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Abstract
Healthcare can cause harm. The goal of this study is to evaluate the association between the occurrence of adverse events (AEs)
and morbidity–mortality in critically ill children. A prospective cohort study was designed. All children admitted to the Pediatric
Intensive Care Unit (PICU) between August 2016 and July 2017were followed. AnAEwas considered any harm associatedwith
a healthcare-related incident. AEs were identified in two steps: first, adverse clinical incidents (ACI) were recognized through
direct observation and active surveillance by PICU physicians, and then the patient safety committee evaluated every ACI to
define which would be considered an AE. The outcome was hospital morbidity–mortality. There were 467 ACI registered, 249
(53.31%) were considered AEs and the rate was 4.27/100 patient days. From the 842 children included, 142 (16.86%) suffered
AEs, 39 (4.63%) experienced morbidity–mortality: 33 (3.92%) died, and 6 (0.71%) had morbidity. Multivariate analysis revealed
that the occurrence of AEs was significantly associated with morbidity–mortality, OR 5.70 (CI95% 2.58–12.58, p = 0.001). This
association was independent of age and severity of illness score.

Conclusion: Experiencing AEs significantly increased the risk of morbidity–mortality in this cohort of PICU children.

What is Known:
• Many children suffer healthcare-associated harm during pediatric intensive care hospitalization.

What is New:
• This prospective cohort study shows that experiencing adverse events during pediatric intensive care hospitalization significantly increases the risk of

morbidity and mortality independent of age and severity of illness at admission.
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Introduction

Reliability can be described as the absence of unwanted var-
iance in performance, or it can be considered a measure of
failure-free operations over time [1]. Failures in the processes
of medical care do occur and can lead to adverse events (AEs)
that may cause patients harm and even death [2–4]. Intensive
care units are complex environments where many decisions
and interventions are performed in short periods of time [5].
They have been recognized as one of the settings most prone
to errors, AEs, and preventable harm to patients [2, 6, 7].

The methods commonly used to detect AEs are voluntary
incident reports, retrospective patient chart reviews, and direct
observation of clinical practice. Themost frequently usedmeth-
od is the retrospective chart review using trigger tools [8, 9].
Each method has different strengths and weaknesses; different
methods identify different AEs, and different methods estimate
different rates of AEs in the same patient population [10–12].
Despite these methodological limitations, in the specific field of
pediatric intensive care, the rates, types, severity, and factors
associated with AEs have been demonstrated [12–18].
Nevertheless, although it has been reported that adult patients
experiencing AEs have worse outcomes than those with no
AEs there is still insufficient data regarding the impact of AEs
on pediatric intensive care patient outcome [19].

Therefore, the primary goal of this study is to evaluate the
association between the occurrence of AEs and morbidity–
mortality in the population of children admitted to the pediat-
ric intensive care unit (PICU) of Hospital Italiano de Buenos
Aires (HIBA).

Materials and methods

Setting

The PICU at HIBA is a twenty-bed multidisciplinary unit
inserted in a general university hospital that obtained Joint
Commission International accreditation in 2015. The PICU
has about 800 admissions a year and assists all kinds of crit-
ically ill patients. It is staffed by eight pediatric intensivists
and four specialty fellows covering the unit 24 h every day.
There is one nurse for every two patients. They are all regis-
tered nurses, and most are dedicated solely to pediatric inten-
sive care. The unit is also staffed by pharmacists 24 h a day,
who participate in medical rounds and validate medical
prescriptions.

Population, study period, and design of the study

In this study, a prospective cohort was investigated. Data were
collected over 12 months regarding all children admitted to

the PICU from August 2016 to July 2017. The observation
units were AEs related to the active delivery of care.

Variables

Adverse clinical incidentsAnACI is defined as any incident in
which there is an undesirable change in patient status [20].

Adverse events Any injury or harm that is associated with a
healthcare-related incident and cannot be explained by the
patient’s disease or condition [21–23]. For an ACI to be con-
sidered an adverse event, two conditions must be met as
follows:

– The association between the event and the healthcare pro-
vided. To explore this association, a six-point Likert scale
was used (1, no evidence of association and 6, strong
evidence of association). ACIs rated higher than 3 were
assumed to be associated with healthcare [3].

– The existence of harm to the patient (E, F, G, H, and I) [24]

Harm Any unintended physical injury resulting from medical
care that requires additional monitoring, treatment, hospitali-
zation, or that results in death [24].

