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ventricular circulation. Protein-losing enteropathy (PLE) de-
velops in 4–13% of patients after the Fontan procedure. Fon-
tan-related PLE leads to secondary combined immunode-
ficiency marked by hypogammaglobulinemia and predom-
inantly CD4 +  lymphocytopenia. Here, we present 3 case re-
ports of patients with secondary immunodeficiency after the 
Fontan operation. The severity of hypogammaglobulinemia 
correlated with the nature of the infectious complications; 
however, clinical manifestations of T cell deficiency such as 
severe viral or opportunistic infections were not observed. 
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 Abstract 

 The Fontan operation or total cavopulmonal connection 
(TCPC) is a palliative surgical correction of rare and complex 
inborn cardiac malformations that are characterized by uni-
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   Established Facts 

• The Fontan procedure represents a palliative surgical correction of rare congenital heart defects. Pro-
tein-losing enteropathy (PLE) develops in 4–13% of patients after the Fontan operation, rapidly de-
creasing the life expectancy of these patients.

 • Secondary combined immunodeficiency in patients with Fontan-related PLE is predominantly char-
acterized by severe hypogammaglobulinemia and profound CD4 +  lymphocytopenia. 

   Novel Insights 

• Subcutaneous immunoglobulin replacement therapy in patients with Fontan-related PLE does not 
markedly elevate the total IgG levels but reduces the number of infections.

 • Heart transplantation led to complete immunoglobulin level recovery and PLE sign resolution in an 
individual case. 
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The clinical consequences of the secondary combined im-
munodeficiency were modified by immunoglobulin replace-
ment treatment and antibiotic prophylaxis. Heart transplan-
tation led to the resolution of PLE signs and the restitution 
of IgG levels in 1 transplanted patient. Our experience shows 
that the immunological follow-up was delayed in all 3 pa-
tients. We suggest that all patients should be followed regu-
larly by a clinical immunologist after the Fontan surgery. 

 © 2016 S. Karger AG, Basel 

   Introduction 

 Several rare and complex inborn heart anomalies that 
are marked by an underdeveloped left side of the heart or 
a defect of the heart valves can be corrected by a series of 
palliative surgeries that are finalized by the Fontan proce-
dure (total cavopulmonal connection, TCPC)  [1] . The 
main inborn heart defect that is corrected by TCPC is hy-
poplastic left heart syndrome (HLHS), with an incidence 
of 0.16–0.36 per 1,000 live births  [2–4] . Less frequent are 
double-inlet left ventricle, tricuspid atresia and pulmo-
nary atresia with intact ventricular septum  [5, 6] . Seventy 
percent of patients with HLHS are expected to reach 
adulthood; however, the long-term prognosis of these pa-
tients remains unpredictable  [7] .

  In ‘Fontan circulation’, the systemic venous return is 
connected to the pulmonary arteries without the interpo-
sition of an adequate ventricle, and all shunts are inter-
rupted on the venous, atrial, ventricular and arterial levels 
 [3] . After Fontan operation, patients live in a unique state 
of central venous hypertension, with a relatively dimin-
ished cardiac output  [8] .

  Regional circulatory abnormalities caused by an ab-
normal elevation of the mesenteric vascular resistance 
are suggested to contribute to the development of Fon-
tan-related protein-losing enteropathy (PLE)  [8] . PLE 
occurs in 4–13% of patients after the Fontan operation 
with the median onset being 10 years after the procedure 
 [9] . The 5-year survival rate after Fontan-related PLE 
manifestation varies between 46 and 59%  [10, 11] . To-
gether with plastic bronchitis, PLE is a late, life-threaten-
ing complication in these patients  [8] . PLE is character-
ized by excessive protein loss through the gastrointesti-
nal mucosa  [1] . This condition leads to hypoalbuminemia, 
hypoproteinemia, elevated alpha-1-antitrypsin clear-
ance, lymphocytopenia and hypocalcemia that are 
marked clinically by ascites, edema of the limbs, pleural 
and cardiac effusions and muscle cramps  [10–12] .

