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Postcrdiotomy Heart or Heart/Lung
Assist Experiences in Children

Jae Jin Han, M.D.*, Tom R Karl M.D.**, Roger B.B. Mee F.R.A.C.S.™**

From April 1989 to December 1993, total 39 patients who were unable to be weaned off CPB or
expected fatal immediate-postoperatively, were treated with ventricular assist device(VAD) or extrac-
orporeal membrane oxygenator (ECMO) at the Royal Children’s Hospital, Melbourne. Ages ranged
from 3 days to 19.4 years old and body weights from 2.0kg to 70kg. Twenty-seven (69.2 %) of 39 pat-
ients were weaned to be decannulated successfully and sixteen(41.0 %) survived to hospital discharge
and late survival rate was twelve (30.8 %) of 39 patients. The total follow-up period was 4 to 56 mon-
ths (32.92 + 20.77months) and most of the late survivals showed good myocardial recovery state.
From the viewpoint of the assist modality, 29 patients were treated with VAD and among them, 23
were weaned from assist successfully, but among the 8 ECMO patients, only 3 could be weaned, and
both modalities were performed to the 2 patients with one weaned. The total duration of assist was
from 8 to 428 hours and there was a significant difference between hospital discharged group and hos-
pital death group, which were 83.13 & 31.29 hours vs 147.52 + 112.03 hours (P=0.032). Conclusively,
at the critical postcardiotomy situation of the paediatrtc patients including various congenital complex
diseases and procedures, we can choose this VAD or ECMO treatment strategy as the reasonable life
saving way except transplantation.

(Korean J Thoracic Cardiovas Surg 1994 ; 27:977-83)
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INTRODUCTION nowadays the technique of LVAD has been considered as

essential requisites for the adult cases especially coronary

A variety of life supporting devices and techniques have surgery'™>. Moreover, in the congenital cases, the reports
been used for the failing heart after cardiac operation and of postcardiotomy support experience —mainly by using
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Table 1. Age distribution with survival data.
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Table 3. Indication for Support.

Age No. weaned  discharge late survival No. weaned  discharge late survival
~ Imonth 8 3 2 2 Unweanable from CPB 29 21 12 8
2~ 3months 11 6 6 3 Cardiac arrest in [CU 6 3 2 2
4~ 6months 2 2 1 1 Deterioration in ICU 4 3 2 2
7~ 12months 2 2 1 1 Total 19 27 16 12
lyr~ Syrs 9 8 4 3 _ )
>6yrs 7 6 2 2 Abbr) CPB: Cardiopulmonary bypass

Table 2. B.Wt distribution with survival data.

Age No. weaned  discharge late survival
<5kg 17 7 6 3
5~ 10kg 10 10 6 5
> 10kg 12 10 4 4

the technique of ECMO —were increasing® ”. We had rep-
orted the early experiences of 12 LVAD cases with 6 sur-
vivals in the paediatric cardiac operations”. In this article,
we described our treatment strategy for the failing heart
after congenital cardiac operations and clinical results
about 39 patients who had needed persistent circulatory or
circulatory/respiratory support after various complicated

cardiac operations.
PATIENTS AND METHODS

Between April 1989 and December 1993, 39 patients
were treated with VAD or ECMO at critical state after
open heart surgery. With the medical records, we analysed
the survival rate according to the age, body weight, assist
mode, indication of assist and diagnosis with surgical proc-
edures, and the comparison of the hospital survival and
non-survival group for the age, body weight, CPB time,
ischaemic time and duration of assist, was done using the
t-test with P<<0.05 significance, and also assessed the actu-
arial survival curve of all the patients. The patient’s age
were from 3 days to 19.4 years(39.82 + 65.91 months) and
body weight were 2.0 to 70kg(14.58 + 18.31kg) (Table 1,
2).

By indication, the 29 patients were unable to come off

CPB after open heart surgery even if adequate medication,

ICU: Intensive care unit

and the other 10 patients were progressively deteriorating
(n=4) or cardiac arrest with or without CPR (n=6) in ICU
after operation(Table 3).

The original diagnosis and operative procedures in-
cluded various complex congenital heart anomalies and
complicated procedures.

Shone'’s complex patients had the stenotic lesion at the
left heart(usually mitral valve anomaly, LVOTO, aortic
stenosis and arch anomaly etc.), so expected perioperative
LV myocardial dysfunction (Table 4).

The decision making of VAD or ECMO was done at the
critical stage with preference to the VAD after considering
the haemodynamics (LAP, RAP), the extent of the surgical
correction, pulmonary (oxygenation) state, or sometimes
intra or postoperative echocardiographic evaluation.

