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Abstract

Objective: This study aims to assess and compare the early and long-term effects of extracardiac

conduit (EC) and lateral tunnel (LT) in patients with a functional single ventricle through meta-

analysis.

Design: A systematic search was performed in PubMed, Embase, Cochrane Library, CNKI, VIP,

CBM, and WanFang databases for papers that were published until August 1, 2016. Cochrane

systematic review method was used for paper screening and information retrieve, and RevMan

5.3 software was applied for the meta-analysis.

Results: Data for 10 studies with a total of 3814 patients were retrieved. The advantages of EC

comparing to LT include: lower 30 day postsurgery supraventricular arrhythmia incidence (Relative

Risk [RR]50.31 [0.17, 0.55], P< .001), lower protein loss enteropathy incidence (RR50.33 [0.11,

0.96], P5 .04), and requiring no cardiopulmonary bypass. However, the chest drainage time was

longer (mean difference [MD]51.99 [1.83, 2.15], P< .001) in EC. There were no significant differ-

ences in early postoperative mortality, long-term mortality, long-term arrhythmia, Fontan

takedown, ventilator-assisted ventilation, ICU stay, thrombosis, pleural effusion, and pericardial

effusion between EC and LT.

Conclusions: EC had a lower incidence of supraventricular arrhythmia (30 days after operation)

and the rate of protein losing enteropathy than LT, and requiring no cardiopulmonary bypass.

These show that EC has an advantage over the LT in patients with a functional single ventricle.

K E YWORD S

extracardiac conduit, Fontan procedure, functional single ventricle, lateral tunnel

1 | INTRODUCTION

Fontan procedure is a palliative surgical procedure first used in the

treatment of tricuspid atresia in 1968.1 Today, the Fontan procedure

and its modifications are standard palliation in patients with single ven-

tricle physiology. Extracardiac conduit (EC) and lateral tunnel (LT) are

the 2 mostly used Fontan procedures for total cavopulmonary connec-

tion (TCPC).2 EC directly connects the inferior vena cava and the pul-

monary artery through an external canal; while LT uses artificial blood

vessels or pericardial flap to drain the blood from inferior vena cava to

the superior vena cava, along the longitudinal ridge in the atrium.3 The

EC approach is relatively easy to perform and it can be performed in

constrained anatomical conditions even during heart beating; and it

requires less atrial suture lines, shorter aortic occlusion time, and

shorter extracorporeal circulation time.4–6 However, EC operation has

the disadvantages of poor fenestration condition, poor matching of

tube graft after patient has grown up that caused by lack of growing

potential of artificial blood vessels or allogeneic blood vessels, and may

require reoperation in some cases.7 In the LT approach, the advantages

are the growing potential and the simple fenestration procedure, which

can be clinically difficult on EC (especially for the patency).8 Fenestra-

tion on the LT barrier is suggested to reduce postoperative complica-

tions, such as postoperative low cardiac output, pleural effusion,

pericardial effusion, ascites, and protein loss enteropathy (PLE).9,10
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However, the atrial incision and excessive suture lines in the atrium

may increase the incidence of postoperative arrhythmia.11,12 The thin

layer of atrial tissue may lead to atrial bulging and deterioration of

hemodynamics in the context of high pressure blood flow.13 The EC

and LT Fontan operations are different in their advantages and disad-

vantages.14,15 In this study, we aimed to systematically analyze and

evaluate the effect of EC and LT on patient with a functional single

ventricle, in terms of early postoperative mortality, long-term mortality,

and complications.

2 | METHODS

2.1 | Searching strategy

A systematic search was performed in PubMed, Embase, Cochrane

library, CNKI (China national knowledge infrastructure), VIP (China Sci-

ence and Technology Journal Database), WanFang database for papers

that were published until August 1, 2016. “Fontan,” “modified Fontan,”

“total cavoplumonary connection,” “intracardiac lateral tunnel,” “intra-

atrial tunnel,” “lateral tunnel,” “extracardiac conduit” were used as

search terms.

