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The Fontan circulation starts with the Cavopulmonary Shunt

Letter to the editor of  ‘18 Years of  the Fontan operation 
at a single institution’
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With great interest we read the study of  Rogers et al. about their impressive 
number of  771 patients who underwent Fontan palliation at their institution1. 
We compliment the authors on excellent results. Systematic issues in their set-up 

however, compel us to comment on their paper. 

The Fontan circulation aims at unloading a functionally single ventricle from its previously 
volume overloaded state, while simultaneously treating cyanosis. The majority of  Rogers’ 
patients have a hypoplastic left heart syndrome (HLHS). Therefore, the authors call the 
Norwood procedure stage 1, cavopulmonary shunt (CPS) stage 2, and the Fontan completion 
stage 3 palliation. In this frame of  reference the authors are possibly unwittingly extending 
HLHS terminology to all other single ventricular diagnoses. These different diagnoses call 
for various different procedures prior to the Fontan operation, in order to either augment or 
reduce the pulmonary circulation, but all resulting in a ventricular volume overload. It is the 
initiation of  the Fontan circulation, which normalizes ventricular preload, that is the crucial 
step in altering fundamentally the circulation and ventricular preload. In the current era, this 
initiation is the CPS, which is for that reason the 1st stage of  the Fontan palliation and is where 
outcome analyses should start. Fontan completion (inferior caval to pulmonary connection) 
does not alter ventricular preload. 

It used to be customary to institute a Fontan circulation in one single operation, associated 
with one single early mortality and no interstage mortality. However, in staged procedures 
interstage mortality can be substantial2. Hence it seems odd, in Rogers’ paper, to combine 21 
one-stage Fontan procedures with only the 2nd stage of  the other patients. Ignoring 1st stage 
and interstage mortality in such an analysis conceals the genuine two-stage Fontan mortality 
rates. Rogers’ relatively low mortality rate is strongly influenced by ignoring the mortality 
associated with CPS and the interstage period.  Much more could have been concluded from 
this dataset if  patients were entered at the initiation of  the Fontan circulation, which is at the 
CPS.

Finally, in response to their excellent early survival after 2nd stage Fontan procedure, we are 
curious how their Fontan patients are currently doing. Since Rogers’ study deals with 18 years 
of  operations it would have been interesting to see the long term attrition in the Fontan 
circulation. 

Concluding, reporting only the outcome of  the second stage of  a two-staged Fontan 
circulation, as in this paper, sheds no light on the real issues at stake being results including 
the entire Fontan palliative sequence. Calling CPS a 2nd stage palliation prior to the real Fontan 
seems to us an obfuscated paradigm shift, because the Fontan circulation has actually started 
with the CPS.
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Abstract

O bjectives: The Fontan procedure has been subjected to several developments, 
including the evolution from a one-stage to a two-stage procedure. With such 
adjustments made, attention should shift towards survival analysis including 

bidirectional cavopulmonary shunt (BCPS) and interstage mortality. The purpose of  this 
study is to investigate trends in overall mortality of  all patients who underwent a BCPS or 
one-stage Fontan procedure at our institution in the period 1975-2011.

Methods: Using a single-institution, retrospective design, we reviewed patient records of  203 
patients from the University Medical Center Groningen, the Netherlands, who underwent 
a Fontan procedure or a BCPS (with the intention to complete cavopulmonary connection 
at a second later stage) between 1975 and 2011. Trends in mortality were investigated by 
comparing survival rates during 4 consecutive decades (1975-1984; 1985-1994; 1995-2004; 
2005-2011) and predictors for mortality were identified.

Results: During a mean follow-up of  12 years, survival was 69%. Overall mortality declined 
significantly during the past decades (p=0.017).  This was driven by a decrease in early mortality 
(p=0.016), whereas no changes in late mortality could be demonstrated. Multivariate analyses 
identified a diagnosis of  heterotaxy (p=0.049) and an atriopulmonary connection type of  
Fontan circulation (p=0.015) as independent risk factors for overall mortality. 

Conclusions: We demonstrate that also with the inclusion of  first stage and interstage 
mortality, overall survival after Fontan procedures improved over time. This improvement 
however is mainly caused by a decline in early mortality. Improvement in long term survival 
of  patients operated over the past four decades could not (yet) be demonstrated in this series. 
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Introduction

The care for patients with functionally univentricular hearts has evolved tremendously 
over the past decades; the surgical connection between the right atrium and pulmonary 
artery being a milestone1,2. This procedure evolved into the total cavopulmonary 

connection (TCPC) in order to decrease resistance of  the anastomotic system3,4. Thereafter, 
the bidirectional cavopulmonary shunt (BCPS) was introduced as an intermediate step to 
achieve early volume unloading of  the ventricle, postpone completion of  Fontan circulation 
and to decrease mortality5,6. 

