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Is it possible to operate four heart valves in a patient with heart
failure, congenital heart disease and pulmonary hypertension?
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We describe a 60-year-old man with the history of radical correction of the tetralogy of Fallot (TOF) in the year
1964. This patient has had a long lasting decompensation of a severe right heart failure with ascites and pulmo-
nary hypertension. On echocardiography he had residual mild pulmonary stenosis (PS) and severe pulmonary
and tricuspid regurgitation (TR), moderate aortic and mitral regurgitation. He also had residual ventricular septal
defect (VSD) and severe pulmonary hypertension with the maximal gradient on TR 83 mmHg. He was considered
unoperable by his cardiologist, however, the patient decided to undergo a high-risk operation. The operation
comprised pulmonary and aortic valve replacement with bioprosthesis, mitral and tricuspid repair, closure of ven-
tricular septal defect, bilateral MAZE and volumereduction of both atria. After a very complicated postoperative
course with multiorgan failure he recovered and was discharged home 2 months after operation. The NYHA class
improved from IV before operation to Il. Twenty months after this operation he experienced infective endocardi-
tis with a leak on the aortic bioprosthesis. He was reoperated with reimplantation of a new aortic bioprosthesis
and with a very complicated postoperative course. Sildenafil was added to his therapy due to the persistent
severe pulmonary hypertension. He survived and was discharged home. The presented unique high-risk complex
reoperation of a congenital heart disease with pulmonary hypertension can be performed only by a very experi-
enced cardiosurgical and cardio-anesthesiological team with a high level of the early and late postoperative care.

SOUHRN

Autofi popisuji pfipad 60letého pacienta s anamnézou radikalni korekce Fallotovy tetralogie v roce 1964.
Pacient mél v poslednich letech progredujici téZkou pravostrannou kardialni dekompenzaci s ascitem a plicni
hypertenzi. Echokardiograficky mél zjisténu tézkou pulmonalni a trikuspidalni regurgitaci, stredné zavaznou
aortdlni a mitralni regurgitaci a rezidualni defekt komorového septa s vyznamnym levopravym zkratem. Jeho
stav byl povaZzovén za chirurgicky nefesitelny, aviak pacient se rozhod| podstoupit vysoce rizikovou operaci.
Operace zahrnovala nédhradu pulmonalni a aortalni chlopné bioprotézou, plastiku mitraini a trikuspidalni
chlopné, uzavér defektu septa komor a oboustranny vykon MAZE s volumredukci obou sini. Po velmi kom-
plikovaném pooperaénim prabéhu s multiorgdnovym selhdnim pacient operaci prezil a byl propustén domu
dva mésice po operaci. Jeho funkcni vykonnost se zlepsila z funk¢ni tfidy NYHA IV na tfidu NYHA II. Dvacet
mésict po této operaci byl opétovné hospitalizovan pro infekcni endokarditidu s paravalvarni regurgitaci
na aortalni bioprotéze. BEhem reoperace mu byla vyménéna aortalni bioprotéza s naslednym velmi kom-
plikovanym pooperacnim obdobim. Vzhledem k pretrvavajici tézké plicni hypertenzi mu byl ke komplexni
|écbé pridan i sildenafil. Pacient prezil a byl propustén domu. Takto narocna komplexni reoperace vrozené
srdecni vady s plicni hypertenzi je unikatni a Ize ji provést pouze za predpokladu velmi zkuseného operacniho
tymu a nadstandardni kardioanesteziologické i nasledné intenzivni pooperacni péce.
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Background

At present, the survival of children born with a congeni-
tal heart disease (CHD) into adulthood exceeds 85% [1-3].
The reason is probably in the improved intensive care and
cardiac surgery in newborns and babies with critical CHD.
However, even after successful operation in childhood
there is a risk of residual findings. Some of the residual
findings (sequelae) are obligatory, e.g. degeneration of
homografts or pulmonary regurgitation after the exci-
sion or discision of pulmonary valve. Other residua (e.g.
residual defects) are due to the insufficient surgical tech-
nique, especially in 60’s or 70’s. Besides that, we can find
acquired valve disease in a patient originally treated for
CHD. Even severe residual lesions may be clinically silent
for a long time. At the time of limiting symptoms the risk
of the operation may be already very high. According to
our experience, the most important risk factors of mor-
tality in reoperations of adults with CHD are NYHA class
Il and IV, cyanosis and dysfunction of the right or left
ventricle [4].

