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Summary
The number of patients with complex congenital heart disease (CHD) presenting for non-cardiac procedures is steadily increasing
and more and more anaesthesiologists will be asked to participate in their care. This can be a very challenging task and will require
adequate planning and preparation, but also some basic scientific inquiries.
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authors found a significantly increased odds ratio for overall

1. Why are we so worried?
2. When should we be worried?
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4. Who should do these patients?
5. What/How can we prepare for the future?

mortality and need for re-intubation for the major and severe

Why are we so worried about these patients?

conventional surgical approaches.

Why: because there is plenty of evidence from our paediatric
anaesthesia literature that cardiac patients have an increased
risk for morbidity and mortality during anaesthesia. For example,
according to the data from the Paediatric Cardiac Arrest Registry1
a third of the reported arrests occurred in cardiac patients, mostly in infants and young children and in the general operating
rooms. In Australia, a large tertiary paediatric hospital reported
that in 50% of the anaesthesia related deaths pulmonary
hypertension was the underlying medical problem.2

David Chu and his group looked at the 2013/2014 data from the

CHD groups. Patients with severe CHD were 7–8 times more
likely to die after a procedure than non-cardiac patients.4
But what about specific procedures? Laparoscopic surgery, for
example, a technique which has increasingly replaced many

ACS NSQIP Paediatric database to evaluate the outcomes after
laparoscopic surgery in children with and without congenital
heart disease. Using the same CHD classification, they found
that there was a significantly higher morbidity and mortality for
major and severe CHD, and even minor CHD was associated with
an increased 30-day morbidity.5
In a follow-up study, Chu and his colleagues repeated the analysis
with an expanded database (2013–2015), this time comparing

In addition to voluntary reports and single institution experiences, several recent big data studies investigated this
patient population and confirmed the findings. Sulkowski
and his group analysed an administrative database of 22 freestanding paediatric hospitals within a large network, looking
at the frequency and type of non-cardiac surgeries in cardiac
patients. They found that 41% patients who had cardiac surgery
within the first year of life, had non-cardiac surgery by the age
five years, over 50% in general surgery or otolaryngology.3

laparoscopic and open surgery. Given the complicated matching
process and the limited number of patients, they were only able
to report a “p for trend”, but it seems that laparoscopic surgery
is associated with lower morbidity and mortality for minor CHD,
but this advantage is lost for more severe forms of CHD. Complex
CHD patients have worse outcomes, independent of the surgical
technique. And they do have an increased risk for readmission
after laparoscopic surgery.6
What about day surgery, the other side of the surgical spectrum:

Another big data study used the 2012 paediatric database of
the American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP Paediatric). Out of 51 008
children in this database, 8.8% (4 520) were patients with CHD
undergoing non-cardiac procedures. In a propensity-matched
cohort study, the authors examined the differences in postoperative outcomes between children with and without CHD.
Within the ACS NSQIP Paediatric database, the severity of the
cardiac condition is classified into minor, major or severe CHD,
based on residual lesion burden and functional status. The
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Are cardiac patients eligible for ambulatory surgery? Is it safe?
In a large retrospective chart review of all anaesthetics over a
5-year period at a single institution (Boston Children’s Hospital)
Yuki et al. found that, following a special screening process, 30%
of the cardiac patients who presented for non-cardiac surgery
underwent ambulatory procedures. The unplanned admission
rate was 2.7%, compared to 0.6–2.2 % described in the paediatric
literature. Cardiovascular events occurred in 3.9%, (mainly the
need for inotropic support), respiratory events in 1.8%.7
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Scoring systems like these will have to be validated in future
studies but can be very helpful for planning and resource
allocation.

From a cost-oriented perspective, Faraoni and his group
analysed the 2012 Kid’s Inpatient Database: Children with CHD
represented 4.4% of the total hospital discharges but accounted
for 23% of the costs. 8% of the cardiac costs was attributed to
non-cardiac surgery.8

Where should we do these procedures?
Where should cardiac patients go for their non-cardiac procedures? Should they always be referred to the highly specialised
tertiary centre with cardiac expertise to optimise the safety
or are there patients and procedures that could be done
at the local level to minimise the burden for the families? And
who makes the decision?

