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Abstract

Introduction: Right ventricular (RV) dysfunction can occur early and late in patients after intracar-
diac repair (ICR) for Tetralogy of Fallots (TOF). This study focuses on early RV dysfunction as
there is limited data on it. Aims & Objective: RV function was studied with respect to its incidence,
course over 3 months, co-relation with peri operative factors and serum iron levels. Material &
Method: All patients of TOF undergoing ICR during July 2007-October 2008, done by single surge-
on at a single centre, were prospectively studied. Patients were divided into group A (with RV
dysfunction) and group B (without RV dysfunction). All patients underwent pre operative & post
operative clinical assessment, biochemical evaluation (serum iron profile & CK MB) and 2D echo-
cardiography (pulse Doppler & tissue Doppler). Echocardiography was done at 24 hours, 4 weeks
& 12 weeks of ICR. Patients were also assessed for intra operative parameters including cross
clamp time, by pass time, acidosis, RV and PA pressures. Results: 24 patients underwent ICR (tran-
sannular patch repair) with mean age of 7.31 * 4.74 years. RV dysfunction was present in 13 pa-
tients (54.2%) but was persistent only in 15.3% (2/13) at 12 weeks. Presence of cyanotic spell (p
= 0.006), recurrent chest infection (p = 0.002), raised heamatocrit (p = 0.02), and rise in serum
iron level (p = 0.002) were significantly associated with post operative RV dysfunction. It resulted
in prolong ICU stay and slower recovery. Pre operative RV dysfunction was associated with diffi-
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cult weaning from bypass and poor post operative outcome (p < 0.001). Conclusion: RV dysfunc-
tion is commonly present even after satisfactory ICR. Its aetiology remains unclear in such setting.
In our study, pre operative clinical profile and serum iron fluctuations were important determi-
nants of post operative outcome.
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1. Introduction

Right Ventricular (RV) dysfunction can occur early & late in patients after intracardiac repair (ICR) for Tetral-
ogy of Fallot (TOF). This study focuses on early RV dysfunction as there is limited data on it [1]-[3].

2. Aims and Objective

RV function was studied with respect to its incidence & course over 3 months, its co-relation with perioperative
factors and serum iron levels. The usefulness of tissue doppler was evaluated for assessment of right ventricular
function.

3. Materials and Methods

All patients of TOF undergoing ICR during July 2007-October 2008, operated by the same surgeon at a single
centre, were prospectively studied. Pre operative clinical and demographic profile was noted for all patients.

3.1. Pre Operative Measurements

All patients underwent trans-thoracic echocardiography and tissue Doppler study within a week before surgery,
in the immediate post operative period, 4 weeks and 12 weeks after intracardiac repair.

3.1.1. 2D Echocardiography

Transthoracic imaging was performed with the patient in the left lateral decubitus or supine position for the su-
prasternal views. Initially routine diagnostic imaging, including color flow mapping, and continuous-wave Dop-
pler recordings were obtained. Pulsed Doppler recordings were made in each patient: 1) pulmonary arterial sys-
tolic and diastolic Doppler characteristics (the pulsed Doppler sample was placed at the midpoint between the
pulmonary valve leaflets and bifurcation), 2) superior vena caval Doppler profile (1 to 2 cm proximal to the right
atrium), 3) transtricuspid valve characteristics (at the level of the tips of the valve leaflets), E- and A-wave ve-
locity/integral, and E-wave deceleration time.

3.1.2. Tissue Doppler

Tissue Doppler imaging (TDI) was used to measure the values of the peak tricuspid ring velocity during systole
(Sa), early diastole (Ea), late diastole (Aa), isovolumetric contraction acceleration (IVA); isovolumetric contrac-
tion velocity (IVV), isovolumetric contraction time (ICT), isovolumetric relaxation time (IRT) of the RV. Tei
index was calculated using the formula: (ICT + IRT)/Ejection Time (ET) [1]. Ea/Aa ratio, E wave deceleration
time (Edt) were also noted.

3.1.3. Definition of RV Dysfunction

Tissue Doppler:

We can measure both systolic & diastolic myocardial velocities using tissue Doppler. Systolic dysfunction
was present if there was decrease in Sa, IVA, IVV at free wall of RV [2] [3]. Diastolic dysfunction was present
when A > E, E/A < 1 or there was a decrease in Edt [3] [4]. Tei index was measure to assess global RV function
[1] [3].