Tetralogy of Fallot (TOF) is one of the most common
cyanotic CHD, it represents 4-10% of all CHD [2,3]. The
long-term survival after the corrective surgery in child-
hood is very good. Approximately 90% of those who sur-
vived operation are still alive after 20-30 years [5-7]. The
most common residual finding in TOF is pulmonary regur-
gitation, less common is pulmonary stenosis or residual
ventricular septal defect (VSD) [2,3,8].

We describe a unique case of two reoperations in an
older patient with TOF who was considered inoperable
because of the severe state with long lasting severe right
heart failure, pulmonary hypertension and because of
the extent of the surgery. We did not find any similar case
report in the literature.

Description of the case

Our patient was born in 1950 with tetralogy of Fallot. He
had radical correction in 14 years, in the year 1964, the

Table 2 - Catheterisation before operation (right and left cathe-

terisation, oxymetry, selective coronarography).

Qp (pulmonary flow) 9.7 lI/min

Qs (systemic flow) 4.8 l/min

PAP syst./diastol. 62/22 mmHg
PAPmean 34 mmHg

PCW 19 mmHg

PVR 1.5 WU

Qp/Qs 2:1

PS: peak gradient 25 mmHg
coronarography no coronary stenosis

PAP - pulmonary arterial pressure; PAPmean - mean pulmonary
arterial pressure; PCW - pulmonary wedge pressure; PS — pulmonary
stenosis; PVR — pulmonary vascular resistance; Qp — pulmonary flow;
Qs - systemic flow; WU - Wood units.

operation was performed by professor Navratil in Brno,
Czechoslovakia. Residual VSD was found in 1970, but re-
operation was not performed because of the high opera-
tive risk and small patient’s complaints. The reoperation
was offered to our patient again in 2002, but he refused.
In 2006 he was repeatedly hospitalized because of se-
vere right heart decompensation with repeated ascites
evacuation. He had persistent atrial fibrillation and non-
sustained ventricular tachycardias (VT). He was referred
to Hospital Na Homolce for implantable cardioverter-de-
fibrillator (ICD) implantation, which was not performed
because of the hypocalemia as the possible reason of
VT. We performed a thorough reevaluation of all the re-
sidual findings and proposed a possibility of a high-risk
reoperation.

We performed echocardiography (Table 1) and ca-
theterisation (Table 2). We found a high Doppler CW gra-
dient (83/40 mmHg) on a massive tricuspid regurgitation
(TR) during the first examination. This finding could im-
ply irreversible pulmonary hypertension and inoperable
state. However, the gradient on TR was increased by the
residual pulmonary stenosis with the systolic gradient as-

Table 1 - Comparison of the echocardiographic examinations before and after operation.

Echographic parameters

LV
LVEF
RV

RVEF

LA

RA

TR gradient (max/mean)
vd

ECHO before operation
3.12. 2008

56/42 mm
45-50%

45 mm (PLAX)
57 mm (A4CH)
RV anterior wall 15 mm

40%

81x75 mm
94x81 mm
83 /40 mmHg

41 mm

ECHO before operation ECHO after operation
7.4.2010 10. 1. 2011

53/42 mm 60/44 mm

45% 55-60%

45 mm (PLAX)
57 mm (A4CH)
RV anterior wall 14 mm

46 mm (PLAX)
39 mm (A4CH)