Although several studies have described mortality rates after the Fontan procedure7-12, reports 
relating to long term survival are scarce and mortality associated with the BCPS and the 
interstage period in two-staged Fontan procedures is usually ignored in survival analyses. With 
the BCPS now being the crucial step in altering the circulation and ventricular preload, this 
procedure forms the initiation of  the Fontan circulation and that is where survival analyses 
should start13. Hence, the purpose of  this study is to investigate trends in overall mortality of  
all patients who underwent a BCPS or one-stage Fontan procedure at our institution in the 
period 1975-2011. 

Methods

Patients

This retrospective, single-institution study included all consecutive patients at the 
University Medical Center Groningen between January 1975 and December 2011, 
who underwent a one-stage Fontan procedure or BCPS with the intention of  

proceeding to a completed Fontan circulation at a later stage. In this context, the one-stage 
Fontan or BCPS procedure will be referred to as “initial procedure” in this report. In our 
institution, we follow the strategy in which timing of  Fontan completion is indicated by 
progressive cyanosis or increasing dyspnea on exertion. 

Data collection

All recorded data are listed in table 1. Systemic-to-pulmonary shunting procedures included 
both Blalock-Taussig and Waterston shunts. A diagnosis of  heterotaxy was assigned to patients 
with either left or right atrial isomerism or situs inversus. The right atrial auricle tunnel (RAA), 
a modification of  the conventional lateral conduit in which the right atrial auricle is used 
to construct a totally autologous lateral tunnel, has been in use at our institution14. For the 
purpose of  stratification, patients who underwent a BCPS procedure were considered to have 
a fenestration, since from a physiological point of  view this circulation is largely comparable 
to a fenestration. 
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For the evaluation of  different surgical techniques in risk factor analyses, the variable 
“operative technique” was categorized as APC, 1-stage TCPC, 2-stage TCPC, and Kawashima. 
The Björk-modification was classified as APC. The distinction between APC and TCPC was 
made for the angles, and thus flow disturbances in the APC circuit that increases resistance 
in comparison to TCPC15. 

Primary endpoint is overall mortality (death by any cause) at any time during the entire follow-
up.  Secondary endpoints are early and late mortality (death by any cause) before respectively 
after thirty days following the primary procedure. 

Statistical Analyses

Categorical variables are reported as count (percentages) and continuous variables as mean 
(standard deviations) or median (interquartile ranges). Survival was calculated from the date 
of  initial procedure (T=0 for overall and early mortality analyses) to the date of  last follow-
up or death and was compared between groups using log-rank tests. None of  our patients 
received heart transplantation during follow-up. For survival analyses of  late mortality, 30 
days after initial procedure was considered as T=0.

Included in the risk analyses are all predefined variables mentioned in the data collection 
section. A probability value of  p < 0.05 was considered significant. Multivariate risk analyses 
for mortality were performed using stepwise Cox regression analysis and included only those 
variables that reached significance in univariate Cox regression analyses. One patient was lost 
to follow-up, and was therefore excluded from further analyses. Data were analyzed using 
SPSS for Windows (version 18, SPSS inc, Chicago, Illinois, USA) and Stata 12.0 for Windows 
(StataCorp LP, College Station, TX, USA). Graphs were plotted using SigmaPlot 12.0 (Systat 
Software, Chicago, IL).

Finally, for reasons of  comparison with previous reports, we additionally analyzed mortality 
rates and its risk factors for Fontan-completion procedures only (APC, TCPC, and 
Kawashima). BCPS and interstage mortality are thereby excluded. In that analysis, date of  
Fontan completion was used as T=0. 

Results

Between 1975 and 2011, 203 patients underwent a Fontan operation or BCPS at our 
institution. Of  these, 54% were male. The median age was 3.0 years (IQR 1.2-5.0) 
at the initial operation and 4.5 years (IQR 3.5-6.7) at Fontan completion. Patient 

characteristics are displayed in table 1. The most frequent diagnosis was tricuspid atresia 
in 79 patients (39%). The category of  patients with heterogeneous anomalies consisted 
of  patients that could not be classified otherwise, i.e. 1 patient with Ebstein’s anomaly, 
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Table 1 Patient characteristics 

1975-1984 1985-1994 1995-2004 2005-2011 Overall 

Alive 
(N=14)

Died 
(N=27)

Alive 
(N=40)

Died 
(N=26)

Alive 
(N=65)

Died 
(N=12)

Alive 
(N=17)

Died 
(N=2)

