

COMFORT-B score= COMFORT behavioral score (sedation score), NRS =Numerical Rating Scale 

(pain score), SOS-score = Sophia Observation withdrawal Score, CAP-D score = Cornell Assessment 

of the Pediatric Delirium, pCAM-ICU = pediatric Confusion Assessment Method for the Intensive 

Care Unit, SOS-PD score = Sophia Observation withdrawal Score – Pediatric Delirium.
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Table 5. Harm classification using the NCC MERP criteria (2)

Category Definition Error? Harm?

A Circumstances or events that have the capacity to cause error No error

B An error occurred but the error did not reach the patient Error, no harm

C An error occurred that reached the patient but did not cause 

patient harm

Error, no harm

D An error occurred that reached the patient and required 

monitoring to confirm that it resulted in no harm to the patient 

and/or required intervention to preclude harm

Error, no harm

E Contributed to or resulted in temporary harm to the patient and 

required intervention

Harm

F Contributed to or resulted in temporary harm to the patients and 

required initial or prolonged hospitalization

Harm

G Contributed to or resulted in permanent patient harm Harm

H Required intervention to sustain life Harm

I Contributed to or resulted in the patient’s death Death

NCC MERP = National Coordination Council for Medication Error Reporting and Prevention

Categories E-I = Adverse event.

Table 6. Preventability of adverse events (3)

Category Definition

1 (Virtually) no evidence for preventability

2 Slight to modest evidence of preventability

3 Preventability not quite likely (less than 50/50, but ‘close call’)

4 Preventability more than likely (more than 50/50, but ‘close call’)

5 Strong evidence of preventability

6 (Virtually) certain evidence of preventability

AE = adverse event

AEs with a preventability score of 4 to 6 were defined as preventable AEs.
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Table 7. Classification of adverse events (Modification of classification made by Hogan (4))

Type of problem Definition

Clinical monitoring Failure to act upon results of tests or clinical findings, set up monitoring 

systems or respond to such systems or increase intensity of care when 

required

Diagnosis Missed, delayed or inappropriate diagnosis as a result of failure to 

perform an adequate assessment of patient’s overall condition including 

appropriate tests or lack of focused assessment when required

Drug or fluid related Side effects, inappropriate use, failure to give prophylactic care, 

anaphylaxis, etc.

Technical problems Related to a device, an operation or procedure whether on ward, in 

a diagnostic situation or in theatre and including inappropriate or 

unnecessary procedures (other than technical problems related to ECLS)

ECLS Problems related to ECLS including technical problems, hemorrhage

Infection related Healthcare associated infections including infections from indwelling 

device

Resuscitation Problems in resuscitation including cardiopulmonary resuscitation such 

as delay in beginning resuscitation, problems related to resuscitation 

technique, resuscitation medication/fluids, resuscitation equipment

Other Any other problem not fitting categories above

ECLS = extracorporeal life support.
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Table 8. List of diagnoses classified as complex chronic conditions (CCC) (Modification of Feudtner’s 

list (5-8))

Complex chronic conditions

Subgroup Diagnoses from the PICE database

Cardiovascular Absent pulmonary valve syndrome*

Anomaly of the coronary artery

Arterial switch*

Atrioventricular septal defect

Cardiomyopathy

Cavopulmonary shunt*

Cor triatriatum

Double outlet right ventricle

Ebstein’s anomaly

Fontan procedure*

Hypoplastic left heart syndrome

Hypoplastic left ventricle*

Hypoplastic or interrupted aortic arch*

Hypoplastic right ventricle*

Levo transposition of the great arteries

Mitral valve stenosis

Monoventricle

Norwood procedure – step 1*

Pacemaker insertion/revision*

Portal hypertension*

Pulmonary atresia or stenosis

Pulmonary artery banding*

Reconstruction of aortic arch*

Reconstruction of left ventricular outflow*

Reconstruction of right ventricular outflow*

Restoration of atrioventricular septumdefect*

Repair of plastic pulmonary artery*

Repair or replacement of conduit*

Repair of tetralogy of Fallot*

Right ventricular outflow tract obstruction*

Senning procedure*

Supraventricular arrhythmia

Surgery of pulmonary collateral arteries*

Systemic to pulmonary shunt procedure*

Tetralogy of Fallot

Total abnormal pulmonary venous return

Transplantation of heart

Transplantation of heart and lung

Transplantation of heart and lung – state after procedure

Transposition of the great arteries



Chapter 4

82

Table 8. Continued

Complex chronic conditions

Cardiovascular 

(Continued)

Tricuspid atresia or stenosis

Truncus arteriosus

Vasculitis*

Ventricular arrhythmia

Respiratory Bronchiectasis

Central apnea*

Choanal atresia or stenosis*

Chronic lung disease*

Congenital lung disease

Cystic fibrosis

Infant respiratory distress syndrome*

Laryngomalacia

Malacia trachea or bronchus

Massa mediastinum*

Pulmonary edema

Pulmonary hypoplasia

Pulmonary insufficiency*

Reconstuction of larynx*

Subglottic stenosis

Tracheostomy*

Trachea or bronchus stenosis

Transplantation of lung

Transplantation of lung – state after procedure

Vocal cord paralysis*

Hematological Coagulation defects

Hematologic disease*

Endocrinological Congenital metabolism disorder

Diabetes (comorbidity)*

Diabetes inspididus

Diabetes mellitus with ketoacidosis

Diabetes mellitus without ketoacidosis

Endocrine disorder

Kasaï procedure*



Exploratory study on adverse events in low-risk PICU nonsurvivors

83

4

Table 8. Continued

Complex chronic conditions

Gastrointestinal Biliary atresia

Colitis

Congenital diaphragmatic hernia

Gastroschisis or exomphalus

Hirschsprung’s disease*

Liver disease – other*

Oesophageal atresia

Repair of esophageal atresia*

Repair of esophageal fistel*

Repair of total anomalous pulmonary venous return*

Short bowel syndrome*

Transplantation of kidney

Transplantation of liver

Transplanation of liver – state after procedure

Transplantation of small intestine

Varices of oesophagus or stomach*

Immunological Congenital immunodeficiency

Graft versus host disease

Neutropenia*

Pancytopenia*

Pheochromocytoma*
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Table 8. Continued

Complex chronic conditions

Neuromuscular Acute disseminated encephalomyelitis*

Arnold-Chairi malformation

Brain arteriovenous malformation*

Brain tumour

Central nervous system shunt dysfunction or infection*

Cerebral aneurism

Cerebral cyst

Cerebral infarction*

Chronic traumatic encephalopathy

Congenital brain disease*

Convulsions*

Craniotomy – fossa anterior*

Epilepsy (comorbidity)

Hydrocephalus

Insertion of revision of central nervous system shunt*

Lobectomy or hemispherectomy*

Meningomyelocele or spina bifida

Muscular dystrophy

Myastenia gravis

Myelum – impairment*

Myopathy

Repair of myelomeningocele*

Static encephalopathy

Oncological Cystic hygroma

Leukemia or lymphoma

Malignant solid organ neoplasm

Transplantation of bone marrow

Transplantation of bone marrow – state after procedure

Renal Chronic kidney failure

Hydronephrosis*

Nephrotic or nephritic syndrome*

Transplantation of kidney – state after procedure

Endocrinal Syndrome of inappropriate antidiuretic hormone secretion*

Genetic Chromosome abnormality

Craniosynotosis*

DiGeorge syndrome

Down syndrome

Pierre Robin syndrome*

Urological Repair of exstrophia vesicae*

Miscellaneous Syndrome or malformation*

* Diagnoses that were not on the original Feudtner’s list (as CCC).
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Table 9. List of diagnoses classified as non-complex chronic conditions (NCCC) (modification of 

Feudtner’s list (5-7))

Non-complex chronic conditions

Subgroup Diagnoses from the PICE database

Cardiovascular Aorta insufficiency

Aorta stenosis

Atrial septal defect

Aortopulmonary window*

Arteriovenous malformation*

Acquired cardiovascular disorder – other*

Coartectomy*

Coarctatio aortae

Closed valvotomy*

Closed heart surgery – other*

Congenital cardiovascular disorder- other

Ductus arteriosus

Left ventricle outflow tract obstruction*

Mitral insufficiency

Myocardal infarction or ischemia*

Open valvotomy*

Open heart surgery – other*

Pulmonary hypertension*

Past heart surgery*

Repair of atrial septal defect*

Repair of ventricular septal defect*

Repair of coronary artery*

Repair of ductus arteriosus*

Repair or replacement of valve*

Systemic hypertension

Tricuspidal insufficiency

Ventricular septal defect

Respiratory Asthma

Chylous effusion*

Obstructive sleep apnoea syndrome

Pneumectomy or lobectomy*

Gastrointestinal Repair of gastroschisis or exomphalos*

Neuromuscular Guillain Barré syndrome*

Neuropathy

Neurosurgery - other*
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Table 9. Continued

Non-complex chronic conditions

Oncological Cardiac tumour*

Non-malignant solid organ neoplasm

Resection of abdominal tumour*

Resection of cardiac tumour *

Resection of thoracic tumour*

Subglottic hemangioma

Genetic Repair of cheiloschisis*

Repair of palatoschisis*

Miscellaneous Scoliosis

NCCC = non complex chronic condition

* Diagnoses that were not mentioned on the original Feudtner’s list (as NCCC).
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Table 9. Continued

Non-complex chronic conditions

Oncological Cardiac tumour*

Non-malignant solid organ neoplasm

Resection of abdominal tumour*

Resection of cardiac tumour *

Resection of thoracic tumour*

Subglottic hemangioma

Genetic Repair of cheiloschisis*

Repair of palatoschisis*

Miscellaneous Scoliosis

NCCC = non complex chronic condition

* Diagnoses that were not mentioned on the original Feudtner’s list (as NCCC).
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Table 10. Detailed description of patients with adverse events (AEs). AEs occurred in 20/48 patients

Group/

patient

Age 

(yr)

Diagnosis CCC No. AE LOS Timing 

AE (day)

Location AE

(pre PICU /PICU)

Description of AE Severity Preventability 

(x/6)

LN

1 10 Acute myeloid leukemia, neutropenic 

enterocolitis

CCC 1 7 6 PICU Abdominal compartment syndrome Cat H 1

2 12 Acute myeloid leukemia, hyperleuco-

cytosis

CCC 1 3 2 PICU Fluid overload Cat H 4

3 9 Trauma, pelvic fracture no CCC 3 1 0

0

1

2 pre PICU

1 PICU

Missed diagnosis gut perforation

Fat embolism

Tension pneumothorax (found post mortem)

Cat H

Cat I

Cat I

4

3

1

4 13 Morbus Steinert, pneumonia NCCC 3 32 23

26

30

PICU Sudden resuscitation

Urinary tract infection

Post anoxic encephalopathy

Cat G

Cat E

Cat I

1

2

2

5 15 Epilepsy, status epilepticus CCC 4 36 3

21

22

33

PICU CLABSI

CLABSI

Urinary tract infection

Deep vein thrombosis (despite prophylaxis)

Cat E

Cat E

Cat E

Cat E

5

5

2

1

6 0 Premature, short bowel after 

necrotising enterocolitis, cholestasis

CCC 1 16 16 PICU CLABSI Cat I 4

7 0 Giant omphalocele, pulmonary 

hypertension

CCC 1 10 5 PICU Extravasation injury Cat E 4

8 17 Juvenile chronic arthritis, 

hemophago-cytic lympho-

histiocytosis

CCC 4 16 0

1

11

14

1 pre PICU

3 PICU

Gastric perforation during steroids (despite 

prophylaxis)

Delay in diagnosis of gastric perforation

Pneumothorax

Cerebral Hemorrhage

Cat H

Cat H

Cat E

Cat I

1

4

1

2

9 11 Status asthmaticus NCCC 3 5 2

2

3

PICU Resuscitation during spontaneous ventilation 

in PICU

Hypoglycaemia

Pneumothorax (on ECLS)

Cat I

Cat E

Cat E

4

1

1

10 0 Hypoplastic right ventricle, total 

abnormal venous return

CCC 4 33 20

20

26

28

PICU Resuscitation - SVT

Resuscitation

CLABSI (on ECLS)

CLABSI

Cat H

Cat H

Cat E

Cat E

1

1

2

2

LS

11 12 Marfan syndrome, Bental procedure, 

hematothorax

CCC 2 2 0

0

2 pre PICU Infected pericardial effusion

Hematothorax, no antagonising coumarines 

before inserting central venous line

Cat H

Cat H

4

5
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Table 10. Detailed description of patients with adverse events (AEs). AEs occurred in 20/48 patients

Group/

patient

Age 

(yr)

Diagnosis CCC No. AE LOS Timing 

AE (day)

Location AE

(pre PICU /PICU)

Description of AE Severity Preventability 

(x/6)

LN

1 10 Acute myeloid leukemia, neutropenic 

enterocolitis

CCC 1 7 6 PICU Abdominal compartment syndrome Cat H 1

2 12 Acute myeloid leukemia, hyperleuco-

cytosis

CCC 1 3 2 PICU Fluid overload Cat H 4

3 9 Trauma, pelvic fracture no CCC 3 1 0

0

1

2 pre PICU

1 PICU

Missed diagnosis gut perforation

Fat embolism

Tension pneumothorax (found post mortem)

Cat H

Cat I

Cat I

4

3

1

4 13 Morbus Steinert, pneumonia NCCC 3 32 23

26

30

PICU Sudden resuscitation

Urinary tract infection

Post anoxic encephalopathy

Cat G

Cat E

Cat I

1

2

2

5 15 Epilepsy, status epilepticus CCC 4 36 3

21

22

33

PICU CLABSI

CLABSI

Urinary tract infection

Deep vein thrombosis (despite prophylaxis)

Cat E

Cat E

Cat E

Cat E

5

5

2

1

6 0 Premature, short bowel after 

necrotising enterocolitis, cholestasis

CCC 1 16 16 PICU CLABSI Cat I 4

7 0 Giant omphalocele, pulmonary 

hypertension

CCC 1 10 5 PICU Extravasation injury Cat E 4

8 17 Juvenile chronic arthritis, 

hemophago-cytic lympho-

histiocytosis

CCC 4 16 0

1

11

14

1 pre PICU

3 PICU

Gastric perforation during steroids (despite 

prophylaxis)

Delay in diagnosis of gastric perforation

Pneumothorax

Cerebral Hemorrhage

Cat H

Cat H

Cat E

Cat I

1

4

1

2

9 11 Status asthmaticus NCCC 3 5 2

2

3

PICU Resuscitation during spontaneous ventilation 

in PICU

Hypoglycaemia

Pneumothorax (on ECLS)

Cat I

Cat E

Cat E

4

1

1

10 0 Hypoplastic right ventricle, total 

abnormal venous return

CCC 4 33 20

20

26

28

PICU Resuscitation - SVT

Resuscitation

CLABSI (on ECLS)

CLABSI

Cat H

Cat H

Cat E

Cat E

1

1

2

2

LS

11 12 Marfan syndrome, Bental procedure, 

hematothorax

CCC 2 2 0

0

2 pre PICU Infected pericardial effusion

Hematothorax, no antagonising coumarines 

before inserting central venous line

Cat H

Cat H

4

5
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Table 10. Continued

Group/

patient

Age 

(yr)

Diagnosis CCC No. AE LOS Timing 

AE (day)

Location AE

(pre PICU /PICU)

Description of AE Severity Preventability 

(x/6)

HN

12 11 Trauma, cardiac arrest at trauma site no CCC 1 1 0 pre PICU Hypoxia and hypotension during transport to 

PICU

Cat H 4

13 14 Necrotizing pneumonia (influenza, 

staphylococcus aureus ), transfer 

from another PICU for ECLS

no CCC 7 21 5

9

9

11

15

18

21

PICU Small cerebral hemorrhage (on ECLS)

Pneumothorax

Hematothorax after drainage of 

pneumothorax on ECLS

Pneumothorax

Pneumothorax

CLABSI

Cerebral hemorrhage (on ECLS)

Cat E

Cat E

Cat H

Cat E

Cat E

Cat E

Cat I

2

1

2

1

1

4

2

HS

14 9 Cerebral herniation, hydrocephalus, 

neurofibromatosis

CCC 1 24 13 PICU Decubitus Cat E 4

15 0 Meconium aspiration syndrome, 

transfer for ECLS

no CCC 3 12 1

3

5

PICU Resuscitation before ECLS was started

Replacement ECLS canule (wrong canule 

placed)

Cerebral hemorrhage on ECLS

Cat H

Cat E

Cat G

1

6

2

16 0 Urgent laparotomy, bleeding from 

large abdominal tumor

CCC 1 13 1 PICU Abdominal compartment syndrome / 

resuscitation

Cat H 2

17 0 Trisomie 21, meningo-encephalitis, 

septic shock

CCC 2 8 1

1

PICU Subdural empyema and cerebral hemorrhage

Necrosis of digits

Cat G

Cat G

1

1

18 12 Out of hospital resuscitation, 

aspiration, ARDS, transfer from 

another PICU for ECLS

no CCC 1 5 2 PICU Hemorrhage around ECLS canula in left groin Cat E 1

19 12 Status asthmaticus NCCC 1 11 3 PICU Ischaemia leg, on veno-arterial ECLS Cat G 4

20 5 Juvenile myelomono-cytic leukemia, 

bone marrow transplant, graft versus 

host, short bowel, seizures

CCC 1 41 21 PICU Obstruction of CVL Cat E 1

LN = low-risk nonsurvivors, LS = low-risk survivors, HN = high-risk nonsurvivors, HS = high-risk 

survivors, CCC= complex chronic condition, NCCC = non-complex chronic condition, no CCC= no 

(non-) complex chronic condition, AE = adverse event, No.AE = number of AEs in this patient, LOS 

= length of stay (days),

  PICU = pediatric intensive care unit, CLABSI = central line-associated blood stream infection, ECLS 

= extracorporal life support, CVL = central venous line.

