Cardiology in the Young (2014), 24, 73-78
doi:10.1017/81047951112002235

© Cambridge University Press, 2013

Original Article

Spinal surgery in the univentricular heart — is it viable?
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E. Alvarez Rojas," JJ. Sinchez Ruas”

"Paediatric Intensive Care Unit; *Department of Paediatric Orthopaedics, Hospital Ramdn y Cajal, Madrid, Spain

Abstract Introduction: The management of patients with Fontan physiology who undergo scoliosis surgery is
difficult. The purpose of this article was to describe our experience in the management of patients with Fontan
circulation undergoing spinal surgery for correction of scoliosis. Materials and methods: This was a
retrospective study including patients with Fontan physiology who underwent spinal orthopaedic surgery.
Anaesthetic management, post-operative complications, paediatric intensive care unit and total hospital stay,
and the need for blood transfusions were analysed. Resu/ts: We identified eight children with Fontan
physiology who had undergone spinal surgery from 2000 to 2010. All patients were receiving cardiac
medications at the time of spinal surgery. The mean age at surgery was 14.8 years (range 12-21). In all, three
patients needed inotropic support with dopamine (3, 5, and 8 pg/kg/min), which was started during surgery.
During the immediate post-operative period, one patient died because of hypovolaemic shock caused by
massive bleeding and dysrythmia. Mean blood loss during the post-operative period was 22.2cc/kg
(7.8-44.6). Surgical drainages were maintained for a mean time of 3 days (range 1-7). The mean hospital stay
was 9.2 days (range 6-19). Pleural effusions developed in two patients. On follow-up, one patient presented
with thoracic pseudarthrosis and another with a serohaematoma of the surgical wound. Conclusions: Spinal
surgery in patients with Fontan circulation is a high-risk operation. These patients must be managed by a
specialised team.
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HE ASSOCIATION BETWEEN CONGENITAL HEART

disease and the development of scoliosis is

currently well known. Spinal deformities,
including scoliosis and kyphosis, develop in up to
38% of children with congenital cardiac malforma-
tions," with boys and girls being equally affected.
The aetiology is unknown and is thought to be
multi-factorial.

Over the past two decades, advances in the fields
of paediatric cardiology and cardiac surgery have led
to an increase in the rate of survival of patients with
congenitally malformed hearts,” with more than
85% of these children reaching adulthood’ and thus
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creating a subset of patients who will require
spinal orthopaedic surgery for the correction of their
spinal deformity.4

Fontan circulation is the final stage of palliative
surgery performed in patients with single-ventricle
lesions. Fontan physiology is complicated and requires
highly specialised peri-operative management to
minimise complications and ensure the survival of
these patients. Both systolic and diastolic cardiac
failure, anomalous venous return, embolisms, arrhyth-
mias, and valve dysfunction are associated with higher
mortality.’

Survival rates of patients with Fontan circulation
undergoing scoliosis surgery are unknown. Spinal
surgery is indicated when severe back pain or
cardiopulmonary restriction occur despite medical
therapy. However, management of these patients
during correction of their scoliosis is difficult
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because of the need to maintain a systemic venous
pressure that guarantees an adequate flow to the
lungs, which can hinder the hypotension ideally
required to control the bleeding. Cardiac and
haemodynamic stability, the risk for arrhythmias,
coagulation disorders, and fluid management
during surgery are of extreme importance during
post-operative management.

The purpose of this article was to describe our
experience in both peri-operative and post-operative
management of patients with Fontan circulation
undergoing spinal surgery for correction of scoliosis.

Materials and methods

This retrospective study was designed to include all
surgeries for the correction of scoliosis in patients
with Fontan circulation that had taken place in the
Ramon y Cajal Hospital, Madrid between 2000 and
2010. We searched the hospital database for patients
who had undergone a spinal surgery in the above-
mentioned period and those who had previously
undergone surgery for a congenital cardiac mal-
formation. Among these patients, we selected those
with Fontan physiology.

Medical records were searched for demographic
data, cardiac diagnosis before surgery, haemodynamic
stability, and previous cardiac surgeries. All patients
had undergone a thoracotomy and/or sternotomy
during childhood for the correction of their congenital
heart disease.