Alive 
(N=136)

Died 
(N=67)

 Male  6(43%) 14(52%) 16(40%) 17(65%) 39(60%) 4(33%) 13(77%) 1(50%) 74(54%) 36(54%)

 Diagnosis  

  TA 

  HLHS 

  DILV/DIRV 

  PA with intact ventricular septum 

  Heterotaxy  

  Mitral valve atresia 

  Heterogeneous anomalies 

8(57%)

0(0%)

2(14%)

3(21%)

1(7%)

0(0%)

0(0%)

11(41%)

1(4%)

9(33%)

3(11%)

2(7%)

0(0%)

1(0%)

18(45%)

0(0%)

14(35%)

5(13%)

3(7%)

0(0%)

0(0%)

10(39%)

2(8%)

6(23%)

1(4%)

5(19%)

1(4%)

1(4%)

23(35%)

6(9%)

14(22%)

8(12%)

10(15%)

3(5%)

1(2%)

4(33%)

0(0%)

2(17%)

1(8%)

4(33%)

0(0%)

1(8%)

4(24%)

2(12%)

4(24%)

4(24%)

2(12%)

1(6%)

0(0%)

1(50%)

1(50%)

0(0%)

0(0%)

0(0%)

0(0%)

0(0%)

53(39%)

8(6%)

34(25%)

20(15%)

16(12%)

4(3%)

1(1%)

26(39%)

4(6%)

17(25%)

5(8%)

11(16%)

1(1%)

3(5%)

 Left dominant ventricular morphology  11(79%) 24(89%) 37(93%) 18(69%) 50(77%) 8(67%) 10(59%) 1(50%) 108(79) 51(76%)

 Banding pulmonary artery 1(7%) 4(15%) 10(25%) 12(46%) 20(31%) 2(17%) 3(18%) 0(0%) 34(25%) 18(27%)

 Rashkind/ atrioseptostomie 1(7%) 5(19%) 2(5%) 2(8%) 10(15%) 0(0%) 4(24%) 1(50%) 17(13%) 8(12%)

 Systemic-to-pulmonary shunt 6(43%) 16(59%) 40(50%) 13(50%) 33(51%) 4(33%) 10(59%) 2(100%) 69(51%) 34(52%)

 Hemoglobin before operation, mmol/l 8.7 9.4 10.2 10.2 9.7 9.6 10.2 8.2 9.9 9.9

 Age at operation, years 6,98 4,97 3,86 3,95 1,41 2,09 1,21 ,32 2.64 4.18

 Weight at operation, Kg 22,50 17,00 16,00 15,00 9,80 11,50 9,85 5,20 12.20 15.00

 Operative technique 

  APC 

  1 stage TCPC 

  2 stage TCPC 

  Kawashima 

14(100)

0(0%)

0(0%)

0(0%)

27(100)

0(0%)

0(0%)

0(0%)

9(23%)

22(55%)

8(20%)

1(2%)

15(58%)

9(35%)

2(8%)

0(0%)

0(0%)

8(12%)

51(79%)

6(9%)

1(8%)

3(25%)

8(67%)

0(0%)

0(0%)

1(6%)

14(82%)

2(12%)

0(0%)

0(0%)

2(100)

0(0%)

23(17%)

31(23%)

73(54%)

9(7%)

43(64%)

12(18%)

12(18%)

0(0%)

 Fenestration 0(0%) 0(0%) 17(43%) 3(12%) 32(49%) 8(67%) 9(53%) 2(100%) 58(43%) 13(19%)

 

Table 1. Patient characteristics

Values are expressed as count (N) and percentages of  the denominator, being the N stated at top of  the row (%) 
in nominal variables, mean in normally distributed variables or median in skewed variables. APC=atriopulmonary 
connection; DILV/DIRV=double inlet left/right ventricle; HLHS=hypoplastic left heart syndrome; PA=pulmonary 
valve atresia; TA= tricuspid valve atresia; TCPC=total cavopulmonary connection. Alive means alive at end of  
follow-up; dead means dead during entire study period.
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1975-1984 1985-1994 1995-2004 2005-2011 Overall 

Alive 
(N=14)
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(N=27)

Alive 
(N=40)

Died 
(N=26)

Alive 
(N=65)

Died 
(N=12)

Alive 
(N=17)

Died 
(N=2)

Alive 
(N=136)

Died 
(N=67)
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0(0%)
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10(39%)

2(8%)

6(23%)

1(4%)

5(19%)
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53(39%)

8(6%)
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20(15%)

16(12%)

4(3%)

1(1%)

26(39%)
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17(25%)

5(8%)

11(16%)

1(1%)

3(5%)

