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Abstract

A 7 year old boy with a history of repaired tetralogy of Fallot with aortic valve replacement was scheduled to
undergo laparoscopic cholecystectomy. His significant history comprises of post cardiac surgery with warfarin
anticoagulant. Perioperatively warfarin was converted to low molecular weight heparin and the patient underwent
general endotracheal anaesthesia with caudal epidural anaesthesia for laparoscopic cholecystectomy. Anaesthesia
induction, intraoperative course and postoperative period proceeded uneventfully and the patient quickly progressed
to the preoperative level of functioning. The perioperative anticoagulant management in such patients of repaired
tetralogy of Fallot with aortic valve replacement is reviewed.
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Introduction
Long term survival after surgical correction of tetralogy of Fallot

(TOF) has been achieved since the earliest surgical reports of repair
and continues in more contemporary reports [1-3]. Most survivors
lead symptom free lives with 98% of patients New York Heart
Association (NYHA) class-I [1]. Survivors may experience
haemodynamic and electrophysiologic residua and sequelae, which
include residual right ventricular outflow tract (RVOT) obstruction,
right ventricular dilation and dysfunction with pulmonary valve
insufficiency related to transanular patching, progressive aortic
dilation with development of aortic regurgitation [4]. Such patients
after corrective surgery with valve replacement needs lifelong
anticoagulant supplement. There is not yet a consensus on the
appropriate perioperative management of patients receiving
anticoagulants and/or antiplatelet agents who are about to have
surgery. Various protocols aimed at minimizing the risk of
thromboembolism and bleeding have, however, been proposed. We
describe the perioperative anticoagulant management of a patient of
corrected TOF with prosthetic aortic valve replacement.

Case Report
A 7 year old boy weighing 25 kg, who was a known case of repaired

TOF with Aortic valve replacement (AVR), having cholelithiasis was
scheduled for laparoscopic cholecystectomy. His past surgical history
comprises of Blalock-Taussig shunt at the age of 3 months of his age
and then total correction of TOF with AVR (23 size St. Jude Aortic
Valve) with shunt take down at the age of 4 years. After that surgery,
he was asymptomatic for cardiac symptoms and on regular follow up
with cardiologist.

Perioperatively, patient was reviewed by cardiologist &
electrocardiography (ECG) within normal limit. 2-D
echocardiography revealed normal functioning prosthetic aortic valve
with no residual shunt and normal systolic function of left ventricle.
Patients cardiac condition was optimised with addition of Metoprolol
12,5 mg daily and the patient was NYHA-I and afebrile. His cardiac
medications include only Warfarin tablet 2 and 3 mg on alternate days
to maintain target international normalized ratio (INR) 2-3. His drug
compliance and past INR record shows good maintenance. The
patient was instructed to stop Warfarin 5 days before surgery and the
INR recorded was 2.8 and Low molecular weight heparin (LMWH)
Enoxaparin was started empirically 20 mg subcutaneously twice daily
to avoid INR drifts below therapeutic range (i.e. INR<2.5). INR
repeated on the day before surgery was elevated to 1.6. The last
preoperative dose was administered on the morning of the day before
the surgery to ensure no residual anticoagulant effect at the time of
surgery. The INR was rechecked and was 1.3 on the morning before
the day of surgery.

All other laboratory results were within normal limit. The surgical
plan was laparoscopic cholecystectomy. Patient was premedicated with
Tab Lorazepam 0.5 mg orally 2 hour before shifting to operation
theatre (OT). Infective endocarditis prophylaxis was given
intravenously with Ampicillin 1500 mg and Gentamycin 40 mg 1 hour
before surgery. Upon arrival into the OT, patients’ blood pressure
recorded was 110/60 mm Hg, heart rate 76/minute and Oxygen
saturation 99% on Oxygen via face mask 5 litre/min. A 20 gauze I.V.
and right radial arterial cannula established under local anesthesic
infiltration. Anesthesia induced with Etomidate 5 mg and Fentanyl 50
µg. Rocuronium bromide 20 mg was used to facilitate the insertion of
a cuffed endotracheal tube. Post-induction triple lumen central venous
catheter inserted in the right internal jugular vein showed CVP 8 cm
of water. After position of the patient on his left lateral position, a
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single shot caudal epidural drug administered with 10 ml 0.25%
Ropivacaine with 1mg Morphine.

Anesthesia maintained with Isoflurane in Oxygen and air mixture
with intermittent doses of Rocuronium. Intraoperatively mean arterial
pressure was maintained 60-80 mm Hg, heart rate 70-80 beats/min,
CVP 9-12 cm water, Etco2 was 32-38 mm Hg and airway pressure was
15-18 cm of water. During pneumoperitoneum, maximum intra-
abdominal pressure achieved was 11 mm Hg. Arterial blood gases and
electrolytes was within normal range and ECG tracings were normal
sinus rhythm with occasional premature ventricular ectopics without
any ischemic changes. Total duration of surgery was 45 minutes and
patient reversed and extubated inside the OT. Overall anesthetic
management was uneventful. In the post anesthesia care unit, patient
was fully awake with stable vitals.