29 patients were supported by VAD, 8 patients by
ECMO, and 2 patients were supported by both modes(T-
able 5).

The procedures of LVAD was described precisely at the
former report”. When we applied ECMO, we added the
oxygenator, heat exchanger and hemofilter to the circuit
and maintained the ACT level more higher than VAD. All
the patients were cannulated through the original sternal
wound and usually used aortic cannulae with former one
(Argyle aortic cannulae) and venous cannula with
Rygg-Kyusgaard right angle atrial cannula through the jun-
ction of right upper pulmonary vein and left atrium for
LVAD or through the right atrial appendage for ECMO
or for the univentricular assist devise in the case of univ-
entricular palliative operation.

The cannulae were exited through the sternotomy woun-
d or inter or subcostal separate incision and the sternal

wound was frequently closed by only skin layer or Goretex
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Table 4. Operative diagnosis/procedure with survival data.

No. weaned discharge late survival
ALCAS 3 3 3 3
TGA :switch operation 3 1 1 1
T-B+arch hypoplasia: switch+arch repair 1 1 1 1
HLHS : Norwood 1. 4 2 1 1
Transplantation 4(1)* 3 1 1
Bridge on VAD 1)+ Bridge 0 0
Shones Cplx varieties : correction 9(1)* 8 4 1
CAVC with valve anomaly : correction 3() 0 0 0
Bacterial endocarditis : valve opx. 31 3 3 2
c¢TGA +Ebstein: double switch with TVR 1 1 1 1
Truncus 1 0 0 0
DKS+APS 1 1 0 0
Arch repair+PAB 1(1)* 0 0 0
Conversion to switch 1 1 0 0
DORV:correction 1(1)* 1 1 1
UVH :Fontan 1(1)* 0 0 0
UVH :BCPS 1 1 0 0

(1)*: ECMO support, (1)*: Bi-mode support

Abbr) ALCAS : Anomalous origin of left coronary artery syndrome, TGA : Transposition of the Great Arteries, T—B:Taussing-Bing anomaly

CAVC: Common Atrio-Ventricular Cannal, C-—TGA :Corrected TGA, DKS: Daymus-Kaye-Stansel,
BCPS : Bidirectional Cavopulmonary Shunt,
DORYV : Double outlet of right ventricle

PAP : Pulmonary Artery Banding, UVH: Univentricular Heart.

TVR : Tricuspid valvular replacement,

membrane closure. We used assist device with Biomedicus
centrifugal pump and for ECMO, the Avecor (formally
Sci-med) ECMO
heat-exchanger (Fig. 1, 2).

After getting the full flow of the assist device (150 ml/kg/
min for patients under 10kg body weights or 2.51/min/m?

oxygenator and Avecor therm

of the body surface area for patients over 10kg body weig-
hts) and stable haemodynamic parameters (systemic arterial
pressure, left atrial pressure, right atrial pressure, pulmon-
ary artery pressure) with adequate oxygenation, the patien-
ts were moved to ICU.

In ICU, ventricular contractions and filling pressures
were maintained for the adequately fully assisted states
(usually left atrial pressure 3~5mmHg, right atrial press-
ure < 10mmHg) with colloidal volume adjustment and inot-
ropics (minimal dose) and vasodilator.

We keep the activated clotting time 130~ 140 seconds
for VAD and 160~ 180 seconds for ECMO with continu-
ous infusion of heparin and if needed, we give the patient
platelets. After a period of full support (usually 1 or 2 days
interval), we try to wean off the VAD or ECMO for the

APS : Arteriopulmonary Shunt
VAD ' Vantricular assist device

Table 5. Assist modes with survival data.

No. weaned  discharge late survival
VAD 29 23 14 10
ECMO 8 3 2 2
Mixed 2 1 0 0
Total 39 27 16 12

Abbr) VAD : Vantricular assist device
ECMO : Extracorporeal membrane oxygenitor

evaluation of myocardial recovery by means of heam-
odynamic parameter (adequate systemic arterial pressure,
left atrial pressure < 8~10mmHg, right atrial pressure <
12~15mmHg) and echocardiogram with volume challan-
ge.

If the patient shows stable haemodynamic and clinical
status on minimal flow for the circuit (200ml/min) for 1 or
2 hours, we decannulate and perform sternal closure in the
operation room.

On ECMO, the ventilator was maintained low ventilator
rate (5~ 15/min), reduced FiO:(0.21), minimum peak inspir-
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Fig. 1. VAD circuit in Royal Children Hospital.