 Left dominant ventricular morphology  11(79%) 24(89%) 37(93%) 18(69%) 50(77%) 8(67%) 10(59%) 1(50%) 108(79) 51(76%)

 Banding pulmonary artery 1(7%) 4(15%) 10(25%) 12(46%) 20(31%) 2(17%) 3(18%) 0(0%) 34(25%) 18(27%)

 Rashkind/ atrioseptostomie 1(7%) 5(19%) 2(5%) 2(8%) 10(15%) 0(0%) 4(24%) 1(50%) 17(13%) 8(12%)

 Systemic-to-pulmonary shunt 6(43%) 16(59%) 40(50%) 13(50%) 33(51%) 4(33%) 10(59%) 2(100%) 69(51%) 34(52%)

 Hemoglobin before operation, mmol/l 8.7 9.4 10.2 10.2 9.7 9.6 10.2 8.2 9.9 9.9

 Age at operation, years 6,98 4,97 3,86 3,95 1,41 2,09 1,21 ,32 2.64 4.18

 Weight at operation, Kg 22,50 17,00 16,00 15,00 9,80 11,50 9,85 5,20 12.20 15.00

 Operative technique 

  APC 

  1 stage TCPC 

  2 stage TCPC 

  Kawashima 

14(100)

0(0%)

0(0%)

0(0%)

27(100)

0(0%)

0(0%)

0(0%)

9(23%)

22(55%)

8(20%)

1(2%)

15(58%)

9(35%)
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0(0%)

1(6%)
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 Fenestration 0(0%) 0(0%) 17(43%) 3(12%) 32(49%) 8(67%) 9(53%) 2(100%) 58(43%) 13(19%)

 

6.98           4.97          3.86           3.95           1.41          2.09           1.21            .32

22.50         17.00        16.00        15.00           9.80         11.50          9.85           5.20
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1 patient with unbalanced complete atrioventricular septum defect, 1 patient with pulmonary 
valve stenosis and multiple, irreparable ventricular septal defects and 1 patient with 
unknown diagnosis (this patient was lost to follow-up and excluded from further analyses).  
Of  the total of  203 patients a one stage Fontan procedure of  any technique was performed 
in 118 patients (58%), while in the remaining 85 patients (42%) a BCPS was performed as the 
first procedure in the staged strategy (figure 1). 

In 185 patients of  the initial 203 (91%) a completed Fontan circulation was achieved, of  the 
remaining 18 patients are 9 patients deceased waiting for Fontan completion, 7 patients are 
still awaiting Fontan completion, while 2 became unsuitable for that. 

Mortality after all stages of  Fontan surgery

Mean follow-up was 12 years (SD 9), with a maximum of  37 years. This accounts for 2436 
patient years. Overall, 67 patients (33%) died during the entire follow-up period, of  whom 
31 patients died within thirty days after operation, resulting in a hospital mortality of  15%. 
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Figure 1. The flowchard of  patients in sequence of  operations leading to Fontan circulation

Total population
203/†67

BCPS
85/†12

Became unsuitable
for TCPC

2/†0

Waiting for
TCPC
16/†9

2-stage
TCPC
67/†3

1-stage
TCPC
43/†12

Kawashima
9/†0

APC
58/†40

Björk
8/†3

EC
37/†3

LT
30/†6

RAA
43/†6

Values are N total number of  patients / † number of  patients deceased during entire follow-up period. 
APC=atriopulmonary connection; BCPS=bidirectional cavopulmonary shunt; EC=extracardiac conduit; LT=lateral 
tunnel; RAA=right atrial auricular tunnel; TCPC=total cavopulmonary connection.
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Figure 2. Overall mortality of  any cause after Fontan procedure, including BCPS and interstage 
mortality, stratified by decade
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Figure 3. Early mortality of  any cause after Fontan procedure, including BCPS and interstage 
mortality, stratified by decade
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T=0 at date of  initial procedure (N=203). Numbers of  patients in follow-up are shown. P-values presented are 
comparing the particular decade with the earliest decade in the study. BCPS=bidirectional cavopulmonary shunt.

T=0 at date of  initial procedure (N=203). Numbers of  patients in follow-up are shown. P-values presented are 
comparing the particular decade with the earliest decade in the study. BCPS=bidirectional cavopulmonary shunt.
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All deceased patients died at a median age of  7.7 years (IQR 2.2–19). Median survival after 
hospital discharge was 31 years.

Time related analysis demonstrated a decline in overall mortality, with 5-year survivals from 
71% in patients operated in the first decade 1975-1984, to 89% in patients operated in the 
latest decade 2005-2011 (p=0.017, figure 2).