We analysed the morphology of the spinal curve,
and the existence of costal fusions and vertebral
deformities in pre-surgical X-rays. Measurements of
the Cobb angles — a measurement of the degree of
side-to-side spinal curvature used to define the
severity of the scoliosis — were taken before and after
the surgery.6

All the operations for scoliosis were carried out
by the same surgical team. All patients received
antibiotics for endocarditis prophylaxis. Anaesthetic
risks were measured using the American Society of
Anaesthesiology Score.” In order to detect any motor
injury, we also monitored the somatosensory-evoked
potentials during the surgery, following the indica-
tions of the American Encephalographic Society.®
Trans-oesophageal echocardiography was performed
during the surgery in order to monitor ventricular
function. Arterial pressure and central venous pressure
were carefully monitored in all the patients during
surgery.

All the operations were carried out using a
posterior approach and pedicular or extrapedicular
screws.” We analysed the duration of the surgery,
the number of vertebrae fused, the need for
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inotropic drugs, blood loss, and the use of
coagulation factors and antifibrinolytic drugs.

We also analysed the mean time spent in our
paediatric intensive care unit; the need for volume
expansions, inotropic drugs, and mechanical venti-
lation; the beginning of oral intake; the amount
and duration of surgical spinal drainages; the
requirements for drug-induced pain relief; and the
incidence of post-operative complications. We also
analysed the total hospital stay and the presence
of late-onset complications after the third post-
operative day.

All data were processed using an Excel
programme and are presented as descriptive values,
providing the mean and ranges.

B
a9

Results

Pre-operative

We identified 36 patients with surgically treated
congenital cardiac malformations who had under-
gone surgery for scoliosis from 2000 to 2010, eight
of whom had Fontan circulation (22.2%). Of these
eight children, two were boys (25%) and six were
girls (75%). Cardiac malformations that led to the
Fontan operation were: pulmonary atresia with intact
septum and hypoplastic right ventricle, tricuspid
atresia and pulmonary stenosis in two children, severe
pulmonary and tricuspid stenosis in one child,
double-inlet single ventricle and transposition of the
great arteries in one child, double-outlet single
ventricle in one child, double-inlet right ventricle
and double superior caval vein system in one child,
and double-inlet left ventricle and common auricu-
loventricular valve in one child (Table 1). The mean
age at surgery was 9.4 years (range 6-12 years).

All patients were receiving cardiological medica-
tions at the time of spinal surgery; two children were
on digoxin, six were on diuretics, including furosemide
and spironolactone, one was receiving amiodarone,
and six were receiving angiotensin-converting enzyme

Table 1. Cardiac malformations that led to Fontan.

Pulmonary atresia with intact septum and hypoplastic right
ventricle in one child

Double-inlet left ventricle and common auriculoventricular valve
in one child

Tricuspid atresia and pulmonary stenosis in two children

Double-inlet single ventricle and transposition of the great arteries
in one child

Double-outlet single ventricle in one child

Double-inlet right ventricle, acigos-caval continuity, double
superior caval vein system in one child

Severe pulmonary stenosis and tricuspid stenosis with intact
septum and flutter in one child
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inhibitors. Of the eight children, one was receiving
warfarin, whereas the other seven were receiving
acetylsalicylic acid.

Before surgery, all patients underwent a complete
cardiological evaluation including electrocardiogra-
phy and echocardiography, showing a mean ejection
fraction of 55% (43—-65%) and a mean shortening
fraction of 26% (21-38%). Pre-surgical spirometries
were also performed in all patients, showing a mean
vital capacity of 51% (37-78%) and a forced
expiratory volume in 1 second of 55.7% (35—-82%).
All patients presented with oxygen saturation >93%.

A median sternotomy and thoracotomy had
been performed in all patients before the scoliosis
surgery. In seven of the patients, there were double-
structured curves — thoracic and lumbothoracic —
and only one presented with a simple lumbothoracic
curve. The mean Cobb angle for the greatest curve
was 78.6° (range 58-97).

Bone age at the time of surgery was Risser 1 for
two patients, Risser 2 for two patients, Risser 3 in
one child, Risser 4 in one child, and Risser 5 in the
two remaining patients. The risk of progression of
the spinal deformity is lower in those patients with
higher Risser scores.