Severity of harm The Institute for Healthcare Improvement
adapted a classification from the National Coordinating
Council for Medication Error Reporting and Prevention
Index for Categorizing Errors. This classification includes
nine categories from A to I. The first four (A, B, C, and D)
consider errors that do not result in harm. The last five (E, F,
G, H, and I) refer to incidents that cause harm to patients [25].
Although originally developed for categorizing medication
errors, these definitions were applied to any type of error or
adverse event [24]. For the purpose of this study, we used
categories E to I, because they described the severity of harm
as follows:

– Category E: Temporary harm to the patient and required
intervention

– Category F: Temporary harm to the patient and required
initial or prolonged hospitalization

– Category G: Permanent patient harm
– Category H: Intervention required to sustain life
– Category I: Patient death

Types of adverse events Theywere classified in seven types as
follows [20]:

– Healthcare-associated infections, for example, ventilator-
associated pneumonia
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– Procedural complications, for example, pneumothorax
associated with central line insertion

– Adverse drug events, for example, hypoglycemia second-
ary to insulin administration

– Surgical complications, for example, bleeding after
surgery

– Therapeutic adverse events, for example, thrombosis as-
sociated with a central line

– Diagnostic adverse events, for example, interventions as-
sociated with misdiagnosis

– System adverse events, for example, delay in a surgical
procedure that causes patient deterioration

Frequency of adverse events Indicators used to estimate the
frequency of AEs were:

– Adverse events per 100 patient days
– Percent of admissions with an adverse event [24].

Severity of illness The Pediatric Index of Mortality 2 (PIM2)
score was used as a surrogate of the severity of clinical con-
dition at admission to PICU [26]. It was considered a relevant
variable for controlling the association of interest (occurrence
of AEs and morbidity–mortality). This instrument has been
previously validated in our population [27, 28].

Outcome variableWe used a combined outcome variable that
included two components:

– Hospital mortality
– Hospital morbidity. It was estimated using the Functional

Status Scale (FSS) [29]. PICU-acquired morbidity was
considered when there was an increase between PICU
admission and hospital discharge FSS greater than or
equal to 3 [30].

Identifying adverse events

The direct observation strategy was selected to identify AEs.
This choice was made because a small number of incidents
were usually obtained from the hospital voluntary reporting
system, and the completeness of electronic medical records
was considered inadequate to perform comprehensive chart
reviews.

A two-step process was designed to define AEs. First, ACI
were detected by PICU physicians [20, 31]. Second, the di-
rector of the patient safety committee (author of the study,
JMCC, a neonatologist with extensive experience in patient
safety) evaluated every ACI and defined which would be clas-
sified as AEs. The steps of this process were as follows:

Identification of adverse clinical incidents Two pediatric
intensivists and two PICU fellows monitored the patients.
When they were directly involved in patient care (office hours
every day of the week and four to five nights of the week),
they identified ACI by direct observation. Incidents that oc-
curred in the PICU outside of the hours of direct observation
were identified by active surveillance. This consisted of open
discussion at rounds on the subsequent day and interactions
with PICU staff, including nurses, physicians, pharmacists,
respiratory therapists, and clerks. These interactions included
questions oriented to the practitioners’ knowledge of any po-
tential adverse clinical occurrences or the spontaneous
volunteering of such information. Every time an ACI was
detected, it was registered in a specific database. A description
of the ACI, its probable cause, and consequences to the patient
were included in the form (Appendix 1).

Identification and classification of adverse events All ACI
registered were evaluated every 2 weeks by the director of the
hospital patient safety committee. If it was established that the
incident was associated with the healthcare provided, and it also
caused harm to the patient, the ACI was considered an AE.
Once an AE was determined, it was classified as one of the
seven types previously described. Its preventability was
assessed using a 4-point Likert scale (1, definitely not prevent-
able; 2, probably not preventable; 3, probably preventable; and
4, definitely preventable). AEs were considered preventable
when categorized as 3 or 4 in this scale [32]. If extra informa-
tion was needed, two PICU physicians (authors of the study, PE
and PA) would complete the requested data but did not catego-
rize the incident. The main purpose of this decision was to
minimize risks of bias. In this way, the PICU observers
collecting data were not responsible for analyzing them.

Statistical analysis

For descriptive statistics, we used either means and standard
deviations, medians and interquartile ranges, or proportions, de-
pending on the characteristics and distribution of the variables.