Timing AE (day) = day op PICU admission when AE occurred, if an AE was preceding the PICU 

admission, it was scored as day 0.
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Table 10. Continued

Group/

patient

Age 

(yr)

Diagnosis CCC No. AE LOS Timing 

AE (day)

Location AE

(pre PICU /PICU)

Description of AE Severity Preventability 

(x/6)

HN

12 11 Trauma, cardiac arrest at trauma site no CCC 1 1 0 pre PICU Hypoxia and hypotension during transport to 

PICU

Cat H 4

13 14 Necrotizing pneumonia (influenza, 

staphylococcus aureus ), transfer 

from another PICU for ECLS

no CCC 7 21 5

9

9

11

15

18

21

PICU Small cerebral hemorrhage (on ECLS)

Pneumothorax

Hematothorax after drainage of 

pneumothorax on ECLS

Pneumothorax

Pneumothorax

CLABSI

Cerebral hemorrhage (on ECLS)

Cat E

Cat E

Cat H

Cat E

Cat E

Cat E

Cat I

2

1

2

1

1

4

2

HS

14 9 Cerebral herniation, hydrocephalus, 

neurofibromatosis

CCC 1 24 13 PICU Decubitus Cat E 4

15 0 Meconium aspiration syndrome, 

transfer for ECLS

no CCC 3 12 1

3

5

PICU Resuscitation before ECLS was started

Replacement ECLS canule (wrong canule 

placed)

Cerebral hemorrhage on ECLS

Cat H

Cat E

Cat G

1

6

2

16 0 Urgent laparotomy, bleeding from 

large abdominal tumor

CCC 1 13 1 PICU Abdominal compartment syndrome / 

resuscitation

Cat H 2

17 0 Trisomie 21, meningo-encephalitis, 

septic shock

CCC 2 8 1

1

PICU Subdural empyema and cerebral hemorrhage

Necrosis of digits

Cat G

Cat G

1

1

18 12 Out of hospital resuscitation, 

aspiration, ARDS, transfer from 

another PICU for ECLS

no CCC 1 5 2 PICU Hemorrhage around ECLS canula in left groin Cat E 1

19 12 Status asthmaticus NCCC 1 11 3 PICU Ischaemia leg, on veno-arterial ECLS Cat G 4

20 5 Juvenile myelomono-cytic leukemia, 

bone marrow transplant, graft versus 

host, short bowel, seizures

CCC 1 41 21 PICU Obstruction of CVL Cat E 1

LN = low-risk nonsurvivors, LS = low-risk survivors, HN = high-risk nonsurvivors, HS = high-risk 

survivors, CCC= complex chronic condition, NCCC = non-complex chronic condition, no CCC= no 

(non-) complex chronic condition, AE = adverse event, No.AE = number of AEs in this patient, LOS 

= length of stay (days),

  PICU = pediatric intensive care unit, CLABSI = central line-associated blood stream infection, ECLS 

= extracorporal life support, CVL = central venous line.

Timing AE (day) = day op PICU admission when AE occurred, if an AE was preceding the PICU 

admission, it was scored as day 0.
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Abstract

Objectives: Some patients with a low predicted mortality risk in the PICU die. The 

contribution of adverse events to mortality in this group is unknown. The aim of this 

study was to estimate the occurrence of adverse events in low-risk nonsurvivors 

(LN), compared with low-risk survivors (LS) and high-risk PICU survivors and 

nonsurvivors, and the contribution of adverse events to mortality.

Design: Case control study. Admissions were selected from the national Dutch 

PICU registry, containing 53,789 PICU admissions between 2006 and 2017, in 

seven PICUs. PICU admissions were stratified into four groups, based on mortality 

risk (low/high) and outcome (death/survival). Random samples were selected from 

the four groups. Cases were “LN.” Control groups were as follows: “LS,” “high-risk 

nonsurvivors” (HN), and “high-risk survivors” (HS). Adverse events were identified 

using the validated trigger tool method.

Setting: Patient chart review study.

Patients: Children admitted to the PICU with either a low predicted mortality risk 

(< 1%) or high predicted mortality risk (≥ 30%).

Interventions: None.

Measurements and main results: In total, 419 patients were included (102 LN, 107 

LS, 104 HN, and 106 HS). LN had more complex chronic conditions (93.1%) than LS 

(72.9%; p < 0.01), HN (49.0%; p < 0.001), and HS (48.1%; p < 0.001). The occurrence 

of adverse events in LN (76.5%) was higher than in LS (13.1%) and HN (47.1%) (p < 

0.001). The most frequent adverse events in LN were hospital-acquired infections 

and drug/fluid-related adverse events. LN suffered from more severe adverse 

events compared with LS and HS (p < 0.001). In 30.4% of LN, an adverse event 

contributed to death. In 8.8%, this adverse event was considered preventable.

Conclusions: Significant and preventable adverse events were found in low-risk 

PICU nonsurvivors. 76.5% of LN had one or more adverse events. In 30.4% of LN, 

an adverse event contributed to mortality.
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Introduction

Despite the introduction of several safety programs, adverse events (AEs) remain 

a great threat to modern healthcare, leading to patient harm, morbidity, increased 

healthcare costs, and even death. AEs occur in 22–76% of admissions in the PICU 

(1–5). Ninety percent of AEs in the PICU do not cause permanent harm (4). PICU 

mortality in affluent countries has decreased over the last decades to 2–4%, but PICU 

patients often have underlying complex chronic conditions, receive multiple drugs, 

need invasive supportive technologies, depend on many clinical decisions being made, 

and are at risk for iatrogenic harm (6).

Validated mortality prediction models like the “Pediatric Index of Mortality” (PIM) 

and “Pediatric Risk of Mortality” (PRISM) and their updates are used in the PICU 

for benchmarking and for research purposes (7–10). A significant portion of PICU 

patients has a low predicted mortality risk, as measured by these prediction models. 

Nevertheless, some of the “low-risk” patients die in the PICU. Unplanned admissions 

and underlying complex chronic conditions are known risk factors associated 

with mortality in this group (11–13). These factors increase the risk for mortality 

significantly, but it seems that more factors are involved in the death of the “low-risk” 

PICU population. Specifically, the contribution of AEs in these “unexpected deaths” 

is unknown but of great interest. Although one may expect that AEs mainly occur in 

the most complex, critically ill PICU patients, two small studies showed that low-risk 

PICU patients who die have a high occurrence of AEs (14, 15). In order to gain more 

insight into the occurrence and relevance of AEs in low-risk PICU nonsurvivors, we 

performed a nation-wide study in The Netherlands. More knowledge about the role 

of AEs might reveal opportunities to increase safety in the PICU.

The primary aim was to study the occurrence of AEs in PICU nonsurvivors with a low 

predicted mortality risk (low-risk nonsurvivors (LN))‚ compared to low-risk survivors 

(LS)‚ high-risk nonsurvivors (HN) and high-risk survivors (HS). Secondary aims were 

to compare the severity, preventability and nature of AEs between LN and LS and 

high-risk patients and to establish the contribution of AEs to mortality.
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Materials and methods

Study design and setting

We conducted a case control study, in which admissions were selected from the 

national PICU registry containing anonymized information of all seven PICUs in The 

Netherlands (“Pediatric Intensive Care Evaluation” (“PICE-registry”) (https://pice.nl/). 

The PIM2 and PRISM-II (further referred as “PRISM”) scores of all PICU admissions 

were collected, and the models were recalibrated to predict overall mortality in the 

11-year cohort without altering the relative weights of the risk factors (12, 14, 16). 

Mortality in the database was registered as mortality during PICU admission (12).

Study population

PICU admissions between January 1, 2006, and January 1, 2017, were stratified into 

four groups based on risk profile and outcome, comparable with previous studies 

(12, 14, 17). The study group consisted of LN, defined as “admissions with a mortality 

risk in the simply recalibrated PIM2 and/or recalibrated PRISM of < 1% and PICU-

nonsurvivor). The three control groups consisted of “LS” (mortality risk < 1% and 

survivor), “HN” (mortality risk > 30% and nonsurvivor), and “HS” (mortality risk > 

30% and survivor). Nonsurvivors were defined as patients who died during PICU 

admission. After stratification, a random sample of the four groups was selected by 

a computer-based randomizer (18).

The methodology was equal compared with a pilot study which was performed in 

two PICUs. Based on the results of a pilot study, with an anticipated occurrence 

of patients with greater than one AE of 80% in the LN group and 60% in the HS 

group, with alpha of 0.0167, beta of 0.2, and power 80%, 420 patients were needed 

(14). Anticipating 15% exclusions, a total of 4 × 125 (500) admissions were selected. 

To obtain sufficient patients in the LN group (n = 125), patients were selected from 

a large time frame. Inclusion criteria were children less than 18 years with PIM2 

and PRISM scores. Exclusion criteria were patients who were admitted for palliative 

reason or who were brain dead at admission, premature patients, patients in whom 

the medical record was unavailable, or patients who did not fulfill criteria for being 

high- or low-risk after the PIM2 and PRISM scores were checked for errors. Details 

are shown in the additional file, Table S1 (http://links.lww.com/PCC/C245).

Data collection

Data were collected using a validated two-staged record review method (4, 14).
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The first stage of the analysis was performed by a team of three trained medical 

students and the primary investigator. The primary investigator is a pediatric 

intensivist with over 20 years of clinical experience. PIM2 and PRISM scores were 

checked for errors based on physiologic and laboratory data. Patient characteristics 

were extracted from the registry and from the medical record (Table S2, http://links.

lww.com/PCC/C245). All medical records and nursing records were manually screened 

for potential AEs using a PICU trigger tool method which was adapted from Agarwal 

et al (4) and used in the exploratory study (Table S3, http://links.lww.com/PCC/C245) 

(14).

During the second stage, performed by the primary investigator, patient records were 

reviewed for diagnoses, health status at PICU admission, mode of death (if applicable), 

and AEs. For diagnosis classification, the diagnostic code list of the Australian New 

Zealand Pediatric Intensive Care society was used (19). 

Health status of the patient at PICU admission was based on the presence of an 

underlying complex chronic condition (CCC) or non-CCC, according to a modified 

Feudtner’s list (Table S4, http://links.lww. com/PCC/C245) (11, 12, 14, 20). Because 

the presence of CCCs does not always differentiate between children with a short 

life expectancy and children who are able to survive for many more years, a tool to 

categorize life expectancy before PICU admission was developed. Life expectancy 

was based on patient history including CCCs and using professional judgment from 

the primary investigator (13, 21, 22). An expert panel of (pediatric) intensivists (J.A.H., 

J.v.d.H., J.L.) was available if problems were encountered in judgment of AEs.

Outcome measures

Definitions and outcome measures are shown in Table 1. Primary outcome was the 

occurrence of AEs. An AE was defined as unintended injury that results in prolonged 

hospital stay, temporary or permanent disability, or death, caused by healthcare 

management rather than by the patient’s underlying disease process (23). Secondary 

outcomes were severity, preventability, nature and timing of AEs, and contribution 

of AEs to mortality.

The severity of AEs was rated according to the criteria of the National Coordinating 

Council for Medication Error Reporting and Prevention (24). Regarding grade I 

AEs (“contributed to or resulted in the patient’s death”), three subcategories were 

developed: I-1: “AE partially contributed to death,” I-2: “AE substantially contributed 

to death,” or I-3: “death completely caused by AE”. All AEs contributing to mortality 

were discussed within in the expert panel.
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A preventable AE was defined as “an AE resulting from mismanagement due to 

failure to follow accepted practice at an individual or system level” (23). Accepted 

practice was taken to be “the current level of expected performance for the average 

practitioner or system that manages the condition in question,” using guidelines and 

protocols that were valid at that time/ period (25). Preventability of AEs was scored 

using a six-point Likert scale. AEs with a preventability score of 4–6 were considered 

as preventable (21, 23).

AEs were grouped into nine categories, based on the classification made by Hogan et 

al (22), for example “clinical monitoring,” “drug or fluid related,” “infection related,” 

or “technical problems.” A category was added for extracorporeal membrane 

oxygenation and procedures taking place outside the PICU (“surgical procedure”) 

(Table 1). AEs that occurred before PICU admission and were related to the PICU 

admission, were included in the total number of AEs as “AE before PICU admission,” 

modified from the Canadian AE Study (23). As they occurred before and not during 

PICU admission, they were not incorporated in the AE rate (number of AEs/PICU day). 

Data that could not be retrieved were categorized as “missing.”

Data analysis

Normal distribution of continuous variables was tested using sampling distributions 

and skewness and kurtosis tests. Skewed distributed data were reported by median 

and interquartile range (IQR) and were tested by nonparametric tests (Mann-Whitney 

U). For categorical variables, chi-square test was used (software: IBM statistics 22).

LN patients were compared with LS, HN, and HS patients. Because of multiple testing, 

a Bonferroni correction was applied, and therefore an alpha of 0.0167 was considered 

significant.

Reliability study

To assess the reliability of the review process, a sample of 24 medical records was 

independently reviewed by a panel of three pediatric intensivists, for the presence 

and preventability of AE(s). The panel was not part of the core team and was blinded 

for the study results. A k-value between 0.00 and 0.20 was classified as “slight,” 

between 0.21 and 0.40 as “fair,” between 0.41 and 0.60 as “moderate,” between 0.61 

and 0.80 as “substantial,” and between 0.81 and 1.00 as “almost perfect” (26).
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Table 1. Definitions and Outcome Measures

Adverse Event (AE)

An unintended injury that results in temporary or permanent disability, death or prolonged 

hospital stay and that is caused by healthcare management rather than by the patient’s 

underlying disease process

Timing of AE

1 AEs that occurred during the index PICU admission.

2 AEs that occurred shortly before PICU admission and were related to the PICU admission, 

were scored as “AE before PICU.”

“AEs before PICU admission were not incorporated in the AE rate.”

AE rate

Number of AEs occurring during PICU admission divided by PICU length of stay

Severity of AEs according to National Coordinating Council for Medication Error Reporting 

and Prevention categories (24)

E contributed to or resulted in temporary harm to the patient and required intervention

F contributed to or resulted in temporary harm to the patients and required initial or 

prolonged hospitalization

G contributed to or resulted in permanent patient harm

H required intervention to sustain life

I contributed to or resulted in the patient’s death

For category I, subcategories were developeda:

I-1 Partially contributed to death

I-2 Substantially contributed to death

I-3 Death was completely caused by AE

Preventability

The degree of preventability of AEs was measured on a six-point Likert scale

1 (Virtually) no evidence for preventability

2 Slight to modest evidence of preventability

3 Preventability not quite likely (less than 50/50, but “close call”)

4 Preventability more than likely (more than 50/50, but “close call”)

5 Strong evidence of preventability

6 (Virtually) certain evidence of preventability

AEs with a preventability score of 4 to 6 were defined as preventable AEs.
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Table 1. Continued

Classification

Based on the classification made by Hogan (22)

Clinical monitoring Failure to act upon results of tests or clinical findings, set up monitoring 

systems or respond to such systems or increase intensity of care when 

required

Diagnosis Missed, delayed or inappropriate diagnosis as a result of failure to 

perform an adequate assessment of patient’s overall condition including 

appropriate tests or lack of focused assessment when required

Drug or fluid related Side effects, inappropriate use, failure to give prophylactic care, 

anaphylaxis, etc.

Technical problems Related to a device, an operation or procedure whether on ward, in 

a diagnostic situation or in theatre and including inappropriate or 

unnecessary procedures (other than technical problems related to 

extracorporeal life supportb)

ECMOb Problems related to ECMO including technical problems, haemorrhage

Infection related Healthcare-associated infections including infections from indwelling 

device

Resuscitation Problems in resuscitation including cardiopulmonary resuscitation such 

as delay in beginning resuscitation, problems related to resuscitation 

technique, resuscitation medication/fluids, resuscitation equipment

Surgical procedureb Problems related to a procedure taking place during PICU admission but 

outside the PICU, e.g. an operation or heart catheterization (other than 

standard procedures performed in the ICU like intubations, insertion of 

central catheters, insertion of pneumothorax, ECMO cannulations etc.)

Other Any other problem not fitting categories above or a combination of 

categories above

AE = adverse event, ECMO = extracorporeal membrane oxygenation.
a Modification from original National Coordinating Council for Medication Error Reporting and 

Prevention criteria.
b Modification from original classification by Hogan et al (22).

Ethical approval

The study protocol was approved by the Research Ethics Committee of the Radboud 

University Medical Center in Nijmegen (File number: 2017-3526). The committee 

waived the need for informed consent. Data were anonymized and handled according 

to the principles of good clinical practice. The collection of data started in 2018 and 

ended in 2021.
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Results

Patient characteristics

The entire cohort contained 53,789 PICU admissions (mortality 3.0%), including 

33,961 low-risk admissions (mortality 0.5% [n = 180]) and 1,250 high-risk admissions 

(mortality 48.2% [n = 603]) (Fig. 1, flowchart). In total, 419 and 81 unique patients 

were included and excluded, respectively. Five LN patients and one HN patient were 

also part of the pilot study (14).

