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Abstract A complication is an event or occurrence that is associated with a disease or a healthcare intervention, is
a departure from the desired course of events, and may cause, or be associated with suboptimal outcome.
A complication does not necessarily represent a breech in the standard of care that constitutes medical negligence
or medical malpractice. An operative or procedural complication is any complication, regardless of cause, occurring
(1) within 30 days after surgery or intervention in or out of the hospital, or (2) after 30 days during the same
hospitalization subsequent to the operation or intervention. Operative and procedural complications include both
intraoperative/intraprocedural complications and postoperative/postprocedural complications in this time interval.

The MultiSocietal Database Committee for Pediatric and Congenital Heart Disease has set forth a comprehensive
list of complications associated with the treatment of patients with congenital cardiac disease, related to cardiac,
pulmonary, renal, haematological, infectious, neurological, gastrointestinal, and endocrine systems, as well as those
related to the management of anaesthesia and perfusion, and the transplantation of thoracic organs. The objective of
this manuscript is to examine the definitions of operative morbidity as they relate specifically to the neurological
system. These specific definitions and terms will be used to track morbidity associated with surgical and
transcatheter interventions and other forms of therapy in a common language across many separate databases.

Although neurological injury and adverse neurodevelopmental outcome can follow procedures for congenital
cardiac defects, much of the variability in neurological outcome is now recognized to be more related to patient
specific factors rather than procedural factors. Additionally, the recognition of pre and postoperative neurological
morbidity requires procedures and imaging modalities that can be resource-intensive to acquire and analyze, and
little is known or described about variations in ‘‘sampling rate’’ from centre to centre.

The purpose of this effort is to propose an initial set of consensus definitions for neurological complications
following congenital cardiac surgery and intervention. Given the dramatic advances in understanding achieved
to date, and those yet to occur, this effort is explicitly recognized as only the initial first step of a process that must
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remain iterative. This list is a component of a systems-based compendium of complications that may help
standardize terminology and possibly enhance the study and quantification of morbidity in patients with congenital
cardiac malformations. Clinicians caring for patients with congenital cardiac disease may be able to use this list for
databases, initiatives to improve quality, reporting of complications, and comparing strategies of treatment.
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Historical background

As operative mortality after surgery for complex
congenital cardiac disease continues to decrease,
focus has shifted to efforts to recognize and mitigate
other morbidities. Adverse neurodevelopmental
outcome, and other neurological injuries, remain
common after intervention for congenital cardiac
disease.1 Early research efforts to decrease neuro-
logical injury focused on modifying intraoperative
techniques of management,2 and advances in these
techniques have been modestly successful. However,
in the current era, surgeons and their teams are no
longer solely responsible for further understanding
and further advances. Many centres now recognize
that non-modifiable patient-related factors are more
important determinants of adverse neurodevelop-
mental outcome.3 With studies describing abnor-
mal fetal brain development4 and brain perfusion,5

congenital cardiac disease is, in many cases,
accompanied by congenital brain disease.6,7

It seems reasonable that further advances in
improving care will be aided by having a common
language across disciplines for describing abnormal
findings in the central nervous system recognized
before, during, and after interventions for congenital
cardiac disease. However, the creation of this common
language to describe neurological complications asso-
ciated with the treatment of patients with congenital
cardiac disease is a very challenging area in which to
tread. Even the frequently mentioned construct,
‘‘postoperative complication’’, gives the impression
that the operation and/or the surgical team makes or
breaks the occurrence of injury. For neurological
disease, this assumption is simply not always true.
Evidence is accumulating that multiple factors may be
as important, or more important, than intraoperative
factors in overall outcomes, including the factors from
the following domains:

> Factors in the fetus
> Factors in the delivery room
> Preoperative factors in the intensive care unit
> Postoperative factors in the intensive care unit.

Identifying perioperative neurological injury
may be challenging. Normal findings on physical

examination and diagnostic studies are poorly sensitive
for longer term neurological dysfunction, and these
normal findings can have limited predictive validity.
Similarly, the specificity of early postoperative findings
for long term neurological and developmental abnorm-
alities is also limited, with surprising ability of the
neonatal and infant brain to withstand and recover
from perioperative injury. Most structural neurological
injury in the perioperative period is diagnosed with
imaging modalities of magnetic resonance imaging or
computed tomography, while functional abnormalities
are typically assessed by electroencephalography and
physical examination. However, beyond routine phy-
sical examination, advanced assessment of structure and
function are rarely carried out. The vast majority of
seizures and strokes are clinically silent after cardiac
surgery. The neonatal physical examination is widely
regarded to be of little prognostic value in predicting
neurological outcome. Given the limited sensitivity
and specificity of these studies, clinicians must balance
the risks and benefits of cost, time, utilization of
human resources, and other potential risks in moving
a critically ill patient for a lengthy neuroimaging
study requiring complete immobilization for ade-
quate imaging.