Flow Doppler:

Diastolic dysfunction was present when there was presence of an antegrade diastolic pulmonary flow coin-
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ciding with atrial systole [5] [6].

3.2. Operative Technique

Informed consent was taken from all patients. All operations were performed under standard cardiopulmonary
bypass through median sternotomy. Aorto-bicaval cannulation was performed and patient put on cardiopulmo-
nary by pass. Aorta was cross clamped; all patients were cooled to 28°C. Cold blood cardioplegia was given in
aortic root to arrest the heart. The procedure was performed through right atrium in all cases. Adequate infundi-
bular resection was performed. VSD was closed using PTFE patch sutured in place with interrupted prolene su-
tures. Main pulmonary artery, pulmonary annulus and RVOT were augmented by applying a pericardial patch
wherever required.

Intra Operative Measurements
Aortic cross clamp time, Cardiopulmonary bypass time, mean pH & base deficit during bypass were recorded.
Pressures were measured in RV and PA after coming off the cardio pulmonary bypass.

3.3. Post Operative Measurements

All patients in post operative period were assessed through recovery parameters (ventilator dependence, ICU
stay, chest drain Time, inotrope duration, diuretic requirement).

Biochemical Parameters

Serum iron profile (serum iron, total iron binding capacity, percentage transferrin saturation, ferritin levels) were
measured pre operatively & within 24 hours of ICR. Serum Iron studies were calculated based on revised rec-
ommendation for the measurement of serum iron in human blood [7]. Creatinine phosphokinase isoenzyme type
MB (CK MB) was measured in post operative period as an indirect measure of myocardial injury.

4. Statistics

The pre operative, intra operative and post operative measured parameters were recorded in the proforma & their
relation to post operative RV dysfunction was analyzed statistically by using standard statistical methods. Stu-
dent “t” test was used for normaly distributed continuous variables. For skewed data, non parametric test (Mann
Whitney U/Wilcoxon) was used for analyzing continuous variables. Chi squre test was used for analysis of ca-
tegorical variables. All results were expressed as mean + standard deviation.

5. Results

24 patients were taken up for ICR for correction of TOF between Jul 2008-Oct 2009. 13 patients had evidence
of RV dysfunction in immediate post operative period. The mean age of patients was 7.31 = 4.74 years (2.5
years - 19 years). There were 19 males (79.16%) and 5 females (20.83%).There were no significant differences
in demographic profile of patients developing RV dysfunction in post operative period as compared to those
with normal RV function (Table 1).

The most common clinical feature in patients of TOF was dyspnea on exertion (DOE). It was present in
95.8% (23/24) patients. The prognostic significance of clinical features at presentation to post operative RV
function were correlated (Table 2). It was found that history of recurrent cyanotic spells & recurrent Lower
Respiratory Tract Infection (LRTI) correlated with poor post operative function irrespective of duration of cya-
nosis & DOE. Another important observation was that patients developing RV dysfunction had significantly
higher pre operative hemoglobin as compared to those with no RV dysfunction (Table 2).

Table 1. Demographic profile of patients & its relation to RV function.

Values (N = 24) RV dysfunction (N = 13) No RV dysfunction (N = 11) p value
Mean age (y) 7.31+£4.74 5.92+3.94 8.95+5.25 0.12
Sex profile (M/F) 19/5 9/4 10/1 0.21
BSA (m?) 0.77+0.32 0.66 +£0.19 0.91 +0.40 0.19
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Intra operative factors & their bearing on post operative RV function:

It was found that ACC, CPB time, duration of surgery were not significantly different in patient with RV
dysfunction as compared to those without RV dysfunction (Table 3).

Other associated anomalies:

Two patients had a right sided aortic arch (8.3%) and 2 patients had a left sided persistent SVC draining into
the coronary sinus (8.3%). There was no impact of associated anomalies on post operative RV function (p =
0.06).

Post operative indicator of RV dysfunction:

Thirteen (54.2%) patients had echocardiographic features suggestive of RV dysfunction in post operative period.

Clinical indicator of RV dysfunction:

Patient developing significant RV dysfunction required more ventilation hours & longer inotropic support. As
a result the ICU stay of these patients was also longer as compared to those with no deterioration of RV function
(Table 4).

