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CASE REPORT

lliac access conduit facilitates endovascular aortic
aneurysm repair and ipsilateral iliofemoral bypass
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Abstract : It may be difficult to access a route to deliver a stent-graft for abdominal aortic
aneurysm in high-risk patients with bilateral iliofemoral occlusive disease. These two pa-
tients underwent both endovascular aortic aneurysm repair by a modified iliac access con-
duit technique and sequential ipsilateral iliofemoral artery bypass using the conduit,
which provided excellent results. The iliac access conduit facilitates endovascular aortic
aneurysm repair and ipsilateral iliofemoral bypass of high-risk patients with abdominal
aortic aneurysm and bilateral iliofemoral occlusive disease. J. Med. Invest. 61 : 204-207,

February, 2014
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INTRODUCTION

A combination of Trans-Atlantic Intersociety Con-
sensus D iliofemoral occlusive disease and a signifi-
cant abdominal aortic aneurysm (AAA) is occasion-
ally encountered. Previous studies have shown that
approximately 40%-70% of patients with AAA were
anatomically unsuitable for endovascular aortic
aneurysm repair (EVAR) due to bilateral iliofemo-
ral occlusive diseases (1). Extensive calcified athe-
rosclerotic disease, occlusions, and tortuous and/
or narrow iliac arteries make the usual transfemoral
access approach difficult. Two successful patients
of both EVAR using the iliac access conduit as a safe
endovascular arterial access and sequential iliofemo-
ral artery bypass using the conduit are described in
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this report.

CASE 1.

A 77-year-old male exhibited both a huge infra-
renal AAA and bilateral leg claudication. He had
a history of cerebral infarction, hypertension and
chronic kidney disease. Bilateral ankle-brachial
pressure indexes (ABIs) were 0.75-0.80. Preopera-
tive computed tomo-angiography revealed long
complete occlusion of the right external iliac ar-
tery and severe stenosis of the left external iliac ar-
tery (Figure 1 (a)).

CASE 2.

An 85-year-old male showed a significant infra-
renal AAA and bilateral leg claudication. He had a
history of chronic kidney disease and dementia. Pre-
operative bilateral ABIs were 0.71-0.72. Preoperative
computed tomo-angiography revealed that the pa-
tient had complete occlusion of the left common iliac
artery and severe stenosis of the right external iliac
artery (Figure 1 (b)).
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(b)

Figure 1. Preoperative 3D-computed tomo-angiography. Pre-
operative 3D-computed tomo-angiography showed complete oc-
clusion of the right external iliac artery and severe stenosis of
the left external iliac artery in Case 1 (a) and complete occlusion
of the left external iliac artery and severe stenosis of the right
external iliac artery in Case 2 (b).

The patients were of advanced age with poor ac-
tivities of daily living, and they were high-risk pa-
tients for conventional open AAA repair and were
unsuitable candidates with a poor access route for
EVAR.

SURGICAL TECHNIQUES

1. The ipsilateral patent common iliac artery proxi-
mally placed to the long complete occlusion of
the external iliac artery was exposed through a

retroperitoneal approach. Simultaneously, bilateral
common femoral arteries were exposed by ingui-
nal incision.

2. Percutaneous transluminal angioplasty (PTA) with
stent placement was performed for short occlu-
sion and/or stenosis of the contralateral external
iliac artery antegradely and/or retrogradely.

3. An 8-mm Dacron graft was anastomosed in an
end-to-side fashion to the ipsilateral distal com-
mon iliac artery as a safe iliac access conduit for
EVAR (Figure 2 (a)).

4. After completion of the anastomosis, the delivery
sheath (18-Fr introducer) of EVAR was inserted
to the proximal site of the iliac conduit through
a purse-string suture of the distal side aspect of
the Dacron graft itself to avoid excess bleeding
under fluoroscopic guidance.