Search strategy of combined text and MeSH terms was performed

depending on the requirement of databases. Corresponding authors

were contacted by telephone or emails for supplemental information

when necessary.

2.2 | Inclusion and exclusion criteria

All cohort studies or case-control studies were included. Patients with

complex congenital heart diseases in need of surgical intervention

were included, without restrictions on the age, race, nationality, or sex.

EC was considered as experiment group and LT as control group

regardless of intraoperative fenestration or surgery staging. The out-

comes included: (1) mortality rate: early mortality, long-term mortality,

and Fontan takedown; (2) surgical-related events: extracorporeal circu-

lation time, aortic occlusion time, mechanical ventilation time, chest

tube drainage time, intensive care unit (ICU) time, total hospital stay;

(3) surgical complications, such as arrhythmia, PLE, thrombosis, pleural

effusion, and pericardial effusion. Studies were excluded if they: (1)

used unclear surgical intervention; (2) performed a secondary surgery

after Fontan; (3) were written in languages other than English or Chi-

nese; (4) had no control group; (5) significantly differed between impor-

tant features and baseline data; and (6) had no outcome measures.

2.3 | Information extraction and evaluation

All articles were reviewed by 2 independent reviewers to screen titles

and abstracts on the basis of predefined inclusion criteria. The full-

texts of the eligible articles were reviewed.

The information extraction form were designed, including (1) gen-

eral information, including the title, author, year, source, and study

design; (2) detailed information on the sample, including the number of

patients in each group, characteristics, and baseline information of

patients; (3) interventions, including surgical window and staging; (4)

outcome measures.

The Newcastle-Ottawa Scale (NOS) was used for quality evalua-

tion.16 The studies were scaled from 0 to 9, including 4 points (4 items)

for target population, 2 points (1 item) for group comparison, and 3

points (3 items) for outcome measures. Studies of more than 6 points

were considered as high quality.

Two reviewers extracted and compared information of all included

articles and evaluated all the studies. When they disagreed with each

other, disagreements were either discussed to reach a consensus

between the 2 reviewers or decided by a third reviewer.

2.4 | Statistical analysis

Meta-analysis was performed using RevMan5.3 (Cochrane Collabora-

tion). Odds ratios (OR) and relative risk (RR) with 95% confidence inter-

val (CI) were used to present dichotomous data for case study and

cohort study, respectively. If outcome measure was 0, risk difference

(RD) was used. Continuous data were presented in mean difference

(MD) or standard mean difference (SMD) with 95% CI. The chi-square

test was used for heterogeneity analysis between groups, and hetero-

geneity was assessed by I2.17 If P> .1 and I2<50%, the fixed effects

model was used; otherwise, the heterogeneity was assessed to deter-

mine whether random effects model can be used. If there was obvious

heterogeneity, descriptive analysis was used. I2<25% was considered

as of low heterogeneity, 25%-70% was of mediate heterogeneity and

>70% was of high heterogeneity. P< .05 was considered as statisti-

cally significant.

3 | RESULTS

3.1 | Characteristics of patients

There were two hundred thirty-nine English articles and three hundred

eighty-eight Chinese articles were initially identified (Figure 1). All of

the 10 articles18–27 that were finally included in the systematic review

were retrospective cohort studies written in English languages. All the

references of included studies were reviewed, however, none met the

inclusion criteria. There were 3814 cases, including 2277 EC cases and

1537 LT cases. The characteristics of included studies were shown in

Table 1. The NOS score of included studies ranged from 5 to 8 points,

with an average score of 6.8 points.

Early death was defined as surgical death or death within 30 days

after surgery. Long-term death was defined as death after discharge.