It is with this understanding that candidate
definitions for neurological complications are pre-
sented as only the first step of the work required to
improve care in this area. Standardizing every aspect
of neurological care is beyond the scope of this work.
As technology, care, and understanding advance, it is
anticipated that these definitions will be in need of
revision. We believe that a common language and
definitions are likely to improve neurological care and
outcomes of children with congenital cardiac disease.
However, it is important to recognize that standardi-
zation may also have unintended consequences8 that
are not yet foreseen.

Consensus definitions

The terms in the final list of neurological
complications developed by The MultiSocietal
Database Committee for Pediatric and Congenital
Heart Disease, along with their official definitions,
are listed in Part 4 of this Supplement.
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Controversies

While many of the definitions were relatively
straightforward to draft, some areas required further
inquiry and discussion.

1. Many definitions do not allow for clarity or
explanation that might be afforded by inclusion
of aetiologies. As an example, coma and stupor
are intended to be used to describe inherent
pathology, and not a secondary effect from, for
example, sedative drug administration. Includ-
ing an exhaustive list of aetiologies for the
various neurological complications would likely
make the list inordinately long, complex, and
difficult to use and difficult to validate. Without
aetiologies, however, some question remains as to
how best to code the neurological effect of certain
medications. Possibilities include the following
options:
> Adverse drug reaction
> Neurological complication – not otherwise

specified
> Or, perhaps, the particular effect itself.

Also, omitting aetiologies may contribute to
the risk, throughout the database, of different
centres using different codes or terminology to
describe the same fundamental complication.

2. To some, the construct of ‘‘no deficit persisting at
hospital discharge’’ is troubling from a clinical
perspective. The reason it remains included is to
enhance harmonization efforts with work from
other societies and collaborations, for example,
the Society for Thoracic Surgeons. Additionally,
the authors recognize that many clinical and
administrative databases can tend to view the
concept of ‘‘the state of health at discharge from
the hospital’’ as a critical parameter. It must be
said, however, that from the point of view of the
clinician, certain neurological deficits rarely, if
ever, resolve prior to discharge. Furthermore, in
infants, the neurological injury may be clinically
silent at diagnosis, with symptoms that become
apparent remotely, years after the acute hospita-
lization. Additionally, the resolution of symp-
toms may depend solely upon how hard the
healthcare team tries to identify these residual
effects. Discharge itself, as a time frame, remains
somewhat arbitrary and nebulous as a basis of
comparison. Exceptional resources for the follow-
up of the outpatient may make a given centre,
clinician, or family, feel differently about a given
discharge time-frame than would those at a less
well equipped centre. This conundrum may lead
to the same neurological complication being
coded differently for reasons beyond the compli-
cation itself.

3. While ‘‘the pediatric patient population’’ may be
construed by some as a single group of patients, the
wide variation in neuroanatomy and neurophysiol-
ogy between extremes of age within that group
can hamper efforts to draft definitions of complica-
tions with universal applicability. Debate concern-
ing the validity of neonatal physical examination
in predicting neurodevelopmental outcome is well
recognized.9,10 Wherever feasible, neurological
imaging studies should be used in extending the
predictive validity of the neonatal neurological
examination. The neurological evaluation of the
preterm and full-term newborn infant represents a
unique set of challenges as compared to the evalua-
tion of older children and adults with congenital
cardiac disease. As mentioned earlier, the dictionary
of complications provided in Part 4 of this Supple-
ment is meant to attempt to apply for patients of
all ages with congenital cardiac disease, including
adults with congenital cardiac disease.

4. The definitions include a non-specific term,
‘‘Neurological complication.’’ The reason this term
remains included is to act as a final choice for those
rare complications which are not suitably described
by one of the other terms in the list. Concern has
been expressed about the possibility that this term
could be used as a generic catch-all term, like ‘‘not
otherwise specified.’’ Auditing effort should occur
to assure that this term does not get overused by
participating centres with less than a full commit-
ment to choosing the most detailed complication
descriptors, or by those who might try to obscure
the incidence of adverse complications with generic
descriptors.