Early mortality declined from 26% to 20%, 7% and 5% in patients operated in the first, 
second, third and fourth decade, respectively (p=0.016, figure 3).
Late mortality decreased from 53% to 6% in the consecutive decades. However, when the 
incidence of  late mortality per decade was corrected for follow-up duration, no significant 
differences in survival between decades could be identified (p=0.77, figure 4a).

Univariate and multivariate cox regression analyses of  risk factors for mortality are displayed 
in tables 2 and 3. 
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 Table 2. *P<0.05.  The symbol  “-” indicates the particular category consists of  insufficient patients to calculate HR 
and 95%CI. APC=atriopulmonary connection; DILV/DIRV=double inlet left/right ventricle; HLHS=hypoplastic left 
heart syndrome; PA=pulmonary valve atresia; TA= tricuspid valve atresia; TCPC=total cavopulmonary connection.

Figure 4a. Late mortality of  any cause after Fontan procedure, including BCPS and interstage 
mortality, stratified by decade
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T=0 at 30 days after initial procedure (N=172). P-values presented are comparing the particular decade with the 
earliest decade in the study. BCPS=bidirectional cavopulmonary shunt.
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Table 2. Univariate risk factor analysis

 

 Operative technique, vs 2-stage TCPC 

         Kawashima - - - - - - 

        APC 3.52 (1.80-6.87) 0.000* 8.02 (2.75-23.39) 0.000* 1.52 (0.61-3.83) 0.370 

        1-stage TCPC 1.67 (0.75-3.74) 0.213 3.05 (0.86-10.82) 0.084 1.12 (0.40-3.15) 0.835 

  Fenestration 0.55 (0.30-1.03) 0.061 0.34 (0.13-0.87) 0.025* 0.84 (0.36-1.93) 0.677 

Table 2 Univariate risk factor analysis 

Overall mortality Early mortality Late mortality 

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value 

 Male gender 1.10 (0.62-1.65) 0.955 1.98 (0.96-4.08) 0.064 1.69 (0.85-3.35) 0.132 

Diagnosis, vs TA 

        HLHS 1.78 (0.59-5.02) 0.323 1.30 (0.38-4.44) 0.682 1.92 (0.24-15.59) 0.541 

         DILV/DIRV 0.95 (0.51-1.75) 0.861 0.36 (0.12-1.08) 0.069 1.73 (0.77-3.94) 0.195 

         PA with intact ventricular septum 0.58 (0.22-1.51) 0.265 0.38 (0.09-1.63) 0.191 0.83 (0.23-3.04) 0.783 

         Heterotaxy 1.49 (0.73-3.06) 0.271 0.53 (0.15-1.81) 0.310 3.17 (1.23-8.14) 0.017*

         Mitral valve atresia 0.93 (0.13-6.93) 0.944 0.90 (0.13-6.82) 0.922 - - 

         Heterogeneous anomalies 4.46 (1.32-14.99) 0.016* 2.96 (0.68-12.87) 0.149 7.89 (0.98-63.47) 0.052 

 Left ventricular morphology 0.74 (0.29-1.30) 0.294 0.96 (0.41-2.22) 0.920 0.61 (0.28-1.31) 0.205 

 Banding pulmonary artery 0.79 (0.46-1.36) 0.388 0.99 (0.45-2.22) 0.990 0.68 (0.33-1.42) 0.307 

 Rashkind/atrioseptostomie 1.16 (0.55-2.44) 0.690 0.71 (0.27-1.85) 0.484 0.88 (0.27-2.89) 0.835 

Systemic-to-pulmonary shunt 0.91 (0.56-1.47) 0.686 0.99 (0.49-2.01) 0.988 0.78 (0.40-1.51) 0.453 

 Hemoglobin before operation 0.99 (0.80-1.23) 0.964 1.00 (0.74-1.35) 0.987 0.99 (0.73-1.33) 0.927 

 Age at operation 1.03 (0.97-1.08) 0.376 0.99 (0.90-1.09) 0.781 1.05 (0.98-1.12) 0.159 

 Weight at operation 0.99 (0.99-1.01) 0.593 0.99 (0.98-1.01) 0.445 0.99 (0.99-1.01) 0.906 

Decade of operation, vs 1975-1984 

        1985-1994 0.71 (0.40-1.25) 0.230 0.70 (0.31-1.57) 0.391 0.70 (0.31-1.57) 0.390 

        1995-2004 0.35 (0.17-0.72) 0.004* 0.26 (0.10-0.71) 0.008* 0.62 (0.23-1.72) 0.358 

        2005-2011 0.29 (0.07-1.25) 0.097 0.17 (0.02-1.34) 0.093 0.69 (0.08-5.84) 0.735 
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 Weight at operation 0.99 (0.99-1.01) 0.593 0.99 (0.98-1.01) 0.445 0.99 (0.99-1.01) 0.906 