All patients had an American Society Anaesthe-
siology score of III — severe systemic disease with
non-incapacitant limitation of activities — or IV —
severe systemic disease with incapacitant limitation
of activities. All patients received antibiotics for
endocarditis prophylaxis. All scoliosis surgeries
were carried out by the same surgical team using
a posterior approach with modern segmentary
material and allografts. The mean age at surgery
was 14.8 years (range 12-21). During surgery, we
monitored the somatosensory-evoked potentials and
no motor injury was detected.

Intra-operative

The mean surgical time was 314 minutes (range
205-480). The mean number of vertebrae fused was
13.5 (range 13—15), and the mean blood loss during
surgery was 1520ml (range 750-5500), which
means a mean blood loss per kilogram of weight
of 64ml/kg (range 35-258). All patients needed
blood transfusions during the surgery, although in
three of them (37.5%) the amount of heterologous
packed red blood cells infused was reduced by the
use of a cell saver, and in 62% of children the use of
heterologous blood was avoided by the pre-donation
of autologous blood. Packed red blood cells were
transfused to maintain a haematocrit value of above
30% during surgery, although a number of factors
such as acidosis, hypovolaemia, and decreases in
central venous pressure, together with bleeding
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during the operation, influenced the decision
to transfuse. Fresh frozen plasma was also transfused
in all the patients during surgery, either because
of a prolonged coagulation time or because
of significant bleeding during surgery. In four
instances (50%), aprotinin was administered when
fresh frozen plasma alone proved insufficient to
control the bleeding, and one patient needed one
dose of factor VII.

During the surgery, three patients (37.5%)
needed inotropic support with dopamine (at 3, 5,
and 8 pg/kg/min).

Post-operative

One patient died (12.5%) during the immediate
post-operative period because of hypovolaemic shock
caused by a massive bleeding refractory to the
multiple volume expansions and the inotropic
support with dopamine, milrinone, and epinephrine.

After the surgery, the remaining seven patients
were admitted into the paediatric intensive care
unit, where they were treated by the same team of
intensive care paediatricians. The mean time spent
in our intensive care unit was 3.4 days (range
2-7 days), with a total time spent in hospital of
9.2 days (range 6-19 days). Inotropic support with
dopamine, at a maximal dose of 8 g/kg/min, during
the immediate post-operative period was continued
in two patients for 24 and 46 hours, respectively.
Four patients (57%) were extubated before arrival at
the paediatric intensive care unit, whereas the
remaining three (43%) required mechanical ventila-
tion for a maximum period of 7 hours. The mean
extubation time was 3.25 hours.

All patients needed volume expansions during
the first 24 hours in our intensive care unit (mean
volume requirement 61 cc/kg, range 21-81 cc/kg),
aiming at levels of central venous pressure as high
as 18-20 cm of water. The mean blood loss during
the post-operative period was 22.2 cc/kg (range
7.8-44.6). Surgical drainages were maintained for a
mean duration of 3 days (range 1-7 days). Oral
intake with good tolerance was achieved at a
mean duration of 35 hours (range 24—72 hours).
A continuous intravenous infusion of morphine
chloride was provided for 2.2 £ 0.8 days, and this
was then replaced by administration of oral morphine.

In five of the eight patients (62.5%), there were
no complications during their stay in the intensive
care unit. Further, pleural effusions developed in
two patients (28.5%), requiring insertion of chest
tubes for their resolution; one of them developed an
associated atelectasis of the superior right lobe that
responded to respiratory physiotherapy. The surgical
bar of one of these patients broke because of thoracic
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pseudarthrosis six months after spinal surgery.
A serohaematoma of the surgical wound was diagnosed
in the other patient.

The mean Cobb angle was transformed from
78.6° before the surgery to 32.2° after the surgery,
indicating a correction of 41% of the deformity. In
the X-ray performed before the discharge, the mean
Cobb angle was 37° (range 20—-60°).

Discussion

The estimated incidence of scoliosis in patients with
a congenitally malformed heart is 2-31%. A strong
association between congenital heart disease and
scoliosis has been shown by previous studies'®,
whereas others do not confirm these results.''
However, there is no evidence that scoliosis is
associated with specific cardiac malformations.'”"?