A multivariate logistic regression analysis was conducted
to explore the association between the adverse event variable
and combined outcome A univariate logistic regression was
performed first. Results from the univariate analysis were used
to identify variables for the multivariate model. Statistically
significant variables having a p value < 0.1 were introduced
into the multivariate model. Variables considered clinically
relevant in the univariate analysis, for example, PIM2, were
introduced into the model for controlling the association of
interest, independently of their p value. All variables were
introduced manually. Dichotomous data were introduced in
the same way, categorical data were transformed into dummy
variables, and continuous data were either introduced in the
same way (age) or transformed into dichotomous data (PICU
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length of stay). Variables with p < 0.05 in the Wald test were
kept in the multivariate model. The ratio between the indepen-
dent variables and the number of outcomes was 1:10.
Discrimination of the final model was assessed by the area
under the receiver operating characteristic (ROC) curve and
calibration by the Hosmer–Lemeshow test in deciles of risk. A
p value > 0.05 was considered indicative of an adequate fit
[33]. Statistical analysis was done with Stata 9.1 (StataCorp,
College Station, TX).

Results

During the study period, August 1, 2016, to July 31, 2017, 842
patients were admitted to the PICU. Their characteristics are
reported in Table 1. In total, 467 ACIs were registered, and
249 (53.31%) were considered AEs. There were 142
(16.86%) patients that suffered at least one AE. The median
(25–75) AE per patient was 0 (0–0). The rate of AE was 4.27
(249/5827) every 100 patient days. AEs characteristics are

Table 1 Population characteristics (842 patients)

Variable Measure
n (%) unless stated otherwise

Value

Age Months Median (25–75) 60 (17–152)

Sex Male 463 (54.98)

Admission diagnosis Respiratory 89 (10.57)

Cardiovascular 247 (29.33)

Neurology 92 (10.93)

Hepatology 93 (11.05)

Renal 45 (5.34)

Oncology 65 (7.72)

Musculoskeletal 49 (5.82)

Other 162 (19.24)

Surgical patients 565 (67.10)

Type of surgery Cardiovascular 124 (21.95)

Neurosurgery 42 (7.43)

General 199 (35.22)

Orthopedic 69 (12.21)

Plastic 2 (0.35)

Transplant 24 (4.25)

Other 105 (18.58)

Elective admission 593 (70.43)

PIM2 mortality risk Median (25–75) 1.6 (0.2–2.6)

Ventilated patients 263 (31.24)

Central line placed 380 (45.13)

Renal replacement therapy 61 (7.24)

ECMO 14 (1.66)

Length of stay (days) Median (25–75) 3 (1–6)

Ventilator days Median (25–75) 2 (1–6)

Admission FSS Median (25–75) 6 (6–8)

Discharge FSS Median (25–75) 6 (6–8)

FSS gap Median (25–75) 0 (0–0)

PICU morbidity (FSS gap > = 3) 30 (3.56)

PICU mortality 33 (3.92)

Discharge morbidity (FSS gap> = 3) 6 (0.71)

Discharge mortality 33 (3.92)

Morbidity–mortality (outcome) 39 (4.63)

Patients with adverse events 142 (16.86)

Adverse events per patient Median (25–75) 0 (0–0)

Adverse events/100 patients days Ratio 4.27 (249/5827)

PIM2, Pediatric Index of Mortality 2; FSS, Functional Status Scale; PICU, Pediatric Intensive Care Unit
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summarized in Table 2. There were 227 (91.2%) AEs consid-
ered preventable: 118 were classified as probably preventable
and 109 as definitely preventable. Appendix 2 includes de-
scriptions of significant AEs.

The outcome morbidity–mortality was present in 39
(4.63%) of these patients: 33 died (3.92%) and 6 (0.71%) were
discharged with PICU-acquired morbidity. These six patients
were sent home with tracheostomy tubes that were not present
at the time of admission. Four of them (4/6, 67%) also re-
quired mechanical ventilation.

The univariate analysis is reported in Table 3 and the mul-
tivariate analysis in Table 4. The regression model demon-
strated that three variables were independently associated with
the morbidity–mortality outcome: young patient age (OR
0.99, CI95% 0.986–0.999, p = 0.036), high severity of the
clinical condition at admission to the PICU evaluated through
categories of risk in the PIM2 score, occurrence of AEs during
PICU hospitalization (OR 5.70 CI95% 2.58–12.58, p =
0.001).

The discrimination and calibration of the regression
model were adequate. The discrimination assessed by
the area under the ROC curve was 0.9243 (CI95%
0.903–0.940). The Hosmer–Lemeshow test showed a p
value of 0.8933, and the number of observed and esti-
mated events in each decile of risk is summarized in
Appendix Table 5.