(@)

8-mm Dacron
graft for iliac
access conduit

introducer

©

8-mm Dacron
graft for ilio-
femoral bypass

Figure 2. Operative schema and intraoperative fluoroscopic
image for endovascular repair in Case 1. An 8-mm Dacron graft
was anastomosed in an end-to-side fashion to the right distal
common iliac artery as a safe iliac access conduit for endovas-
cular aortic aneurysm repair (a). Main body of stent-graft was
inserted through a delivery sheath (18-Fr introducer) at the dis-
tal side aspect of the iliac access conduit under intraoperative
fluoroscopic guidance (b). Completion of endovascular aortic
aneurysm repair, PTA and iliofemoral bypass was shown (c). Fr=
French, PTA=percutaneous transluminal angioplasty
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5. The main body of Y-type stent-graft was inserted
through the delivery sheath and deployed from be-
low the inferior renal artery orifice to proximal site
of the common iliac artery-conduit anastomosis
(Figure 2 (b)).

6. An additional stent-graft for the contralateral leg
was delivered in the contralateral common iliac
artery through the external iliac artery immedi-
ately reconstructed in advance by PTA.

7. After completion of EVAR, the iliac access conduit
was used for ipsilateral iliofemoral bypass graft
under the inguinal ligament (Figure 2 (¢)).

POSTOPERATIVE COURSES

Perioperative blood loss was well limited. Both
postoperative courses were uneventful. There were
no significant complications associated with EVAR,
PTA and an iliofemoral bypass. Follow-up is com-
plete in both patients and they are free from aggra-
vation of heart and renal failure after operation. To
date, both conduits remain patent, and both patients
are alive and doing well with improved activities of
daily living.

DISCUSSION

An iliac access conduit for endovascular access
was first reported as “perspective” and “access prob-
lems” by Parodi et al. (2). They reported that an
aorto-uni-iliac stent-graft combined with the ex-
traanatomical femorofemoral bypass is useful for
AAA with diseased ilio-femoral arteries. Subse-
quently, EVAR using the iliac access conduit and
ipsilateral ilio-femoral bypass through a retroperi-
toneal approach was first reported by Yano ez al. in
2001 (3) and by Lee WA et al. in 2002 (4). We modi-
fied this technique together with PTA for contra-
lateral iliac arterial disease.

The techniques of EVAR using the iliac access
conduit concomitant with PTA of contralateral iliac
artery disease and ipsilateral iliofemoral bypass us-
ing the iliac access conduit were superior in terms
of not only completion of an anatomical vascular re-
construction in patients with bilateral iliac artery
occlusive diseases but also not putting the thick de-
livery sheath of the main body of EVAR through the
native narrow and tortuous diseased iliac arteries,
which potentially decreases the risk of access route
injuries (Figure 3).

bifurcated
stent-graft

(b)

‘bifurcated
stent-graft

Figure 3. Postoperative 3D-computed tomo-angiography. Post-
operative 3D-computed tomo-angiography showed successful
completion of an anatomical vascular reconstruction in Case 1 (a)
and in Case 2 (b).

We performed EVAR using an 18-French intro-
ducer not from the terminal end of the iliac access
conduit but from the side aspect of the iliac access
conduit. This contributed greatly to reduction of
bleeding during passage of the delivery sheath (5).

We believe that the use of such techniques will
ultimately increase the number of patients eligible
for EVAR and avoid devastating access-related com-
plications.
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Abstract Although liver fibrosis causes significant mor-
bidity in the late postoperative period of the Fontan procedure,
the diagnostic value of hyaluronic acid (HA), a serum marker
of liver fibrosis, has not been established in Fontan patients.
The purpose of this study was to determine whether increased
serum HA concentration in Fontan patients is associated with
an increase in inspiratory-to-expiratory flow rate ratio (Qin/
Qex) of the portal vein (PV), which is indicative of liver
fibrosis. We retrospectively studied 28 consecutive patients
with Fontan circulation who underwent cardiac catheterisation
for various indications. The median age at examination was
5.5 years (range 2.2-5.6). The median HA concentration was
17.7 ng mL ™" (range 10.0-82.1), which was used to divide our
28 patients into two groups. Patients in the high-HA group had
significantly greater Qin/Qex of the PV than those in the low-
HA group (1.25 £ 0.12 vs. 1.12 £ 0.11, p < 0.05). Platelet
counts were significantly lower in the high-HA group
(216 + 74 vs. 294 + 104 x 10° L™}, p < 0.05). No signifi-
cant difference was found in inferior vena caval pressure. In
conclusion, increase of HA concentration in Fontan patients
accompanies the change in PV hemodynamics peculiar to liver
cirrhosis and might be an early indicator of liver fibrosis.