Biochemical indicator of RV dysfunction:

Pre operative iron profile was comparable in both the groups. In the post operative period, patients developing
RV dysfunction had higher serum iron and transferrin saturation. However, they had a lower transferrin iron
binding capacity (TIBC) as compared to those with no evidence of RV dysfunction in post operative period. It
was also evident that myocardial injury (stress/surgery induced) was more in patients developing RV dysfunc-
tion as indicated by raised serum CK MB levels, as compared to those with no evidence of RV dysfunction in
post operative period (Table 5).

There was a significant difference in pre operative & post operative serum iron, transferrin saturation and
TIBC in patients developing RV dysfunction as compared to patients without RV dysfunction (Table 6).

Table 2. Implication of clinical features on post operative RV function.

RV dysfunction (N = 13) No RV dysfunction (N = 11) p value
Duration of cyanosis (months) 47 + 46.67 68.54 + 62 0.34
Duration of DOE (months) 31.3+22.83 48.54 £ 51.50 0.51
Cyanotic spells 11 3 0.006
Palpitation 11 9 0.63
Recurrent LRTI 8 0 0.002
Pre operative Hb (gm%) 18.31+2.85 15.68 +2.41 0.02

Table 3. Intra operative factors & their relation to post operative RV function.

Parameter Mean (N = 24) RV dysfunction (N = 13) No RV dysfunction (N = 11) p values
Pre operative phlebotomy (n) 1 0 1 0.45
ACC time (min) 128.62 + 26.56 129.53 £ 31.15 127.54 £ 21.35 0.85
CPB Time (min) 192.62 + 49.17 200.07 + 63.15 183.81 + 24.86 0.97
RV pressure (mmHg) 54.62 £ 8.97 53 +£10.84 56.54 £ 6.03 0.13
MPA pressure (mmHg) 39+£9.75 37.38+£12.28 40.90 £5.50 0.10
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Table 4. Post operative indicators of RV dysfunction.

Parameter Mean (N = 24) RV dysfunction (N = 13) No RV dysfunction (N = 11) p values
Ventilation (h) 33.50 +28.05 46.92 + 32.63 17.63+4.54 0.002
Drain time (h) 104.12 + 93.29 122.76 + 112 82.09 + 62.76 0.29

Inotrope duration (h) 53.04 + 34.97 66.30 £ 40.23 35.80 £ 15.76 0.03
ICU stay (days) 379171 4.38+2.18 3.09+0.36 0.05

Table 5. Post operative biochemical profile.

Parameter Mean N = 24 RV dysfunction N = 13 No RV dysfunction N = 11 p value

Serum iron (pg/dl) 74.25 + 36.42 92.62 +39.93 52.55 + 13.48 0.004
Serum TIBC (ug/dl) 379.13+74.88 342.45+71.32 422.45 +55.99 0.006
% Transferrin saturation 21.63 +£14.16 29.28 £15.41 12.59 +£3.19 0.002
Serum ferritin (ug/l) 71.04 £60.01 80.54 + 60.42 59.82 + 60.36 0.41
CPK-MB 82.05+29.14 94.19 £+ 30.15 67.70 £ 21.07 0.002

Table 6. Changes (A) in iron profile predicting RV dysfunction.

Parameter Mean N =24 RV dysfunction N = 13 No RV dysfunction N = 11 p value
A Serum iron (ug/dl) 29.54 +29.73 45.46 + 31.64 10.12 + 10.65 0.002
ASerum TIBC (ug/dl) 77.75 £ 61.88 100.62 + 72.01 50.72 £ 33.24 0.046
A% Transferrin saturation 11.66 +12.21 18.44 £13.15 3.63+2.17 0.002
ASerum ferritin (ug/1) 52.08 + 58.06 60.76 + 60.66 41.81 +55.89 043

Echocardiographic assessment of RV function:

13 patients showed features of RV dysfunction on tissue Doppler analysis. Presence of diastolic dysfunction was
evident as Aa > Ea, Ea/Aa < 1, shorter deceleration time. Presence of significantly less ICT in patients with RV
dysfunction can be explained due to inadequate diastolic relaxation before onset of systole (Table 7 & Table 8).

RV function assessment on follow up is shown with help of graphs below:

After undergoing ICR 11/24 patients on tissue Doppler showed improvement in Aa, ICT, Edt, Tei index,
which continued even at the end of 12 weeks (patients without RV dysfunction). 13/24 patients showed worsen-
ing of these indices immediately following ICR but this subset also showed improvement at the end of 12 weeks
(Figures 1-4).