  Immunological investigations in patients with Fon-
tan-related PLE have revealed secondary abnormalities in 
humoral and cellular immunity  [13–16] . The most prom-
inent features are secondary hypogammaglobulinemia 
together with lymphocytopenia, affecting predominantly 
CD4 +  cells  [8, 9, 14, 15, 17] .

  The reason why PLE develops in these patients is not 
yet clear  [11] . Diminished mesenteric flow caused by in-
creased mesenteric vascular resistance could be the main 
cause of PLE in patients with univentricular circulation 
 [8, 18] . It is speculated that chronically elevated central 
venous pressure together with a low cardiac output leads 
to the rearrangement of the lymphatic system and protein 
leakage, causing PLE in the gut and plastic bronchitis in 
the respiratory tract  [8, 19] . Here, we present 3 patients 
with complex congenital heart anomalies that were cor-
rected by the Fontan procedure and complicated by PLE 
with secondary combined immunodeficiency.

  Case Report 1 

 A boy with HLHS underwent the Fontan procedure at the age of 
5 years after a series of previous reconstructive palliative heart sur-
geries. From infancy, his weight and growth measurements were 
near the 3rd percentile. Intermittent edema of the eyelids and ascites 
manifested 4 months after TCPC, when the first episode of pneu-
monia was also documented. Every year after TCPC, he experienced 
approximately 6 respiratory tract infections of suspicious bacterial 
origin that required antibiotic treatment. At the age of 9 years, the 
patient suffered from pneumonia complicated by fluidothorax. 
From the age of 12 years, recurrent lower limb effusions, abdominal 
pain and hepatomegaly with undulating ascites were present. Severe 
osteoporosis caused by chronic hypocalcemia led to compressive 
thoracic vertebra fracture. Another episode of pneumonia accom-
panied by ascites and hepatomegaly occurred at the age of 15 years. 
Despite recurrent respiratory tract infections, no complication 
could have been considered to be an opportunistic infection.

  The laboratory findings at the age of 5 years revealed incipient 
PLE with hypogammaglobulinemia and hypoproteinemia ( ta-
ble  1 ). The first extensive immunological examination was per-
formed at the age of 9 years, revealing predominately IgG hypo-
gammaglobulinemia with CD4 +  lymphocytopenia. IgA and IgM 
levels decreased during the follow-up period ( tables 1 ,  2 ). IgG1 
(1.56 g/l; ref. range 3.70–12.80 g/l), IgG2 (0. 45g/l; ref. range 1.06–
6.10 g/l) and IgG3 (0.11 g/l; ref. range 0.18–1.63 g/l) levels were 
reduced, while IgG4 levels stayed within the reference range. Pre-
viously decreased anti- Haemophilus influenzae  type b (Hib)-spe-
cific antibodies (0.01 mg/l; ref. range 0.09–17.70 mg/l) normalized 
(0.43 mg/l) after revaccination at the age of 9 years. Antibodies 
against a mixture of pneumococcal capsular polysaccharide anti-
gens (PCP) of 23 serotypes included in the nonconjugated anti-
pneumococcal vaccines temporarily increased (3.60 mg/l) after re-
vaccination with an anti-pneumococcal vaccine (Pneumo 23, 
Sanofi Pasteur SA, France) without reaching the reference range 
(>15.40 mg/l). Anti-tetanus-specific antibodies stayed within the 
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reference range during the follow-up period (4.77 IU/ml; ref. range 
>0.12 IU/ml). Complement components C3 and C4 did not reveal 
any abnormalities.

  Profound decreases in the absolute and relative numbers of 
CD3 + CD4 +  cells and decreases in the absolute numbers of 
CD3 + CD8 + , CD19 +  and CD16 + /56 +  lymphocytes were observed 
during the follow-up period ( table 2 ). No abnormality in the num-
ber of CD3 + γ/δ T cells was observed. A marked reduction of naïve 
CD45RA +  cells (3.80%; ref. range 40.90–65.70%) and a predomi-
nance of memory CD45RO +  cells (95.80%; ref range 25.10–52.10%) 
were observed among CD4 +  T cells. The CD45RA +  cells (54.5%; 
ref. range 61.00–91.00%) decreased continuously during the fol-
low-up period, accompanied by a continuous increase in the pro-
portion of CD45RO +  cells (49.20%; ref. range 13.00– 29.30%) 
among CD8 +  cells. The expression levels of other activation mark-
ers stayed within their reference ranges (CD4 + HLADR + : 4.30%; 
ref. range 4–11% and CD8 + HLADR + : 18%; ref. range 5–25%). An 
evaluation of B cell subsets revealed significantly increased transi-

