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Case Report

Total Anomalous Pulmonary Venous Connection: Post
Operative Problems and M anagement

Summary

Sandeep Khanna!, Minati Choudhury?, UshaKiran®

The uncommon congenital cardiac anomaly, total anomaous pulmonary venous connection isincompatible
withlifeunlessearly surgical intervention isdone. Most of the post operative problems and mortality in these children
are also due to the changes in pulmonary vasculature. We hereby report two such cases that experienced a stormy

postoperative course.
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Totd anomalous pulmonary venous connection
(TAPVC)isavery uncommon cyanoticanomay com-
prising 1% of all congenital heart diseases. Since pul-
monary veinsdrain intothe systemic venous circula-
tion, TAPV Cisincompatible with life unlessacommu-
nication between the right and left sides of the heart
exigs, usually viaapaent foramen ovdeor atrid sep-
tal defect.! Astheright to left shunt isusually small,
right heart dilatation and failure ensuesowing toavol-
ume overload. Stenosis and obstruction of varying de-
gree at the junction of theanomalous trunk with the
venacavaleadsto savere pulmonary hypertension which
further worsensright heart falure. Patients present in
early infancy with bluish discoloration exaggerated by
activity and symptomsof heartfallure. They areusually
severely acidotic and cyanotic. Without surgery most
infants dieby 12 months of age. However, post-op-
erativemortality isaso high owing to increased pulmo-
nary vascular resstanceandinadequaterepair dueto
obscure anatomy.2 Thepurpose of this casereport is
to highlight thefact that best postoperative careisthe
key element of thankful outcome. Even with best of
care misdiagnosiscan happen.

Total anomalous pulmonary venous connection, Clinical outcome.

Casel

A 7-month-mae child weighing 4.2 kg, presented
with complaints of rgpid breathing and bluish discol-
oration of face for 5 days, was diagnosed to have
supracardiac TAPVC and alarge atrial septal defect
(ASD)withrightto left shunt. Petient was posted for a
reparative surgery on an dectivebasis. Although no
premedication was administered, parentd separation
was peaceful. The operating room temperature was
maintained at 20 degree Celsius. A warming blanket
underneath and an overhead warming light were used
to keep thepatient warm until induction. Theinduction
technique and monitoring duringcardiopulmonary by-
passwas similar to any other high risk infant who has
toundergo open heart surgery. Balanced anaesthesia
was maintained with 50% oxygenin air, incremental
dosesof fentanyl, midazolam and pancuronium bro-
mide. Tidd volumeand respiratory rate were adj usted
to maintain carbon dioxide homeostasig(Table 1) Anti-
coagulation was achieved with heparin 4 mg.kg*and
activated clotting time (ACT) was determined to be
greater than 480 seconds a thetime of placement of
aortic pursestring sutures. During cardiopulmonary
by passsystemic hy pothermiato 28 degree Celsusand
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Table 1 Ventilation parameters at different time
period
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cold blood cardioplegiawere employed. A pulmonary
artery pressure(PAP) monitoring line wasplaced by
thesurgeon on bypass. Cardiopulmonary by passtime
was 116 minutesand aortic cross clamp timewas 80
minutes. Patient wassuccessfully weaned off bypass
on dopamine (5 meg.kgt.min-), nitroglycerine(NTG
(1 mcg.kgimint), milrinone (0.1 mcg.kgmin?)as
continuousinfusion. Post-bypass vital parameterswere
invasive blood pressure (I1BP): 70/50mmHg, right ar-
terial pressure(RAP): 5mmHg, pulmonary artery pres-
sure (PAP): 19/12 mmHgand Sa0,:100%. Patient was
shifted to theintensive careunit wherehe immediately
experienced an episodeof pulmonary hypertensvecri-
sis. Vitd paameterswereasfollows: IBP: 30/20mmHg,
PAP: 70/48 mmHg and SaO,: 60%. The baby also
had bleeding from endotrached tube. Ventricular fibril-
lation ensued; ACL S (advanced cardiac life support)
protocol wasinitiated andthe patient was successfully
resuscitated after 30 minutes. He was mechanically
hy perventilated and received nitric-oxide (NO) 40 ppm
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to decrease pulmonary artery pressures (PAP). One
hour later, his vital parameters were — IBP: 60/40
mmHg, PAP: 5535 mmHgand Sa0,;: 88%. Tapering
of NO therapy was started from 5" post operativeday
(POD) and was stopped on 12" POD (PAP: 29/15
mmHg). Patient was tracheostomized on 10"POD and
was successfully weaned off the ventilator on 17" POD.
Tracheostomy was closed on 20" POD and the pa-
tient was shifted tothe ward theresfter, fromwherehe
wasdischarged home.

Case?2

A 5-month-mdechild weighing 2.8 kgwas diag-
nosedto havesupracardiac TAPV Cand unregtrictive
A SD. Anaesthetic management wassimilar to case 1.
Patient was successfully weaned off bypass with
(dobutamine) and vasodilator therapy (NTG). Post-
operdivey paientwasmechanicaly hyperventilated to
keep the PAPlow. However in view of increasing re-
quirement of inotropes, high RAP and non responsive
toNO therapy pressures, theadequacy of repair was
guestioned. Cardiac catheterization and angiography
revedled that theright pulmonary vein was <till draining
into theazygous ven. Patient wastaken up for surgery
againon 39POD tore-routetheanomaousveinto the
LA but sinceit wasreceived that the patient would not
beableto tolerateanother stresson cardiopulmonary
bypass, the azygousvein wasligated instead. On 8"
POD, patient wastracheostomized. Soon after he de-
veloped an episode of bradycardia, followed by asys-
toleand could not beresuscitated.