Sinus dysfunction included sinus bradycardia, sick sinus node dysfunc-

tion, or II8/III8 atrioventricular block. Supraventricular tachycardia was

defined as nonsinus tachycardia shown on 12-lead electrocardiogram

(ECG) or 24-hour ambulatory ECG, including atrial flutter, atrial fibrilla-

tion, paroxysmal atrial tachycardia, or junctional ectopic tachycardia.

3.2 | Mortality rate

To determine the survival rate and Fontan failure between EC and LT,

the early postoperative mortality, long-term mortality, and Fontan
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takedown were compared. All the 10 studies reported detailed infor-

mation on early mortality. It showed that there were no significant het-

erogeneity among groups (P5 .48, I250%) and no significant

difference in early mortality between EC and LT (RD50.01, 95% CI

[20.00, 0.02], P5 .18) (Figure 2A).

Eight studies reported detailed information on long-term mortality.

It showed that there were no significant heterogeneity among groups

(P5 .34, I2512%) and no significant difference in long-term mortality

between EC and LT (RD520.02, 95% CI [20.05, 0.02], P5 .32)

(Figure 2B).

Nine studies reported detailed information on Fontan takedown. It

showed that there were no significant heterogeneity among groups

(P5 .02, I2556%) and no significant difference in Fontan takedown

between EC and LT (RD50.01, 95% CI [20.02, 0.04], P5 .56)

(Figure 2C).

3.3 | Surgical-related events

To determine the differences of surgical-related events between EC

and LT, the CPB (cardiopulmonary bypass), ACC (Aortic clamp), ICU,

and drainage time were compared. Eight studies recorded detailed

information on CPB and ACC. Kuroczynski’s study27 did not record

operation time for CBP and Fu’s study25 did not report operation

time for ACC. Nakano’s study22 did not report the exact number of

people underwent ACC. Some studies19,20,23,25 used median (quar-

tile) approach while other studies18,21–24,26 used mean6 standard

deviation to report the time of CBP and ACC (Table 2). It showed

that the heterogeneity of CBP (P5 .02, I2564%) and ACC (P< .001,

I2597%) was large among groups. Descriptive analysis showed that

the time and number of ACC in EC group were smaller than that in

LT group.

The ventilatory time was converted from median (quartile) into

mean6 standard deviation using the method described by Wan X.28

There was no significant heterogeneity among the groups (P5 .78,

I250%), and there was no significant difference in ventilatory time

between EC and LT (MD55.93 [20.08, 11.94], P5 .05). ICU time

showed moderate heterogeneity (P5 .02, I2568%). Random effects

model showed no significant difference in ICU time between EC and

LT (MD520.97 [22.56, 0.63], P5 .23). Thoracic drainage time

showed mild heterogeneity (P5 .16, I2539%). The thoracic drainage

time was shorter in LT group than that in EC group (MD51.99 [1.83,

2.15], P< .001), as shown in Table 3.

3.4 | Surgical complications

To determine the incidences of complications between EC and LT,

postoperative complications and pacemaker installation were com-

pared. As shown in Figure 3A, there was no significant heterogeneity

(P5 .71, I250) for postoperative supraventricular tachycardia, and the

incidence of postoperative supraventricular tachycardia was higher in

LT group compared with that in EC group (RR50.31 [0.17, 0.55],

P< .001). Heterogeneity was large for postoperative sinus node dys-

functions (P< .001, I2584%) (Figure 3B). After sensitivity analysis,

Azakie’s study was excluded due to large heterogeneity. Then the

heterogeneity of remaining studies was significantly decreased

(RD520.02 [20.06, 0.03], P5 .44) (Figure 4). There was no significant

difference in postoperative sinus node dysfunctions between EC and

LT groups (P5 .13, I2541%). There was no significant difference in

FIGURE 1 Flowchart of study selection process
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the incidence of arrhythmia between the 2 groups (RR50.56 [0.25,

1.23], P5 .15) (Figure 3C).