The aetiology of the development of scoliosis in
these patients is unknown. The development of
scoliosis could be associated with the physiopatho-
logical changes that cardiac patients show. Cyanosis
has been associated with the development of
scoliosis. Cyanosis or abnormal pulsatile blood flow
could produce abnormal irrigation of the spine, and
thus impaired growth. A previous study14 indicated
that patients with congenitally malformed hearts
have a four to fivefold risk of presenting with
scoliosis later in life, this being more severe than in
the general population.

Advances in the fields of paediatric cardiology
and cardiac surgery have led to an increase in the
rates of survival of these patients, creating a subset
of patients with complex physiology that may
require spinal orthopaedic surg_;ery.4

The rates of survival and quality of life in patients
with Fontan Physiology have improved over the last
two decades.”> Although these patients frequently
show medical complications such as arrhythmias,
coagulation disorders, protein-losing enteropathy,
and hepatic disorders, the scores of quality of life do
not differ from those of the general population.

In patients with Fontan physiology, unoxyge-
nated venous blood returning from the systemic
circulation is directed to the pulmonary artery by
means of a cavopulmonary shunt. These patients
require a higher systemic venous pressure that
guarantees an adequate blood flow to the lungs.
Factors associated with an increase in the pulmonary
pressure such as hypothermia, hypoxaemia, hyper-
capnia, acidosis, positive pressure ventilation, and
positive end-expiratory pressure can worsen the
systemic venous return and thus lead to desaturation
and Fontan failure. The maintenance of an adequate
systemic venous flow is extremely important in the
management of these patients.
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There is limited published data on the safety and
efficacy of spinal fusion in children with Fontan
physiology. The risk of the spinal fusion surgery
depends on the pre-operative cardiac situation.
Spinal fusion can be carried out in these patients,
although complications are frequent.16 Our findings
support the evidence that the risks of spinal surgery
in patients with Fontan circulation are higher than
in other groups of patients. Parents should be
adequately informed about these risks.

A careful monitoring of the central venous pressure
is essential during the surgical procedure. A trans-
oesophagic echocardiography should also be performed
in order to detect any ventricular dysfunction.
Symptoms of post-operative neurological damage
include partial or total paraplegia, quadriplegia, or
peripheral nerve deficit. Neurological deficits can
result from vascular, metabolic, or mechanical compli-
cations of spinal surgery. Published cases include
migration of the bone graft into the spinal canal,
breakage of the implants, penetration of the instru-
mentation into the spinal canal, and compression of
the nerve roots by components of the implants.'” The
Morbidity and Mortality Committee of the Scoliosis
Research Society found an incidence of neurologic
complications of 0.32% in posterior spinal fusion
and instrumentation'® in their 2006 report. Thus, a
continuous monitoring of the spinal chord should be
routinely carried out during the surgery. In our study,
no loss of motor potentials or posterior motor sequels
were detected.

To our knowledge, there is only one case series of
seven patients on the surgical correction of spinal
deformities in children with Fontan circulation.'”
Hedequist et al demonstrated that patients with
shorter duration of surgery, less blood loss, and a
smaller number of vertebrae fused had better
prognosis. In our study, the surgical technique
was partially modified — less fusions and fewer
intra-operative corrections — so as to shorten the
duration of surgery and blood loss, as it is generally
accepted that there is an association between the
duration of surgery and the number of surgical and
post-operative complications. However, manage-
ment of patients with Fontan physiology during
the correction of their scoliosis is difficult because of
the need to maintain a high central venous pressure
that guarantees an adequate flow to the lungs,
which can hinder the hypotension ideally required
to control the bleeding. An adequate anaesthetic
management and avoidance of extensive blood
loss play an essential role in the management of
these patients.”’