53,789 admissions 2006-2017 (mortality 3.0% (n=1,632)) 

18,621 admissions ‘intermediate risk’ 
(not fulfilling criteria low-risk or high-risk) (mortality 4.6% (n=853)) 

35,168 admissions low and/or high riska 
- 33,961 admissions low-risk (mortality 0.5% (n=180))a

- 1,250 admissions high-risk (mortality 48,2 % (n=603)) a

Category LN LS HN HS Total
n 180 33,781 603 647 35,168a 

randomly 
selected 

125 125 125 125 500 

500 admissions  

 Excluded 81
Deceased before admission (brain death) 10 
Medical record unavailable or incomplete 35 
PIM2/PRISM score inadequate, change of risk 
category  

23 

 Other 13 

419 patients included in study 

Figure 1. Flowchart of the study

Figure legend: aIn total, 43 of 35,168 admissions had discrepancies between the mortality prediction 

models: they were low-risk in one model and high-risk in the second model, therefore fulfilling 

criteria for both low-risk and high-risk (e.g. “low-risk according to PIM2 and simultaneously high-risk 

according to PRISM”). Four admissions both LN and HN. Thirty-nine admissions both LS and HS.

HN = high-risk nonsurvivors, HS = high-risk survivors, LN = low-risk nonsurvivors, LS = low-risk 

survivors, PIM2 = Pediatric Index of Mortality 2, PRISM = Pediatric Risk of Mortality.
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LN had more unplanned admissions (71.6%) than LS (35.5%) but less than HN (94.2%) 

and HS (91.5%) (Table 2). LN were more often admitted outside office hours and were 

more often medical (nonsurgical) admissions compared with LS. The prevalence of 

complex chronic conditions was higher in LN (93.1%) than LS (72.9%), HN (49.0%), 

and HS (48.1%). A majority of LN (88.2%) had a shorter life expectancy before PICU 

admission. Many HN (43/104 [41%]) were admitted after cardiac arrest preceding 

PICU admission. Mortality risk at admission of LN was slightly but significantly higher 

than LS and (by definition) lower than HN and HS. LN had a longer length of stay 

(LOS) (median [IQR], 10 d [5–27 d]) compared with LS (2 d [2–3 d]) and HN (3 d [2–6 

d]) (p < 0.001). The mode of death between LN and HN was different. In HN, 39.4% 

of patients died because they were brain death. In 71.6% of LN, patients died after 

treatment was limited or withdrawn.

Adverse Events

In total, 196 AEs were found in 78 of 102 LN patients (76.5%) (Table 3). The occurrence 

of AE in LN was higher compared with LS (13.1%) and HN (47.1%) (p < 0.001) and 

not significantly different from HS (67.0%). The AE rate of LN (median [IQR], 10.00 

[0.00–19.05] AEs/100 d) was higher compared with LS (0.00 [0.00– 0.00]) in LS and 

not significantly different from HN (0.00 [0.00–16.15]) and HS (5.90 [0.00–14.29]). Of 

all AEs in LN, 31.1% was preventable. No significant difference in preventability was 

found between the groups.

LN suffered from more severe AEs compared with LS and HS, including 41 of 196 

AEs grade H (20.9%) (intervention needed to sustain life) and 32 of 196 AEs (16.3%) 

contributing to death (grade I).

Details of the AEs that contributed to death in LN are presented in Table 4. In 31 

of 102 LN patients (30.4%), an AE contributed to death, including 8.8% having a 

preventable AE. In three LN patients, death was completely caused by an AE. In one 

of these patients, the AE was considered preventable. In 18 LN, an AE substantially 

contributed to death (of which five were preventable), and in nine LN, an AE partially 

contributed to death (three preventable).

Most prevalent AEs in LN were infection-related AEs (33.2%) and drug/fluid-related 

AEs (16.8%). Details on severity, preventability, and classification of all AEs are shown 

in Tables S5 and S6 (http://links.lww. com/PCC/C245). Most preventable AEs both 

in LN and other groups were related to “infections,” “drugs/ fluids,” and “clinical 

monitoring.” The number of AEs during the years remained stable (Supplementary 

Figs. 1 and 2, http://links.lww.com/PCC/C245).
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Interobserver variability study

The interobserver agreement of the determination of AEs was almost perfect (κ = 

0.83), and agreement on preventability of AEs was moderate (κ = 0.60). Results are 

shown in Table S7 (http://links.lww.com/PCC/C245).
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Table 2. Patient Characteristics

Characteristics, n Low-Risk 

Nonsurvivors,

N = 102

Low-Risk 

Survivors,

N = 107

High-Risk 

Nonsurvivors,

N = 104

High-Risk 

Survivors,

N = 106

Gender: male 55 (53.9) 61 (57.0) 65 (62.5) 67 (63.2)

Age group:

1-28 d 7 (6.9) 6 (5.6) 15 (14.4) 32 (30.2)b

29-365 d 33 (32.4) 21 (19.6) 29 (27.9) 28 (26.4)

1-4 yrs 14 (13.7) 30 (28.0) 25 (24.0) 26 (24.5)

5-17 yrs 48 (47.1) 50 (46.7) 35 (33.7) 20 (18.9)

Age: median [IQR] (yr) 3.5 [0.3-13] 4.0 [0.8-10] 2.0 [0.25-8] 0.7 [0.0-2.0]b

Weight: median [IQR] (kg) 15 [5-42] 17 [9-35] 13 [6-29] 8 [3-15]b

Socio economic status: low 18 (17.6) 21 (19.6) 19 (18.3) 20 (18.9)

Unplanned admission 73 (71.6) 38 (35.5)b 98 (94.2)b 97 (91.5)b

Cardiac arrest before PICU admission 0 (0) 0 (0) 43 (41.3)b 17 (16.0)b

Medical admission 80 (78.4) 44 (41.1)b 84 (80.8) 75 (70.8)

Admission outside office hours 50 (49.0) 31 (29.0)a 66 (63.5) 64 (60.4)

Readmission within 48 hr 4 (3.9) 1 (0.9) 0 (0.0) 1 (1.0)

Chronic condition

Complex chronic condition 95 (93.1) 78 (72.9)a 51 (49.0)b 51 (48.1)b

Noncomplex chronic condition 3 (2.9) 15 (14.0) 5 (4.8) 6 (5.7)

No chronic condition 4 (3.9) 14 (13.1) 48 (46.2) 49 (46.2)

Health status before PICU admission

Healthy 4 (3.9) 15 (14.0)b 47 (45.2)b 48 (45.3)b

Chronic condition, normal life expectancy 6 (5.9) 51 (47.7) 12 (11.5) 16 (15.1)

Chronic condition, shorter life expectancy 90 (88.2) 41 (38.3) 42 (40.2) 40 (37.3)

Unknown 2 (1.9) 0 (0.0) 3 (2.9) 2 (1.9)

Recalibrated PIM2 mortality risk, median [IQR] (%) 1.1 [0.9-4.3] 0.9 [0.4-1.7]b 41 [16-71]b 21 [7-39]b

Recalibrated PRISM mortality risk, median [IQR] (%) 0.8 [0.6-2.4] 0.6 [0.4-0.9]b 45 [29-65]b 37 [12-51]b

Mechanical ventilation 94 (92.1) 52 (48.6)b 102 (98.1) 100 (94.3)

Ventilator days, median [IQR] 7 [3-20] 0 [0-1]b 3 [2-6]b 6 [3-12]

Length of stay, median [IQR] (d) 10 [5-27] 2 [2-3]b 3 [2-6]b 8 [5-19]

Mode of death

Brain death 10 (9.8) 41 (39.4)b

Maximal treatment including CPR 9 (8.8) 10 (9.6)

Maximal treatment without CPR 10 (9.8) 11 (10.6)

Limiting or withdrawal of therapy 73 (71.6) 42 (40.4)

PIM2 = Pediatric Index of Mortality 2, PRISM = Pediatric Risk of Mortality, CPR = cardiopulmonary 

resuscitation, IQR = interquartile range

All numbers are expressed as the number of patients (% column) unless specified otherwise.

a p < 0.01 compared with low-risk nonsurvivor (LN). 
b p < 0.001 compared with LN.
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Table 2. Patient Characteristics

Characteristics, n Low-Risk 

Nonsurvivors,

N = 102

Low-Risk 

Survivors,

N = 107

High-Risk 

Nonsurvivors,

N = 104

High-Risk 

Survivors,

N = 106

Gender: male 55 (53.9) 61 (57.0) 65 (62.5) 67 (63.2)

Age group:

1-28 d 7 (6.9) 6 (5.6) 15 (14.4) 32 (30.2)b

29-365 d 33 (32.4) 21 (19.6) 29 (27.9) 28 (26.4)

1-4 yrs 14 (13.7) 30 (28.0) 25 (24.0) 26 (24.5)

5-17 yrs 48 (47.1) 50 (46.7) 35 (33.7) 20 (18.9)

Age: median [IQR] (yr) 3.5 [0.3-13] 4.0 [0.8-10] 2.0 [0.25-8] 0.7 [0.0-2.0]b

Weight: median [IQR] (kg) 15 [5-42] 17 [9-35] 13 [6-29] 8 [3-15]b

Socio economic status: low 18 (17.6) 21 (19.6) 19 (18.3) 20 (18.9)

Unplanned admission 73 (71.6) 38 (35.5)b 98 (94.2)b 97 (91.5)b

Cardiac arrest before PICU admission 0 (0) 0 (0) 43 (41.3)b 17 (16.0)b

Medical admission 80 (78.4) 44 (41.1)b 84 (80.8) 75 (70.8)

Admission outside office hours 50 (49.0) 31 (29.0)a 66 (63.5) 64 (60.4)

Readmission within 48 hr 4 (3.9) 1 (0.9) 0 (0.0) 1 (1.0)

Chronic condition

Complex chronic condition 95 (93.1) 78 (72.9)a 51 (49.0)b 51 (48.1)b

Noncomplex chronic condition 3 (2.9) 15 (14.0) 5 (4.8) 6 (5.7)

No chronic condition 4 (3.9) 14 (13.1) 48 (46.2) 49 (46.2)

Health status before PICU admission

Healthy 4 (3.9) 15 (14.0)b 47 (45.2)b 48 (45.3)b

Chronic condition, normal life expectancy 6 (5.9) 51 (47.7) 12 (11.5) 16 (15.1)

Chronic condition, shorter life expectancy 90 (88.2) 41 (38.3) 42 (40.2) 40 (37.3)

Unknown 2 (1.9) 0 (0.0) 3 (2.9) 2 (1.9)

Recalibrated PIM2 mortality risk, median [IQR] (%) 1.1 [0.9-4.3] 0.9 [0.4-1.7]b 41 [16-71]b 21 [7-39]b

Recalibrated PRISM mortality risk, median [IQR] (%) 0.8 [0.6-2.4] 0.6 [0.4-0.9]b 45 [29-65]b 37 [12-51]b

Mechanical ventilation 94 (92.1) 52 (48.6)b 102 (98.1) 100 (94.3)

Ventilator days, median [IQR] 7 [3-20] 0 [0-1]b 3 [2-6]b 6 [3-12]

Length of stay, median [IQR] (d) 10 [5-27] 2 [2-3]b 3 [2-6]b 8 [5-19]

Mode of death

Brain death 10 (9.8) 41 (39.4)b

Maximal treatment including CPR 9 (8.8) 10 (9.6)

Maximal treatment without CPR 10 (9.8) 11 (10.6)

Limiting or withdrawal of therapy 73 (71.6) 42 (40.4)

PIM2 = Pediatric Index of Mortality 2, PRISM = Pediatric Risk of Mortality, CPR = cardiopulmonary 

resuscitation, IQR = interquartile range

All numbers are expressed as the number of patients (% column) unless specified otherwise.

a p < 0.01 compared with low-risk nonsurvivor (LN). 
b p < 0.001 compared with LN.
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Table 3. Outcome – Adverse Events

Outcome measure Low-Risk

Nonsurvivors

Low-Risk

Survivors

High-Risk

Nonsurvivors

High-Risk

Survivors

Patients

Patients, n 102 107 104 106

Patients with > 1 AE, n (%) 78 (76.5) 14 (13.1)b 49 (47.1)b 71 (67.0)

Number of AE / patient, median [IQR] 1 [1-3] 0 [0-0]b 0 [0-1]b 1 [0-2]

AE rate (no/100 d) median [IQR] 10.00 [0.00-19.05] 0.00 [0.00-0.00]b 0.00 [0.00-16.15] 5.90 [0.00-14.29]

Patients with > 1 AE contributing to death 31 (30.4) 27 (26.0)

Patients with > 1 preventable AE contributing to death 9 (8.8) 10 (9.6)

AEs

Total number of AEs, n 196 21b 86b 161

Timing of AEs, n (%)

Before PICU admission 7 (3.6) 6 (28.6)b 20 (23.5)b 19 (11.8)a

During PICU admission 189 (96.4) 15 (71.4) 65 (76.5) 142 (88.2)

AE severity, n (%)

Grade E (temporary harm) 117 (59.7) 14 (66.7)b 40 (46.5) 109 (67.7)b

Grade F (prolonged hospitalization) 4 (2.0) 4 (19.0) 1 (1.2) 7 (4.3)

Grade G (permanent harm) 2 (1.0) 1 (4.8) 1 (1.2) 8 (5.0)

Grade H (intervention to sustain life) 41 (20.9) 2 (9.5) 17 (19.8) 37 (23.0)

Grade I (contributing to death) 32 (16.3) 0 (0.0) 27 (31.4) 0 (0.0)

I-partially 10 (5.1) 7 (8.2)

I-substantially 19 (9.7) 20 (23.5)

I-completely 3 (1.5) 0 (0.0)

AE preventability, n (%)

Not preventable 131 (66.8) 10 (47.6) 43 (50.0) 103 (64.0)

Preventable 61 (31.1) 11 (52.4) 36 (41.9) 56 (34.8)

Unknown 4 (2.0) 0 (0.0) 7 (8.1) 2 (1.2)

AE classification, n (%)

Clinical monitoring 10 (5.1) 3 (14.3)a 16 (19.3)a 13 (8.1)

Diagnosis 4 (2.0) 1 (4.8) 3 (3.6) 5 (3.1)

Drug/fluid related 33 (16.8) 7 (33.3) 13 (15.7) 33 (20.6)

Technical problems 15 (7.7) 2 (9.5) 10 (12.0) 17 (10.6)

Extracorporeal membrane oxygenation 11 (5.6) 0 (0.0) 7 (8.4) 9 (5.6)

Surgical procedure 11 (5.6) 3 (14.3) 7 (8.4) 17 (10.6)

Infection related 65 (33.2) 4 (19.0) 15 (18.1) 39 (24.4)

Resuscitation 2 (1.0) 0 (0.0) 1 (1.2) 2 (1.3)

Other 45 (23.0) 1 (4.8) 11 (13.3) 25 (15.5)

AE = adverse event, IQR = interquartile range.

All numbers are expressed as the number of AEs (% column) unless specified otherwise.

a p < 0.01 compared with low-risk nonsurvivor (LN). 
b p < 0.001 compared with LN.
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Table 3. Outcome – Adverse Events

Outcome measure Low-Risk

Nonsurvivors

Low-Risk

Survivors

High-Risk

Nonsurvivors

High-Risk

Survivors

Patients

Patients, n 102 107 104 106

Patients with > 1 AE, n (%) 78 (76.5) 14 (13.1)b 49 (47.1)b 71 (67.0)

Number of AE / patient, median [IQR] 1 [1-3] 0 [0-0]b 0 [0-1]b 1 [0-2]

AE rate (no/100 d) median [IQR] 10.00 [0.00-19.05] 0.00 [0.00-0.00]b 0.00 [0.00-16.15] 5.90 [0.00-14.29]

Patients with > 1 AE contributing to death 31 (30.4) 27 (26.0)

Patients with > 1 preventable AE contributing to death 9 (8.8) 10 (9.6)

AEs

Total number of AEs, n 196 21b 86b 161

Timing of AEs, n (%)

Before PICU admission 7 (3.6) 6 (28.6)b 20 (23.5)b 19 (11.8)a

During PICU admission 189 (96.4) 15 (71.4) 65 (76.5) 142 (88.2)

AE severity, n (%)

Grade E (temporary harm) 117 (59.7) 14 (66.7)b 40 (46.5) 109 (67.7)b

Grade F (prolonged hospitalization) 4 (2.0) 4 (19.0) 1 (1.2) 7 (4.3)

Grade G (permanent harm) 2 (1.0) 1 (4.8) 1 (1.2) 8 (5.0)

Grade H (intervention to sustain life) 41 (20.9) 2 (9.5) 17 (19.8) 37 (23.0)

Grade I (contributing to death) 32 (16.3) 0 (0.0) 27 (31.4) 0 (0.0)

I-partially 10 (5.1) 7 (8.2)

I-substantially 19 (9.7) 20 (23.5)

I-completely 3 (1.5) 0 (0.0)

AE preventability, n (%)

Not preventable 131 (66.8) 10 (47.6) 43 (50.0) 103 (64.0)

Preventable 61 (31.1) 11 (52.4) 36 (41.9) 56 (34.8)

Unknown 4 (2.0) 0 (0.0) 7 (8.1) 2 (1.2)

AE classification, n (%)

Clinical monitoring 10 (5.1) 3 (14.3)a 16 (19.3)a 13 (8.1)

Diagnosis 4 (2.0) 1 (4.8) 3 (3.6) 5 (3.1)

Drug/fluid related 33 (16.8) 7 (33.3) 13 (15.7) 33 (20.6)

Technical problems 15 (7.7) 2 (9.5) 10 (12.0) 17 (10.6)

Extracorporeal membrane oxygenation 11 (5.6) 0 (0.0) 7 (8.4) 9 (5.6)

Surgical procedure 11 (5.6) 3 (14.3) 7 (8.4) 17 (10.6)

Infection related 65 (33.2) 4 (19.0) 15 (18.1) 39 (24.4)

Resuscitation 2 (1.0) 0 (0.0) 1 (1.2) 2 (1.3)

Other 45 (23.0) 1 (4.8) 11 (13.3) 25 (15.5)

AE = adverse event, IQR = interquartile range.