In the immediate postoperative period, there appears to be adequate
hemostasis although there is ongoing drainage of serosanguinous fluid
from an abdominal drain, with 50 ml having accumulated within 6
hours after surgical closure. Warfarin is resumed on the evening of the
day of surgery, with sips of water, starting with the patient’s usual dose
for that day of the week. On the 1st postoperative day, low-dose
LMWH is administered (i.e., enoxaparin 20 mg once-daily). On the
2nd postoperative day, there is no ongoing blood loss from the
intraabdominal drain, and LMWH is increased to full-dose treatment
(i.e., enoxaparin 20 mg twice-daily). On the 5th postoperative day,
when the INR is 2.5, full-dose LMWH is stopped after the evening
dose and continued with warfarin as preoperative dose and discharged
on the same day.

Discussion
Current estimates suggest that there are nearly one million adults

with congenital heart disease in the United States today and 35,000
babies are born with congenital cardiac defects each year [5]. Only a
few decades ago, many congenital cardiac anomalies were fatal in
infancy. Now operative repairs are possible in even the most complex
anomalies and these infants and children are surviving and growing
into adults. Today, approximately 85% of babies born with congenital
cardiac anomalies will reach adulthood and long-term survival is
expected to continue to improve.

The most frequently seen congenital cardiac lesions in the adult
population are ASD/VSD, aortic coarctation, tetralogy of Fallot, and
transposition of the great arteries [6]. The majority of these adult
patients will have undergone one or several surgical or catheter
interventions to correct or palliate their cardiac lesion. 30-year survival
rates have been reported at approximately 90% [7]. Most individuals
remain in NYHA functional class I or II.

In 2001, the American College of Cardiology published their
recommendations regarding health care for adults with congenital
heart disease [5,8,9]. Adults with moderate and complex congenital
heart disease (CHD) who require non-cardiac surgery have special
needs to be addressed by the surgical and anesthesia team. Ideally,
operations in patients with complex CHD should be performed at a
regional adult congenital heart disease (ACHD) centre with physicians
experienced in the care of these individuals and with the consultation
of cardiologists trained in this discipline.

The anesthetic management in patients of corrected TOF is not
different from other patients. The main concern is the presence of any
residual shunt that remains after correction that needs close attention.

So, preoperative echocardiography is routinely performed before any
noncardiac surgery in these patients. Aortic regurgitation may occur
due to damage to the aortic valve during VSD closure or dilatation of
the aortic root which needs replacement later on [10]. But in our
patient severe aortic regurgitation was associated for which aortic
valve replacement was done at the same time. Anesthesia for patients
with congenital heart disease with valve replacement requires careful
preparation of the operation room. Cardiac support drugs should be
immediately available and the anaesthesia machine carefully checked
preoperatively because of the low margin for error in these patients.
The goals for anesthetic management were avoidance of drug induced
myocardial depression, maintenance of normovolemia, and
prevention of increased ventricular contractility.

Infective endocarditis is a major concern for all patients with
congenital heart disease. It is more a concern if associated with
mechanical valve replacement. Sterile technique in line insertion and
prophylaxis for bacterial endocarditis with antibiotics indicated. This
is also true for patients who have undergone palliative or corrective
repairs [11,12].

The main concern in patients with mechanical prosthetic valve is
the ongoing anticoagulant treatment. Anticoagulant therapy is
required in patients with a mechanical prosthetic heart valve to
prevent stroke and systemic embolism, and to prevent valve
thrombosis, which is associated with a 15% mortality rate [13,14].
Patients with a prosthetic mitral valve, a caged-ball valve, and two
prosthetic heart valves are at highest risk for thromboembolic events
[15]. Patients with a prosthetic aortic valve and two or more
thromboembolic risk factors may be considered at moderate risk for
thromboembolic events, whereas patients with a prosthetic aortic valve
and less than two thromboembolic risk factors are at lowest risk. The
most thrombogenic prosthetic heart valve is the caged-ball type (eg.,
Starr-Edwards), followed by the tilting disc type (eg., Bjork- Shiley,
Lillehei-Kaster), and bileaflet type (eg., St. Jude, Carbomedics), which
is the least thrombogenic. Prosthetic mitral valves are more
thrombogenic than aortic prostheses because of greater vascular stasis
around the mitral valve [15]. In this case, the aortic valve replaced was
St. Jude bileaflet metallic valve. CHD patients with shunts are also at
risk of shunt thrombosis if anticoagulants are not used appropriately.
Clopidogrel, are actively being studied for thromboprophylaxis in
children with systemic-pulmonary shunts as additive therapy given the
continued occurrence of shunt thrombosis with aspirin [16,17].