40% 40-45%

100x60 mm 63x77 mm

93%91 mm 61 mm in the long axis
55/26 mmHg 34/23 mmHg

41 mm 26/14 mm

AACH - apical four-chamber view; LA - left atrium; LV - left ventricle; LVEF - left ventricular ejection fraction; PLAX - parasternal long axis
projection; RA - right atrium; RV - right ventricle; RVEF - right ventricular ejection fraction; TR - tricuspid regurgitation, VCI - vena cava

inferior.
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Fig. 1- Echocardiography, long axis parasternal projection, ventricular

septal defect in CFM: left-to-right shunt from left to right ventricle.
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Fig. 2 - Echocardiography, short axis parasternal projection, CFM
shows moderate pulmonary regurgitation.

sessed by Doppler 46 mmHg. We also found moderate
pulmonary, aortic, and mitral regurgitations. The aortic
regurgitation was caused by degenerative changes of
the leaflets, vena contracta was 5 mm, pressure half time
366 ms and width of the jet was 15 mm (= 65% of the
left ventricular outflow tract). Moderate mitral regur-
gitation was caused by annular dilatation to 46mm and
a small prolapse of the anterior leaflet, vena contracta
was 5 mm. Severe tricuspid regurgitation (Figs. 3, 4) was
a consequence of tricuspid annulus dilatation to 50 mm.

The left ventricular end-diastolic diameter (LVEDD)
was at the upper level (56 mm = 27 mm/m?) with a mild
systolic dysfunction. The right ventricle had severe hyper-
trophy of the wall (14-15 mm) and was dilated to 57 mm
with moderately impaired systolic function (Tables 1, 2).
Both atria were severely dilated (left atrium 81x75 mm,
right atrium 94x81 mm).

On the catheterisation we found moderate pulmonary
hypertension with the pulmonary arterial pressure (PAP)
62/22; mean 34 mmHg, wedge pressure (PCW) 19 mmHg,
pulmonary arterial resistance 1, 5 Wood units, mild pul-
monary stenosis with the peak gradient 25 mmHg. Af-
ter epoprostenol administration (6 ng/kg/min) there was
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Fig. 3 - Echocardiography, apical four-chamber view (A4C), severe
tricuspid regurgitation, vena contracta 12.3 mm.
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Fig. 4 - CW Doppler, high gradient on tricuspid regurgitation before
operation.

a significant reduction of PAP to 37/23; mean 26 mmHg.
The pulmonary to systemic flow ratio (Qp/Qs) measured
by oxymetry was 2 : 1 (Table 2).

The definitive diagnosis was hemodynamically signifi-
cant residual VSD with Qp/Qs 2 : 1 (Fig. 1), severe tricuspid
regurgitation, mild pulmonary stenosis, moderate pul-
monary, aortic and mitral regurgitation and moderate,
mainly postcapillary pulmonary hypertension (Fig. 2).

Our patient was cachectic with large ascites, hepa-
tosplenomegaly, renal insufficiency, diabetes mellitus,
chronic obstructive lung disease (heavy smoker) and had
the history of bleeding from the duodenal ulcer.

The risk of operation was extremely high, logistic Eu-
roSCORE 37%. However, due to the severe complaints
and poor quality of life our patient decided to undergo
high-risk operation.

He was operated on 8. 4. 2010 at the Department of
Cardiac Surgery in Hospital Na Homolce. Aortic valve
had a prolaps of the left coronary cusp and severe de-
generation of the noncoronary cusp and was replaced by
a bioprosthesis of the diameter 27 mm. The totally de-
generated pulmonary valve was removed and replaced
by a bioprosthesis of the diameter 27 mm. It was im-
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planted supraannulary because of the calcification of
the right ventricular outflow tract (RVOT). The dilated
mitral annulus was repaired by annuloplastic ring of the
diameter 34 mm. Afterwards tricuspid annuloplastic ring
was given. The residual ventricular septal defect with the
diameter of 8 mm was closed by xenopericardial patch.
Furthermore right- and left-sided MAZE (cryoablation)
and volumereduction of both atria were performed. The
cardiopulmonary bypass time took 368 minutes and aor-
tic cross clamp duration was 293 minutes. At the end of
the operation levosimendan and vasopressors were given
prophylactically and continuous arterio-venous hemo-
filtration in citrate was started because of oliguria. The
postoperative course was complicated by multiorgan fai-
lure, sepsis, and bronchopneumonia. From 14. 5. 2010 the
patient was hospitalized at the Intensive and Metabolic
Care Unit in the Department of Internal Medicine in Hos-
pital Na Homolce with complex and intensive nutrition
and rehabilitation care. Two months after the operation
our patient was able to be discharged home.