5. Blindness, deafness, and perhaps some other
sensorineural complication descriptors appear in
the list without the detail that might be expected
by a domain expert. Understandably, a board-
certified paediatric ophthalmologist might find the
generality posed by the term ‘‘blindness’’ to be
somewhat troublesome. Also, similar to definitions
for renal failure and pulmonary disease in the work
of other committees responsible for other organ
systems, a mandate does not exist for formal sub-
specialty consultation to determine given criteria.
Furthermore, the needs of efficiency make it
beyond the scope of this work to have encyclopae-
dic representation of all subspecialties. If the
presumed rates of postoperative blindness increase,
or if there are other factors which mandate that
additional detail or clarity be added to a given
definition, these terms and related issues could fall
within the purview of future work groups on future
iterations of the set of definitions of complications.

6. The concept of developmental delay has been
included in the set of definitions, but some
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committee members find its future utility suspect.
It can be a difficult and time-consuming concept
to quantitate with a particular metric, and almost
any child with a hospital course of any length can
be expected to meet the definition’s criteria. Others
on the committee found it to be of potential use in
describing a pre-existing condition. It is hoped
that auditing work in the future will serve to
clarify the term’s utility and to help determine
whether revision, clarity, or elimination are
warranted in future iterations of this set of
definitions of complications.

7. Two factors have mandated the inclusion of certain
terms with little or no relevance for paediatric
medicine. The first is an imperative to maintain
harmonization with databases from other societies.
The second factor is that, as discussed above, the
list of complications in Part 4 of this Supplement
is meant to apply for patients of all ages with
congenital cardiac disease, including adults with
congenital cardiac disease. The following terms are
some of those which may have more relevance for
care of adults than children:
> Coma
> Delirium
> Reversible Ischemic Neurological Deficit

(RIND).
Experts in paediatric neurology consulted for

this work specifically portrayed the relevance of
the term ‘‘Reversible Ischemic Neurological Deficit’’
as ‘‘waning’’ in the adult community and absent in
the paediatric setting. This collaborative effort to
discretely define complications must be reconciled
with the fact that, as medical knowledge advances,
the term ‘‘Reversible Ischemic Neurological Defi-
cit’’, and perhaps other concepts, may get disused,
outdated, or overtly replaced. The term is included
in the interest of possibly meeting the needs of
some centres caring for late adolescents and adults
with congenital cardiac disease, but auditing work
may help to clarify the necessity of this and similar
terms remaining in future iterations – of both the
paediatric and adult domains.

8. In Part 4 of this Supplement, the following defini-
tions are provided for stroke, reversible ischemic
neurologic deficit, and transient ischemic attack:

‘‘A stroke is any confirmed neurological deficit of abrupt
onset caused by a disturbance in blood flow to the brain,
when the neurologic deficit does not resolve within
24 hours.’’

‘‘A reversible ischemic neurologic deficit (RIND) is defined
as the loss of neurological function with symptoms at least
24 hours after onset but with complete return of function
within 72 hours. In other words, a transient disturbance of

perfusion to a localized part of the brain which produces a
temporary, focal lesion with defined deficiency of neurolo-
gic function lasting from 24 to 72 hours, but not resulting
in sustained symptoms or injury. Because a stroke is defined
as ‘‘any confirmed neurological deficit of abrupt onset
caused by a disturbance in blood flow to the brain, when
the neurologic deficit does not resolve within 24 hours’’,
a RIND is a subtype of a stroke where the loss of
neurological function and symptoms completely resolve
within 72 hours.’’

‘‘A transient ischemic attack (TIA) is the temporary
loss of neurological function resulting from temporary
occlusion of blood flow in a cerebral artery, but with-
out resulting in permanent brain injury. Most symptoms
last less than 5 minutes but may last hours – up to
24 hours.’’

In the past, the term ‘‘transient ischemic attack’’
was used to describe neurological deficits of less
than 24 hours, the term ‘‘reversible ischemic
neurologic deficit’’ was used to describe neurologi-
cal deficits of 24 hours to 72 hours, and the term
stroke was used to describe neurological deficits of
greater than 72 hours. Now, the term ‘‘transient
ischemic attack’’ is still used to describe neurolo-
gical deficits of less than 24 hours; however, the
term stroke is used to describe neurological deficits
of greater than 24 hours. Therefore, those centres
that choose to use the term ‘‘reversible ischemic
neurologic deficit’’ are describing a rare type of
stroke associated with a neurological deficit lasting
between 24 hours to 72 hours.

In the current era, some feel that it is important
to differentiate between duration of symptoms and
changes on neurological imaging. Using this
approach, the term Transient Ischemic Attack
would be used to describe a stroke-like event
whose symptoms resolve within 24 hours and
which does not result in persistent abnormalities
on neurological imaging. A stroke-like event
which does result in persistent abnormalities on
neurological imaging would be called a stroke,
regardless of when the clinical symptoms resolve.