tional B cells (CD24 ++ CD38 ++ ). Naive B cells (IgM + CD27 – ), mar-
ginal zone B cells (IgM + CD27 + ) and memory B cells (IgM – CD27 + ) 
stayed within the normal ranges. Plasmablasts (CD27 +++ CD38 +++ ) 
and CD21 low CD38 low  B cells were slightly reduced ( table 3 ).

  Sulfamethoxazole trimethoprim prophylaxis (a dose of 5 mg/
kg/day once daily 3 days a week) was introduced at the age of 10 
years; however, the effect of this treatment on the frequency and 
severity of respiratory tract infections was only marginal. At the 
age of 15 years, subcutaneous immunoglobulin substitution ther-
apy (0.08 g/kg/per week) was initiated. Despite the occurrence of 
only a minor increase in serum IgG levels from 1.55 to 2.45 g/l, a 
decrease in the number of respiratory infections was observed.

  The patient’s hemodynamic state deteriorated rapidly, de-
manding the implantation of a ventricular assistant device at the 
age of 16 years. Heart transplantation was carried out 6 months 
later. One year after the transplantation, the patient was hemody-
namically stable without any infectious complications or clinical 
symptoms or signs of PLE.

 Table 1.  Immunoglobulin, total protein and albumin levels in patients 1 – 3 at different follow-up time points

Patient 1 Patient 2  Patient 3
5 years 11 years 15 years 17 yearsa 8 years 15 years 17 years 6 yea rsb 11 years 12 years

IgG, g/l (7.50 – 15.60) 1.00 2.06 1.24 12.00 n.a. 1.11 2.76 13.43 2.31 1.94
IgA, g/l (0.70 – 2.30) 0.70 0.64 0.54 1.00 n.a. 0.25 0.38 0.66 0.26 0.18
IgM, g/l (0.40 – 1.50) 0.56 0.42 n.a. 0.71 n.a. 0.92 0.96 1.32 0.24 0.17
Total protein, g/l (35 – 52) 23.30 28.20 15.60 43.00 44.00 41.40 43.50 71.30 n.a. 47.60
Albumin, g/l (64 – 83) 41.20 47.80 37.80 71.70 24.00 22.00 19.70 48.60 n.a. 33.20

 The reference range for the healthy population is given in parentheses. n.a. = Not analyzed.
a After heart transplantation. b Before Fontan operation.

 Table 2.  Lymphocyte subset, leukocyte and lymphocyte counts in patients 1 – 3 at different follow-up time points

Count Patient 1  Patient 2 Patient 3
9 years 13 years 15 years 17 yearsa 16 yea rs 10 years 11 years

Leukocytes, ×109/l (3.60 – 10.00) 8.40 9.20 9.00 9.30 10.00 8.80 36.67
Lymphocytes, % (25 – 40) 1.00 1.00 2.00 8.00 1.00 14.40 21.00
CD3+, % (58 – 85) 29.00 25.00 35.00 66.00 37.00 38.90 1.04
CD3+, ×109/l (0.90 – 2.80) 0.05 0.06 0.03 0.49 0.18 0.49 0.06
CD4+, % (30 – 60) 8.00 7.00 13.00 15.00 12.00 6.68 22.80
CD4+, ×109/l (0.40 – 1.40) 0.01 0.02 0.01 0.11 0.06 0.08 0.13
CD8+, % (15 – 35) 18.00 16.00 23.00 51.00 24.00 26.77 30.45
CD8+, ×109/l (0.20 – 0.90) 0.03 0.04 0.02 0.38 0.12 0.34 0.17
CD19+, % (7.0 – 23) 27.00 6.00 12.00 10.00 9.0 15.89 28.10
CD19+, ×109/l (0.20 – 0.60) n.a. n.a. 0.01 0.07 n.a. 0.20 0.16
CD16+/CD56+, % (6 – 20) 42.00 69.00 50.00 23.00 54.00 41.84 5.80
CD16+/CD56+, ×109/l (0.07 – 0.20) n.a. n.a. 0.05 0.17 n.a. 0.53 9.60