Transfusion of blood is required in almost all the
patients in order to maintain an adequate perfusion
to the spinal cord and to other organs such as the
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kidneys and gastrointestinal tract. The surgical
technique, duration of the surgery, median arterial
pressure, and position of the patient play an
important role.”’ During spinal surgery, low
systemic venous pressures are usually required to
minimise the bleeding; however, in patients with
Fontan physiology, levels of central venous pressure
as high as 20 cm of water could be necessary in order
to maintain a correct cardiac function and oxygena-
tion. In our experience, the use of a controlled
hypotension strategy should be avoided in these
patients. This, together with the fact that coagula-
tion disorders are frequently seen during these
surgeries, can lead to wuncontrolled operative
bleeding. Moreover, the hepatic and intestinal
disorders usually present in patients with Fontan
physiology may contribute to the coagulation
disorder, as specific coagulation factor deficiencies
may occur, such as factor VII deficiency.”” Recombi-
nant factor VII can be used intra-operatively to
control the bleeding in these children.” 24 In our
study, only one patient needed exogenous factor VII
administration. It has been previously suggested®’
that aprotinin or aminocaproic acid should be
routinely used as prophylaxis to control excessive
bleeding. In our study, prophylactic antifibrinolytics
were used, and coagulation disorders were promptly
corrected with fresh frozen plasma transfusion. Since
2007, aprotinin is no longer available in Spain.

Thromboembolism is a frequent complication in
patients with Fontan physiology due to slow venous
blood flow.?® These patients usually are chronically
treated with coumarin anticoagulants, targeting
an International Normalized Ratio 2. Anticoagu-
lants are replaced by heparin 5-7 days before the
surgery in our centre.

In our series, pleural effusions developed in two
patients, and one of them also presented with an
atelectasis of the right superior lobe. On follow-up,
a serohaematoma of the wound developed in one of
these two patients and the other had a thoracic
pseudarthrosis, which caused the rupture of the left
lumbothoracic bar. In a previous study carried out by
our team on children with congenital heart disease
undergoing spinal surgery, complications were detected
in the post-operative period in 45% of patients. No
pleural effusions or atelectasis developed in patients
with biventricular hearts, and an overall mortality rate
of 5.5% was detected — out of 18 patients with
congenitally malformed hearts, including five of the
patients enlisted in this study, the only patient who
died during the post-operative period was the same one
mentioned in this study. We also studied in 2009 the
mortality and complications in the post-operative
period of scoliosis surgery in 76 non-cardiac patients
and found a 0% mortality in our series.
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We believe that the experience of a multi-
disciplinary team consisting of anaesthesiologists,
cardiologists, and paediatricians with experience
in congenital heart disease is essential for the
appropriate management of these patients.

Conclusions

Schematically, we can, with some difficulty, under-
stand that:

® Spine surgery in Fontan patients is a high-risk
procedure, keeping in mind their mortality rate
compared with that in other groups of patients.

® The management of Fontan patients undergoing
this type of surgery must focus on avoiding
low systemic pressure during the operation
because of the peculiar physiology of the Fontan
circulation, and treating the bleeding that is
typical of spine surgery and which can be
prompted by the possible coagulation disorders
in these patients.

® Spine surgery in patients with univentricular
physiology should be carried out in tertiary
hospitals with extensive experience in congenital
heart disease. This high-risk population of
patients should be treated in cooperation with
cardiac anaesthesiologists and cardiologists with
experience with congenital cardiac patients.

® In view of the risk of the procedure, parents
should be counselled appropriately.

® Targer studies are needed to draw definitive
guidelines on performing extra-cardiac surgery
in patients with univentricular physiology.

References

1. Herrera-Soto JA, Vander Have KL, Barry-Lane P, Woo A. Spinal
deformity after combined thoracotomy and sternotomy for
congenital heart disease. J Pediatr Orthop 2006; 26: 211-215.

2. Marino BS. Outcomes after the Fontan procedure. Curr Opin
Pediatr 2002; 14: 620-626.

3. Coran DL, Rodgers WB, Keane JF, et al. Spinal fusion in patients
with congenital heart disease: predictors of outcome. Clin Orthop
Relat Res 1999; 364: 99-107.

4. Pérez-Caballero C, Sobrino E, Vazquez JL, et al. Complication of
surgery for scoliosis in children with surgically corrected
congenital cardiac malformations. Cardiol Young 2009; 19:
272-277.

5. Cromme-Dijkhuis AH, Hess J, Hahlen K, et al. Specific sequelae
after Fontan operation at mid- and long term follow up.
Arrhythmia, liver dysfunction, and coagulation disorders.
J Thorac Cardiovasc Surg 1993; 106: 1126-1132.