Decade of operation, vs 1975-1984 

        1985-1994 0.71 (0.40-1.25) 0.230 0.70 (0.31-1.57) 0.391 0.70 (0.31-1.57) 0.390 

        1995-2004 0.35 (0.17-0.72) 0.004* 0.26 (0.10-0.71) 0.008* 0.62 (0.23-1.72) 0.358 

        2005-2011 0.29 (0.07-1.25) 0.097 0.17 (0.02-1.34) 0.093 0.69 (0.08-5.84) 0.735 

Table 2 Univariate risk factor analysis 

Overall mortality Early mortality Late mortality 

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value 

 Male gender 1.10 (0.62-1.65) 0.955 1.98 (0.96-4.08) 0.064 1.69 (0.85-3.35) 0.132 

Diagnosis, vs TA 

        HLHS 1.78 (0.59-5.02) 0.323 1.30 (0.38-4.44) 0.682 1.92 (0.24-15.59) 0.541 

         DILV/DIRV 0.95 (0.51-1.75) 0.861 0.36 (0.12-1.08) 0.069 1.73 (0.77-3.94) 0.195 

         PA with intact ventricular septum 0.58 (0.22-1.51) 0.265 0.38 (0.09-1.63) 0.191 0.83 (0.23-3.04) 0.783 

         Heterotaxy 1.49 (0.73-3.06) 0.271 0.53 (0.15-1.81) 0.310 3.17 (1.23-8.14) 0.017*

         Mitral valve atresia 0.93 (0.13-6.93) 0.944 0.90 (0.13-6.82) 0.922 - - 

         Heterogeneous anomalies 4.46 (1.32-14.99) 0.016* 2.96 (0.68-12.87) 0.149 7.89 (0.98-63.47) 0.052 

 Left ventricular morphology 0.74 (0.29-1.30) 0.294 0.96 (0.41-2.22) 0.920 0.61 (0.28-1.31) 0.205 

 Banding pulmonary artery 0.79 (0.46-1.36) 0.388 0.99 (0.45-2.22) 0.990 0.68 (0.33-1.42) 0.307 

 Rashkind/atrioseptostomie 1.16 (0.55-2.44) 0.690 0.71 (0.27-1.85) 0.484 0.88 (0.27-2.89) 0.835 

Systemic-to-pulmonary shunt 0.91 (0.56-1.47) 0.686 0.99 (0.49-2.01) 0.988 0.78 (0.40-1.51) 0.453 

 Hemoglobin before operation 0.99 (0.80-1.23) 0.964 1.00 (0.74-1.35) 0.987 0.99 (0.73-1.33) 0.927 

 Age at operation 1.03 (0.97-1.08) 0.376 0.99 (0.90-1.09) 0.781 1.05 (0.98-1.12) 0.159 

 Weight at operation 0.99 (0.99-1.01) 0.593 0.99 (0.98-1.01) 0.445 0.99 (0.99-1.01) 0.906 

Decade of operation, vs 1975-1984 

        1985-1994 0.71 (0.40-1.25) 0.230 0.70 (0.31-1.57) 0.391 0.70 (0.31-1.57) 0.390 

        1995-2004 0.35 (0.17-0.72) 0.004* 0.26 (0.10-0.71) 0.008* 0.62 (0.23-1.72) 0.358 

        2005-2011 0.29 (0.07-1.25) 0.097 0.17 (0.02-1.34) 0.093 0.69 (0.08-5.84) 0.735 

Trends in mortality after Fontan surgery



40

 

Table 3 Multivariate risk factor analysis 

Overall mortality Early mortality Late mortality 

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value 

 Diagnosis, vs TA  

        HLHS 2.24 (0.74-6.81) 0.155 1.92 (0.24-15.59) 0.541 

        DILV/DIRV 0.89 (0.48-1.65) 0.701   1.73 (0.77-3.94) 0.195 

       PA with intact ventricular septum 0.51 (0.19-1.35) 0.174   0.83 (0.23-3.04) 0.783 