All numbers are expressed as the number of AEs (% column) unless specified otherwise.

a p < 0.01 compared with low-risk nonsurvivor (LN). 
b p < 0.001 compared with LN.
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Table 4.  Adverse Events (n=32) Contributing to Death in Low-Risk Nonsurvivors (N = 31)a

ID Severity Prev Class Description of the adverse event CCC Description CCC

1 I-3 Y surg Severe hypotension during elective 

cardiac catheterization leading to 

intestinal necrosis

CCC cong heart dis

2 I-3 Unk surg Massive hemorrhage after tear in 

atrium after atrial septal defect 

repair

nCCC cong heart disb

3 I-3 N other Occlusion of pulmonary arteries 

after cavo pulmonary shunt and 

repair of pulmonary artery

CCC cong heart dis

4 I-2 Y mon Resuscitation during MRI in 

patient on high flow oxygen with 

respiratory insufficiency

CCC hem dis

5 I-2 Y mon Cardiac arrest in patient with 

asthma during PICU admission

nCCC asthma

6 I-2 Unk mon Sudden circulatory collapse with 

electrocardiogram abnormalities, 

leading to death

CCC leukemia

7 I-2 Y diagn Missed diagnosis of pulmonary 

mycosis

CCC hemat dis

8 I-2 Y ECMO Suction of heparin in ECMO system CCC cong heart dis

9 I-2 N ECMO Asystole after replacement of 

artificial kidney on ECMO

CCC cong heart dis

10 I-2 Y inf CLABSI in patient with short bowel CCC short bowel

11 I-2 N inf Hospital acquired pneumonia after 

spinal surgery, underlying severe 

psychomotor retardation

CCC chrom abn

12 I-2 N inf Ventilator acquired pneumonia CCC cong heart dis

13 I-2 N inf Septic shock acquired during PICU 

admission

CCC epilepsy

14 I-2 N inf Septic shock acquired during PICU 

admission

CCC chrom abn

15 I-2 N inf Septic shock acquired during PICU 

admission

CCC cong brain dis

16 I-2 N inf Sepsis, pulmonary hypertension in 

patient with high output stoma and 

multiple abdominal adhesions

CCC syndrome or 

malformation

17 I-2 N inf Aspergillus infection CCC neoplasm
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Table 4.  Continued

ID Severity Prev Class Description of the adverse event CCC Description CCC

18 I-2 N surg Thrombosis left ventricular assist 

device, resuscitation followed by 

multi-organ failure and cerebral 

infarction

CCC cardiomyopathy

19 I-2 N surg Thrombi in Fontan circuit 

ultimately leading to death

CCC cong heart dis

20 I-2 N other Resuscitation during intubation in 

patient with underlying cong heart 

dis

CCC cong heart dis

21 I-2 N other Abdominal compartment syndrome 

in patient with typhlitis

CCC leukemia

22 I-1 Y mon Delay of intervention in 

dysfunction of intraventricular 

drain

CCC brain tumor

23 I-1 N drug Possible allergic reaction, 

leading to deterioration of fragile 

respiratory balance

CCC hem dis

24 I-1 N drug Pulmonary veno-occlusive disease 

after chemotherapy

CCC neoplasm

25a I-1 N drug Liver insufficiency, possibly 

iatrogenic (medication) or septic

CCC chrom abn

25 I-1 N inf CLABSI in patient with infected 

intravascular thrombi

CCC chrom abn

26 I-1 N inf Resuscitation in patient with 

pulmonary mycosis

CCC leukemia

27 I-1 N inf Possible CLABSI on ECMO leading 

to forced decannulation

CCC cong lung dis

28 I-1 Y inf Systemic fungal infection in patient 

with neutropenia, no prophylaxis 

given

CCC neoplasm

29 I-1 Y other Cerebral herniation partly due to 

osmotic changes with continuous 

veno-venous hemofiltration and 

compression of jugular vein by 

central venous catheter

CCC cdh

30 I-1 N other Lung bleeding, partially caused by 

artificial ventilation with large tidal 

volumes (20 mL/kg)

CCC cong lung dis

31 I-1 N other Cerebral ischemia due to several 

episodes of hypotension

CCC chrom abn
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Table 4.  Continued

CCC = complex chronic condition, cdh = congenital diaphragmatic hernia, chrom abn = chromosomal 

abnormality, CLABSI = central catheter-associated blood stream infection, cong brain dis = 

congenital brain disease, cong heart dis = congenital heart disease, cong lung dis = congenital lung 

disease, ECMO = extracorporeal membrane oxygenation, hemat dis = hematologic disease, nCCC = 

non-complex chronic condition, neoplasm = malignant solid organ neoplasm.
aOne patient (patient ID 25) had two adverse events partially contributing to death.
bMany complex congenital heart diseases are CCC, some simple congenital heart diseases are nCCC.

Severity of adverse event: I-3: death was completely caused by adverse event; I-2: substantially 

contributing to death; I-1: partially contributing to death.

Prev: Preventability of adverse event: Y: preventable; N: not preventable; Unk: preventability 

unknown.

Class: Classification of adverse event: mon: clinical monitoring; diagn: diagnosis; drug: drug or 

fluid related; ECMO: extracorporeal membrane oxygenation; inf: infection related; surg: surgical 

procedure; other: other.



Adverse events in low-risk PICU nonsurvivors

113

5

Discussion

In this multicenter study, a significant number of AEs was found in a PICU subpopulation 

of LN. In total, 76.5% of LN suffered from an AE, of which one third was preventable. 

The occurrence of AEs in the LN group was higher compared with the LS and HN 

groups and not different from AEs in the HS group. Most AEs were infections or drug/

fluid-related AEs. In 30.4% of LN, an AE contributed to death, and in 8.8% of LN, a 

preventable AE partially contributed to death.

This is a large study determining the contribution of AEs to unexpected deaths among 

PICU patients. The study population was derived from a large cohort representing all 

Dutch PICU admissions. The trigger-tool is a validated and commonly used method to 

detect AEs. Interobserver variability on the presence and preventability of AEs was 

relatively high compared with other studies (22, 27, 28). However, our study does 

also have limitations.

First, there is no gold-standard for low-risk for mortality (12, 15). A combination of 

low PIM2 and/ or low PRISM mortality risk was used to classify low-risk patients. The 

overall performance of the prediction models in our large PICU cohort was reasonably 

well. The mortality rate among the cohort of low-risk patients was 0.5%. LN consist 

of a small subgroup from all low-risk patients and have different characteristics 

compared with LS. Some factors might influence mortality risk prediction in certain 

subgroups (16). In long-stay patients, such as many LN and HS, mortality prediction 

models perform less well, since the used variables in the prediction models are 

measured early after initial admission (16). Dynamic changes occurring after the 

first 24 hours are by definition not incorporated in the prediction models. Perhaps 

more importantly, the majority of LN had an underlying CCC, not being reflected in 

the mortality prediction models. Over the last decades, an increasing number of CCC 

patients, with a higher mortality rate and longer LOS, is being admitted to the PICU 

(11, 29). We modified the original list of CCCs based on a study performed in 2012 (11, 

20). There has been a 2014 update from the list of CCCs that we did not incorporate 

in our study (30). However, our list of CCCs reflects many diagnoses incorporated in 

the updated list. Even though the real mortality risk for LN was higher than presumed, 

we think that it is worthwhile to develop methods to discover a cohort of “unexpected 

deaths” and subsequently evaluate quality of care in these patients. Awareness of 

the possible role of AEs in outcome of children with a low predicted mortality risk but 

with a CCC is the first step in quality improvement.
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Second, there were large differences in patient characteristics between the groups. 

This may, in part, explain the difference in AE occurrence. As mentioned before, 

both LN and HS had a long LOS. It is difficult to determine in retrospect whether 

AEs caused a longer LOS or the longer LOS led to more AEs. Not many AEs resulting 

in prolonged hospitalization (grade F) were found, but in retrospect it is difficult to 

estimate if an AE was the cause of a longer LOS. The difference in LOS does not 

explain the complete difference in occurrence of AEs. If we correct the number of 

AEs for LOS by using the AE rate, it was higher in LN compared with LS and not 

significantly different from HN and HS. There were significant differences in the mode 

of death between LN and HN. The majority of LN died after therapy was restricted or 

withdrawn. This decision was often made after a long PICU stay. The patients were 

not admitted with do-not-resuscitate orders at the time of PICU admission. In some 

cases, the decision was influenced by injuries caused by AEs.

Third, a general weakness of retrospective studies is hindsight bias (31). The primary 

investigator, who performed both the categorization of life expectancy and determined 

the presence of AEs, was not blinded to the study group. Knowledge of the outcome of 

the patient might influence judgment of severity and preventability of AEs. By using 

clear definitions and a predefined, validated trigger tool, using a panel of intensivists 

for questions and judgment of preventability and an interobserver reliability study, 

we tried to avoid the effects of hindsight bias.

Fourth, during the study period, safety programs were developed and implemented. 

Theoretically it is possible that during the study period, the prevalence of AEs declined. 

The study was not powered to analyze the occurrence of AEs during different time 

frames. We did not see a decline on the number of AEs during the years. It is likely 

that the prevalence of AEs has not changed.

The severity of AEs found in our study contrasts with several studies in the general 

PICU-population who mainly found low grade AEs (2, 4). In a cross-sectional multicenter 

study, 62% of all PICU patients had at least one AE, and 10% of the found AEs were 

classified as severe (contributing to permanent harm or worse) (4). In our study, the 

percentage of severe AEs was higher among LN (38%), HN (52%), and HS (28%). The 

higher occurrence of AEs and the more severe AEs in our study can be explained by 

differences in case-mix. In order to get an effective study sample, we did not randomly 

select patients from the total cohort but stratified patient categories and selected a 

relatively high proportion of LN, HN, and HS patients. The proportion of LS patients 

(with few AEs) was low, and the “intermediate” risk group was not represented at all in 

our study. Therefore, our results cannot be generalized to the total PICU-population.
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Only a few small studies focused on LN. The results of the present study are consistent 

with our previous study and with another single-center study on LN (14, 15). In the 

study by Ruegger (15), LN had four times more AEs than LS, although the cut off point 

for “low-risk” (PIM2 mortality risk < 10%) was different compared with our study. LN 

seem to be associated with serious AEs, including preventable AEs. Evaluating deaths 

and especially “unexpected deaths” is an efficient way to obtain valuable information 

on iatrogenic harm (32‚ 33).

What this study adds is more insight into the occurrence of AEs in low-risk PICU 

nonsurvivors and their contribution to mortality. PICU deaths are often multifactorial. 

AEs contribute to death almost a third of LN, but the degree of the contribution 

to death may vary. Are deaths of LN preventable? In one patient death could be 

considered avoidable, since a preventable AE was completely responsible for death. In 

five and three LN, respectively, a preventable AE substantially or partially contributed 

to death, so death might be possibly preventable. Underlying complex chronic 

conditions seem to play a role in death of LN. Patients with chronic conditions may 

be “sicker” than predicted by the standard PICU severity of illness models. But, this 

cannot explain fully why LN die. Although CCCs are present in more than 90% of LN, 

they are also present in more than 70% of LS and therefore cannot explain the huge 

difference in AE occurrence between these groups.

Despite safety programs that have been developed over the last decades, our results 

show that there is still a large potential for improvement. One third of the AEs was 

considered preventable, which is comparable with other studies (2, 4, 23). So far, 

safety programs have succeeded to a certain extent. Although quality improvement 

programs have been implemented extensively in The Netherlands over the last 

decades‚ preventable AEs were still encountered (34).

Future research might focus on the interaction between CCCs and AEs. We have seen 

examples of patients where a CCC makes a patient more prone for AEs, for example 

patients with immune disorders who are more prone to hospital-acquired infections. 

It would be interesting to study further the interaction between CCCs and AEs.

Increasing patient safety remains an urgent but complex task. The focus of patient 

safety shifts more and more from what goes wrong (“Safety-I”) to why things go right 

(“Safety-II”) (35). A key to a safer PICU might be the development of resilient teams, 

capable of acting in a complex setting.
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Conclusions

Significant and preventable AEs were found in low-risk PICU nonsurvivors. 76.5% of 

LN had one or more AEs. In 30.4% of LN an AE contributed to mortality.
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Table S1. Inclusion and exclusion criteria

Inclusion criteria

Age < 18 years

Length of stay at least 2 hours

PIM2 and PRISM scores available in the PICE

Exclusion criteria

Patients already deceased before admission (for example brain dead patients, admitted for 

organ donation)

Corrected age < 36 weeks (gestational age)

Invalid/impossible PIM2/PRISM score

No clinical data available (medical record unavailable)

Revised predicted mortality score (PIM2 or PRISM) changed from <1% to > 2% (low-risk 

admissions) or from >30% to < 20% (high-risk admissions) after revision of PIM/PRISM score

PIM2 = Paediatric Index of Mortality 2, PRISM = Pediatric Risk of Mortality.

Table S2. Patient and admission characteristics

Socio-economic status was obtained by coupling the four digits of the postal code to the socio-

economic status of the neighborhood.

A low socio-economic status was defined as a status score < -1

Planned admission an admission is considered elective (planned) if it was planned 

or foreseeable

Unplanned admission unexpected and/or emergency admission

Admission out of office hours admission between 6.00 PM and 8.00 AM on weekdays, or on 

a Saturday or Sunday

Medical admission admission for medical reason(s)

Surgical admission admission for surgical reasons(s)

Mode of death was grouped into

1. Brain dead (clinically brain dead)

2. Maximal treatment including cardiopulmonary resuscitation

3. Maximal treatment without cardiopulmonary resuscitation

4. Limiting or withholding therapeutic options
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Table S3. PICU trigger tool (4,5)

No Trigger Examples / Potential AEs

1 Cardiac or respiratory arrest Resuscitation, defibrillation, cardioversion, emergency 

intubation, administration of epinephrine

2 Accidental extubation

3 Pulmonary Pneumothorax, chylothorax, aspiration pneumonia

4 Neurology CNS bleed, CNS ischemia/infarction

5 Infectious disease Infection of any kind occurring > 3 days after admission

6 Subcutaneous infusion Need for hyaluronidase infusion

7 Decubitus ulcer (pressure sores)

8 Readmission < 48 hours

9 Central catheter Central catheter clot, inadvertent catheter removal, 

bleeding from central catheter, change of ECMO system

10 Trachea Post extubation stridor, racemic epinephrine 

administration

11 Dislocation endotracheal tube Order to pull back or push ETT or chest X ray with tube 

> 0.5 cm to (un)deep, not direct after intubation/ ETT 

mal-positioning requiring reposition

12 Over sedation Comfort-B score < 11 during 24 hours

13 Allergy Allergic reaction, treatment with clemastine, allergic 

rash

14 Pain, undersedation Uncontrolled pain, undersedation (two times Comfort-B 

> 17 and/or NRS > 4 within one hour)

15 Hypo-/ hyperglycemia Insulin treatment, glucose <3.5 or > 8 mmol/l in 

children, glucose <2.7 or >8 in neonates

16 Withdrawal symptoms

17 Delirium

18 Thrombosis Deep vein thrombosis

19 Other Other incidents: unplanned return to surgery, problems 

with foley catheter, problems with epidural catheter, 

falling incidents, diagnostic delay

AE = adverse event, CNS = central nervous system, ECMO = extracorporeal membrane oxygenation, 

ETT = endotracheal tube, Comfort-B score= score to measure comfort of child, NRS = numeric pain 

scale.
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Table S4. Complex chronic conditions and non-complex chronic conditions

Complex chronic condition (CCC): Any medical condition that can be reasonably expected to last 

at least 12 months (unless death intervenes) and to involve either several different organ systems 

or one organ system severely enough to require specialty pediatric care and probably some period 

of hospitalization in a tertiary care center (6,7).

Non-complex chronic condition (nCCC): a medical condition that that can be reasonably expected 

to last at least 12 months but does not meet additional CCC criteria (5,8).

Health status: A tool was developed to categorize patients considering the health status of the 

patient at PICU-admission as described in the patient records, based on (n)CCCs and based on the 

reason for PICU-admission, using professional judgment.

If several conditions exist simultaneously, the most severe condition is chosen.