Eight studies reported pacemaker installation, except for Stewart23

and Azakie’s.19 It showed minimal homogeneity (P5 .73, I250%) and

there was no significant difference in pacemaker installation between

the 2 groups (RD50.01 [20.02, 0.03], P5 .70) (Figure 3D).

For postoperative complications, the EC group had a lower inci-

dence of PLE compared with LT group (RR50.33 [0.11, 0.96], P5 .04).

However, there were no significant differences in rates of thrombosis,

pleural effusion, and pericardial effusion between groups (Table 4).The

funnel plot for the 10 studies for EC and LT was in symmetric distribu-

tion, as shown in Figure 5.

4 | DISCUSSION

The present systematic review shows that (1) there are no significant

differences of early postoperative mortality, long-term mortality, and

Fontan takedown between EC and LT; (2) in terms of surgical-related

events, EC group has shorter CPB and ACC time and could be per-

formed without CPB; however EC group has longer drainage time than

that of LT group with no differences on ventilatory time or ICU time;

(3) as for the surgical complications, EC group has lower incidences of

postoperative supraventricular arrhythmias within 30 days and PLE in

the follow-up time compared with those of LT group.

Fontan procedure has been constantly improving. The third-

generation Fontan procedures of EC and LT have been used as primary

approach in the treatment of patient with a functional single ventricle,

with benefits of higher surgical survival and lower incidence of postop-

erative arrhythmia.29 They improve the early and long-term prognosis

of tricuspid atresia, major artery transposition, left ventricular dysplasia

syndrome.30–32

EC and LT have advantages and disadvantages. EC uses non-

growth tube, and the tube with small diameter cannot improve hemo-

dynamics, therefore, EC is often performed in children older than 3

years.33,34 LT incorporates part of atrial tissue that is considered to be

potentially growing35; however, LT may theoretically increase the inci-

dence of postoperative arrhythmia due to increased atrial operation

hemodynamic effects. Clinically, the postoperative mortality of EC and

LT as well as incidence of complications was controversial. Backer

et al.36 reported 180 cases of Fontan operation, including 67 cases of

LT and 113 cases of EC. It showed that EC was advantageous over LT

in terms of circulation time, ascending aortic occlusion time, and surgi-

cal mortality. Robert D20 showed that in a multicenter review involving

2747 cases, LT had a higher early prognosis rate. Fiore AC18 reported

that EC and LT had similar early and long-term mortality as well as

postoperative arrhythmia.

In this meta-analysis, it showed that there were no significant dif-

ferences in early mortality, long-term mortality, and the incidence of

Fontan takedown/revision between EC and LT groups, in accordance

with other reports.37,38 The Fontan takedown was mostly performed

early after Fontan surgery with high mortality rate.39 The postoperative

elevated ventricular end-diastolic pressure and prolongedT
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cardiopulmonary bypass time are considered as risk factors for Fontan

takedown.40 However, no difference of the above risk factors was

found between EC and LT in this study.

EC can be performed in the absence of extracorporeal circulation

to decrease the generation of pro-inflammatory cytokines and vasoac-

tive substances, in order to protect the myocardial, coagulation, and

pulmonary vascular systems.41 It is reported42–44 that prolonged car-

diac arrest time and CBP time are risk factors for surgical failure and

early mortality of Fontan’s procedure. Kawahira showed the inflamma-

tion reactions were lower in EC patients without extracorporeal circula-

tion, compared with those with extracorporeal circulation.45 Ovroutski

also showed a better early prognosis in Fontan patients without extrac-

orporeal circulation.46 In this study, it showed that EC may be more ben-

eficial to patients with a functional single ventricle because of its shorter

ACC time and non-stop heart beating procedures, especially for patients

with left ventricular dysplasia.47 The postoperative chest lead time was

shorter in LT group, compared with that of EC. Fu S48 found that chest

lead time was 3 days shorter in EC patients with window compared

those without, which may be resulted from the safety valve created by

window to reduce the central venous pressure and improve the blood

flow. From the basic characteristics of included studies, EC windowing

rate was less than LT. Thus, the chest lead time was shorter in LT group.