        Heterotaxy 2.06 (1.00-4.22) 0.049*   3.17 (1.23-8.14) 0.017*

        Mitral valve atresia 1.67 (0.21-13.00) 0.625   - - 

        Heterogeneous anomalies 2.94 (0.80-10.79) 0.104   7.89 (0.98-63.47) 0.052 

 Decade of operation,  vs 1975-1984

        1985-1994 1.20 (0.63-2.31) 0.580 1.65 (0.70-3.90) 0.251   

        1995-2004 1.21 (0.36-4.05) 0.754 4.08 (0.82-20.31) 0.086   

        2005-2011 1.24 (0.19-8.00) 0.820 3.77 (0.30-47.71) 0.305   

Operative technique,  vs 2 stage TCPC 

      Kawashima - - - -  

      APC 4.36 (1.34-14.23) 0.015* 23.85 (3.75-151.87) 0.001*

      1 stage TCPC 1.65 (0.58-4.68) 0.349 4.91 (1.16-20.78) 0.031*

Fenestration   0.98 (0.28-3.41) 0.970  
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Operative technique,  vs 2 stage TCPC 
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      1 stage TCPC 1.65 (0.58-4.68) 0.349 4.91 (1.16-20.78) 0.031*

Fenestration   0.98 (0.28-3.41) 0.970  

*P<0.05.  The symbol  “-” indicates the particular category consists of  insufficient patients to calculate HR and 
95%CI.  APC=atriopulmonary connection; DILV/DIRV=double inlet left/right ventricle; HLHS=hypoplastic left 
heart syndrome; PA=pulmonary valve atresia; TA= tricuspid valve atresia; TCPC=total cavopulmonary connection.
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Mortality after Fontan-completion only

Time related analyses after Fontan completion procedures only, so excluding BCPS mortality, 
revealed similar improvements over decades in early and overall mortality (p=0.002 respectively 
p<0.001). However, in late survival analyses, patients operated between 1995-2004 showed 
a trend towards improved mortality rates compared to those operated in the first decade in 
which Fontan operations were performed (p=0.058, figure 4b).
 
In addition to the risk factors for the total cohort, a Fontan-completion procedure performed 
during the last two decades was associated with lower risk of  overall mortality when compared 
to a single stage procedure performed in the first decade of  our study (p=0.014 respectively 
p=0.016). Further, the presence of  a fenestration was associated with lower mortality (p=0.037). 

Risk factor analyses for early mortality revealed the same predictors as those as described in 
table 3 for the total cohort. For late mortality after Fontan-completion procedures risk factor 
analysis revealed that only the presence of  a fenestration was independently associated with a 
lower risk for late mortality (p=0.032).  This in addition to a diagnosis of  heterotaxy, the risk 
factor as described for late mortality of  the total cohort. 

Figure 4b. Late mortality of  any cause after Fontan procedure, without BCPS and interstage 
mortality, stratified by decade
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T=0 at 30 days after Fontan completion (N=157). P-values presented are comparing the particular decade with the 
earliest decade in the study. BCPS=bidirectional cavopulmonary shunt.
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Discussion

In this time-trend analysis we retrospectively analyzed outcome after Fontan procedure in 203 
consecutive patients operated at the University Medical Center Groningen, The Netherlands, 
between 1975 and 2011. We identified a significant decrease in overall mortality rates in the 

past decades. This decrease was caused by changes in early rather than late mortality rates. 

Inclusion of  associated BCPS and interstage mortality

Several studies have described outcome after the Fontan procedure and its changes in consecutive 
decades10-11. However, by limitation to mortality after completion of  the Fontan circulation, 
none of  these studies described mortality associated with BCPS and the interstage period, for 
comparison with previous single stage Fontan results.
  
The main objectives of  the creation of  a Fontan circulation are to unload the functionally 
single ventricle and to alleviate cyanosis. Operative procedures prior to the Fontan operation are 
designed to either augment or reduce the pulmonary circulation, but all result in some degree 
of  ventricular volume overload. With the staging of  the Fontan procedure, the normalization 
of  the ventricular volume load occurs at the BCPS, which thereby is the first stage in the Fontan 
palliation by definition. This is where Fontan survival analysis should start. Comparing only 
the second stage of  the TCPC with a one-stage APC is totally inappropriate, because then one 
compares only the second stage which mainly aims at alleviating cyanosis, with a procedure 
wherein all important elements are performed at once. Mortality associated with the BCPS itself  
as with the interstage period ending with the Fontan completion can be substantial16-18. Ignoring 
first stage and interstage mortality in the analyses would therefore inappropriately conceal the 
genuine two-stage Fontan mortality rates. 

The notion that initiation of  the Fontan circulation starts at time of  the BCPS is further 
supported by the following observation: Median survival after hospitalization found in the 
current study (including patients with either BCPS or Fontan completion) was 31 years and 
strikingly comparable to the 27.5 years found in Toronto, who analyzed survival following partial 
cavopulmonary shunts with or without a subsequent Fontan procedure19. The authors did not 
find any difference in long term survival between patients with long-term partial cavopulmonary 
anastomosis and those who had a subsequent completion of  the Fontan circulation, and 
concluded that a single ventricle circulation appears to have a limited durability of, on average, 
30-40 years. These findings substantiate our conviction that the Fontan circulation starts with 
the (partial) cavopulmonary shunt. 