There were 13 (54.16%) patients who had features of right ventricular dysfunction on echocardiography in the
immediate post operative period. At 4 weeks 5/13 (38.46%) patients with immediate RV restrictive physiology
continued to show persistent RV diastolic dysfunction. At 12 weeks, of the 13 patients with immediate RV re-
strictive physiology who were studied, 3 more patients showed disappearance of antegrade PA diastolic flow
along with tissue Doppler anomalies. Also, 2 (15.38%) patients continued to show persistent abnormalities de-
spite significant clinical improvement (Figure 5).
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Table 7. Tissue Doppler analysis of RV function in post op period.

Tissue Doppler RV dysfunction (N = 13) No RV dysfunction (N = 11) p value
Sa (cm/sec) 10.60 + 3.33 10.11 +2.60 0.70
Ea (cm/sec) 12.24 £ 3.43 13.53+4.09 0.77
Aa (cm/sec) 14.48 £4.72 10.09 + 3.90 0.02
E/A 0.91+0.45 1.40 £0.37 0.009
E wave deceleration time (msec) 62.15+19.32 86.18 + 23.86 0.01
IRT (msec) 38.53 + 16.29 44 +14.71 0.40
ICT (msec) 50.92 + 15.31 67.18 £ 20.16 0.03
Tei INDEX 0.44£0.11 0.47 £0.095 0.38
IVV (cm/sec) 8+299 7.45+231 0.62
IVA (m/sec?) 273+1.18 3.05+1.36 0.55
Table 8. RV function on 2D pulse Doppler in immediate post operative period.
RV dysfunction (N = 13) No RV dysfunction (N = 11) p value
E (cm/sec) 70.73+14.94 80.32 + 20.01 0.19
A (cm/sec) 64.23 + 28.98 64.24 +17.73 0.99
E/A 1.24+0.77 1.27+0.24 0.09
E wave deceleration time (msec) 73.23+£26.10 111.36 £23.23 0.001
IRT (msec) 37.84+12.12 47.36 +£11.99 0.06
ICT (msec) 46.15 + 25.73 66.18 + 20.83 0.05
Tei INDEX 0.36 +0.13 0.40+£0.09 0.50

—&—Flow doppler A in patients with RV dysfunction
= —Tissue doppler A" in pateints with RV dysfunction

——Flow doppler A in patients without RV dysfunction
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Figure 1. Late diastolic velocity trend on tissue (A’) & pulse Doppler (A) echocardiography. Flow
Doppler: At 4 weeks p between groups = 0.08; Tissue Doppler: in post operative period p between

the groups = 0.02; Trend in pt without RV dysfunction: p (pre vs. 12 wks): 0.052.
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—&—Flow doppler ICT in patients with RV dysfunction == Flow doppler ICT in patients without RV dysfunction
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Figure 2. Tissue Doppler & flow Doppler ICT in patients with & without RV dysfunction. Tissue
Doppler: pre op p value between groups: 0.05; Post operative period p between the groups = 0.03;
At 4 wks p value between gps = 0.02; 12 wks p value between groups: 0.02.

—&o—Flow doppler Edt in patients with RV dysfunction = Flow doppler Edt in patients without RV dysfunction
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Figure 3. Tissue Doppler & pulse Doppler Edt & its variation in patients with RV dysfunction.
Flow Doppler: trends in patient with RV dysfunction: p (pre vs. post): 0.049; p (post vs. 4 wks):
0.01; Tissue Doppler: trend in patient with RV dysfunction: p (post vs. 4 wks): 0.005.

—&— Flow doppler Tei index in patients with RV dysfunction ~— Flow doppler Tei index in patients without RV dysfunction
Tissue doppler Tei' index in pateints with RV dysfunction. Tissue doppler Tei' index in pateints without RV dysfunction.
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Figure 4. Pulse Doppler & tissue Doppler derived tei index trend over 12 weeks.
Flow Doppler: Trend in patient without RV dysfunction: p (post op vs. 4 wks):
0.005; p (4 wks vs. 12 wks): 0.007; Tissue Doppler: trend in patients without RV
dysfunction: p (pre vs. post): 0.04; p (4 wks - 12 wks): 0.003.
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COURSE OF RV DYSFUNCTION
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Figure 5. Course of RV dysfunction.