Abbr) ECMO: Extracorporeal membrane oxygenitor
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Fig. 2. ECMO circuit in Royal Children Hospital

atomy pressure to move the chest with positive end-expira-
tory pressure (5~ 15cmH:0).

RESULTS
Survival Data

Total 39 patients were supported with VAD or ECMO
after cardiac operation for the duration of 8 hours to 428
hours (mean = 121.10 + 91.97hrs.) and 27 patients could be
weaned off VAD or ECMO successfully (69.2%) and 16
patients among them could be discharged (41.0 %). After 4
months to 56 months (mean = 32.92 + 20.77 months) of fol-
low-up, the 12 patients that survived (30.8 %), mostly show-
ed good recovery states.

There were 8 neonatal patients with only 3 weanable

from assist (Table 1) and among the 17 patients who weig-
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Table 6. Comparison between hospital discharged & undis-
charged group.

Discharge (n=16) Undischarged (n=23) P.valve

2932+ 53.54 47.13+ 7490 0.420
12.05+ 1435 1635+ 21.11 0484
240.63+£156.72 245.70+126.80 0912
70.56+ 39.62 9335+ 66.50 0.228
83.13+ 3129 147.52+112.03 0.032

Age (month)

Body weght(kg)
CPB time(min)
Ischemic time(min)
Duration of Assist(hour)

Abbr) CPB: Cardiopulmonary Bypass

hed less than Skg body weights only 7 could be weanable
from assist (Table 2).

All the patients were reassessed by the indication of as-
sist, original diagnosis with operation, and the assist mode
according to the number of weaning from assist, hospital
discharged patients, and the late survival(Table 3, 4, 5).

Among the 29 patients who could not come off CPB
after operation, 21 patients could be weaned from assist
device successfully but only 12 were discharged from hos-
pital(Table 3).

From the point of diagnosis and operation procedures,
all 3 anomalous origin of left coronary artery syndrome
who were repaired by intrapulmonary tunnel technique
and needed LVAD for coming out of CPB were survived
and showed excellently improved myocardial function on
follow-up.

There were 5 transplantation patients with 3 weaned
from assist device, and 21 patients who received total cor-
rective repair for complex congenital disease with 13 wean-
ed from assist device, and 7 patients done by palliative op-
eration for the complex congenital disease with 4 weaned
from VAD/ECMO. Three patients who were done by val-
vular operation because of acute bacterial endocarditis
with valvular dysfunction were treated with VAD/ECMO
and appropriate antibiotics with good results(Table 4).

We compared the hospital survival with non-survival
group in Table 6, and there was nearly no difference of
CPB time. However, the age and body weight of the patien-
ts and ischaemic time showed difference without statistical
significance and the duration of assist time showed statisti-
cal difference between two groups. Using plotting survival

with duration of assist, there was low survival chance after
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Fig. 3. Duration of Support(means=83 + 31 vs 147 £ 112, p=.
03)

5 days of assist (Fig. 3).
Complications

Fifteen patients needed re-exploration (sometimes several
times) for bleeding control or evacuation of the haema-
toma from the pericardial space after commencement of
VAD/ECMO. Definite sepsis developed in 10 patients and
4 patients died. There was some clinical suggestion of CNS
thrombosis or haemorrhagic events during assist periods
and one autopsy finding of cerebral infarct, but all the sur-
vivals showed no significant neurologic complication nor
sequelae.

There were two cases of pump head failure during assist

and they were changed without problem.
Cause of Death

Most of the 12 patients who were not able to come out
of assist device, were considered not to have recovered
from myocardial damage, or intolerable anatomic correc-
tion for survival. Among the 27 patients who could be
weaned from assist device, 11 patients died in hospital be-
cause of sepsis(n=4), persistent marginal low cardiac out-
put with multiple organ failure (n=3), sudden deterio-
cardiac arrest(n=3) after removal of
VAD/ECMO. The 4 late deaths were due to sudden arrest

(n=2), lung infection (n=1), and unknown cause (n=1).

ration or

Follow-up

The 12 late-survivals were followed up for the duration

Abbr) VAD Vantricular assist device EOM): Extracorporeal membrane oxygenitor
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Fig. 4. Actuarial Survival Following Initiation of Vad or Ecmo

of 4-56 months (mean=39.92 + 20.77months). All the sur-
vivals showed excellent recovery of ventricular function
and well growing state with completely corrected state or
waiting for the next stage operation, except 2 patients who
suffered from mild fluctuating symptoms and signs of hear-
t failure due to original complexities of the discases and

procedures.
Discussion

Even though the rapid improvement of postcardiotomy
circulatomy support and clinical results, there are still
some controvercies, and one of them was about the pedi-