1. 	 Previously healthy

2. 	 Chronic illness with normal life expectancy

3. 	 Chronic illness with shorter life expectancy

4. 	 Health status unknown

Table S4a. List of diagnoses classified as complex chronic conditions

Complex chronic conditions (CCCs)

Subgroup Diagnoses from the PICE database (ANZPIC diagnose list)

Cardiovascular Absent pulmonary valve syndrome*

Anomaly of the coronary artery

Arterial switch*

Atrioventricular septal defect

Cardiomyopathy

Cavo pulmonary shunt*

Cor triatriatum

Double outlet right ventricle

Ebstein’s anomaly

Fontan procedure*

Hypoplastic left heart syndrome

Hypoplastic left ventricle*

Hypoplastic or interrupted aortic arch*

Hypoplastic right ventricle*

Levo transposition of the great arteries

Mitral valve stenosis

Monoventricle

Norwood procedure – step 1*

Pacemaker insertion/revision*

Portal hypertension*

Pulmonary atresia or stenosis

Pulmonary artery banding*

Reconstruction of aortic arch*

Reconstruction of left ventricular outflow*
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Table S4a. Continued

Complex chronic conditions (CCCs)

Cardiovascular 

(Continued)

Reconstruction of right ventricular outflow* 

Restoration of atrioventricular septal defect*

Repair of plastic pulmonary artery*

Repair or replacement of conduit*

Repair of tetralogy of Fallot*

Right ventricular outflow tract obstruction*

Senning procedure*

Supraventricular arrhythmia

Surgery of pulmonary collateral arteries*

Systemic to pulmonary shunt procedure*

Tetralogy of Fallot

Total abnormal pulmonary venous return

Transplantation of heart

Transplantation of heart and lung

Transplantation of heart and lung – state after procedure

Transposition of the great arteries

Tricuspid atresia or stenosis

Truncus arteriosus

Vasculitis*

Ventricular arrhythmia

Respiratory Bronchiectasis

Central apnea*

Choanal atresia or stenosis*

Chronic lung disease*

Congenital lung disease

Cystic fibrosis

Infant respiratory distress syndrome*

Laryngomalacia

Malacia trachea or bronchus

Mediastinal mass*

Pulmonary edema

Pulmonary hypoplasia

Pulmonary insufficiency*

Reconstruction of larynx*

Subglottic stenosis

Tracheostomy*

Trachea or bronchus stenosis

Transplantation of lung

Transplantation of lung – state after procedure

Vocal cord paralysis*

Hematological Coagulation defects

Hematologic disease*
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Table S4a. Continued

Complex chronic conditions (CCCs)

Endocrinological Congenital metabolism disorder

Diabetes (comorbidity)*

Diabetes insipidus

Diabetes mellitus with ketoacidosis

Diabetes mellitus without ketoacidosis

Endocrine disorder

Kasaï procedure*

Gastrointestinal Biliary atresia

Colitis

Congenital diaphragmatic hernia

Gastroschisis or exomphalos

Hirschsprung’s disease*

Liver disease – other*

Esophageal atresia

Repair of esophageal atresia*

Repair of esophageal fistula*

Repair of total anomalous pulmonary venous return*

Short bowel syndrome*

Transplantation of kidney

Transplantation of liver

Transplantation of liver – state after procedure

Transplantation of small intestine

Varices of esophagus or stomach*

Immunological Congenital immunodeficiency

Graft versus host disease

Neutropenia*

Pancytopenia*

Pheochromocytoma*
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Table S4a. Continued

Complex chronic conditions (CCCs)

Neuromuscular Acute disseminated encephalomyelitis*

Arnold-Chiari malformation

Brain arteriovenous malformation*

Brain tumor

Central nervous system shunt dysfunction or infection*

Cerebral aneurysm

Cerebral cyst

Cerebral infarction*

Chronic traumatic encephalopathy

Congenital brain disease*

Convulsions*

Craniotomy – fossa anterior*

Epilepsy (comorbidity)

Hydrocephalus

Insertion of revision of central nervous system shunt*

Lobectomy or hemispherectomy*

Meningomyelocele or spina bifida

Muscular dystrophy

Myasthenia gravis

Myelum – impairment*

Myopathy

Repair of myelomeningocele*

Static encephalopathy

Oncological Cystic hygroma

Leukemia or lymphoma

Malignant solid organ neoplasm

Transplantation of bone marrow

Transplantation of bone marrow – state after procedure

Renal Chronic kidney failure

Hydronephrosis*

Nephrotic or nephritic syndrome*

Transplantation of kidney – state after procedure

Endocrinal Syndrome of inappropriate antidiuretic hormone secretion*

Genetic Chromosomal abnormality

Craniosynostosis*

DiGeorge syndrome

Down syndrome

Pierre Robin syndrome*

Urological Repair of exstrophia vesicae*

Miscellaneous Syndrome or malformation*

* Diagnoses that were not on the original list (as CCC) (5,8).
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Table S4b. List of diagnoses classified as non-complex chronic conditions

Non-complex chronic conditions

Subgroup Diagnoses from the PICE database

Cardiovascular Aortic insufficiency
Aortic stenosis
Atrial septal defect
Aortopulmonary window*
Arteriovenous malformation*
Acquired cardiovascular disorder – other*
Coarctectomy*
Coarctatio aortae
Closed valvotomy*
Closed heart surgery – other*
Congenital cardiovascular disorder- other
Ductus arteriosus
Left ventricular outflow tract obstruction*
Mitral insufficiency
Myocardial infarction or ischemia*
Open valvotomy*
Open heart surgery – other*
Pulmonary hypertension*
Previous heart surgery*
Repair of atrial septal defect*
Repair of ventricular septal defect*
Repair of coronary artery*
Repair of ductus arteriosus*
Repair or replacement of valve*
Systemic hypertension
Tricuspid insufficiency
Ventricular septal defect

Respiratory Asthma
Chylous effusion*
Obstructive sleep apnea syndrome
Pneumectomy or lobectomy*

Gastrointestinal Repair of gastroschisis or exomphalos*

Neuromuscular Guillain Barré syndrome*
Neuropathy
Neurosurgery – other*

Oncological Cardiac tumor*
Non-malignant solid organ neoplasm
Resection of abdominal tumor*
Resection of cardiac tumor *
Resection of thoracic tumor*
Subglottic hemangioma

Genetic Repair of cheiloschisis*
Repair of palatoschisis*

* Diagnoses that were not mentioned on the original Feudtner’s list (as nCCC) (5,8).
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Table S5. Summary of all adverse events

Group Severity Classification Preventable Total

yes no unknown

LN E Clinical monitoring 4 1 5

  Diagnosis 1 1

  Drug or fluid related 7 17 24

  Technical problems 2 9 1 12

  ECMO 2 2

  Surgical procedure 1 1

  Infection related 16 30 46

  Other 8 17 1 26

F ECMO 1 1

  Infection related 1 1

  Other 2 2

G Other 2 2

H Clinical monitoring 1 1

  Diagnosis 2 2

  Drug or fluid related 4 2 6

  Technical problems 2 1 3

  ECMO 2 4 6

  Surgical procedure 1 4 5

  Infection related 6 6

  Resuscitation 1 1 2

  Other 2 8 10

I Clinical monitoring 3 1 4

  Diagnosis 1 1

  Drug or fluid related 3 3

  ECMO 1 1 2

  Surgical procedure 1 2 1 4

  Infection related 2 10 12

  Other 1 5 6

Total LN 61 131 4 196

LS E Clinical monitoring 1 1 2

  Diagnosis 1 1

  Drug or fluid related 4 2 6

  Technical problems 1 1 2

  Infection related 1 2 3

F Surgical procedure 2 2
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Table S5. Continued

Group Severity Classification Preventable Total

yes no unknown

  Infection related 1 1

  Other 1 1

G Clinical monitoring 1 1

H Drug or fluid related 1 1

  Surgical procedure 1 1

Total LS 13 8 0 21

HN E Clinical monitoring 3 1 4

  Drug or fluid related 4 6 10

  Technical problems 4 2 6

  ECMO 1 1

  Infection related 7 6 13

  Resuscitation 1 1

  Other 1 3 1 5

F Surgical procedure 1 1

G Technical problems 1 1

H Clinical monitoring 4 1 5

  Diagnosis 1 1

  Drug or fluid related 1 1

  Technical problems 2 1 3

  ECMO 3 3

  Other 4 4

I Clinical monitoring 6 1 7

  Diagnosis 1 1 2

  Drug or fluid related 1 1 2

  ECMO 3 3

  Surgical procedure 2 2 2 6

  Infection related 1 1 2

  Other 3 2 5

Total HN 37 42 7 86

HS E Clinical monitoring 4 6 10

  Drug or fluid related 13 14 27

  Technical problems 1 11 12

  ECMO 3 3

  Surgical procedure 6 6

  Infection related 15 20 35
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Table S5. Continued

Group Severity Classification Preventable Total

yes no unknown

  Resuscitation 1 1

  Other 4 10 1 15

F ECMO 1 1

  Infection related 3 3

  Other 1 2 3

G Clinical monitoring 1 1

  Drug or fluid related 1 1

  Technical problems 1 1

  ECMO 3 3

  Surgical procedure 1 1 2

  Other 0

H Clinical monitoring 2 2

  Diagnosis 2 3 5

  Drug or fluid related 2 3 5

  Technical problems 1 3 4

  ECMO 2 2

  Surgical procedure 2 6 8

  Infection related 1 1

  Resuscitation 1 1

  Other 1 7 1 9

Total HS 56 103 2 161

Total AEs from 

all groups

Preventable Total

yes no unknown

  167 284 13 464

LN = low-risk nonsurvivor, LS = low-risk survivor, HN = high-risk nonsurvivor, HS = high-risk survivor, 

ECMO = extracorporeal membrane opxygenation, AEs = adverse events.
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Table S6. Adverse events classified as ‘other’

AE Examples No. of AEs

Multiple 

factors

Involveda

Cause 

of AE 

unknownb

Airway Accidental extubation 3 7

Other type AEs related to 

airway

Unrecognized airway 

tampon

1

Breathing Lung problems Pneumothorax, lung 

bleeding

12 3

Accidental removal pleural 

drain

1 1

Circulation Resuscitation Resuscitation during PICU 

admission

13

Thrombi Thrombo-embolic events, 4

Bleeding Bleeding events 1

Hypotensive episode related 

to treatment

1

Disability Cerebral AEs Cerebral ischemia, cerebral 

edema

4

Delirium 3

Critical illness 

polyneuropathy

2

Exposure Akute kidney injury 4

AEs of gut/liver Intestinal ischemia, 

necrosis, ileus, abdominal 

compartment syndrome

4 1

Pressure ulcer 4

Hypoglycemia 2

AEs due to logistic problems Necessary care postponed 

by logistic or health 

insurance problems

2

Other type AEs related to 

‘exposure’

Fall out of bed, 

extravasation injury, 

hemolytic anemia

3

Total 68 14

AE = adverse event(s).
aMultiple factors: Combination of factors; Example: a patient suffered from extravasation injury 

by combination of accidental luxation of a port-a-cath needle which was unrecognized for several 

hours and caused extravasation of parenteral feeding. It could be categorized as a combination of 

‘technical’ (port-a-cath) and ‘diagnosis’ (luxation of the needle was missed) and ‘drug or fluid related’ 

(parenteral feeding), therefore was categorized as ‘other’.
bCause of AE unknown: not enough data available from medical chart to make a judgement.
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Supplementary Figures 1 and 2. Adverse events by year of admission
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Supplementary Figure 1. Patients with any adverse event by year of admission, all groups 
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Table S7. Interobserver variability study

Interobserver variability on presence or absence of adverse events

Panel Total

present absent

Primary investigator present 10 2 12

absent 2 10 12

Total 12 12 24

Kappa = 0.83 (9)

Interobserver variability of preventability of adverse events

Panel Total

potentially preventable not preventable

Primary investigator potentially 

preventable

4 4 7

not preventable 1 2 3

Total 5 5 10

Kappa = 0.60
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Introduction

The general objective of this thesis was to study factors involved in mortality of low-

risk PICU patients. We studied PICU patients with a low predicted mortality risk (<1%) 

that died during their PICU stay. Mortality, despite low severity of illness score, might 

be attributed to possibly preventable causes like adverse events. Therefore exploring 

the reasons why a low-risk patient dies might reveal opportunities to improve the 

quality of PICU-care.

In order to differentiate between low-risk patients and other PICU patients, we also 

studied patients at the other end of mortality range, the high-risk PICU patients, with 

a predicted mortality risk > 30%. We wondered if the same factors were involved in 

the death of high-risk PICU patients.

The main research questions in this thesis were:

1.	 Which factors are associated with death in low-risk PICU patients and in high-risk 

PICU patients?

2.	 What is the occurrence of adverse events in low-risk PICU patients and in high-

risk PICU patients?

3.	 What is the contribution of (preventable) adverse events in death of low-risk PICU 

patients?

In this chapter, we will review the results and discuss them in a broader perspective. 

Furthermore, the clinical relevance of our results and recommendations for future 

research will be addressed.
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Main findings

Factors involved in death of low-risk PICU patients

We performed a retrospective cohort study including low-risk PICU patients admitted 

between 2006 and 2012 in the Netherlands derived from the Dutch ‘PICE registry’ 

(Pediatrische Intensive Care Evaluatie) (Chapter 2). The mortality rate in this cohort 

was 0.5%. Evaluating the factors that were associated with mortality, we found that 

low-risk nonsurvivors were more often admitted unplanned, had more complex chronic 

conditions and had a longer length of stay (LOS) compared to low-risk survivors. In 

a multivariable logistic regression analysis, complex chronic conditions (CCCs) and 

unplanned admissions were significantly associated with mortality.

Factors involved in death of high-risk PICU patients

In Chapter 3, we described a retrospective cohort study including high-risk PICU 

patients, derived from the same Dutch cohort of PICU admissions between 2006 

and 2012. The mortality rate in this cohort was 40.5%. Contrary to the low-risk 

nonsurvivors, ‘Unplanned admission’ was not associated with mortality. While more 

than 90% of the admissions within the high-risk cohort was unplanned, this was not 

different between survivors and nonsurvivors. A lower Glasgow Coma Scale at the 

time of PICU admission was significantly associated with mortality. In contrast to the 

low-risk nonsurvivors, no association was found between CCCs and mortality.

Adverse events in low-risk and high-risk PICU patients

The factors that were derived from the PICE registry and were associated with death were: 

CCCs, unplanned admissions and Glasgow coma scale at time of admission. Although 

awareness of these factors is important and might contribute to better recognition of 

patients at risk, the factors themselves are not modifiable. In order to look further for 

opportunities for improvement of outcome, we performed two patient record review 

studies, described in Chapter 4 and 5. The occurrence of adverse events among low-risk 

PICU nonsurvivors was compared with low-risk survivors, high-risk nonsurvivors and 

high-risk survivors. In Chapter 4 an exploratory study was performed in two PICUs. This 

study suggested that the occurrence of adverse events in low-risk nonsurvivors was high. 

These findings were confirmed in the case-control study on a national level, described in 

Chapter 5. In 76.5% of low-risk PICU nonsurvivors one or more adverse events occurred. 

This was significantly higher compared to low-risk survivors (13.1%). In 30.4% of low-risk 

nonsurvivors, an adverse event contributed to death. In 8.8%, a preventable adverse 

event contributed to death. Some examples of preventable adverse events contributing to 

death are medication errors, hospital acquired infections, delay in diagnosis, all occurring 

in patients with an underlying CCC.
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The occurrence of adverse events in low-risk nonsurvivors (76.5%) was significantly 

higher compared to high-risk nonsurvivors (47.1%). Death in high-risk nonsurvivors 

was often caused by out-of-hospital cardiac arrest, leading to brain death (39.4%) 

(Chapter 5, Table 2). Although high-risk nonsurvivors had fewer adverse events 

compared to low-risk nonsurvivors, the adverse events that did occur were often 

severe. In 26% of high-risk nonsurvivors, an adverse event contributed to death, 

including 9.6% patients with a preventable adverse event. The occurrence of adverse 

events in high-risk survivors (67.0%) was not significantly different from low-risk 

nonsurvivors; most (67.7%) of these adverse events caused temporary harm.
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Critical review

Mortality prediction models in the PICU

In the adult ICU and in the PICU, mortality prediction models are used as instruments for 

determining the mortality risk adjusted for severity of illness and case mix. These models 

should only be used in patient groups and should never be used to predict mortality or to 

guide the management in individual patients (1-4). Table 1, developed by Wetzel, illustrates 

several possible purposes of data registries and prediction models (5).

Table 1. Purposes of data registries and prediction models

1 Define the natural history of diseases

2 Define and monitor care delivery processes

3 Determine efficiency and efficacy of care

4 Monitor quality and safety

5 Identification of clinical needs

6 Research: hypothesis generation, cohort discovery

With the use of prediction models, the standardized mortality ratio (SMR) can be 

calculated. The SMR is calculated by dividing the number of observed deaths in a 

certain population by the number of expected deaths, based on the prediction model 

(1). A SMR less than 1.00 means that less patients die than expected and a SMR 

greater than 1.00 means that more patients die than expected. The latter may be 

an indicator for suboptimal quality of care. Thus, the SMR is an important tool for 

monitoring safety and efficacy of care.

In this thesis, low-risk PICU patients were defined as patients with a predicted mortality 

risk of <1% in the recalibrated ‘Pediatric Risk of Mortality Score’ (PRISM) and/or 

‘Paediatric Index of Mortality’ (PIM2) prediction model. High-risk PICU patients had 

a predicted mortality risk of > 30% in PRISM and/or PIM2. PRISM and PIM and their 

successors (PRISM III, PRISM IV, PIM2, PIM3) are validated models used in the PICU 

for mortality prediction (6-11). Mortality risk intervals of <1% and > 30% respectively 

are presented as the lowest and highest risk intervals in the original PRISM model 

and in several (inter)national PICU registries (6, 12).