FIGURE 2 Forest plot of mortality for EC and LT. (A) Early mortality; (B) Long-term mortality; (C) Fontan takedown. Abbreviations: df,
degrees of freedom; I2, heterogeneity among studies; MH, Mantel-Haenszel test; Z, test of overall treatment effect. The 95% confidence
interval (CI) for the risk difference of each study is represented on the horizontal line and the point estimate is represented as squares. The
size of the square corresponds to the weight of the study in the meta-analysis. The 95% CI for pooled estimates is represented as diamond.
There were no significant difference of heterogeneity among early mortality (P5 .48, I250%), long-term mortality (P5 .34, I250%), and
Fontan takedown (P5 .02, I2556%) between EC and LT
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There was no statistical significance in mechanical ventilation time and

length of ICU stay between the 2 groups.

Arrhythmia is the leading cause of death for postoperative Fon-

tan.49 Sustained arrhythmia may lead to cardiac insufficiency and

thrombosis, which may further result in long-term death, disability, and

re-admission.50 The cause of supraventricular arrhythmias is multifacto-

rial. The incidence of postoperative atrial arrhythmia of EC was lower

than that of LT due to the following reasons: (1) absence of atrial

sutures; (2) stable venous pressure of right atrium; (3) less operation

around the sinus node; and (4) less impaired ventricular function due to

prolonged cardiopulmonary bypass and cardiac arrest.14 For the sinus

node dysfunction, there were no difference between LT and EC

group.51 Many factors may contribute to arrhythmia. Amodeo’s study52

showed that LT had a higher arrhythmia incidence and multivariate

analysis showed that primary surgery might be the main risk factor.

The extent of injury of primary surgeries on the sinus node and its

blood supply may be different, as in consistent with Rajanbabu’s53,54

rebuttal against Balaji’s55 review. This study showed that LT had a

higher incidence of postoperative supraventricular tachyarrhythmia,

and there were no significant differences of the pacemaker installation,

postoperative sinus node dysfunction and postoperative arrhythmia

between the 2 groups.

PLE is a rare but serious long-term complication. Multivariate anal-

ysis showed that prolonged extracorporeal bypass and right ventricular

ventricle were risk factors for PLE.56 EC may decrease the duration of

bypass to decrease PLE incidence. The mechanism of thrombosis is still

unknown. Theoretically, the slow flow of venous blood, increased

venous pressure, stasis of venous system and expanded atrial wall of

LT all favor thrombosis, which is on the contrary to EC. However, it

showed that there were no significant differences in thrombosis inci-

dence among different surgical incisions, and the thrombosis rate was

equal between artery and venous thrombosis, indicating that blood sta-

sis alone may not be the main reason.57,58 In this study, we found that

there were no significant differences in thrombosis, pericardial effusion,

and pleural effusion between EC and LT.

This study is limited in the original data that may expose it to

potential bias. In one study,18 EC was only used in patients with weight

of 13–16 kg and older than 10 years old, and there was no record of

thrombosis due to data limitations. In one study,23 data was extracted

from 68 STS (Society of Thoracic Surgeons Congenital Heart Surgery

Database) databases, some indicators were not recorded due to data-

base limitations. These indicators may have an effect on the outcome,

especially when detailed surgical operations were not recorded. One

study excluded patients older than 6 years.23 In one study,26 LT was

TABLE 2 Time and number of patients underwent CBP, cross-clamp, and ACC

Study CPB time (min) Cross-clamp (N, %) ACC time (min)