Keywords Fontan procedure - Liver fibrosis -

Hyaluronic acid - Portal vein

Fontan circulation has become established as the definitive
palliation in patients with a functionally univentricular
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heart [10]. A chronically increased systemic venous pres-
sure inherent in Fontan circulation leads to chronic hepatic
congestion, which has a profibrotic effect and results in
progressive sinusoidal collagen deposition in a perivenular
distribution [23]. Along with the improved survival of
patients with Fontan circulation, there is growing evidence
that it is not uncommon for Fontan patients in the late
postoperative period to develop liver fibrosis, even in the
absence of a failing Fontan circulation, as has been shown
in studies based on autopsy [11], biopsy specimens [17,
22], and radiological imaging [3, 4, 29].

Although the noninvasive diagnosis of liver fibrosis at
an early stage is important, standard biochemical indices of
liver hepatic dysfunction remain normal or only minimally
increased, and no laboratory examination has been estab-
lished as an indicator of liver fibrosis in patients with
Fontan circulation [8, 16]. Hyaluronic acid (HA), a high
molecular-weight glycosaminoglycan synthesized by mes-
enchymal cells, has been reported as a reliable marker that
can predict liver fibrosis in children with various liver
diseases [5, 12, 18]. However, the diagnostic value of
serum HA concentration in patients with Fontan circulation
remains to be determined.

The purpose of this study was to test the hypothesis that
Fontan patients with increased serum HA concentration
show changes in hepatic function test results and portal
vein (PV) hemodynamics that are indicative of liver
fibrosis or cirrhosis.

Materials and Methods

We retrospectively reviewed 28 consecutive patients (14 males,
14 females) with Fontan circulation who underwent postoper-
ative cardiac catheterisation for various indications at our
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institution. All patients underwent laboratory investigations and
echocardiographic evaluation before cardiac catheterisation. In
addition, all patients were screened for ultrasonographic chan-
ges peculiar to liver cirrhosis, including surface nodularity of the
liver and parenchymal heterogeneity [25]. The institutional
Ethics Committee approved our retrospective study, and written
informed consent was obtained from all patients.

Laboratory Investigations

Serum levels of total bilirubin, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), cholinesterase,
gamma-glutamyltranspeptidase, and total cholesterol were
measured using standard methods. Coagulation tests were
not included in the analysis because of the varied antico-
agulant medication among our patients. Plasma brain
natriuretic peptide concentration was measured by fluo-
rescence-enzyme immunoassay (E test TOSOH II; Tosoh
Corp., Tokyo, Japan). Serum HA was measured using a
latex agglutination—turbidimetric immunoassay kit (LPIA
Ace HA; Fujirebio Inc., Tokyo, Japan), the HA-detection
limit of which is 10 ng mL™'. Although the normal adult
value for serum HA is <50 ng mL™', normal values in
children have not been determined. Judging from previous
reports, the upper limit of serum HA concentration in
healthy children would not exceed 30 ng mL ™" [12, 18]. In
the current study, we divided our patients into two groups
using the median value of serum HA concentration.

Assessment of PV Hemodynamics by Ultrasonography

To assess PV hemodynamics, we calculated the inspiratory-
to-expiratory flow rate ratio (Qin/Qex) of the PV by using
Doppler recordings [ 13—15]. Measurements were made with
a Philips IE33 ultrasound system (Philips Medical Systems,
Andover, MA) using a 5- or 8-MHz transducer. Respiratory
and electrocardiography monitoring data were simulta-
neously recorded. Pulsed-wave Doppler recordings in the PV
were obtained at the main portal trunk while the patient was
breathing quietly in the supine position. The respiratory
effect on mean flow rate of the PV was computed as previ-
ously described by Hsia et al. [13—15]. In brief, the velocity
time integral (VTI) for the inspiratory phase (VTIin) and the
expiratory phase (VTIex) of the respiratory cycle was eval-
uated, as well as the time interval for inspiration (Tin) and
expiration (Tex) (Fig. 1).In patients with Fontan circulation,
it can be assumed that the cross-sectional area of the PV
(A) is constant through respiration owing to the high venous
pressure. Therefore, the mean flow rate during the inspira-
tory phase (Qin) and the expiratory phase (Qex) could be
calculated by using the following equations:

Qin = VTIin* A/Tin, Qex = VTIex x A/Tex

The effect of respiration on flow rate was expressed as
the Qin/Qex:

Qin/Qex = (VTIin/Tin) % (Tex/VTlex)

The Qin/Qex values of the PV were measured from
three full respiratory cycles, and the results for each of the
measurements were averaged. All measurements were
performed by one of the researchers who was blinded to the
clinical data of the patient.

Cardiac Catheterization

All patients underwent cardiac catheterisation with intra-
venous anaesthesia and maintained spontaneous respiration
on ambient air. The hemodynamic data obtained included
inferior vena caval pressure and end-diastolic pressure of
the systemic ventricle. The Nakata index was also mea-
sured during cardiac catheterisation.

Statistical Analysis

Data are expressed as frequencies, means & SDs, or as
medians and ranges as appropriate. Differences in the
categorical variables between groups were tested with
Fisher’s exact test. Differences in the continuous variables
were analyzed by Mann—Whitney U test. A p-value of
<0.05 was considered statistically significant. All analyses
were performed using R version 2.13.0.

Results
Patient Characteristics
The demographic characteristics of our patients are listed

in Table |. The median age at cardiac catheterisation was
5.5 years (range 2.2-25.6), and the median time interval

Fig. 1 Pulsed-wave Doppler recording of portal venous flow. The
tracing at the botfom is the simultaneous respiratory recording, which
allowed distinguishing the onset of the inspiratory phase (downward-
pointing arrowheads) and the expiratory phase (upward-pointing
arrowhead). For flow rate calculation, we measured VTIin and VTIex
as well as Tin and Tex
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between the Fontan procedure and cardiac catheterisation
was 2.2 years (range 0.3-20.0). Fontan procedures without
fenestration (26 extracardiac conduit, 1 lateral tunnel, and 1
atriopulmonary connection) were performed at a median
patient age of 2.3 years (range 1.6-8.4). Of 26 patients
with extracardiac conduit, 3 underwent emergent creation
of fenestration within 48 hours after the Fontan procedure.
At cardiac catheterisation, 25 patients (89 %) were in New
York Heart Association (NYHA) functional class I, and 3
patients (11 %) were in NYHA functional class II. All
patients were in sinus rhythm except for 1 patient (patient
no. 23) who had intra-atrial re-entrant tachycardia. Cardiac
catheterisation measurements were unavailable for this
patient because he underwent catheter ablation for the
intra-atrial re-entrant tachycardia, and pressure study was
not performed. Inferior vena caval pressure was not mea-
sured in another patient (patient no. 16) because of an
interrupted inferior vena cava. None of the patients had
other known causes of liver diseases, such as hepatitis B,
hepatitis C, autoimmune hepatitis, and drug-induced liver
injury. On abdominal ultrasonography, none of the patients
showed evidence of liver cirrhosis.

Comparison Between High- and Low-HA Groups

The median value of serum HA concentration was
17.7 ng mL™" (range 10.0-82.1), which was used to divide
our 28 patients into two groups (i.e., low-HA group and
high-HA group). By definition, serum HA concentration was
significantly increased in the high-HA group [median
29.3 ng mL™" (range 18.4-82.1) vs. median 11.0 ng mL ™"
(range 10.0-17.0), respectively; p < 0.0001]. Patient char-
acteristics, laboratory data, and hemodynamic measurements
for both groups are listed in Table 2.