In the first half of the year 2011 he was feeling well,
without signs of heart failure, and with improved exertion
tolerance, he was in NYHA class Il. He had sinus rhythm
on ECG and good function of both bioprosthesis and re-
paired valves, no residual ventricular shunt and mild pul-
monary hypertension with the calculated PAP systolic/
mean 40/29 mmHg (Fig. 5).

In December 2011 the patient was readmitted to our
hospital with infective endocarditis on the aortic biopros-
thesis with severe aortic regurgitation due to the leak on
the bioprosthesis. The etiologic agent was Enterococcus
faecalis, most probably from the residual sacral decubitus.
He was septic, with oliguric renal failure, severe cardiac
decompensation, severe pulmonary hypertension (from
echocardiographic calculation systolic PAP 70 mmHg,
mean PAP 40 mmHg), NYHA IV. He had no mitral regur-
gitation and only mild tricuspid regurgitation. On ECG
there was a sinus rhythm without atrial fibrillation recur-
rence. Because of the critical state, patient was neither
catheterized, nor tested for vasodilatation therapy.

On 23. 12. 2011 the patient was reoperated in a very
severe state with reimplantation of a new aortic biopros-
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Fig. 5 - Echocardiography: trace tricuspid regurgitation on CFM
with decreased CW Doppler gradient after operation. The gradient
34/23 mmHg reflects PAP 40/29 mmHg (systolic/mean).

thesis. Postoperatively levosimendan and Novoseven (re-
combinant coagulation factor VII) were given. Because of
the persistent severe pulmonary hypertension (invasively
measured PAP was 79/25, mean 45 mmHg) iloprost and
sildenafil were added. He had continuous veno-venous
dialysis in citrate. Later he was transmitted from Cardiac
Surgery to Intensive Care Unit in Internal Medicine De-
partment. He was able to leave hospital on 10. 2. 2012
with ambulatory care of the sacral decubitus.

Discussion

Most adults with TOF have undergone radical surgi-
cal correction in childhood. Only rarely we can meet
unoperated adult with TOF or a patient with palliative
shunt only [10]. The long-term prognosis is good, 92% of
those who survived operation of TOF in childhood reach
adulthood in our country [5].

The first radical correction of TOF in the world was per-
formed on cardio-pulmonary bypass by Lillehei in 1954
and Kirklin in 1955. The first radical correction of TOF in
the Czech Republic (formerly Czechoslovakia) was per-
formed by Jan Navrétil in Brno in 1961. Our patient was
in fact one of the first radically operated patients in our
country. At the time of the first operation he was rather
old - 14 years. The residua and sequeale of the operations
performed in 60’s and 70’s are relatively frequent. If they
do not cause any severe complaints, they may be easily
overlooked and may not be solved at the proper time.

Pulmonary regurgitation (PR) is the most common re-
sidual finding after radical correction of TOF. The pulmo-
nary valve is often incised, sometimes even excised and
in the case of hypoplastic annulus the transannular patch
may be used [5]. PR used to be considered for benign le-
sion, however, there is an association between the seve-
rity of PR, dilatation of the right ventricle, prolongation
of QRS with right bundle branch block on the ECG over
180 ms and sudden arrhythmic death [11]. Dilatation and
dysfunction of the right ventricle are reversible to certain
extent only. Nowadays there is a trend towards earlier
correction of the PR in TOF [8,12].