 The reference range for the healthy population is given in parentheses. n.a. = Not analyzed.
a After heart transplantation. 
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  The heart transplantation led to the normalization of the abso-
lute numbers of CD3 + CD8 + , CD16 + /56 +  and CD19 +  cells. The ab-
solute and relative numbers of CD3 + CD4 +  cells were partially el-
evated but remained reduced ( table 2 ). Serum IgG and also IgM 
levels normalized within 4 months after the transplantation ( ta-
ble  1 ), leading to the discontinuation of immunoglobulin treat-
ment. The levels of anti-PCP antibodies (28.30 mg/l) reached the 
reference range without the necessity of revaccination after trans-
plantation. In addition, hypoalbuminemia and hypoproteinemia 
diminished after the transplantation.

  Case Report 2 

 The second patient, a boy with double-outlet left ventricle, un-
derwent a series of palliative heart surgeries in infancy, followed by 
TCPC at the age of 3 years. The first signs of PLE were observed at 
the age of 6 years, verified by increased alpha-1-antitrypsin clear-
ance. At the age of 8 years, the patient manifested with transition-
al diarrhea and edema of the abdomen and the eyelids. At the age 
of 12 years, severe diarrhea occurred, accompanied by edema of 
the face and ascites with hepatomegaly. Progressive hypoalbumin-
emia, hypoproteinemia ( table 1 ), hypocalcemia (1.64 mmol/l; ref. 
range 2.15–2.51 mmol/l) and hypomagnesemia (0.68 mmol/l; ref. 
range 0.71–0.94 mmol/l) with cramps and growth retardation were 
present. Low-molecular-weight heparin, diuretics, corticosteroids 
and a low-protein diet yielded only mild effects. Frequent upper 
and lower respiratory tract infections, including 1 episode of pneu-
monia, with at least 3 antibiotic courses each year, lowered the pa-
tient’s quality of life. The patient’s hemodynamic state deteriorat-
ed rapidly. Edema of the lower extremities, ascites, hypocalcemic 
cramps and diarrhea manifested even during calcium and iron 
substitution, nutritional supplementation and forced complex an-
ti-edematous therapy. Prophylaxis with amoxicillin-clavulanic 
acid was introduced at the age of 15 years; however, the effect on 
the frequency of respiratory tract infections was only marginal. No 
infection could have been considered to be opportunistic. Heart 
transplantation was considered, but the patient died of malignant 

arrhythmia after contracting severe  Campylobacter jejuni  gastro-
enteritis at the age of 16 years.

  The first immunological investigation at the age of 15 years had 
revealed profound IgG hypogammaglobulinemia and slight IgA 
hypogammaglobulinemia with normal IgM levels ( table 1 ). Severe 
CD3 + CD4 +  lymphocytopenia, accompanied by a decrease in the 
CD3 + CD8 +  subset, was present ( table 2 ). Anti-PCP (0.68 mmol/l) 
and anti-tetanus toxoid (3.90 IU/ml) specific antibody levels were 
deeply depressed. Anti-Hib antibodies (0.61 mg/l) stayed within 
the reference range.

  Case Report 3 

 A boy with HLHS underwent TCPC at the age of 8 years. The 
patient had a history of a series of palliative heart surgeries in infan-
cy. At the age of 2 years, he suffered from recurrent respiratory tract 
infections and 1 episode of pneumonia. Afterwards, he remained 
stable until the age of 10 years, when recurrent, uncomplicated low-
er and upper respiratory tract infections occurred, including otitis 
media and bronchitis without any opportunistic infection cause.