Patient ages at examination and at Fontan procedure, as
well as time interval since Fontan, were not different
between the low- and the high-HA groups. There was no
significant difference in patient body weight and oxygen
saturation under ambient air. All of the three patients with
NYHA functional class II belonged to the high-HA group.

Laboratory examination showed that platelet counts
were significantly decreased in the high-HA group
(216 + 74 vs. 294 4 104 x 10° L™!, respectively;
p < 0.05). Regarding the other indices of hepatic function,
there was no significant difference in the serum level of
total bilirubin, AST, ALT, cholinesterase, gamma-gluta-
myltranspeptidase, and total cholesterol between the low
and high HA groups. There was also no significant dif-
ference in plasma brain natriuretic peptide concentration
between the two groups. The degree of aortic regurgitation
and atrioventricular regurgitation was similar in the two
groups.

@ Springer

Although inferior vena caval pressure tended to be
greater in the high-HA group, the difference did not reach
statistical significance. Other cardiac catheterisation mea-
surements, including end-diastolic pressure of the systemic
ventricle and the Nakata index, were similar in the two
groups.

Flow rate calculations of the PV showed that patients in
the high-HA group had significantly increased Qin/Qex of
the PV compared with those in the low-HA group
(1.25 £ 0.12 vs. 1.12 £ 0.11, respectively; p < 0.05,
Fig. 2a). In addition, statistical significance was maintained
even after we confined the analysis to patients with inferior
vena caval pressure <15 mmHg (Qin/Qex of the PV,
1.22 + 0.08 for the high-HA group vs. 1.10 % 0.09 for the
low-HA group; p < 0.05, Fig. 2b).

Discussion

We found that in Fontan patients of NYHA functional class
I and II, high serum HA concentration was associated with
decreased platelet count and pronounced inspiratory aug-
mentation of the portal venous flow rate. Our results sug-
gested that increase of serum HA concentration in Fontan
patients accompanies a change in PV hemodynamics sim-
ilar to that in patients with cirrhosis of the liver, and
therefore, it might be an early indicator of liver fibrosis.

HA as a Marker of Liver Fibrosis

Our patients, all of whom were in hemodynamically stable
Fontan circulation with NYHA functional class I and II,
showed varied serum HA concentrations ranging from 10.0
to 82.1 ng mL™'. HA acid is a component of the extra-
cellular matrix, and liver fibrosis stimulates the synthesis of
HA in hepatic mesenchymal cells. At the same time, the
clearance of HA from circulation is impaired owing to the
decreased permeability of the sinusoidal endothelial cells
in the presence of liver fibrosis [9]. Several studies previ-
ously showed that serum HA concentration predicted liver
fibrosis in adult patients with chronic hepatitis [27, 30] as
well as in pediatric patients with nonalcoholic fatty liver
disease [18], beta-thalassemia major [5], and various liver
diseases [12].