Discussion

This study demonstrates that the occurrence of AEs is associ-
ated with poor patient outcomes. Experiencing an AE was
significantly associated with morbidity–mortality indepen-
dently of the age and the severity of patients’ clinical condi-
tion at admission to the PICU.

The methods commonly used to detect AEs may influence
the results obtained. Analyzing the data via incident reporting
databases is relatively easy; however, the disadvantages to this
method include variable quality of data, the underreporting of
AEs, and the description of primarily minor AEs [15, 34, 35].
The retrospective chart review method is the most precise ap-
proach to detecting AEs [34]. It has been extensively used in
different clinical settings in different countries [8, 9]. However,
chart reviews can be difficult, time-consuming, and certainly;
the quality of data obtained is dependent on the completeness of
medical records [34, 35]. The direct observation method has
been found to be the most effective for detecting medication
errors [36]. In addition, it has been used to detect any type of
AEs in the critical care setting [20, 31]. Nevertheless, it is re-
source intensive and the validity of the observational data may
be compromised by observer bias [34, 35].

Considering the particular characteristics of each method
and the distinctive features of our healthcare organizational
culture, we decided that direct observation would be the most
suitable tool to detect AEs in this setting. The information
included in medical records was often incomplete and unreli-
able to reveal significant healthcare-associated events.
Furthermore, the number of incidents voluntary and anony-
mously reported to the hospital quality committee was insuf-
ficient to be considered an accurate estimation of the magni-
tude of this problem. The risk of bias associated with the direct
observation method was of particular concern. For this reason,
we decided that PICU physicians would be responsible only
for registering ACIs and the patient safety committee would
analyze which ACIs would be considered AEs. With PICU
observers collecting data, and non-PICU physicians catego-
rizing it, we assumed risk of bias would be acceptable.

The frequency of events in any cohort study can modify the
presence or the magnitude of the association of interest.
Several authors reported variable frequencies of AEs in the
field of pediatric intensive care. The proportion of affected
patients varied between 22 and 76% [12, 15]. Reported rates
of AEs fluctuated among 2.7, 6, 8, 19, 28.6, and 50.8 AEs per
100 hospital days [12–14, 16–18]. The frequency of severe or
catastrophic AEs variated between 3 and 13% [14, 16]. In this
study, almost 17% of children suffered healthcare-associated
harm and the rate of AEs (4.27 every 100 patient days) was
low compared with previous reports. However, the frequency
of severe AEs was higher than previously reported; almost
20% (18.5%) of AEs were considered to cause significant
harm that required urgent interventions to save lives (category

Table 2 Description of adverse events (n = 249)

Adverse events n %

Type Therapeutic adverse events 92 36.9

Healthcare-associated infections 50 20.1

Surgical complications 48 19.3

Adverse drug events 27 10.8

Procedural complications 22 8.8

System adverse events 6 2.4

Diagnostic adverse events 4 1.6

Severity of harm E 146 58.6

F 47 18.9

G 2 0.8

H 46 18.5

I 8 3.2

Preventability Definitely not preventable 10 4

Probably not preventable 12 4.8

Probably preventable 118 47.4

Definitely preventable 109 43.8

E, temporary harm to the patient and required intervention; F, temporary
harm to the patient and required initial or prolonged hospitalization; G,
permanent patient harm; H, intervention required to sustain life; I, patient
death
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H), and 4% were associated with permanent injuries or death
(categories G and I). The low rate of AEs and the many severe
AEs identified may be explained by the method used to detect
AEs. We believe that severe AEs could have been
underestimated if we used chart review or voluntary reporting
in this patient population. We agree with Silas et al. that dif-
ferent methods capture different AEs; therefore, different in-
cidences are expected [15]. Considering that the main goal of

this study was to evaluate the impact of AEs on morbidity–
mortality, the low rate of AEs reported avoids the possibility
of an overestimation in the association found between the
occurrence of AEs and poor patient outcomes.

Most AEs detected were categorized as preventable: 47.4%
were classified as probably preventable and 43.8% as definite-
ly preventable. This frequency is significantly higher than
36% or 45% reported in previous pediatric intensive care stud-
ies [13, 14]. This difference may be related to the instruments
used to estimate preventability. The most frequently used tools
have been Likert-type scales and expert opinions [13, 14, 23].
To the best of our knowledge, no study has reported prevent-
ability based on objective deviations from a well-recognized
standard of care or policy. Klein et al. found poor reproduc-
ibility for preventability when reviewers re-examined patient
data. An international consensus of what exactly constitutes
preventability of AEs and agreement on a clear definition is
necessary [37].