Length of stay

Length of stay (LOS) is one of the often used indicators of PICU care. In the studies in 

this thesis, large differences were found in LOS between survivors and nonsurvivors 

in low-risk and high-risk PICU patients. Low-risk nonsurvivors do not die immediately 
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after PICU admission, but do so after a prolonged LOS (median 11 days, IQR [5-32]). 

They have a longer LOS compared to low-risk survivors (median 3 days, IQR [2-5] 

(p < 0.001) (Chapter 2). Considering the mode of death, more than 70% of patients 

die because PICU treatment is limited or withdrawn (Chapter 5). This implies that in 

low-risk PICU nonsurvivors, a complex process during admission leads to prolonged 

LOS and ultimately death.

In high-risk patients, the opposite occurs. High-risk non-survivors die after a short LOS 

(median 3 days, IQR [2-7]), significantly shorter compared to high-risk survivors (median 

> 12 days, IQR [7-21]) (p < 0.001)) (Chapter 3). More than 40% of high-risk nonsurvivors 

are admitted after a cardiac arrest. Mode of death is mainly by established brain death 

(30.4%) or treatment withdrawal or limitation (40.4%) (Chapter 5).

Considering mode of death, treatment limitation or withdrawal of life-sustaining 

therapy occurs in 44-84% of PICU deaths, as reported from international studies 

(13-16). In these studies, no differences are made between low-risk or high-risk 

nonsurvivors. In a Spanish study, among PICU nonsurvivors with an underlying 

chronic disease, life-sustaining treatment limitations were more frequent compared 

to other modes of death (59.4% vs 27.4%, p < 0.001) (16). Nonsurvivors that died 

after treatment limitations had a longer LOS compared to nonsurvivors that died 

with other modes of death (median 7.5 vs 2 days, p < 0.01).

The PIM and PRISM models depend on data collected within the first hour (PIM) or 

first 24 hours (PRISM) after PICU admission. It is known that these models become 

unreliable when predicting mortality in long-stay patients (17). Physiological data 

obtained within the first 24 hours after admission do not predict what will happen 

after several days of admission. There are several explanations for a longer LOS 

in general. The LOS may be longer due to the severity of illness, for example in 

children with septic shock who have a longer LOS compared to children admitted after 

elective surgery. The LOS might be longer in children with CCCs who depend on PICU 

facilities and cannot be transferred to a lower level of care. Organizational aspects 

and capacity of healthcare may influence LOS. Another possibility is the occurrence 

of adverse events that increases the LOS (2, 18).

As a method to correct LOS for case mix, PRISM and PIM have been used to predict 

PICU LOS and to measure the standardized length of stay ratio (SLOSR) (5).The SLOSR 

is the average LOS, corrected for severity of illness. An interesting combination of 

outcome measurements is the use of the standardized mortality ratio (SMR), as a 

measurement of efficacy, against the SLOSR, as proposed by Wetzel and shown in 
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Figure 1 (5). If a PICU has a high SMR and a high SLOSR (quadrant IV), this could 

be considered as a potential marker for reduced quality. The relationship between 

quality of care and SLOSR/SMR however, is often not straight forward. For example, 

a PICU treating many complex oncologic patients might perform in quadrant IV, 

since mortality is often higher than predicted by PRISM or PIM and LOS may be 

longer because of the complexity of these patients (19). So performance of a PICU in 

quadrant IV might be considered as a warning sign and should be explored further.

SLOSR

SMR

0.0 0.5 1.0 1.5 2.0

2.0

1.5

1.0

0.5

0.0

III: 
short LOS, high mortality

IV: 
long LOS, high mortality

II:
long LOS, low mortality

I:
short LOS, low mortality

Figure 1 Standardized mortality ratio against standardized length of stay

Legend: SMR = standardized mortality ratio, SLOSR = standardized length of stay, LOS = length of 

stay. This figure is copied from Wetzel 2016 (5).

Complex chronic conditions

CCCs increase mortality in patients with a low predicted mortality risk (Chapter 

2), however not in patients with a high predicted mortality risk (Chapter 3). There 

are many synonyms for children with chronic illness, like ‘children with medical 

complexity’, ‘chronic critical illness’, ‘severe chronic illness’, ‘life-limiting conditions’ 

and ‘technology-dependent children’, but they all share common features, like 

dependence on medical technologies and functional limitations (20-22). Feudtner 

introduced the definition of ‘complex chronic conditions’ (CCCs) in the year 

2000, defined as ‘any medical condition that can be reasonably expect to last at 

least 12 months (unless death intervenes) and to involve either several different 

organ systems or 1 organ system severely enough to require specialty pediatric 
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care and probably some period of hospitalization in a tertiary care center’ (23). 

These children are susceptible to many health risks and are a growing portion of 

hospitalized patients and PICU patients. Despite the fact that only a small fraction 

of the childhood population has a CCC, they comprise more than half of all PICU 

admissions (22, 24, 25). In general, these patients have a longer LOS and may have 

multiple PICU-admissions (20, 26). Sometimes they are called ‘frequent flyers’ (27).

They may consume more than 75% of PICU days and financial resources (24). 

Unfortunately, except for a few diagnoses like hypoplastic left heart syndrome, CCCs 

are not incorporated in the current mortality prediction models (28, 29).

In the general PICU population, the mortality of PICU patients with a CCC is 

higher than predicted, but only limited data were available for the influence of 

CCCs on mortality in low-risk PICU patients (28). A Dutch multicenter study from 

1995 showed that in a sub-population of low-risk patients, observed mortality 

was higher than predicted (30). As a probable explanation, the large number of 

low-risk tertiary care patients suffering from severe, incurable chronic disease 

was suggested. In our Dutch cohort of low-risk PICU patients, prevalence of CCCs 

was high (Chapter 2). In low-risk nonsurvivors, 76.7% of patients had a CCC. In 

low-risk survivors, 58.8% had a CCC. We found that having a CCC increases the 

mortality risk in the low-risk PICU patient. This implies that mortality risk in low-

risk CCC patients is underestimated.

The presence of CCCs may not always be recorded within the PICE data registry. In 

Chapter 5, the presence of CCCs was derived from the medical record and not only 

from the PICE registry, leading to a higher prevalence rate of CCCs compared to 

Chapter 2 (93.1% versus 72.9% in low-risk survivors respectively).

Adverse events, definitions and severity

The first studies on adverse events in hospitals were published more than three 

decades ago (31, 32). In the year 2000, an important report was published, called 

‘To Err Is Human: Building a safer health system’, estimating that In the USA, 98,000 

people died yearly because of medical errors (33). In this report, an adverse event 

was defined as ‘an unintended injury that results in temporary or permanent 

disability, death, or prolonged hospital stay and that is caused by healthcare 

management rather than by the patient’s underlying disease process’.

Not all, but a sizeable proportion of adverse events are the results of errors, the 

so called ‘preventable’ adverse events. A preventable adverse event is defined as 

‘an adverse event resulting from an error in management due to failure to follow 
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accepted practice at an individual or system level’. Accepted practice was taken 

to be ‘the current level of expected performance for the average practitioner or 

system that manages the condition in question’.

A grading system, developed for medication errors by the National Coordinating 

Council for Medication Error Reporting and Prevention (NCC-MERP), is shown in Table 

2 (34). Although this grading system was meant originally for medication errors, it is 

also used to categorize the severity of adverse events (Grade E-I).

Table 2. Severity of medical errors according to the National Coordinating Council for Medication 

Error Reporting and Prevention (NCC-MERP)

Category Description Adverse event

A Circumstances or events that have the capacity to cause error no

B An error occurred but the error did not reach the patient no

C An error occurred that reached the patient but did not cause harm no

D An error occurred, reached the patient, required monitoring but 

resulted in no harm and / or required intervention to preclude harm

no

E Contributed to or resulted in temporary harm to the patient and 

required intervention

yes

F Contributed to or resulted in temporary harm to the patients and 

required initial or prolonged hospitalization

yes

G Contributed to or resulted in permanent patient harm yes

H Required intervention to sustain life yes

I Contributed to or resulted in the patient’s death yes

In this paragraph, we will focus on the literature of adverse events among the general 

PICU population, PICU nonsurvivors and on low-risk PICU patients. To our knowledge, 

no studies are available on adverse events among PICU patients with a high predicted 

mortality.

Adverse events in the general PICU population

Studies on the occurrence of adverse events in the general PICU population show a 

large variability in the percentage of PICU patients with one or more adverse events 

(8-76%) (18, 35-39). An important explanation for the variation in occurrence of 

adverse events in the PICU is the method used to detect adverse events. Structured 

retrospective record review is considered to be superior compared to incident 

reporting systems and reporting from administrative data (38, 40, 41). Examples 

of structured retrospective record review are the Harvard Medical Practice Study 

Method and Trigger Tool methods (31, 42-45).
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Recently, a systematic review was published on adverse events in the pediatric 

hospital and PICU/NICU population (40). Among ten PICU and NICU studies, using 

a trigger tool method, the pooled estimate of the percentage of patients with 

at least one adverse event, was 47.3% (95% confidence interval 31.9-63.2%). 

The difference in occurrence between the studies may be partly explained by 

differences in the definition of adverse events. Six out of ten studies used a 

definition of adverse events that was wider compared to the definition according 

to the Institute for Healthcare Improvement, therefore also including medical 

errors that did not lead to patient harm (grade B-I according to NCC-MERP criteria). 

Another possible explanation may be differences among health systems, since 

five out of ten studies were performed in low/middle income countries. Table 3 

summarizes explanations for the differences in the occurrence of adverse events 

in the pediatric population.

The largest PICU multicenter study was published by Agarwal (18). In this study, 

using the trigger tool method, 62% of patients had one or more adverse events. 

The results of Chapter 4 and 5 however cannot be compared with Agarwal directly, 

due to the focus on low-risk nonsurvivors in Chapter 4 and 5. In the study by 

Agarwal, PICU survivors had fewer adverse events compared to nonsurvivors 

(Odds ratio of survivors compared to nonsurvivors survivors 0.51, p < 0.001). This 

is in accordance with the results in low-risk nonsurvivors in Chapter 4 and 5, but 

seems not to be the case among high-risk patients. We did not test for differences 

between high-risk nonsurvivors and high-risk survivors, but high-risk nonsurvivors 

seem to have less often an adverse event (47.1%) compared to high-risk survivors 

(67.0%), also when corrected for LOS. However, if high-risk nonsurvivors do have 

an adverse event, it is often severe. In 19.8% of the high-risk nonsurvivors, a life-

saving intervention was needed and in 31.4%, an adverse effect contributed to 

death (Chapter 5, Table 3).

Adverse events in PICU nonsurvivors

A few single center studies focus on the occurrence of adverse events among PICU 

nonsurvivors.
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Table 3. Reasons for heterogeneity between studies on adverse events (AEs) in children

Differences between studies Examples

Population Hospital population

Pediatric general care population

PICU population

NICU population

Deceased patients

Autopsy studies

Context High income countries versus low/middle income countries

Type hospital (general, tertiary, quaternary)

Year of admission

Inclusion/exclusion criteria Different thresholds for length of stay, age, different patient 

categories, patients with multiple admissions etc.

Method used to detect AE Voluntary reporting

Administrative data

Prospective observation

Structured retrospective chart review (HPMS, GTT, TT)

Definition of AE a. HPMS like Requiring temporary or permanent 

disability, prolonged hospitalization or 

death.

Grade F-I according to NCC-MERP criteria.

b. IHI like Includes a. + incidents requiring additional 

monitoring.

Grade E-I according to NCC-MERP criteria.

c. Wider than IHI Includes b. + ‘medical errors’ or ‘critical 

incidents’ not leading to patient harm.

Grade B-I according to NCC-MERP criteria.

Time frame of AE detection Before index admission

During index admission

After index admission

Focus on specific AEs Adverse drug events

Diagnostic adverse events

Serious AEs

Outcome measure Number (or %) of patients (or admissions) with > 1 AE

Number of AEs per (100) admission(s) or patient(s)

Number of AE/ (100, 1000) patient day(s)

Number of preventable AEs

Patients (or admissions) with preventable AEs

Legend: AE: adverse event, PICU: pediatric intensive care unit, NICU: neonatal intensive care 

unit HPMS: Harvard Medical Practice Study Method, GTT: global trigger tool, TT: trigger tool, IHI: 

Institute for Healthcare Improvement, NCC-MERP: National Coordinating Council for Medication 

Error Reporting and Prevention.
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A study from the United Kingdom by Monroe, looked for adverse events contributing 

to death (grade I) among PICU nonsurvivors (46). A standardized medical record 

review tool was used. The PICU nonsurvivors had a high median predicted mortality 

(39% according to the PIM2 score, with an IQR [7-69%]), comparable to the high-risk 

nonsurvivors in Chapter 5 (median predicted mortality according to the recalibrated 

PIM2 score 41%, IQR [17-71%]). An adverse event contributing to death occurred 

in 17/47 (36%) of the nonsurvivors, compared to 26% in high-risk nonsurvivors 

in Chapter 5. A major difference between the two studies was the timing of the 

adverse events. In the study by Monroe, all adverse events contributing to death 

(n=22) occurred in the pre-PICU hospital care or in the pre-hospital environment, 

mainly due to problems in diagnosis and management. This is different from the 

results from Chapter 5, where the majority of adverse events occurred during PICU 

admission. Possible explanations for this difference may be that Monroe focused on 

adverse events that contributed to death instead on all adverse events. Furthermore, 

Monroe studied a relatively small number of patients and there are differences in 

healthcare organization between the United Kingdom and the Netherlands. Monroe 

also described what was called ‘critical incidents’, defined as errors not reaching the 

patient and adverse events that did not contribute to death (NCC MERP category B-H 

(34). In 28/47 (60%) of PICU nonsurvivors, a ‘critical incident’ occurred, not only in 

pre-PICU care but also during PICU admission.

Another single center study on 92 PICU nonsurvivors by Abbas looked for potentially 

preventable mortality (47). In this study, 4.3% of the deaths would be considered 

preventable according to the definitions used in Chapter 5. This number is roughly 

half of what was found in Chapter 5 among low- and high-risk nonsurvivors (8.8% 

and 9.6% respectively). The difference can be explained not only by differences in 

the study population but also by methodological differences. The study by Abbas 

was performed in all nonsurvivors from a general PICU in Pakistan. The patients 

were more severely ill, as can be derived from the relatively high median PRISM III 

score and the high mortality (13%). The review of the medical records was done by 

two pediatricians with half-a-day training in record review. This method might be 

less sensitive to detect adverse events compared to the trigger tool method that 

was used in Chapter 5.

In a systematic review concerning autopsy studies, looking for diagnostic errors in 

pediatric critical care, a 10-23% rate of missed major diagnoses was found (48). 

Autopsy rates were 20-47%. In the Netherlands, autopsy is used in a minority of PICU 

nonsurvivors and therefore results from autopsy studies may be prone for bias. In 

Chapter 4 and 5, findings from autopsy were not measured as a separate item.
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Adverse events in low-risk nonsurvivors in the hospital, ICU and PICU

The first study looking into death of low-risk patients as a potential marker for the quality 

of care was published in 1989 (49). In a sample of more than 8000 in hospital deaths, 

patients who died with a predicted risk of death of <0.5%, were 5.2 times more likely to 

have quality of care problems compared to other patients that died. Evaluating deaths 

and perhaps especially ‘unexpected deaths’ may be an efficient way to obtain information 

about iatrogenic harm, but literature on this topic in the ICU and PICU population is scarce. 

In a single center study on causes of death in adult ICU patients with a low APACHE II 

score ('Acute Physiology And Chronic Health Evaluation II' score, a severity of disease 

classification system used in the adult ICU), death related to iatrogenic injury was rare 

and occurred in less than 1:1000 ICU patients with a low APACHE II score (50).

One Swiss single-center study by Ruegger looked at the occurrence of adverse 

events in low-risk PICU nonsurvivors (51). In the Swiss study, the number of adverse 

events per low-risk nonsurvivor (0.46) was significantly higher compared to low-

risk survivors (0.11) (p < 0.001). There were differences in definitions and outcome 

measures between this study and the studies from Chapter 4 and 5. The definition 

of ‘low-risk’ by Ruegger was a PIM2 mortality risk <10%, compared to < 1% in the 

studies from Chapter 4 and 5. Outcome of the study by Ruegger was measured on 

the level of the number of (serious) adverse events, while in Chapter 4 and 5 main 

outcome was measured on the level of patients with an adverse event. Despite these 

differences in methods, the results confirmed that low-risk nonsurvivors have more 

(serious) adverse events compared to low-risk survivors.

Safety measures in hospitals and in the PICU

The report ‘To Err is Human’ increased awareness of safety issues in healthcare 

worldwide. In the Netherlands, after the first study on healthcare related harm in 

hospitals, a nationwide campaign was released to increase patient safety in the 

hospitals between 2008 and 2012 (‘Veiligheidsmanagement systeem (VMS)’ , also 

named as ‘Prevent Harm, Work Safely’) (52, 53). This program was also implemented 

in Dutch PICUs. The studies in this thesis were not powered to show differences 

over time, but adverse events were found in all admissions between 2006 and 2017 

(Chapter 5, supplementary Figure 1 and 2).