EC LT EC LT EC LT

Attanavanich (2007)26 1616 144 158626 0 (0%)* 14 (100%) 0* 836 25

Fiore (2007)189 1176 41 107642 4 (8%)* 113 (100%) 516 34 546 25

Kumar (2003)24 1456 42 134630 17 (52%)* 37 (100%) 266 15* 556 13

Lee (2007)21 147.36 56.2 154.4672.5 39 (39.8%)* 67 (100%) 36.16 19.7 49.96 22.5

Nakano (2004)22 132.36 46.9* 153.3650.3 NA NA 15.46 20.7* 57.56 22.7

Azakie (2001)19 102 (59–306) 109 (62–289) 9 (15%)* 47 (100%) 29 (11–105) 50 (22–135)

Fu (2009)25 102 (0–98) 165 (50–399) 0 (0%)* 33 (100%) NA NA

Robbers-Visser (2010)20 141 (97–204)* 107 (90–138) 26 (24.2%) 102 (100%) 42 (19–62)* 61 (49–74)

Stewart RD (2012)23 80 (60–116) 99 (77–125) 436 (25.2%) 713 (70.1%) 36 (22–55) 46 (35–63)

Abbreviations: ACC, aortic clamp; CPB, cardiopulmonary bypass; NA, not applicable.
*P< .05.

TABLE 3 Surgical events of EC and LT (CPB time, ACC time, Duration of mechanical ventilation, ICU stay, and chest lead time)

Number
of studies EC (n) LT (n) MD (95% CI)

P value for
overall effect I2

P value for
heterogeneity Effect model

CBP time (min) 5 272 319 21.76 (216.95, 13.44) .82 64% .02 Random

ACC time (min) 5 272 319 233.68 (253.47, 213.89) .0009 97% <.00001 Random

Duration of mechanical ventilation (h) 5 253 297 5.93 (20.08, 11.94) .05 0% .78 Fixed

ICU stay (d) 4 298 253 20.97 (22.56, 0.63) .23 68% .02 Random

Chest drainage time (d) 5 393 272 1.99 (1.83, 2.15) <.00001 39% .16 Fixed

Abbreviations: ACC, aortic clamp; CPB, cardiopulmonary bypass; EC, extracardiac conduit; LT, lateral tunnel; MD, mean difference.
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performed in patients younger than 3 years of age, while EC was per-

formed in patients older than 6 years. Patients’ surgical approach was

determined by the patients’ medical conditions and surgeon’s decisions,

which were not randomized nor blinded. Though the funnel plot

(Figure 5) showed great consistency, reporting bias cannot be ruled

out. All included studies were retrospective cohort studies from

2001 to 2012. The surgery methods may evolve during the research

span. Moreover, the follow-up length varied, and no recent studies

FIGURE 3 Forest plot of arrhythmias for EC and LT. (A) Supraventricular arrhythmia; (B) Sinus node dysfunction; (C) Arrhythmias during
follow-up; D, Pacemaker installation. Abbreviations: df, degrees of freedom; I2, heterogeneity among studies; MH, Mantel-Haenszel test; Z,
test of overall treatment effect. The 95% confidence interval (CI) for the risk difference of each study is represented on the horizontal line
and the point estimate is represented as squares. The size of the square corresponds to the weight of the study in the meta-analysis. The
95% CI for pooled estimates is represented as diamond. There were no significant differences of heterogeneity among supraventricular
arrhythmia (P5 .71, I250%), sinus node dysfunction (P< .001, I2584%), arrhythmias during follow-up (P5 .04, I2563%), and pacemaker
installation (P5 .73, I250%) between EC and LT
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were identified. Some outcome indicators were of insufficient sam-

ple size. Therefore, further investigations involving more studies are

needed.

In conclusion, EC and LT are safe and effective in the management

of complex congenital heart diseases. There were no significant differ-

ences in early mortality, long-term mortality, long-term arrhythmia,

Fontan takedown, ventilator-assisted ventilation, ICU stay, thrombosis,

pleural effusion, and pericardial effusion between the EC and LT

groups. However, EC had lower incidences of supraventricular arrhyth-

mia (30 days after surgery) and PLE compared with LT, showing that

EC may be advantageous over LT in patients with a functional single

ventricle.
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