  Intermittent diarrhea without a documented infectious agent 
was present. No signs or symptoms of effusions, ascites or edema 
were present. Antibiotic prophylaxis with amoxicillin-clavulanic 
acid was introduced at the age of 10 years.

  The first immunoglobulin examination at the age of 2 years re-
vealed decreased IgG and IgM, which normalized in the following 
year. Severe IgG hypogammaglobulinemia, followed by decreased 
IgA and IgM, was observed at the age of 8 years ( table 1 ). The pa-
tient’s IgG1 (1.65 g/l), IgG2 (0.18 g/l), and IgG3 (0.19 g/l) levels 
were reduced. Subcutaneous immunoglobulin substitution (0.10 
g/kg/week) was initiated at the age of 10 years, with a minimal 
laboratory serum IgG increase (from 1.65 to 3.44 g/l) but positive 
clinical effects. Albumin and total protein levels were profoundly 
reduced. Absolute CD3 + CD4 +  lymphocytopenia was present; 
however, other lymphocyte subpopulations remained within the 
reference range ( table  2 ). At the time of the completion of this 
study, the patient, who was 11 years old, had a good quality of life 
with the absence of respiratory tract infections. 

 Discussion 

 Here we present 3 case reports of patients with Fontan-
related PLE. We observed CD4 lymphocytopenia and IgG 
hypogammaglobulinemia, with a predominant IgG1 and 
IgG2 decrease in all 3 patients. Combined secondary im-
munodeficiency manifested as recurrent respiratory tract 
infections. No opportunistic infection was observed. Im-
munoglobulin replacement therapy accompanied by an-
tibiotic prophylaxis led to a decrease in the number of 
respiratory infections. In 1 patient, heart transplantation 
resulted in the restitution of the hemodynamic state and 
laboratory findings.

  The mechanism that leads to secondary immunodefi-
ciency in patients with PLE after TCPC is not fully under-

 Table 3.  B lymphocyte subsets in patient 1

15 years 17 years 17 yearsa

IgM+CD27–, % (75.20 – 86.70) 68.80 85.30 85.30
IgM+CD27+, % (4.60 – 10.20) 5.50 4.60 1.00
IgM–CD27+, % (3.30 – 9.60) 5.40 6.80 0.70
CD24++CD38++, % (2.30 – 5.50) 41.00 56.80 25.40
CD27+++CD38+++, % (0.30 – 1.70) 5.00 3.60 0.10
CD21lowCD38low, % (0.90 – 3.30) 5.90 5.80 1.50

 The reference range for the healthy population is given in pa-
rentheses. B lymphocyte subset nomenclature: IgM+CD27– = naïve 
cells, IgM+CD27+ = marginal zone cells, IgM–CD27+ = memory 
cells, CD24++CD38++ = transitional cells, CD27+++CD38+++ = plas-
mablasts, CD21lowCD38low cells. 

a After heart transplantation.
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stood. The reduction of immunoglobulin levels can be 
explained by the loss of immunoglobulins into the gastro-
intestinal tract  [16] . A predominant IgG decrease can be 
explained by the extensive loss of proteins  [20]  with slow 
turnover, including albumin and IgG  [1] . In contrast, 
proteins with shorter half-lives, such as clotting factors, 
prealbumin or transferrin, are preserved nearly in the 
normal range  [1, 4] . It is speculated that lymphocytopenia 
in PLE develops due to abnormal intraluminal lymphatic 
drainage  [17] . Radiolabeled lymphocytes were detected 
in the stools of patients suffering from PLE  [21] . Predom-
inant CD4 +  lymphocytopenia can be explained by an el-
evated CD4/CD8 ratio in the lymph caused by the selec-
tive transport of CD4 +  cells in the lymph or the shorter 
half-life of the CD8 +  subset in comparison to the CD4 +  
lymphocyte subset  [14, 22] .

  In all of our patients, decreases in IgG, IgG1, IgG2 and 
IgA were observed, which is consistent with previous 
findings in Fontan-related PLE patients  [9, 15, 17] . IgM, 
together with IgG3, was decreased only in patients 1 and 
3. This variability is consistent with other published data 
 [15, 17] . The severe predominately CD4 +  lymphocytope-
nia in all patients corresponds with reports in the litera-
ture  [15, 17] . We observed decreased absolute counts of 
CD19 +  B and CD16/56 +  NK cells in patients 1 and 2. In 
contrast, a normal absolute B cell count was observed by 
Magdo et al.  [17] .