6. Discussion

Intra cardiac repair is the definitive management of TOF. Refinement in surgical techniques, advancements in
anaesthetic & critical care has resulted in improving survival following ICR. Post operative mortality following
ICR is reported between 1% - 5% [8]. Post operative low cardiac output and mortality has been attributed to many
factors such as anatomical defects with small main pulmonary artery annulus, severe hypoplasia or absent right
or left pulmonary artery, ventriculotomy and right ventricular (RV) outflow patch, myocardial hypoxia during
cardiopulmonary bypass, or ARDS [9]. Certain patients despite satisfactory ICR exhibit difficult post operative
course which is characterised by prolonged ventilation & inotropic support. These patients have been identified
to exhibit features of RV dysfunction (low cardiac output, high central venous filling pressure, increased ino-
tropic requirement, and prolonged ventilation). Identification of risk factors to characterise this subset of patients
allows for better allocation of hospital resources, improved outcome, and substantially reduced hospital costs.

We have tried to identify the risk factors associated with development of RV dysfunction & its course over a
period of three months in patients of tetralogy following ICR.

Incidence of RV dysfunction:

It has been shown that RV dysfunction in the immediate post operative period is characterized by features of
restrictive physiology on Doppler echocardiography (presence of an antegrade diastolic pulmonary flow coin-
ciding with atrial systole) [5] [6]. Its prevalence in the literature ranges from 28% to 63% [3]-[6] [10]. In our
study, with an intermediate post operative follow-up of 3 months, 54.16% of the patients had RV dysfunction
(restrictive physiology) immediately following ICR. The high incidence in our study can be explained due to the
following reasons:

* The use of a transannular patch, in all patients, in the study: It has been seen that there is a correlation be-

tween this technique and the appearance of anterograde diastolic flow in the pulmonary artery [9] [11].

* Use of tissue Doppler (along with 2D pulse Doppler) to assess RV function which is more sensitive than 2D

pulse Doppler [1]-[3] [12].

Pre operative factors & their relationship to RV dysfunction:

Demographic profile of patients developing RV dysfunction:

Age:

Repair at early age has been shown to reduce post operative RV dysfunction due to chronic hypoxia and pres-
sure loading, which leads to formation of substrate in myocardium that is responsible for arrhythmias and dia-
stolic dysfunction in patients undergoing late repair [13]. It has been seen that significant RV remodeling oc-
curs if repair is carried before 6 months of age [14]. It has been proposed on basis of microscopic examination
that irreversible changes set in by 4 years of age, therefore it is best to carry repair before 3 years of age [15].
The above mentioned studies suggest that repair carried out before 3 years of age may lead to regression of myo-
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cardial changes but best functional outcome being achieved before 1 year of age when changes are just begin-
ning to set in. In our study the mean age of patients with RV dysfunction was 5.92 years as compared to 8.95
years in patients without RV dysfunction (Table 1). This paradox is similar to that reported in other studies [4]
[6] [10]. Therefore beyond 3 year age, background of irreversible changes, “age” may have decreasing influence
on post operative outcomes.

Clinical features & RV dysfunction:

The relationship of clinical features was studied with respect to post operative course.

Influence of cyanosis & its severity on RV function:

83.3% (20/24) of patients were cyanotic while 16.7% (4/24) were acyanotic at admission. It has been seen in
various studies that cyanosis has detrimental effect on myocardium, its metabolism & surgical outcome [16]
[17]. This can also be seen from our study, that patients with RV dysfunction in post operative period were more
cyanotic as their mean haematocrit was significantly more as compared to patients with no RV deterioration
(57.60 vs. 47.04; p = 0.02).

On the other hand cyanosis itself is not the only determinant of post operative RV dysfunction as 50% of
acyanotic patient (2/4) also had RV dysfunction in the post operative period.

Cyanotic spells:

Cyanotic spell has been related with post operative ventricular dysfunction in some studies [18] [19]. Lorgeril
et al. found cyanotic spell in 46% of patients & found its significant impact on the left ventricular function 19,
while in our study it was found in 58.3% of patients & was significantly associated with post operative RV dys-
function.