The treatment of Patients with a mechanical heart valve or chronic
atrial fibrillation who require temporary interruption of warfarin
sodium therapy because of surgery or another invasive procedure is a
frequently encountered but under investigated clinical problem
[18-21]. A major gap in knowledge is a lack of reliable estimates as to
the incidence of thromboembolic events associated with warfarin
therapy interruption18. It is well established, however, that such events
can have devastating clinical consequences: thrombosis of a
mechanical heart valve is fatal in 15% of patients and embolic stroke
results in a major neurologic deficit or death in 70% of patients
[14-22,23]. Consequently, despite disagreement on the optimal
periprocedural anticoagulation strategy during interruption of
warfarin therapy, several authorities and consensus groups advocate,
for most patients, some form of bridging therapy with a short-acting
anticoagulant [24-30]. The rationale for bridging anticoagulation is to
minimize the time before and after a procedure that patients are not
receiving therapeutic anticoagulation and, thereby, minimize the risk
of thromboembolism. The conventional periprocedural
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anticoagulation approach is to hospitalize patients 4 to 5 days before
surgery to stop warfarin and administer intravenous unfractionated
heparin while the anticoagulant effect of warfarin recedes [31,32].
Intravenous heparin is stopped 3 to 4 hours before the procedure to
avoid a residual anticoagulant effect at the time of the procedure. After
the procedure, warfarin and intravenous heparin are resumed, the
latter administered for 4 to 5 days until therapeutic anticoagulation
with warfarin is re-established.

The emergence of low molecular- weight heparins (LMWHs),
which can be administered in a fixed, weight-adjusted, subcutaneous
dose and without laboratory monitoring, obviates the need for in-
hospital perioperative anticoagulation. This approach is appealing
because of its convenience, and the potential to substantially reduce
health care costs [33,34].

There is an increased risk of intra and post-operative bleeding when
surgery is performed in patients who are receiving an anticoagulant
[35,36]. In patients who are receiving warfarin therapy with a target
INR of 2.0 to 3.0, stopping warfarin 5 days before surgery will, in the
vast majority of cases, ensure a normal INR at the time of surgery37.
In addition to INR testing on the day warfarin therapy is stopped, INR
testing should be performed on the day before surgery to ensure that it
is normal (INR <1.3) or near-normal (INR=1.4). Patients who
undergo surgery with an INR of >1.5 are at increased risk of
postoperative bleeding complications [36].

Bridging anticoagulant therapy with LWMH is started, typically, 3
to 4 days before surgery, when a patient’s INR is below or is expected
to be below the lower limit of the therapeutic range. In patients who
are receiving warfarin with a target INR of 2.5 to 3.5, bridging
anticoagulant therapy is started when the INR is <2.5, and in patients
with a target INR of 2.0 to 3.0, it is started when the INR is <2.0. If
twice-daily LMWH is used (e.g., enoxaparin, 1 mg/kg twice daily), the
evening dose before surgery should be omitted. With either dosing
regimen, the last dose of LMWH should be administered at 20 to 24
hours before surgery, to eliminate the likelihood of a residual
anticoagulant effect at the time of surgery [33].

The anticoagulant management in patients who had a spinal
puncture before surgery is problematic because of the risk of a spinal
epidural hematoma, a rare but devastating complication. In patients
who have spinal anesthesia, with epidural catheter removal
immediately after surgery, it is safe to resume anticoagulant therapy
within 12 hours after surgery. If the epidural catheter placement was
traumatic, the resumption of anticoagulants should be delayed for at
least 24 hours after surgery. In patients who have an indwelling
epidural catheter after surgery to administer analgesia, anticoagulants,
in general, should be withheld until the epidural catheter is removed.
In our patient, we used single shot non-traumatic caudal epidural for
post-operative analgesia.

The decision to resume LMWH after surgery is based on whether
there is adequate postoperative hemostasis and the bleeding risk
associated with surgery. If there is ongoing bleeding, detected by
accumulation of blood into a surgical drain, the resumption of LMWH
should be deferred until the bleeding has subsided. Most postoperative
bleeding that is due to delayed wound healing will resolve within 24
hours of surgery. In patients undergoing surgery that is associated with
a moderate or low risk of bleeding, low-dose LMWH can be resumed
on the evening after surgery. If this treatment is well-tolerated, and
without bleeding complications, subsequent doses of LMWH can be
administered with a full dose regimen, starting 24 to 48 hours after

surgery. In most patients, warfarin can be restarted the evening after
surgery. A minimal anticoagulant effect of warfarin will not occur for
at least 24 hours after the initial dose of warfarin, and a therapeutic
anticoagulant effect will not occur for 4 to 5 days after the start of
warfarin therapy [37-39].

To conclude based on an individual assessment of risk factors in
patients with congenital heart disease with valve replacement for
thromboembolism and the risk of perioperative bleeding; it is possible
to form an anticoagulant and antiplatelet management plan likely to
achieve a low incidence of bleeding and thrombosis. A
multidisciplinary approach is desirable.
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