The multivariate logistic regression model showed three
variables independently associated with the outcome of mor-
bidity–mortality: the younger the age, the occurrence of AEs

Table 3 Univariate analysis

Variable OR 95% CI p

Age Continuous 0.98 0.98–0.99 0.001

Admission diagnosis Respiratory (reference)

Cardiovascular 4.46 1.03–19.34 0.045

Neurology 0.96 0.13–7.01 0.973

Hepatology 1.45 0.23–8.88 0.688

Oncology 3.62 0.68–19.30 0.131

Musculoskeletal 0.90 0.08–10.25 0.937

Other 0.82 0.13–5.00 0.830

Surgical patients Categorical 0.81 0.41–1.56 0.523

Type of surgery General (reference)

Neurosurgery 0.94 0.10–8.31 0.960

Cardiovascular 6.16 2.21–17.17 0.001

Orthopedic 0.57 0.06–4.97 0.611

Transplant 1.68 0.18–15.07 0.640

Other 0.37 0.04–3.23 0.371

Unplanned admission Categorical 1.90 0.99–3.64 0.053

PIM2 mortality risk < 1% (reference)

1–5% 31.13 4.04–239.57 0.001

5–15% 67.51 8.59–530.07 0.001

15–30% 245.50 29.95–2012.20 0.001

> 30% 280.57 27.71–2840.27 0.001

Renal Replacement Therapy Categorical 13.32 6.60–26.89 0.001

ECMO Categorical 24.87 8.23–75.15 0.001

Prolonged admission Categorical (> 7 days) 7.52 3.82–14.81 0.001

Admission FSS > 6 (median) Categorical 1.92 1.01–3.68 0.047

Adverse events Categorical 15.38 7.45–31.76 0.001

PIM2, Pediatric Index of Mortality 2; FSS, Functional Status Scale

Table 4 Multivariate analysis

Variable OR CI 95% p

Adverse events Categorical 5.70 2.58–12.58 0.001

Age Continuous 0.99 0.986–0.999 0.036

PIM2 mortality risk < 1% (reference)

1–5% 12.89 1.60–103.66 0.016

5–15% 22.90 2.75–190.41 0.004

15–30% 136.19 15.76–1176.65 0.001

> 30% 76.35 6.92–842.15 0.001

PIM2, Pediatric Index of Mortality 2

478 Eur J Pediatr (2020) 179:473–482



during PICU hospitalization, and the severity of the clinical
condition on admission estimated through categories of pre-
dicted risk of death by PIM2 score. Severity of clinical condi-
tion was the variable most strongly associated with the out-
come. Therefore, although patients of this cohort were more
likely to die or survive with morbidity if the clinical condition
on admission was worse, their chance of intact survival was
also significantly reduced if they experienced a healthcare-
associated AE during pediatric intensive care hospitalization.

This study has limitations. First, the external validity of the
reported findings. The results may not be generalizable be-
cause the study was carried out in a single pediatric intensive
care unit. Second, the setting where the direct observation
strategy was used. Although it has not been used as extensive-
ly as retrospective chart reviews, direct observation has been
used in critical care settings. Third, the potential risk of intro-
ducing the observer bias. We discussed this issue when we
designed the protocol of the study, and we decided that the
observers collecting data would not be responsible for catego-
rizing them. Fourth, the potential underreporting of AEs,
based on the finding that the rate of AEs in this cohort was
lower than reported in previous studies. However, as the main
goal of the study was to evaluate the association between AEs
and morbidity–mortality, we considered that the rate of AEs
found could have only underestimated the association found.
Moreover, the significant proportion of severe AEs reported
suggests that, if underreporting did occur, only minor events
were missed. Fifth, there is the potential for overestimation of
the preventability of AEs. The use of a Likert-type scale and
the lack of a definition of preventability based on objective
deviations from standards of care may explain this finding.

Conclusions

This prospective cohort study shows that almost 17% of chil-
dren suffer healthcare-associated harm during pediatric inten-
sive care hospitalization and that experiencing AEs signifi-
cantly increases the risk of morbidity and mortality indepen-
dent of age and severity of illness at admission.
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Appendices

Appendix 1. Form to register adverse clinical incidents
and adverse events

To be filled by PICU physician

Description of the incident

To be filled by Patient Safety Committee

1. Is the incident associated with healthcare provided?
Determine the association with healthcare using this 6-

point Likert scale. A score > 3 defines association with
healthcare.