  The CD4 + CD45RA +  subset was markedly decreased in 
all of our patients when measured. CD8 + CD45RA +  cells 
decreased continuously during the follow-up period. A 
markedly elevated transitional B cell subset dominated in 
patient 1 ( table 3 ). To our knowledge, B cell subsets in 
Fontan-related PLE patients have not yet been described 
in the literature.

  Specific antibodies revealed a decrease in anti-PCP an-
tibodies in all 3 patients. In patient 1, anti-PCP antibodies 
showed only a transient increase after revaccination with 
the 23-valent polysaccharide vaccine. However, after car-
diac transplantation, the serum anti-PCP antibodies nor-
malized. Magdo et al.  [17]  also described a decrease in 
anti-PCP antibodies in Fontan-related PLE patients. De-
creased anti-Hib antibodies normalized after revaccina-
tion in patient 1 and were normal in patient 2. In contrast 
to the data available in the literature  [17] , we observed 
decreased anti-tetanus toxoid antibodies in patient 2.

  Heart transplantation in patient 1 led to full immuno-
globulin level restitution. Despite the normalization of 
the CD3 + CD8 +  and CD16 + /56 +  lymphocyte subsets, 
CD3 + CD4 +  cells and the CD4 + D45RA +  subset showed 
only a slight increase, remaining deeply below the refer-

ence range. CD19 +  lymphocyte subsets were elevated in 
absolute counts without reaching the reference range ( ta-
ble 2 ). The CD3 + CD4 +  count was influenced by immuno-
suppressive therapy in this patient.

  Yamamoto et al.  [14]  described a patient with primary 
intestinal lymphangiectasia, in whom CD4 +  counts also 
failed to normalize 6 months after successful treatment 
with a medium-chain triglyceride diet and IgG restitution.

  The levels of immunoglobulins correlated with the 
clinical severity of secondary immunodeficiency in each 
patient. The nature and localization of the infection 
courses were characteristic of hypogammaglobulinemia 
but not CD4 +  lymphocytopenia. Our patients suffered 
predominantly from respiratory tract infections that are 
typical of antibody deficiency. Despite severe CD4 +  lym-
phocytopenia, no infectious complication associated with 
CD4 deficiency ( Pneumocystis jirovecii  pneumonia, my-
cobacterial infection, mycotic infections and severe infec-
tions caused by the viruses of the herpes virus family) 
manifested in our patients. This finding is consistent with 
the observation of Magdo et al.  [17] .

  Antibiotic prophylaxis yielded only a mild clinical ef-
fect in our patients. Intravenous and subcutaneous im-
munoglobulin treatment has been proven to be effective 
in patients with primary hypogammaglobulinemia  [23] . 
Zaupper et al.  [24]  reported the resolution of cardiac-re-
lated PLE symptoms after high-dose (1 g/kg/4 weeks) in-
travenous immunoglobulin treatment. Despite the insuf-
ficient IgG increase in our patients, which was probably 
caused by the massive loss in the gut, subcutaneous im-
munoglobulin replacement therapy at a dose of 0.080–
0.100 g/kg/week markedly decreased the number of in-
fection courses in both of our patients when applied.

  Conclusion 

 Fontan-related PLE is a life-expectancy-reducing con-
dition that is marked by massive protein loss and sub-
clinical combined secondary immunodeficiency. Hypo-
gammaglobulinemia, predominantly CD4 +  lymphocyto-
penia, and a variably reduced response to vaccination are 
the main laboratory features of this condition. Our pa-
tients suffered from recurrent respiratory tract infections 
but not opportunistic infections. Subcutaneous immuno-
globulin substitution, together with antibiotic prophylax-
is, increased their quality of life by decreasing the number 
of infection courses. We recommend that patients after 
TCPC with complex cardiac anomalies should be fol-
lowed regularly by a clinical immunologist.
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