6. Cobb JR. Outline for the study of scoliosis. Instr Course Lect
1948; 5: 261-275.

7. Meyer S. Grading of patients for surgical procedures. Anesthesiology
1941; 2: 281-285.

8. The American electroencephalographic society guidelines for
intraoperative monitoring of sensory evoked potentials. J Clin
Neurophysiol 1994; 11: 77-87.


https://doi.org/10.1017/S1047951112002235

78

9.

10.

11.

12.

13.

14.

15.

16.

17.

Cardiology in the Young

Vallespir GP, Flores JB, Trigueros IS, et al. Vertebral coplanar
alignment: a standardized technique for three dimensional
correction in scoliosis surgery: technical description and
preliminary results in Lenke type 1 curves. Spine 2008; 33:
1588-1597.

Ruiz-Iban MA, Burgos J, Aguado AJ, et al. Scoliosis after median
sternotomy in children with congenital heart disease. Spine 2005;
30: E214-E218.

Kawakami N, Mimatsu K, Deguchi M, et al. Scoliosis and
congenital heart disease. Spine 1995; 20: 1252-1255.

Basu PS, Elsebaie H, Noordeen MH. Congenital spinal
deformity: a comprehensive assessment at presentation. Spine
2002; 27: 2255-2259.

Bal S, Elshershari H, Celiker R, et al. Thoracic sequels after
thoracotomies in children with congenital cardiac disease. Cardiol
Young 2003; 13: 264-267.

Herrera-Soto  JA, Vander Have KL, Barry-Lane P, et al.
Retrospective study on the development of spinal deformities
following sternotomy for congenital heart disease. Spine 2007;
32: 1998-2004.

Ohye RG, Bove EL. Advances in congenital heart surgery.
Curr Opin Pediatr 2001; 13: 473-481.

Taggart N'W, Shaughnessy WJ, Stans AA, McIntosh AL, Driscoll DJ.
Outcomes of spinal fusion in children with congenital heart
disease. J Pediatr Orthop 2010; 30: 670-675.

Weiss HR, Goodall D. Rate of complications in scoliosis
surgery — a systematic review of the Pub Med literature. Scoliosis.
2008; 3: 9, doi: 10.1186/1748-7161-3-9

https://doi.org/10.1017/51047951112002235 Published online by Cambridge University Press

18.

19.

20.

21.

22.

23.

24.

25.

26.

February 2014

Coe JD, Arlet V, Donaldson W, et al. Complications in spinal
fusion for adolescent idiopathic scoliosis in the new millennium.
A report of the Scoliosis Research Society Morbidity and
Mortality Committee. Spine 2006; 31: 345-349.

Hedequist DJ, Emans JB, Hall JE. Operative treatment of
scoliosis in patients with a Fontan circulation. Spine 2006; 31:
202-205.

Vischoff D, Fortier LP, Villeneuve E,
management of an adolescent for scoliosis surgery with a Fontan
circulation. Paediatr Anaesth 2001; 11: 607—610.
Florentino-Pineda I, Thompson GH, Poe-Kochert C, et al. The
effect of amicar on perioperative blood loss in idiopathic scoliosis:
the results of a prospective, randomized double-blind study. Spine
2004; 29: 233-238.

Odegard KC, McGowan FX, DiNardo JA, et al. Coagulation
abnormalities in patients with single ventricle physiology precede the
Fontan procedure. J Thorac Cardiovasc Surg 2002; 123: 459-465.
Tobias JD. Synthetic factor VIIa to treat dilutional coagulopathy
during posterior spinal fusion in two children. Anesthesiology
2002; 96: 1522-1525.

Mahdy AM, Webster NR. Perioperative systemic hemostatic
agents. Br J Anaesth 2004; 93: 842-858.

Rafique MB, Stuth E, Tassone C. Increased blood loss during
posterior spinal fusion for idiopathic scoliosis in an adolescent
with Fontan physiology. Pediatr Anesth 2006; 16: 206-212.
Balling G, Vogt M, Kaemmerer H, et al. Intracardiac thrombus
formation after the Fontan operation. J Thorac Cardiovasc Surg
2000; 119: 745-752.

et al. Anaesthetic


https://doi.org/10.1017/S1047951112002235