Pre operative hemoglobin:

Morbidity & mortality following ICR is directly related to the severity of the disease (TOF) being treated. A
haemoglobin level more than 18 has been associated with severe disease in literature [19]. In our study also pa-
tients with post operative RV dysfunction had mean Hb of 18.31 gm% as compared to 15.68 gm% in patients
without RV dysfunction thereby signifying presence of severe disease in the former group.

Recurrent LRTI:

Cobanoglu et al. observed relatively high mortality following ICR in patients of TOF with recurrent respira-
tory tract infection in their study [20]. They related this to poor pulmonary function as a result of frequent in-
fections. They did not correlate it with myocardial function. The association between restrictive physiology &
recurrent respiratory tract infection has not been reported. It was observed in our study that patients with pro-
longed post operative course, had history of recurrent lower respiratory tract infections as compared to patients
with normal post operative course. The association was statistically significant. The exact mechanism responsi-
ble for poor post operative RV function & its outcome still remains to be elucidated. We believe that recurrent
hypoxia & re oxygenation leads to production of free radicals in pulmonary circulation. These free radicals on
reaching the heart causes damage of predisposed myocardium which is not well equipped to deal with oxidative
stress in setting of TOF [21]. The detrimental effect of cyanotic spell (precipitated by these infection) on myo-
cardium may also be a cause of the RV dysfunction as discussed earlier. Further study, investigating the rela-
tionship of respiratory tract infection symptoms and its functional impact on outcomes after repair of TOF, may
be interesting to pursue.

Intra operative factors & relation to post operative RV function:

All patients underwent transannular patch repair. Therefore impact of type of surgery to post operative RV
function cannot be commented upon in this study.

There was no significant difference in ACC, CPB time and total duration of surgery in patients with and
without RV dysfunction (Table 4). Similar results were also given in other studies [4]-[6] [10] on post operative
RV dysfunction.

Complication:

There were 3 mortalities in the post operative period. Two patients had severe cyanosis on admission, with
arterial saturation between 65% - 79%. All three patients had evidence of diastolic dysfunction on pre operative
echocardiography. These patients had difficulty in weaning from bypass & required heavy inotropic support
while coming off bypass. All of them had low output syndrome & showed evidence of persistent diastolic dys-
function in the post operative period. 2 patients expired after 24 hours while the third patient expired after 48
hours of advanced critical care. During surgery, one of these patients was required to be taken back on CPB due
to high RV pressure as a result of residual RVOT obstruction (repair was revised).
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There was another patient who was required to be put back on CPB for residual RVOT obstruction resulting
in high RV pressure. This patient developed RV dysfunction and recovered with help of longer ventilatory and
inotropic support.

Biochemical indicator of RV dysfunction:

In the only study of its kind Chaturvedi et al. [22] found that restrictive dysfunction in post operative period
was associated with greater intra operative myocardial injury and post operative oxidative stress with severe iron
loading of transferrin. They had shown a positive correlation between iron concentration, trop T level & post op-
erative RV dysfunction. We did iron profile in all patients of this study and found that there was a decrease in
TIBC, increased serum iron levels, increased transferrin saturation, and increases CK MB levels in patients de-
veloping RV dysfunction following the repair (Table 5).

The acute-phase response of systemic inflammation due to cardiopulmonary bypass includes a fall in total
iron-binding capacity and transferrin that has been attributed to extravasations of these proteins [23]. A pattern
of iron overload (bypass related haemolysis, mobilization of tissue iron into the vascular compartment after
ischemia, and cardiomyocyte necrosis liberating myoglobin and other intracellular proteins containing iron) su-
perimposed on this acute-phase response result in increase in availability of free iron which acts as catalyst for
free radical production [24] [25]. The decrease in TIBC along with increase in serum iron results increase in
availability of free iron even though mean levels of serum iron approached high normal values in our study. Fer-
ritin is acute phase reactant protein, whose levels increases during inflammation [26]. The uniform inflammatory
response to stress of cardiopulmonary bypass may explain significant rise of ferritin in both the groups despite
iron overloading in patient with RV dysfunction only. Therefore there was no statistical significant difference in
mean serum ferritin levels in patients with & without RV dysfunction in post operative period (p = 0.41). TOF
myocardium has diminished antioxidant defences and is vulnerable to free radical-mediated injury [21]. There-
fore free radical induced myocardial damage may also contribute to impaired RV function.

The CK MB levels were significantly raised in patients developing post operative RV dysfunction (Table 5).
This indicates that myocardial damage in patients following ICR was significantly more in patient with RV
dysfunction as compared to patients in the normal post operative course.