A follow up study by Baines on healthcare related harm in Dutch hospitals, published 

in 2015, showed a decrease in crude preventable adverse events rates during that 

period. However, after correction for the hospital level and for differences in patient 

mix, the decrease was not statistically significant (p = 0.10) (53). In the study, no data 

from PICU patients were available.
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Although safety programs may have a positive impact, health related patient harm is 

a persistent problem and is difficult to manage. Zero health related harm is an utopian 

objective. Causes of AEs are multifactorial, including technical factors, organizational 

factors, and human factors. Most adverse events that were described in Chapter 5 in 

low-risk nonsurvivors were infection related and drug/fluid related, but the nature 

of the adverse events was very diverse.

Relationship between adverse events and complex chronic conditions

In our case-control study, 93% of low-risk nonsurvivors had a CCC (Chapter 5). This 

number is high, but the prevalence of CCCs among low-risk survivors was also high 

(73%).

Children with CCCs are more vulnerable for developing adverse events (54). There are 

several hypothetic explanations for this phenomenon. These children often depend 

on multiple medications, technical support, parental support and have repeated 

surgical procedures, exposing them to higher iatrogenic risks. They may be ‘harder 

to read’ and their symptoms are often difficult to interpret which makes them prone 

for diagnostic errors or problems in interpreting clinical deterioration. They may have 

a longer PICU stay, which is associated with a higher risk for adverse events. Adverse 

events themselves can lead to increased LOS, and therefore indirectly increasing the 

risk for more/multiple adverse events.

Due to the retrospective nature of our studies, a causal relationship cannot be 

established, but in our study population we observed the combination of children with 

CCCs, adverse events, long LOS and death. Therefore, we developed a hypothetical 

relationship between those factors as shown in Figure 2. The underlying CCC cannot 

be influenced, but by reducing the number of adverse events, possibly the LOS and 

mortality might be reduced.
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CCC

LOS

AE

Death

Figure 2. Possible relationship between complex chronic conditions, length of stay, adverse events 

and death

Figure legend: CCC = complex chronic condition, LOS = length of stay, AE = adverse event.

Potentially avoidable death among low-risk nonsurvivors and high-risk nonsurvivors 

in the Netherlands

Based on the study described in Chapter 5, in this paragraph we try to estimate 

the contribution of preventable adverse events leading to death among low-risk 

nonsurvivors and high-risk nonsurvivors. This could be considered as ‘potentially 

avoidable death’.

First, if we speak about ‘potentially avoidable death’, it does not mean that death was 

completely caused by a preventable adverse event. Often there is a combination of 

complex underlying chronic diseases and adverse events. A patient with, for example, 

a lethal underlying condition, would have died anyway, but death might have been 

accelerated due to an adverse event. After performing the exploratory study (Chapter 

4), we decided to develop three subcategories of adverse events that contributed 

to or resulted in death (= grade I according to NCC-MERP criteria). The three 

subcategories were: I-1 (adverse event is partially contributing to death), I-2 (adverse 

event is substantially contributing to death) and I-3 (death was completely caused 

by the adverse event). In most cases, the adverse event partially or substantially 

contributed to death (Chapter 5, Table 4).
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Second, it seems that ‘preventability’ is either present or not present, but in 

reality, preventability is measured on a 6 point scale, varying from no evidence for 

preventability (=1) until certain evidence for preventability (=6). Scores from 1-3 were 

defined as not preventable, and scores from 4-6 were defined as preventable, such as 

in other large studies on adverse events (52, 55). Preventability is hard to estimate 

and the judgment of preventability may vary during the years, as medical standards 

improve. Hindsight bias may also influence judgement of preventability (56). We 

used several measures to optimize judgment of adverse events and of preventability. 

Guidelines and protocols of the period in which the admission took place, were used 

if available. We discussed adverse events and preventability within an expert panel 

and we measured the interobserver relability, which was moderate (for preventability 

estimation) to almost perfect (for adverse events estimation).

Extrapolated to a national level, the occurrence of potentially avoidable death among 

patients with a low predicted mortality risk is 1.4 (95% CI 0.67-2.63) patients per 

year (Table 4).

In high-risk patients, the occurrence of potentially avoidable death is 5.3 (95% CI 

2.58-9.30) patients per year. The number of preventable death among high-risk 

nonsurvivors is larger compared to the low-risk nonsurvivors, due to the larger 

number of high-risk nonsurvivors in the total population (Table 4).

The total number of PICU deaths in the 11-year cohort described in Chapter 5 was 

1,632, meaning that around 148 children in the Netherlands die each year in the PICU. 

In Chapter 5, we excluded patients with an intermediate mortality risk. This group is 

a large part of the PICU population and is responsible for 853/1,632 nonsurvivors. 

Due to the focus on low-risk and high-risk patients in this thesis, we cannot make any 

estimation of the total number of ‘avoidable death’ among the whole PICU population 

in the Netherlands. The numbers of avoidable death among low-risk and high-risk 

nonsurvivors have to be used carefully, due to the reasons mentioned before. But, 

based on this thesis, we can conclude there is potentially avoidable death among 

PICU patients in the Netherlands.
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Table 4. Estimation of ‘potentially avoidable death’ in low-risk and high-risk nonsurvivors in the 

Netherlands

  Low-risk non-

survivors

High risk 

non-survivors

Total in 11 year cohort (n) 180 603

Number of deaths per year 16.4 (180/11) 54.8 (603/11)

Randomly selected in study (n) 125 125

Included in the study (n) 102 104

Patients with preventable adverse event 

contributing to death (n) and % (95% CI)

9/102

8.8% (4.1%-16.1%)

10/104

9.6% (4.7% - 16.1%)

Prevalence of patients with preventable adverse 

events contributing to death per year (n) (95% CI)

1.4 (0.67-2.63) 5.3 (2.6-9.3)

Legend: Numbers are based on study described in Chapter 5. Patients were selected from an 11 

year cohort containing all Dutch PICU admissions (2006-2017). The cohort contained 53,789 PICU 

admissions with a mortality of 1,632 (3.0%). In the cohort, there were 180 low-risk nonsurvivors and 

603 high-risk nonsurvivors (Chapter 5, Figure 1). From both groups, 125 patients were selected but 

some patients were excluded. In total, 102 low-risk nonsurvivors and 104 high-risk nonsurvivors were 

included. Based on the number of patients with preventable adverse events contributing to death, 

the exact (Pearson-Clopper) 95% confidence interval (CI) was measured (57). Under the assumption 

that the reasons for exclusion are unrelated to outcome, we took the 180 and 603 nonsurvivors 

as basis for the extrapolation. The number of low-risk nonsurvivors is 180/11 = 16.4 per year and 

the number of high-risk nonsurvivors is 603/11 = 54.8 per year. If we applicate the % of patients 

with preventable adverse events contributing to death on this number, we estimate the numbers 

of avoidable death among low-risk nonsurvivors and high-risk nonsurvivors.
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Considerations for future research and 
implications for practice on prediction 
models and patient safety in the PICU

PICU prediction models and data registries

So, how would the ideal (PICU) database and prediction model look like and how 

can we process the increasing amounts of data in a good an efficient way? (2, 5). 

Besides obvious general requirements, including a clear data dictionary, extracting 

data directly from the electronic health record and securing the data carefully, we 

have some suggestions for the future.

The PICU has changed since the development of the first prediction model, nearly 

40 years ago. Mortality is declining and may no longer be the sufficient to evaluate 

PICU care (6, 8, 13, 58). New morbidities can develop in children during their PICU stay 

and can have consequences after their PICU stay (59, 60). Based on the literature of 

the last decades, we advise to use functional and long-term outcomes and to involve 

patients and their families in the assessment of outcome measurements, including 

patient reported outcomes (58, 59, 61-63).

There is an increasing number of children with CCCs in the PICU (20, 28). The 

performance of PICU models might be improved by adding CCCs into these models. 

This should be developed and tested using the whole PICU population, preferentially in 

several large international registries. In our studies, we focused on the low- and high-risk 

patients and did not incorporate patients with an intermediate mortality risk. There are 

codes available that connect diagnoses from the International Classification of Disease 

(ICD-9 and ICD-10) to CCCs (23, 64). We developed a list connecting the codes used in 

the ANZPIC diagnostic system with CCCs, which might facilitate incorporating CCCs 

within prediction models (Chapter 2) (65). A medical vocabulary has been developed for 

electronic health records, the ‘Systematized Nomenclature of Medicine Clinical Terms’ 

(SNOMED CT) (66). ICD-10 diagnoses are linked to SNOMED CT (67). Using a structured 

problem list, including diagnoses and underlying chronic diagnoses in an unequivocal 

way in the electronic health record is extremely important. More and more, data are 

extracted directly from electronic health records into data registries. This will probably 

facilitate incorporating CCCs into prediction models.

It might be important to incorporate adverse events into the problem list of 

electronic health records. This will increase awareness of adverse events, give better 

understanding of causes and consequences of adverse events and will possibly allow 

adverse events to be part of (PICU) prediction models.
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(International) collaboration, such as has been shown during the Covid-19 pandemic 

can lead to steps forward (68, 69). A new development is the collaboration of national 

registries from different domains, which is taking place in the United Kingdom and in 

the Netherlands (70, 71). Improving data registries is not an easy road but it is possible. 

The ultimate goal of data registries is to improve quality of care. ‘Quality of care’ 

means a healthcare system that is safe, effective, patient-centered, timely, efficient 

and equitable (72). Data registries can organize feedback to healthcare providers on 

several aspects of quality and therefore can facilitate a quality improvement process.

Data registries themselves should be lean and efficient. There is a balance between 

gathering more and more information that is potentially useful and gathering the 

minimum information required for feedback to healthcare providers. Keeping this 

balance requires an ongoing discussion between healthcare providers, data registries 

and patients and their families.

Adverse events

So far, most strategies on healthcare safety have focused on investigating what went 

wrong (‘Safety I’). A new approach (‘Safety II’) focuses on learning from situations 

that usually go well (73). In the Safety II approach, it is important to recognize that 

healthcare is a complex system, mandating resilience and flexibility within systems 

and individuals to avoid errors (74, 75). Methods from Crew Resource Management 

might be useful for the complex environment such as the PICU.

Wolfe and Mack stress the role of leadership in patient safety in the PICU (76). Crucial 

is building a robust ‘culture of safety’, the ‘secret sauce’ leading to succes. It is about 

‘how we do things when no one is looking’. Hospitals should use a framework and 

collaborate in networks. A leader should verbalize and demonstrate that safety is 

top priority. In the beginning of a safety improvement process, healthcare related 

harm that was previously undetected, is getting noticed. Therefore the apparent 

harm seems to increase, but this should not discourage the team. Improving patient 

safety is a long and slow process. Elements of this safety process, as mentioned by 

Wolfe and Mack, are:

•	 Identifying specific domains for improvement strategies (examples: healthcare 

acquired infections, handoffs, cardiopulmonary resuscitation, etcetera)

•	 Measuring quality indicators

•	 Display data to the team in a meaningful way

•	 Using patients and families in the safety process

•	 Using Plan-Do-Study-Act cycles
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•	 Event reporting with feedback to the reporters, without retaliation

•	 Using ‘bundles’ (small set of evidence-based interventions for a defined population 

and care setting that, when implemented together, will result in significantly 

better outcomes than when implemented individually) (77)

An example of a successful intervention, using a combination of interventions 

was recently published by Dewan (78). In a large quaternary care PICU, a clinical 

decision support tool to identify PICU patients at high risk for clinical deterioration 

was developed (79). Twice a day, safety huddles were held by clinicians and nurses 

among patients identified by this ‘PICU Warning Tool’ and among patients manually 

identified as high risk, for example patients with a high-risk intubation or at-risk 

for extracorporeal membrane oxygenation. For these patients, an individual 

mitigation plan was made and communicated to the team and family. The number of 

cardiopulmonary resuscitation events within the PICU was reduced (by half) during 

the intervention. This study shows that even in large, high tech PICUs there are 

opportunities for decreasing the number of adverse events by increasing Situational 

Awareness, one of the tools from Crew Resource Management.

In our studies, most common types of adverse events were infection related and drug/

fluid related adverse events. If comparisons of the prevalence of these adverse events 

between PICUs would be available in data registries, discussing these differences and 

learning from best practices might reveal opportunities for improvement.

Based on our studies, it would be interesting to study the relationship between CCCs, 

adverse events, LOS and outcome. Possibly for children with CCCs, a warning tool 

might be developed, using knowledge of the parents on their children. Parents are an 

underused source of data about errors and preventable adverse events (80). Family 

centered care processes may improve quality of care (81). Perhaps an individual 

mitigation plan for children with CCCs at risk for deterioration can reduce the number 

of adverse events and therefore improve outcome.
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Conclusions

In low-risk PICU patients, complex chronic conditions are associated with increased 

mortality. Low-risk PICU nonsurvivors have a longer length of stay compared to low-

risk survivors. They have a high occurrence of adverse events, including preventable 

adverse events that contribute to death. The occurrence of adverse events among low-

risk nonsurvivors is higher compared to low-risk survivors and high-risk nonsurvivors.

Due to the increasing prevalence of children with complex chronic conditions, 

incorporating underlying chronic diseases might improve the PICU prediction 

model(s). This should be evaluated in the total PICU population, preferentially on an 

international basis.

The underlying complex chronic condition cannot be influenced, but by reducing the 

number of adverse events, possibly the length of stay and mortality could be reduced. 

There is potential to reduce PICU mortality in low-risk nonsurvivors but also in high-

risk nonsurvivors. The role of the ‘Safety II’ approach and family participation should 

be evaluated further in reducing the number of (preventable) adverse events.
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Summary

PICU (Pediatric Intensive Care Unit) mortality in the economically developed countries 

has declined over the last decades to 2-4%. Mortality prediction models are important 

in studying PICU outcome and in evaluating PICU quality of care. A substantial part 

of the PICU population has a predicted mortality risk of <1%. If these ‘low-risk’ PICU 

patients die, death can be considered as ‘unexpected’. Studying ‘unexpected deaths’ may 

be an efficient way to discover problems in safety of PICU care and therefore may reveal 

opportunities to improve quality of PICU care. The goal of this thesis is to get insight 

in factors associated with death of low-risk PICU nonsurvivors. We were interested in 

the role of healthcare related harm (adverse events) in this group. An adverse event is 

an unintended injury that results in prolonged hospital stay, temporary or permanent 

disability, or death, and is caused by healthcare management rather than by the patient’s 

underlying disease process. A preventable adverse event is the result of healthcare 

management below the professional standards or by healthcare system failures.

As a comparison, these factors were also studied among high-risk PICU patients.

Chapter 2 describes a retrospective cohort study among PICU admissions between 

2006 and 2012 in the Netherlands. Data were extracted from the Dutch PICU data 

registry (‘Pediatrische Intensive Care Evaluatie’(PICE)). PICU admissions with a predicted 

mortality risk of less than 1% according to the recalibrated ‘Pediatric Risk of Mortality’ 

(PRISM) or the ‘Paediatric Index of Mortality 2’ (PIM2) were defined as low-risk PICU 

patients. Low-risk PICU nonsurvivors had significantly more unplanned admissions 

(74.4% vs 38.5%), more complex chronic conditions (76.7% vs 58.8%) and a longer 

PICU length of stay (median 11 days vs median 3 days) compared to low-risk survivors 

(all p < 0.001). In a multivariable regression model, factors associated with death were 

complex chronic conditions (Odds ratio 3.29; 95% CI 1.97-5.50), unplanned admissions 

(Odds ratio 5.78; 95% CI 3.40-9.81) and admissions during spring/summer (Odds ratio 

1.67; 95% CI 1.08-2.58).

Chapter 3 focuses on high-risk PICU patients, again with data obtained from the PICE 

registry 2006-2012. High-risk patients had a predicted mortality risk of > 30%. In contrast 

to the findings among low-risk nonsurvivors, ‘unplanned admissions’ were not associated 

with mortality. While more than 90% of the admissions within the high-risk cohort was 

unplanned, this was not different between survivors and nonsurvivors. Glasgow Coma 

Scale at the time of PICU admission was significantly associated with lower mortality risk 

(Odds ratio 0.91; 95% CI 0.87-0.96). No association was found between complex chronic 

conditions and mortality in high-risk PICU patients, again, in contrast to the findings 

among low-risk patients.
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In Chapter 4, a retrospective patient record review study on healthcare related harm, 

performed in two PICUs, is described. Patient records from 12 low-risk nonsurvivors, 12 

low-risk survivors, 12 high-risk nonsurvivors and 12 high-risk survivors were randomly 

selected. The ‘trigger tool method’ was used to detect adverse events. In the first 

stage, the patient records were screened for 19 ‘triggers’, indicating a potential for 

adverse events. In the second stage, patient records were reviewed for the presence 

of healthcare related harm. In 10 out of 12 low-risk PICU nonsurvivors healthcare 

related harm occurred, significantly higher compared to low-risk PICU survivors (1/12, 

p < 0.001) and to high-risk nonsurvivors (2/12, p < 0.01), and not statistically different 

from high-risk survivors (7/12).