Tricuspid regurgitation (TR) is a secondary lesion due
to the dilated right ventricle. If there is no organic cause,
it may be repaired, usually with annuloplasty ring.

Aortic regurgitation (AR) can be seldom found before
correction of the TOF (in 2%). It may be more frequent
after the correction [9]. The cause may be in dilated annu-
lus and aortic root of the overriding aorta as well as due
to the retraction, perforation, fibrosis or calcification of
the aortic cusps, often due to the injury during subaortic
VSD closure.

Mitral regurgitation (MR) is not typical for TOF, how-
ever, we can find it in some patients due to the dilatation
of the mitral annulus, myxomatous changes of the mitral
valve and prolapse.

Pulmonary hypertension (PH) is not a part of the TOF.
TOF is characterized by low pulmonary flow and low
pulmonary pressure before correction. Pulmonary hy-
pertension may be a consequence of a too large aorto-
pulmonary shunt, however, this was not the case of our
patient. Our patient had PH as a result of the combina-
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tion of high pulmonary flow due to the residual VSD and
a high pulmonary wedge pressure. However, even after
elimination of the VSD and valvular regurgitations, there
remained certain degree of pulmonary vascular disease
with increased trend to pulmonary vasoconstriction,
which could be seen after the second operation. It could
be partly corrected by sildenafil. All patients with CHD
and echocardiographic suspicion of PH need a thorough
examination, exclusion of pulmonary stenosis and right
heart catheterisation with the assessment of pulmonary
arterial resistance (PAR) and vasodilatation testing. The
specific vasodilating therapy cannot be started in CHD
only on the basis of TR gradient. The contraindication for
shunt closure in CHD is high PAR (over 7-10 WU or higher
than 2/3 of the systemic resistance) [8,13].

TOF is a CHD with the possibility of many residual fin-
dingsin the long-term follow-up. As we have shown, there
may be a dysfunction of all four heart valves besides the
residual shunts on ventricular or atrial level. The decision
if to operate VSD only or to perform a complex repair
of all valves was not easy. Our patient had more reasons
for left ventricular volume overload (AR, MR, VSD), but
he had only borderline left ventricular dilatation. In our
experience it is very difficult to assess the severity of the
left-side valve regurgitations in the presence of severe
right ventricular dilatation. This is because of the limited
space in the pericardial cavity. Our patient had severely
dilated right ventricle to 57 mm. Therefore we assumed
that the AR and MR may have had hemodynamic signifi-
cance even without severe left ventricular dilatation. In-
stead of dilatation there may be increased filling pressure
of the left ventricle. That was the reason why we decided
to perform a complex repair of all valve lesions besides
VSD closure in our patient. The long-term stable sinus
rhythm has been achieved by valvular competence, MAZE
procedure and volumereduction of the atria.

In Hospital Na Homolce we performed 12 operations
on 3-4 heart valves in patients with CHD in the years
2005-2010 [4]. Three of them had TOF. The operation of
3 or 4 valves represented 2.68% of all our operations of
adults with CHD, one patient from this group did not sur-
vive [4].

The hospital mortality in more than 500 operated
adults with CHD in Hospital Na Homolce was 1.54% [4].
This is comparable to other world high volume centers.
Good results are dependent on experience, team co-ope-
ration, and excellent postoperative care. Even with these
good results the decision concerning operation of our pa-
tient was difficult because of the severe state, older age,
and extent of the surgery. The positive approach of our
patient was important. We did not find similar case in the
literature.

Conclusion

The operation of all four heart valves is rare and in con-
nection with complex CHD unique. This high-risk opera-
tion was performed in a severely ill patient with severe

heart failure and pulmonary hypertension. The operation
was successful only due to very experienced surgical and
cardio-anesthesiological team and high level of postope-
rative care. The results of reoperations in adults with CHD
are good in specialized, high volume centers.

The question stated in the title could be answered
Jyes”, it is possible.
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