9. An effort has been made to include seizure in the
set of definitions, but some have expressed concerns
that lack of certain details may limit the utility of
the term and contribute to errors in coding. One of
the main issues lies with the extreme difficulty in
defining discrete physical criteria for a ‘‘clinical’’
seizure. Even without discrete clinical criteria, the
clinical assessment of seizure in infants is well
described to be limited,11 at best, for this patient
population. That being said, the term is included
with clarifiers for electroencephalographic and
clinical assessment, and with the individual ability
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to recognize or determine a clinical seizure left to
the participating practitioner, team, or cardiac
centre. The following terms are therefore defined in
Part 4 of this Supplement:
> Seizure
> Seizure, Clinically silent with electroence-

phalography (EEG) confirmation
> Seizure, Clinically suspected with electro-

encephalography (EEG) confirmation
> Seizure, Clinically suspected without electro-

encephalography (EEG) confirmation:
> Seizure, New onset postoperatively/postpro-

cedurally
> Seizure, Present preoperatively/preprocedu-

rally and postoperatively/postprocedurally.
10. Individual parts of the set of definitions may

not strictly mimic the particular thought or
work processes of a given centre. One such
example is the manner in which the concept of
‘‘stroke’’ is included. In terms of the definitions,
stroke is 1) first determined to exist, or not,
then 2) localized to a particular area of the
brain, and lastly 3) attributed to an underlying
cause usually indicated by the particular
imaging modality, for example, from thrombo-
sis or haemorrhage. Variations in practice, at a
given centre, and variations with approach, as
medical knowledge is advanced, will require
adaptability for both the user, and for the
collaborators, on future iterations of this set of
definitions of complications.

11. Despite the committee’s best efforts, and those
of the participating users, inevitable overlap in
definitions will exist. In a centre without ready
access to imaging, a postoperative stroke may be
labelled as a coma, perhaps a seizure, or simply a
‘‘neurological complication.’’ For the goals of
completeness, cleanliness, and accuracy of the
database, ideally, very explicit criteria will exist
for each complication, with strictly clarified
methods of ascertainment. However, there are
other goals to achieve in this effort; these include
ease of use, clarity, inclusion, workability, and the
desire of this committee to make a first step in the
right direction for the right reason. A certain
degree of inaccuracy and ‘‘noise’’ in the system will
occur secondary to multiple factors:
> Differences between institutions in the thresh-

olds for a diagnosis
> Diagnosis by personnel other than subspe-

cialists
> Variability in the access to and use of

imaging modalities and electroencephalogra-
phy, and

> Variability in access to neurological subspe-
cialists.

It is hoped, but by no means guaranteed, that the
gains of having this initial carefully thought out,
but admittedly imperfect system, will outweigh the
risks. Follow-up work, auditing, reassessment, and
future iterative development will all be necessary.

Interaction with the cardiac system

Since the advent of paediatric cardiothoracic
surgery, there has been an interesting evolution in
the understanding of interactions between the
neurological and cardiovascular systems of those
affected by congenital cardiac disease. Early authors
and sources12 lament the devastating effect on the
developing brain of undiagnosed and untreatable
cardiovascular disease. With profound circulatory
collapse at presentation, or with the secondary
effects of polycythemia and chronic cyanosis at later
stages, the secondary effects on the brain were
severe. With developments in surgical and medical
therapies, efforts appropriately turned towards
finding ways of minimizing the effects of cardio-
pulmonary bypass and other therapies. The current
era involves improved rates of survival with efforts
to mitigate the surprisingly high rate of adverse
neurodevelopmental outcomes in the survivors.
Careful work has shown that these adverse outcomes
are multifactorial. In contrast to the model based
solely in the operating room, it is now recognized
that variation in intraoperative management fails
to account for the majority of variability in neuro-
developmental outcomes.3 Through work on growth
and development of the fetal brain, as well as
preoperative and postoperative management in the
intensive care unit, it is now clear that congenital
cardiac disease rarely occurs in isolation – many
affected patients have pre-existing and lifelong
secondary effects on their neurological systems.
Postoperative neurological complications are, in the
current era, probably only one small part of this
overall spectrum of effect.

Conclusion

This manuscript represents a multidisciplinary,
collaborative, initial effort to improve the global
dialogue, reporting, and understanding of neurolo-
gical complications associated with the treatment of
patients with congenital cardiac disease. Despite
unintended consequences that may occur with the
limitations and controversies described above, it is
hoped that this effort helps to achieve its true
primary goal – a salutary effect on communication
and collaboration towards better neurodevelopmen-
tal outcomes.
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