Do we have additional information for the most complex CHD,
the single ventricle patients?
In a small chart review study looking at 73 procedures in 40
patients with hypoplastic left heart syndrome (HLHS), a group
from Ann Arbor found adverse events in 15% and the need for
ICU admission in 18%. The majority of the procedures were done
after the Glenn and Fontan.9

Currently, we witness an increasing centralisation of paediatric
subspecialties in verified level I facilities and less and less
paediatric experience at the local level.15 A trend that emphasises
safety, but also comes at a price: A centralised expert care will
concentrate the paediatric specialty workforce in urban areas,
possibly impair the timely access to quality care in rural areas,
especially for emergencies; and will invariably widen the gap in
healthcare distribution.16

Scott Watkins and his group from Vanderbilt specifically
investigated the stage I patients with HLHS who underwent
open fundoplication and gastrostomy at their institution and
noticed that perioperative instability was very common, as well
as postoperative escalation of haemodynamic and respiratory
support.10
For Boston Children’s hospital, Morgan Brown reviewed the
charts of single ventricle patients from 2007–2014 for the
frequency and complication rate of non-cardiac surgery: 16.7%
underwent non-cardiac surgery before their second stage
palliation. The most common procedures were line insertions,
G-tube placements and airway evaluations. Overall the
perioperative rate of adverse events was 11.8% and included
arrhythmias, haemodynamic and respiratory problems as well as
cardiac arrest.11

In the UK, where the national healthcare system has already
restricted the number of paediatric cardiac centres, a recent
publication by a non-cardiac tertiary paediatric centre tried to
demonstrate that, with adequate communication and planning,
comparable mortality and morbidity rates can be achieved.17

Who should take care of patients with complex CHD?
Does it always have to be a Paediatric Cardiac Anaesthesiologist?
Or are there situations where a well prepared General Paediatric
Anaesthesiologist might be the better choice, for complex
neurosurgical or orthopaedic procedures, for example?

When should we be worried?
With plenty of evidence that complex cardiac patients are at
higher risk during non-cardiac procedures, the question remains
how to define high-risk patients. The ASA classification is widely
used by many specialties and has a long history, but it is highly
subjective and varies significantly between individual users.
RACHS-1-and the ACS NSQUIP classifications, based on surgical
complexity, mortality, residual lesion burden and functional
status, are very broad and do not consider additional conditions
and procedural factors.12

There are many different coverage models, depending on the
institution, the patient and the case. In some hospitals, all cardiac
cases are covered by Paediatric Cardiac Anaesthesiologists, in
others only selective cases. Some places use a dedicated team of
general paediatric anaesthesiologist to ensure adequate exposure. At Boston Children’s, a member of the Cardiac Anaesthesia
Division can be consulted and help with the planning, make
recommendations or lend an additional pair of hands during the
case. In smaller institutions, general paediatric anaesthesiologists
or sometimes adult cardiac anaesthesiologists with paediatric
experience cover these cases.

White and his British colleagues published a review article in
2012, using a combination of underlying pathophysiology, type
of lesion, planned surgery and urgency as well as age and physical
status to create three different risk categories (high, intermediate
and low) with specific management recommendations.13

There is no evidence that one system is better than the others,
but there is one interesting study looking at anaesthesiarelated cardiac arrests and system-related factors. After all risk
adjustments for ASA status, age and setting, a low number
of annual days delivering anaesthesia was associated with
increased risk for cardiac arrests.18

Faraoni’s group analysed the 2012 and 2013 data from the ACS
NSQIP paediatric database and identified eight preoperative
predictors for in-hospital mortality which they developed into a
risk score and validated with the 2014 data. The eight predictors
were: emergency procedure, severe CHD, single ventricle
physiology, surgery within 30 days, preoperative CPR and other
important markers of critical illness (e.g. inotropic support, renal
dysfunction and mechanical ventilation). A score of seven or
more was associated with a high risk and an in-house mortality
of 15–50%.14
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What/How can we prepare for the future?
Several steps are necessary to master these challenges:
• The development and maintenance of well-defined networks
of specialised centres and local hospitals with good communication and transfer policies.
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• More evidence-based standards and guidelines as well as
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multi-institutional research and cooperation.
• And above all, education and ongoing training of current and
future paediatric and cardiac subspecialists but also general
anaesthesiologists, surgeons and OB specialists.
• Everyone must be aware of the increased risk and the need for
careful planning.
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