Trends in mortality after Fontan surgery

In the current study, overall as well as early mortality declined significantly over the 
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consecutive decades. While mortality rates in the first decades can be regarded as high, it is 
important to notice that the current study population comprised consecutive patients, starting 
in the earliest years of  Fontan surgery, containing all diagnoses, indications and surgical 
techniques. Previous studies, analyzing approximately the same decades but excluding BCPS 
and interstage mortality, showed mortality rates varying from only 3% to 50%7,8,10,20. By using 
the total cohort of  consecutive patients, including mortality associated with BCPS and the 
interstage period we were able to produce comprehensive mortality rates and risk analyses 
and compare different decades. 

The improvement in early mortality rates in this study is consistent with findings in previous 
studies who investigated mortality after Fontan completion surgery10-11. Several developments 
may have contributed to this improvement, such as improvements in peri-operative and 
anesthetic care resulting in improved care for low cardiac output and Fontan procedure 
without cardiopulmonary bypass to minimize the risk of  a systemic inflammatory reaction21-22. 
In addition, surgical approach to patients with univentricular hearts has evolved tremendously, 
including both the evolution from the APC to various forms of  the TCPC procedure and the 
staging of  the complete procedure1,5-7. The benefits of  these adjustments are displayed in the 
current study, with multivariate analyses showing the one-stage APC procedure and the one-
stage TCPC procedure to be independent risk factors for early mortality when compared to 
the 2-stage TCPC procedure for both early as well as overall mortality, also after adjustment 
for combined BCPS and interstage mortality. Multivariate risk analyses for late mortality rates 
in the current study showed heterotaxy to be a predictor of  late mortality. This increased 
risk in Fontan-patients with heterotaxy is in concurrence with previous reports. Moreover, 
the majority of  patients with heterotaxy syndrome in our population also had common AV 
valves, which also has been identified as a risk factor for poor early outcome9.
 
After excluding the patients who died within 30 days postoperatively, the current study has not 
been able to identify robust improvement in the late mortality after Fontan procedure over 
the four decades in which the Fontan operation is performed. This contradicts the findings of  
Mair, who described a decline in late mortality rates during 13 year follow-up (p=0.046)10. In 
contrast, Hirsch and co-workers also did not show a significant change in late survival11. Their 
relatively short median follow-up time (4 years) may explain why no long term improvement 
could be demonstrated. Although in the current study median follow-up time was significantly 
longer (12 years), patients who have been operated in the latest decade inevitably have a 
relatively short follow-up. Already in 1990, Fontan and colleagues in their classic paper on 
“outcome after a perfect Fontan operation” indicated that in patients with a Fontan-circulation, 
the hazard function for death and decline in functional class starts to rise after about 6 years 
postoperatively23. In other words, since this time of  follow-up will be required to demonstrate 
potential effects of  changing surgical strategies on late survival, only the near future can tell 
whether this increase in mortality will also occur in more recently operated Fontan patients.  

Previous studies showed hemodynamic parameters such as mean pulmonary artery pressure and 
pulmonary vascular resistance prior to the Fontan operation to be predictors of  mortality7-9. 
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Because of  incomplete data due to the historic scope of  the current study, pre-operative 
hemodynamic variables could not be included reliably in the analyses. Besides, long term 
prognosis is not determined only by mortality, but also by morbidity. Although not investigated 
in the current study, previous reports have described significant late morbidity of  the Fontan 
circulation, including debilitating arrhythmias, protein losing enteropathy, pulmonary emboli, 
low cardiac output state and liver disease24-25. Thus, although the Fontan circulation is an 
accepted treatment or palliation for univentricular hearts, long term prognosis is still a matter 
of  concern.

Conclusions

This study highlights the importance of  including BCPS and interstage mortality in survival 
analysis on Fontan patients. We demonstrate that with the inclusion of  BCPS and interstage 
mortality, overall survival after Fontan procedure has improved over time. However, this 
improvement is mainly driven by the significant improvement in early survival rather than late 
survival rates. We hypothesize that different factors underlie early and late mortality, whereby 
early mortality is most likely attributable to patient selection and general (peri-)operative care. 
After having survived the operation, late mortality may be attributable to factors related to the 
continuing and increasing sequels of  the Fontan circulation itself. Beneficial effects of  type 
and timing of  evolving surgical strategies on this Fontan attrition remain to be demonstrated.  
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