1. No evidence of association with healthcare provided.
The incident is associated with patient disease.

2. Very low probability of association with healthcare
provided.

3. Low probability of association with healthcare
provided.

4. Moderate probability of association with healthcare
provided.

5. High probability of association with healthcare
provided.

Date

Last name

H0

Age in months

What happened?

Which is the cause of the incident?

What consequences did the patient experience? (interventions, harm)

Eur J Pediatr (2020) 179:473–482 479



6. Total evidence of association with healthcare
provided.

2. Has the incident caused damage to the patient? EFGHI
If the incident caused damage to the patient, it needs to

be categorized in one of these types.

Category E: Temporary harm to the patient and required
intervention.
Category F: Temporary harm to the patient and required
initial or prolonged hospitalization.
Category G: Permanent patient harm.
Category H: Intervention required to sustain
life.Category I: Patient death

3. Is the described incident an adverse event? Yes No
The incident can be considered an adverse event if two

conditions are met: it is associated with healthcare (item
1) AND it has provoked damage to the patient (item 2).

4. What type of adverse event is it? 1234567

1. Healthcare-associated infections (example, ventilator-
associated pneumonia)

2. Procedural complications (example pneumothorax
associated with line insertion)

3. Adverse drug events (example, hypoglycemia sec-
ondary to insulin infusion)

4. Surgical complications (example, bleeding after
surgery)

5. Therapeutic adverse events (example, thrombosis as-
sociated with central line)

6. Diagnostic adverse events (example, interventions as-
sociated to misdiagnosis)

7. System adverse events (example, delay in a procedure
that causes patient deterioration)

5. Was the adverse event preventable? Yes No
Determine the preventability using this 4-point Likert

scale. A score > 2 means that the adverse event is consid-
ered preventable

1. Definitely not preventable
2. Probably not preventable
3. Probably preventable
4. Definitely preventable

Appendix 2. Description of adverse events

Types of adverse events: examples
Healthcare-associated infections

& Central line–associated bloodstream infection
& Mediastinitis associated with delayed sternal closure

Procedural complications

& Pneumothorax associated with central line insertion
& Ischemic stroke associated with cardiopulmonary bypass

Adverse drug events

& Vecuronium dose administration to a patient on non-
invasive ventilation

& Enteral hydrocortisone dose administered intravenously

Surgical complications

& Transient paraparesis after scoliosis surgery
& Complete AV block after cardiovascular surgery

Therapeutic adverse events

& Deep venous thrombosis associated with delayed removal
of a central line

& Unplanned extubation that required emergent reintubation

Diagnostic adverse events

& Missing the diagnosis of diaphragmatic hernia in a trauma
patient

& Delayed diagnosis of hyperkalemia

Systemic adverse events

& Delayed arrival of cardiovascular surgeons for ECMO
cannulation associated with a simultaneous cardiovascular
surgery in OR.

& Unavailable ventriculoperitoneal shunt determined unnec-
essary permanence of external ventricular drainage.

Adverse events categorized as I (patient death): all events

& Septic shock secondary to multidrug-resistant bacteria af-
ter bone marrow transplantation. Considered preventable.

& Septic shock secondary to multidrug-resistant bacteria in a
patient with biliary obstruction after liver transplantation.
Considered preventable.

& Septic shock secondary to fungal mediastinitis in a patient
with delayed sternal closure secondary to complex heart
surgery. Considered preventable.

& Severe systemic inflammatory response syndrome sec-
ondary to correct chemotherapy administration during
conditioning for bone marrow transplantation.
Considered not preventable.

& Multiorgan failure due to ischemic damage secondary to
proximal descending aortic injury during surgical neuro-
blastoma resection. Considered preventable.

480 Eur J Pediatr (2020) 179:473–482



& Multiorgan failure secondary to refractory arrhythmias
that presented after heart surgery. Considered preventable.

& Death in OR during emergency surgery for an obstructed
RV to PA conduit. Considered preventable.

& Failure to come off ECMO in an infant with refractory
arrhythmias who developed LV dilation during circulatory
support. Considered preventable.

Adverse events categorized as G (permanent patient harm):
all events

& Foot amputation after 2-week ECMO course for refractory
hypoxemia in a patient with esophageal atresia.
Considered not preventable.

& End stage renal disease after cardiovascular surgery in a
newborn that developed aortic thrombosis related to the
permanence of a femoral arterial line. Considered
preventable.
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