% And as a matter of fact, many centers

atric cases
choose the ECMO as the first choice for the pediatric case
for the reason that the frequent development of right heart
dysfunction associated with pulmonary hypertension or
combined left and right heart failure after operation™~'",

However we have tried to treat the pediatric postcardiot-
omy heart failure cases with our criteria of the choice for
VAD or ECMO since 1989, and total 39 patients were
needed VAD or ECMO after open heart surgery and
among them VAD-alone cases were 29(74.4%).

And considering the overall clinical results, the weaning
success rate and hospital discharge rate were 69.2% and
41.0% respectively, it was nearly as same as the other cen-
ters of ECMO preference for the pediatric cases™ """

The VAD has some advantages over ECMO (1, the cir-
cuit is more simple, (2) the less heparine is needed, so that

the bleeding complication is much less, (3) the oxygenator
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is not needed, so that less hemolytic complication make
the assist duration longer without blood trauma theoretic-
ally, @ the decompression effect of the systemic ventricle
is more definite.

So we choose the VAD as the first choice when we met
the postcardiotomy failing heart except the cases that more
severe right heart failure was expected or in the case of
VAD alone with the results of poor oxygenation or low
cardiac output due to right heart failure or poor pulmon-
ary conditions.

During the VAD alone, we considered of right heart fun-
ction, so we continued to give some dose of inotropics and
volume treatment to keep the right atiral pressure and rig-
ht ventricular function properly.

And our results showed that the case selection for the
ECMO or VAD in the pediatric patients is needed as well.

The difference of weaning success rate of ECMO and
VAD in our results{(37.5% (3/8) v.s. 79.3% (23/29)) shows
that biventricular failure could be the risk factor”(Table 5).

The indications for mechanical support were mainly the
cases (29/39) that couldn’t be weaned from CPB after open
heart surgery. Others were sudden cardiac arest during the
immediate postoperative course in 6 cases, and acutely det-
eriated in 4 cases. When we want to apply the mechanical
support for the postoperation failing heart, the adequacy
of anatomic correction and the reversibility of myocardial
dysfunction caused perioperatively, were to be considered
together. The anomalous origin of left coronary artery syn-
drome was a good candidate for the LVAD after repair, so
that all the cases were successfully weaned and showed ex-
cellent recovery'* .

The other indications of LVAD rather than ECMO coul-
d be based on the idea that the corrected heart needed left
ventricular training in some meaning, for example, arterial
switch operation for TGA'”, TAPVR with small LV, Shon-
e’s complex, double switch operation, conversion to
switch---etc.

Other interesting results were the case of palliative oper-
ation that was shunt-dependent pulmonary blood flow
with univentricular assist (UVAD);there were 4 cases of
Norwood operations of hypoplastic left heart syndrome
and two of them could be weaned from VAD and one pat-

ient survied to the next stage operation.

o2} %]
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Other palliative cases were Damus-Kaye-Stansel pro-
cedure with aorto pulmonary shunt and Bidirectional cav-
opulmonary shunt with successful weaning from UVAD
but no late survival.

Valvular disease and transplantation were also con-
sidered left ventricular dysfunction more frequently signig-
icant rather than right ventricle.

Other complete AV canals with right and left atrio-ven-
tricular valve dysfunction, DORV with small RV and right
ventriculotomy cases were thought to be needed right side
assist also, so ECMO should be chosen rather than
LVAD.

Although the age, body weight, CPB time, ischemic time
could not show the statistical significant difference between
hospital survival and non-survival group, among the 17
patients less than 5kg body weights, only 7 were weaned
from assist, but among the 22 over 10kg body weights, 20
patients were weanable from assist (Table 2, 4).

The duration of assist for the hospital discharge group
were significantly less than undischarge group, that means
if the myocardial function was revovered and could be
weaned from assist within about 3 or 4 days, the survival
rate was high, and if the assist was needed beyond that per-
iods, the hospital survival chance was signigicantly low
(Fig. 3)"

Conclusively, the salvage rate of postcardiotomy deterior-
ating heart in the pediatric patients were 36% of 1 year
actuarial survival rate in the cases of nearly 100% death
was expected without mechanical support at the intra-or
postoperative critical states(Fig 4). And the pediatric pat-
ients could be also selected for the VAD or ECMO case by

case.
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