Thus patients destined to develop acute RV diastolic dysfunction with restrictive physiology, suffer more in-
trao perative myocardial injury and subsequent oxidative stress which may be related to increased iron concen-
trations.

Assessment of RV function: Tissue Doppler vs. flow/pulse Doppler:

MRI is a gold standard for assessment of right ventricular function [27]. However, MRI has restricted availa-
bility, is costly, and there are many patients in whom MRI—non compatible devices prohibit its use. It has been
shown, that on principle tissue Doppler is more sensitive than pulse/flow Doppler as it measures myocardial ve-
locities rather than flow dynamics [1]-[3]. Its usefulness in the assessment of ventricular function, with and
without heart diseases, has recently been reported [1]-[3]. Systolic annular velocity (Sa), isovolumic velocity
(IVV), isovolumic acclerration (IVA) have been shown to be measure of systolic function [1]-[3] whereas early
diastolic velocity (Ea), late diastolic velocity (Aa), Ea/Aa ratio & E wave deceleration time (Edt) are measure of
diastolic function [3] [4]. In our study flow Doppler analysis confirmed the presence of antegrade diastolic flow
in all 13 patients showing dysfunction on tissue Doppler. Pulse Doppler analysis did not depict evident diastolic
dysfunction seen on tissue Doppler except for decrease in Edt in all these 13 patients. Tissue Doppler, being
more objective method than depiction of antegrade diastolic flow on flow Doppler (require experience), is likely
to become preferred modality for RV assessment.

Prognostic value of pre op RV dysfunction:

Restrictive RV physiology can occur both early and late after repair [5] [28]. It is not known whether this is
the same phenomenon and whether the same anatomical substrate is involved. Diastolic dysfunction may indi-
cate more ischemic myocardium and thus greater extent of muscle susceptible to reperfusion injury or ischemic
insult. Denault et al. have shown in their study in adult patients that diastolic dysfunction is predictive of diffi-
cult weaning from Cardiopulmonary Bypass [29]. In our study 8 of the patients had echocardiographic finding
suggestive of diastolic dysfunction pre operatively. All of these 8 patient required increased inotrope while
coming off bypass, as against the other 16 patients (4 + 0.92 vs. 2.62 + 0.62 p = 0.001). There were 3 mortalities
in immediate post operative period. All of three patients demonstrated pre operative RV dysfunction

Course of RV function:

There were 13 (54.16%) patients who had features of right ventricular dysfunction on echocardiography in



R. S. Singh et al.

immediate post operative period. At 4 weeks 5/13 (38.46%) patients with immediate RV restrictive physiology
continued to show persistent RV diastolic dysfunction. Of these 5 patients, 4 were in modified ross [30] class Il
while 1 was in class I11. All patients without RV restriction were in modified ross class I. At 12 weeks, only 2
(15.38%) patients continued to show persistent abnormalities despite significant clinical improvement. There
was no patient developing RV dysfunction following normal post operative course (absent RV restriction fol-
lowing ICR and developing it on the follow-up echocardiographic study). Hence transient restrictive physiology
seen following ICR, resolved in 61% (8/13) of cases by 12 weeks whereas in 15.38% (2/13) of cases it persisted.
3 mortalities in immediate post operative period were excluded from follow up analysis at 4 weeks. The inci-
dence of early RV dysfunction has been reported between 28% - 63% in various studies [3]-[6] [10]. It is possi-
ble that the widely different age groups of the patient populations in the different studies are responsible for
these discrepancies in observation.

Clinical implication:

The right ventricular dysfunction developing following ICR is responsible for slow post operative course &
prolongs recovery. Pre operative right ventricular diastolic dysfunction could represent an additional marker to
identify populations at higher risk of requiring vasoactive support and potentially adverse clinical outcomes of
difficult weaning from by pass & increase post operative mortality.

7. Conclusions

1) RV dysfunction is commonly present even after satisfactory ICR. It is transient and resolves in maximum
number of patients over 12 weeks.

2) Its aetiology remains unclear in such setting. In our study pre operative clinical profile, VSD size, and se-
rum iron fluctuations were important determinants of post operative outcome.

3) Tissue Doppler is a sensitive means to assess RV function.

8. Limitation of Study

1) Relatively small sample size.
2) Intermediate follow-up of 3 months.
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