Discussion

InTAPV C, thepulmonary vasculatureoften has
athickened medial layer; thus, PV R doesnot decrease
normaly after repair andtheright ventriclehasto pump
againg anincreased after |load. Theleft ventricleisun-
ableto support the circulation probably becauseit is
under filled and underutilized prior to correction. Its
functionisaso hampered by septd displacement. Thus,
thepostoperative period is complicated by existence
of alow output state, persistence of pulmonary hyper-
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tension (PHT) and ahighly reactive pulmonary vascu-
lature*. The abnormal pulmonary vasculatureis highly
susceptibleto changein blood gases and lung mechan-
ics. Morray et d demonstrated a50% increasein PAP
when the PaCO, was increased from less than 30
mmHgto 40-45mmHgin the post-operativeperiod in
children with reactive pulmonary vasculatureswho un-
derwent correctivecardiac surgery. Thusmechanical
ventilationto aPaCO, to 30-35 mmHgis mandatory
in the postoperative period. In addition, by stretching
thelungs, positive pressure ventilation leadsto release
of prostaglandinswhich cause pulmonary vasodilation?
PA Pcan dso bepharmacologically altered. Most avail-
abledrugsact both on pulmonary aswell assystemic
vasculaturesand hencetheir utility is limited by their
propensity to decreaseblood pressureand coronary
flow to theventricles. However, in recent yearsinhaed
NO has emerged as arelatively specific pulmonary
vasodilator. It rapidly diffusesthrough thealveolar cap-
illary membraneand activates soluble guanylaecyclase
leadingto smooth musde rdaxation. Since it actsdi-
rectly onvascular smooth muscle, itremains effective
inreducing PVR despitethe post CPB endothédlid in-
jury encountered frequently in children. Itsefficacy in
the management of PHT hasbeenrepeatedly demon-
strated and it has been hailed as the wonder drug of
decade*®. Typically, doses used have varied from 5-
80ppm?>® Advantagesinduderapid inactivation by he-
moglobin, no systemic hypotension and consstent ef-
fect in decreasing PAP. However, NO isan expensive
drug. In addition costs areincreased by the needfor a
peciaized ddivery systemand requirement for waste
gasscavenging. Other potential adverseeffectsinclude
methemoglobinemiaand nitrogen dioxidetoxicity, re-
bound pulmonary hypertension after withdrawal and
pulmonary vascular congestionin patientswith poor
left ventricular function. Thesesideeffectsarerareif
NOisusedin prescribed clinical doses. *®

Theincidence of pulmonary hypertensve(PHT)
crisismay beas high as 40% in the postoperative pe-
riod andisamajor cause of mortality’. Thusitspre-
vention and management areimperativefor asuccess
ful postoperativeoutcome. 8 PHT crisisisdefined as
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PAPmorethan or equal to systemic arterid pressures
aongwith sgnificant deterioration inhemody namic sta
tus ®°In theabsence of direct PAPmeasurements, it
can besuspected in event of unexplained tachycardia,
high central venous pressure(CVP), hypotension and
desaturation. Once detected, it can bemanaged in the
following manner:

M anagement of pulmonary artery hypertensive
crisis

Treatment Rationale
o Administer 100% oxygen Increasing PaO, can
decresse PVR

e Hyperventilation A decreasein PaCO, leadsto

decrease in PAP

o Chest X-rayto rule out
pneumothorax

Pneumothorax causing a
decreasein PaO,
and to increase in PAP

PVR hasadirect relationto
H+ ion concentration

To decrease the PAP

e Correctionof metabolic
acidosis
e Administration of pulmonary
vasodilator

e Support cardiac output Adequate preload and
inotropic support
Painandother noxiousstimuli

can increase PAP

e Attenuate pain

PaO,: Partial pressure of oxygen, PAP: Pulmonary artery
pressure, PVR: Pulmonary vascular resistance.

In case 1, continuous PAP and | BP measurements
dlowed usto makearapid diagnosisof PHT crisisand
Itwas managed in accordancewith the principles out-
lined above. NO, commencedinitialy at adoseof 40
ppm wastapered off over aperiod of 10 daysandthere
was norebound pulmonary hypertension. Weused NO
intherecommended doserange and encountered no
adverse effects. In case 2, Snce PAPwas not moni-
tored, PHT wasassumed on the basis of ahigh CVP,
unexplainedtachycardia, hy potensonand desaturation.
Similar management principleswere goplied but were
not successful hence we assumed that therepair was
inadequate. Kovachin and Beghettiin their sudy dem-
ongrated that, as aselective pulmonary vasodilator, in-
haed nitric oxideisanimportant agent to differentiate
pulmonary vasocongtrictionfrom fixedanatomic obstruc-
tion or secondary to pulmonary vasospasm. o1



To conclude, successful outcomein TAPVC cdls
for ameticulous preoperativework up and postopera-
tiveprevention and management of PHT. Asasdec-
tive vasodilator, NO actsas an important diagnostic
and therapeuticagent in themanagement of children
with TAPV C and other congenitd heart disease asso-
ciated with PAH. Thoughno randomized placebo con-
trolled trial has been published; several reviews and
our own experience purport that except the
haemodynamicbenefits in PAH children, nitric oxide
canaso beused to hdp discriminateanatomic obstruc-
tion to pulmonary blood flow from pulmonary vaso-
constriction.
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