Chapter 5 consists of a case-control study, performed on a national level, including 

PICU admissions from 2006 until 2017. In total, 419 patient records were studied 

of low-risk survivors (‘cases’, n = 102), and three control groups: low-risk survivors 

(n = 107), high-risk nonsurvivors (n = 104) and high-risk survivors (n = 106). Outcome 

measures were the occurrence, severity, preventability and nature of adverse events, 

and its contribution to mortality. In 76.5% of PICU low-risk nonsurvivors, one or more 

adverse events occurred. This was significantly higher compared to low-risk survivors 

(13.1%, p < 0.001) and high-risk nonsurvivors (47.1%, p < 0.001) and not significantly 

different from high-risk survivors (67%). Almost one third (31.1%) of the adverse 

events among low-risk nonsurvivors was preventable. Considering the nature of the 

adverse events, most prevalent were healthcare-associated infections and drug/

fluid related harm. Moreover, in 30.4% of low-risk nonsurvivors an adverse event 

contributed to death and in 8.8% death was potentially avoidable. Although high-risk 

nonsurvivors had less frequent adverse events compared to low-risk nonsurvivors, 

they were exposed to severe adverse events too. In 26.0% of high-risk nonsurvivors 

an adverse event contributed to death and in 9.6% death was considered potentially 

avoidable.

In the general discussion (Chapter 6) of this thesis, the main findings and 

methodological considerations of this thesis are summarized and discussed. In 

low-risk PICU patients, complex chronic conditions are associated with mortality. 

Incorporating complex chronic conditions in PICU mortality prediction models might 

improve these prediction models, but this should be tested among the total PICU 

population and not in subgroups. Other developments for data registries in the future 

are standardization of data, for example by using internationally validated diagnose-

lists, and the direct import of (standardized) data from electronic patient records.
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Low-risk PICU nonsurvivors often have adverse events. They also suffer from chronic 

conditons and have a long length-of-stay. Therefore, there seems to be an interaction 

between complex chronic conditions, length-of-stay and adverse events.

In both low- and in high-risk nonsurvivors, (preventable) adverse events contribute 

to death in some cases.

In conclusion, this thesis shows that in the Netherlands there is a potential for 

reducing mortality in PICU patients. Possible strategies to reduce healthcare related 

harm might use elements from the ‘Safety II’ approach, with emphasis on learning 

from what goes well instead of what goes wrong, and by using family centered care. 

Involving parents in PICU care may be helpful as they may quickly notice vital changes 

in their children and thereby play a role in reducing healthcare related harm.
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Nederlandse samenvatting

De sterfte bij kinderen opgenomen op de kinder-intensive care (‘Pediatrische Intensive 

Care Unit’ (PICU)) in de economisch welvarende landen is de laatste decennia gedaald 

van ongeveer 9% naar ca. 2-4%. Het kunnen voorspellen van overlijden kan behulpzaam 

zijn bij de inschatting of de sterfte van een bepaalde PICU onder- of bovengemiddeld is. 

Een dergelijke voorspelling is mogelijk met zogenaamde mortaliteitspredictie modellen. 

In combinatie met geobserveerde sterfte maken deze het mogelijk een uitspraak te doen 

over de kwaliteit van zorg op de kinder-intensive care. 

Een aanzienlijk deel van de PICU populatie heeft een voorspelde overlijdenskans van 

<1%. Als deze ‘laag-risico' PICU patiënten overlijden, kan dat worden bestempeld als 

‘onverwachte sterfte’. Het bestuderen van ‘onverwachte sterfte’ kan een manier zijn 

om problemen in de patiëntveiligheid te vinden en zo mogelijkheden te ontdekken voor 

het verbeteren van de kwaliteit van de zorg op de PICU. Het doel van dit proefschrift 

was om inzicht te krijgen in factoren die een rol spelen bij het overlijden van laag-risico 

PICU patiënten. In het bijzonder waren wij geïnteresseerd in de rol van onbedoelde 

zorggerelateerde schade in deze groep. Onbedoelde zorggerelateerde schade is 

gedefinieerd als een onbedoelde uitkomst voor de patiënt, veroorzaakt door de zorg 

of het zorgsysteem in plaats van door de onderliggende ziekte en resulterend in een 

langere opnameduur, tijdelijke of permanente schade, of overlijden. Vermijdbare schade 

is onbedoelde schade die is ontstaan door het onvoldoende handelen volgens de 

professionele standaard en/of door tekortkomingen van het zorgsysteem.

Ter vergelijking hebben we deze factoren ook bestudeerd bij hoog-risico PICU patiënten.

Hoofdstuk 2 beschrijft een retrospectieve cohort studie onder Nederlandse PICU 

opnames tussen 2006 en 2012. De data werden verkregen uit de Nederlandse PICU 

dataregistratie ('Pediatrische Intensive Care Evaluatie' (PICE)). PICU patiënten met een 

voorspelde overlijdenskans van minder dan 1% volgens de gerecalibreerde ‘Pediatric Risk 

of Mortality’ (PRISM) of de ‘Paediatric Index of Mortality 2’ (PIM2) werden gedefinieerd 

als laag-risico patiënten. Laag-risico sterfgevallen hadden significant vaker ongeplande 

opnames (74,4% versus 38,5%), meer complexe chronische aandoeningen (76,7% versus 

58,8%) en een langere PICU opnameduur (mediaan 11 dagen versus 3 dagen) in vergelijking 

met laag-risico overlevers (allen p < 0,001). In een multivariabel regressiemodel waren de 

volgende factoren geassocieerd met een verhoogde sterftekans: complexe chronische 

aandoeningen (Odds ratio 3,29; 95% CI 1,97-5,50), ongeplande opnames (Odds ratio 

5,78; 95% CI 3,40-9,81) en opnames tijdens de lente of zomer (Odds ratio 1,67; 95% CI 

1,08-2,58).
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Hoofdstuk 3 richt zich op hoog-risico PICU patiënten, opnieuw met data vanuit 

de PICE registratie uit de periode 2006-2012. Hoog-risico patiënten hadden een 

voorspelde overlijdenskans van > 30%. In tegenstelling tot de bevindingen onder 

laag-risico patiënten, waren 'ongeplande opnames' niet geassocieerd met sterfte. 

Meer dan 90% van alle hoog-risico patiënten had een ongeplande PICU opname, 

echter dit was niet verschillend tussen de overlevers en de sterfgevallen. Een hogere 

Glasgow Coma Scale ten tijde van de PICU opname was significant geassocieerd met 

lagere sterfte (Odds ratio 0,91; 95% CI 0,87-0,96). Er werd geen verband gevonden 

tussen complexe chronische aandoeningen en sterfte onder de hoog-risico patiënten, 

in tegenstelling tot de bevindingen onder de laag-risico patiënten.

In Hoofdstuk 4 wordt een retrospectief dossieronderzoek beschreven naar 

onbedoelde schade, uitgevoerd op twee PICUs. Medische dossiers van 12 laag-risico 

sterfgevallen, 12 laag-risico overlevers, 12 hoog-risico sterfgevallen en 12 hoog-risico 

overlevers werden geselecteerd door middel van loting. Om onbedoelde schade op 

te sporen, werd gebruik gemaakt van de ‘trigger tool methode’. Hierbij werden de 

medische dossiers eerst gescreend op 19 aanwijzingen (triggers), die kunnen wijzen 

op mogelijke onbedoelde zorggerelateerde schade. In tweede instantie werden de 

dossiers beoordeeld op de aan- of afwezigheid van onbedoelde zorggerelateerde 

schade. Bij 10 van de 12 laag-risico sterfgevallen was er sprake van onbedoelde 

zorggerelateerde schade, significant vaker dan bij laag-risico overlevers (1 van de 

12, p < 0,001) en hoog-risico sterfgevallen (2 van de 12, p < 0,01) en niet statistisch 

significant verschillend van hoog-risico overlevers (7 van de 12).

Hoofdstuk 5 omschrijft een case-control onderzoek op nationaal niveau, met PICU 

opnames van 2006 tot 2017. In totaal werden 419 medische dossiers onderzocht 

van laag-risico sterfgevallen (‘cases’, n = 102) en drie controle groepen: laag-risico 

overlevers (n = 107), hoog-risico sterfgevallen (n = 104) en hoog-risico overlevers 

(n = 106). Uitkomstmaten waren de aanwezigheid, ernst, vermijdbaarheid en 

aard van de onbedoelde zorggerelateerde schade en de bijdrage hiervan aan het 

overlijden. In 76,5% van de laag-risico sterfgevallen was er sprake van onbedoelde 

zorggerelateerde schade. Dit was significant vaker dan bij laag-risico overlevers 

(13,1%, p < 0,001) en hoog-risico sterfgevallen (47,1%, p < 0,001) en niet significant 

verschillend van hoog-risico overlevers (67%). In bijna een derde (31,1%) van de 

onbedoelde schade bij laag-risico sterfgevallen was de schade vermijdbaar. De meest 

voorkomende soorten schade waren ziekenhuisinfecties en schade gerelateerd aan 

medicatie of toegediende vloeistoffen. Bij 30,4% van de laag-risico sterfgevallen 

droeg onbedoelde zorggerelateerde schade bij aan het overlijden van deze patiënten 

en in 8,8% droeg potentieel vermijdbare schade mogelijk bij aan het overlijden. 
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Hoewel hoog-risico sterfgevallen minder vaak onbedoelde zorggerelateerde schade 

ondervonden, was er bij deze categorie toch ook sprake van ernstige onbedoelde 

schade. Bij 26% van de hoog-risico sterfgevallen droeg onbedoelde zorggerelateerde 

schade bij aan het overlijden en in 9,6% droeg potentieel vermijdbare schade mogelijk 

bij aan het overlijden.

In de algemene discussie (Hoofdstuk 6) van dit proefschrift worden de belangrijkste 

bevindingen en methodologische overwegingen samengevat en besproken. Bij 

laag-risico PICU patiënten, zijn complexe chronische aandoeningen (onderliggende 

ziektebeelden die ernstig zijn en langdurig) geassocieerd met sterfte. Het meenemen 

van complexe chronische aandoeningen in de PICU mortaliteitspredictiemodellen 

zou deze modellen mogelijk kunnen verbeteren. Dit moet echter worden getest in 

de totale PICU populatie en niet alleen in subgroepen. Andere ontwikkelingen voor 

dataregistraties in de toekomst zijn het standaardiseren van data, bijvoorbeeld door 

middel van het gebruik van internationale diagnoselijsten, en het direct importeren 

van (gestandaardiseerde) data vanuit electronische patiëntendossiers.

Bij laag-risico sterfgevallen is er vaak sprake van onbedoelde zorggerelateerde 

schade. Laag-risico sterfgevallen hebben meestal een onderliggende complexe 

chronische aandoening en een lange opnameduur. Er lijkt dan ook een relatie te zijn 

tussen complexe chronische aandoeningen, opnameduur en onbedoelde schade.

Bij een deel van de laag-risico en ook bij hoog-risico PICU sterfgevallen, lijken 

onbedoelde zorggerelateerde schade en potentieel vermijdbare schade een bijdrage 

te leveren aan het overlijden.

Concluderend toont dit proefschrift dat er nog steeds mogelijkheden zijn om de 

sterfte van PICU patiënten in Nederland verder te verlagen. Mogelijke oplossingen 

om onbedoelde zorggerelateerde schade in de toekomst te verminderen zijn het 

gebruik van elementen vanuit de ‘Safety II’ benadering, waarbij de nadruk ligt op leren 

van wat goed gaat in plaats van wat fout gaat, en door het nog meer betrekken van 

de familie bij de zorg van de patiënten. Ouders kennen hun kinderen door en door, 

kunnen ook zien wanneer er veranderingen optreden en kunnen een rol spelen bij 

het verminderen van onbedoelde zorggerelateerde schade.
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List of abbreviations

AE	 Adverse event

ANZPIC	 Australian and New Zealand paediatric intensive care society

CCC	 Complex chronic condition

CI	 Confidence interval

ECLS	 Extracorporeal life support

GTT	 Global trigger tool

HN 	 High-risk nonsurvivor

HS	 High-risk survivor

ICU	 Intensive care unit

IQR	 Inter-quartile range

LN	 Low-risk nonsurvivor

LOS	 Length of stay

LS 	 Low-risk survivor

NCCC 	 Non-complex chronic condition

NCC-MERP	 National coordinating council for medication error reporting and 

prevention

NICU	 Neonatal intensive care unit

OR	 Odds ratio

PICE	 Pediatrische intensive Care evaluatie

PICU 	 Pediatric intensive care unit

PIM	 Paediatric index of mortality

PRISM 	 Pediatric risk of mortality

SMR	 Standardized mortality ratio

TT	 Trigger tool
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Research data management

This thesis is based on the result of human studies, which were conducted in 

accordance with the principles of the Declaration of Helsinki. The medical and ethical 

review board Committee on Research Involving Human Subjects Region Arnhem 

Nijmegen, Nijmegen, the Netherlands, has given approval to conduct these studies.

All data presented in this project were stored on the secured H-drive of the department 

of intensive care of the Radboudumc (H:\IC Staf\PICE onderzoek CV). The paper data 

were stored in a locked closet in a locked room within the staff department.

All data will be saved for 15 years after publication of the results. The dataset analysis 

during these studies are available from the author (Carin Verlaat) on reasonable 

request.
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Beste prof. dr. Hans van der Hoeven. Jij gaf mij de kans om tussen mijn werkzaamheden 
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Beste dr. Joris Lemson. Ruim 10 jaar geleden vroeg je me of ik niet wat meer 

wetenschappelijks wilde gaan doen met de PICE data. Wat heb ik veel geleerd de 
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van klinische taken met onderzoek was niet altijd eenvoudig, maar je had altijd geduld 

als het niet zo snel liep als gepland.

Beste dr. Marieke Zegers. Wat was ik blij toen jij als copromotor werd aangesteld. 

Jouw eigen promotie onderzoek is baanbrekend geweest op dit gebied. Jouw ervaring 

maar vooral ook je enthousiasme hebben me enorm geholpen.

De leden van de manuscriptcommissie. Prof. dr. Gert Westert, prof.dr. Matthijs de Hoog 

en dr. Joris Fuijkschot, wil ik hartelijk danken voor het beoordelen van mijn proefschrift.
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(Ex-) leden van de PICE werkgroep. Sinds 2002 mag ik deel uitmaken van deze groep 

en heb ik de kans gekregen om vanuit de PICE registratie dit onderzoek te doen. Ik 

wil een aantal ‘oudgedienden’ in het bijzonder noemen: Douwe, Koos, Marcel, Job, 

Marc en Nicolette. De huidige ploeg (Richard, Jan Willem, Maaike, Dick, Casper en 
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het verzamelen van de PICE gegevens. Je bewaakte de kwaliteit ervan als een leeuw. 
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Arthur Lemson, Jorian Leerling en Dominiek Rutten. Heel veel dank voor jullie 
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het opsnorren van medische dossiers in een stoffig archief en het leren kraken van 

alle typen electronische patientendossiers. Jullie zijn talentvolle jonge mensen, op 
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Bestuur en medewerkers van de Stichting Spoedeisende Hulp bij Kinderen, hartelijk 
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verpleegkundigen en andere medewerkers. Beste Louis, Chris, Ruud, Anique, 

Anneliese, Twiggy, Ronald, Marloes, Annelies, Gerald en Saskia. Ik ben jullie 

dankbaar voor de jarenlange fijne samenwerking, ook als er eens iets tegenzit. Het 

maakt dat ik, na meer dan 25 jaar, nog elke dag met plezier naar mijn werk ga. Ook 

de collega’s van IC research, waaronder Matthijs en Peter, dank voor tips and tricks 

en jullie enthousiasme om promovendi op te leiden.

Lieve vrienden. Jullie zorgen voor de luchtige noot, de gezellige avond, het 

onverwachte bezoekje, de mooie wandeling, de leuke weekendjes, de oliebollen bij 

oud en nieuw. Astrid en Irene, we delen al meer dan 40 jaar lief en soms ook leed 

met elkaar, laten we nog heel veel jaren lekker blijven doorkletsen….

Lieve (schoon-) familie, Etiënne, Jan-Willem, Sandra, Caroline, Cor, Marcel, Karin, 

neven en nichtjes. Al jaren vragen jullie met belangstelling naar dat boekje. Misschien 

waren jullie ook wel een beetje bezorgd en dachten jullie ook wel eens: gaat het 

lukken? Nou, het is eindelijk af!

Lieve schoonpapa Gerard. Helaas ben jij er ook niet bij vandaag. Ik had je graag 

ingehuurd om met je accordeon en gezellige praatjes iedereen vrolijk te maken. 

Gelukkig is mijn lieve schoonmama Truusje erbij vandaag. Je bent een eeuwige 

optimist en dat inspireert iedereen om je heen.

Lieve Ma, jij hebt helaas niets meegemaakt van dit hele project. Maar je hebt mij wel 

doorzettingsvermogen doorgegeven, daar ben ik je dankbaar voor.

Lieve Pa. Je vroeg bij ieder bezoekje altijd weer: ‘En, hoe is het nu met je onderzoek?’. 

En dan zei ik weer dat het langzaam ging, maar wel vooruit. Helaas mag je de afronding 

van dit proefschrift niet meer meemaken, maar ik denk dat je er toch op een of andere 

manier bij zal zijn. Els is aanwezig vandaag en dat maakt me blij.
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Lieve kinderen. Casper, Koen en Saskia. Jullie zijn allemaal verschillend maar zo 

bijzonder. Volwassen intussen. Volgen jullie eigen pad. Wat ben ik er trots op om jullie 

moeder te zijn. Welkom ook Millie in onze familie.

Lieve Marc, dank voor jouw steun, je gezonde verstand en je liefde. Je bent de liefste 

en knapste (…) man die ik me kan wensen, ook als je een paar grijze haren krijgt. Als 

jij nou eens wat rustiger aan gaat doen en ik ook, gaan we er veel weekendjes erop 

uit met ons busje.
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