Although the normal values in children and changes with
advancing age have not been confirmed for serum HA
concentration, a previous study reported that the normal
value for HA in children was <30 ng mL™" [12]. Another
study in children with nonalcoholic fatty liver disease
showed that the median serum HA concentration in patients
with biopsy-confirmed liver fibrosis was 20.5 ng mL™"
(interquartile range 19.5-34.8) [18], which was significantly
greater than that in patients without fibrosis. Therefore, we
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Table 1 Demographic characteristics of patients
Patient  Sex Age Time since Diagnosis Fontan type NYHA Serum HA  Qin/Qex IvC
(years)  Fontan (years) functional  (ng mL™Y)  of the PV pressure
class (mmHg)
1 Male 3.2 1.0 TA EC 1 <10.0 1.00 12
2 Male 4.3 1.0 HLHS EC with fenestration I <10.0 1.14 12
3 Female 34 1.3 SRV EC I <10.0 1.27 16
4 Female 33 0.9 SLV EC 1 <10.0 1.19 9
5 Male 32 0.9 TGA EC I <10.0 0.98 11
6 Female 6.5 4.2 HLHS variant EC I <10.0 [.10 10
7 Male 57 1.2 HLHS EC 1 10.6 0.96 14
8 Male 8.0 42 SRV EC 1 1.3 1.10 12
9 Male 16.9 12.6 SLV EC I 11.9 1.05 13
10 Female 2.8 0.3 SRV EC I 14.9 1.24 10
11 Male 8.8 6.3 PA/IVS EC I 15.3 1.13 12
12 Female 2.2 0.5 DORYV, PA, MS EC with fenestration 1 15.6 1.18 11
13 Male 5.8 3.8 DILV EC I 15.6 1.10 9
14 Female 32 0.9 SRV EC I 17.0 1.30 15
15 Male 32 1.2 SRV EC 1 18.4 1.23 15
16 Male 19.0 10.8 SRV EC 1 21.1 0.97 NA
17 Male 6.8 2.9 Hypoplastic RV, TS, PS  EC I 229 1.25 9
18 Male 3.8 0.4 SRV EC I 24.3 1.28 13
19 Female 5.3 2.4 SLV EC I 24.4 1.18 20
20 Female 4.0 2.0 HLHS EC 1 25.2 1.06 12
21 Female 6.2 4.6 SRV EC with fenestration I 27.1 1.29 16
22 Female 19.4 10.9 DILV EC il 315 1.27 12
23 Male 25.8 19.7 TA APC 1l 31.6 1.38 NA
24 Female 13.1 11.2 SRV EC I 334 1.48 16
25 Female 2.3 0.3 SRV EC [ 38.1 1.26 11
26 Female 7.5 53 SRV EC I 45.1 1.22 12
27 Male 15.3 9.9 PA/IVS LT I 50.7 1.24 16
28 Female 24 0.5 HLHS EC I 82.1 1.33 18

APC atriopulmonary connection, DILV double-inlet left ventricle, DORV double-outlet right ventricle, EC extracardiac conduit, HLHS hypoplastic left
heart syndrome, /VC inferior vena cava, L1 lateral tunnel, MS mitral stenosis, NA not available, PA pulmonary atresia, PA/[VS pulmonary atresia with
intact ventricular septum, PS pulmonary stenosis, RV right ventricle, SLV single left ventricle, SRV single right ventricle, TA tricuspid atresia, TGA

transposition of the great arteries, 75 tricuspid stenosis

considered that the serum HA concentrations [median
29.3 ng mL™! (range 18.4-82.1)] in the high-HA group had
clinical relevance and that it was reasonable to compare the
two groups that were divided at the median value of serum
HA concentration.

HA and PV Hemodynamics

Our study showed that Fontan patients with increased
serum HA concentration had pronounced inspiratory aug-
mentation of the portal venous flow rate. This alteration in
PV hemodynamics is considered to represent fibrotic
change of the liver.

In the normal population, portal venous flow decreases
during inspiration as the descending diaphragm compresses
the compliant and easily collapsible portal venules and

hepatic sinusoids [19]. As a result, the Qin/Qex of the PV is
<1 in the normal population [13]. Because the cirrhotic
liver is firmer and less collapsible than the normal liver, the
decrease in portal venous flow during inspiration becomes
less prominent: A previous study with magnetic resonance
imaging showed that maximal inspiration caused a 13.5 %
decrease in PV flow in cirrhotic patients compared with a
24.6 % decrease in healthy controls [24].

In Fontan patients, more blood flow is observed in the PV
during inspiration than during expiration [13], and the Qin/
Qex of the PV is >1. The chronically increased central venous
pressure inherent in Fontan circulation leads to hepatic con-
gestion, increased sinusoidal pressure, and decreased hepatic
compressibility. As a result, sinusoids remain patent during
inspiration and act as fluid-filled tubes. Because most of the
hepatic venous flow is driven during inspiration, portal

@ Springer
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Table 2 Clinical characteristics, laboratory data, and hemodynamic measurements of the low- and high-HA groups

Variables Low-HA group (n = 14) High-HA group (n = 14) p
HA (ng mL™Y) 11.0 (10.0-17.0)* 29.3 (18.4-82.1) <0.0001*
Age at examination (years) 39 (2.2-17.0) 6.5 (2.3-25.6) 0.18
Age at Fontan procedure (years) 2.3 (1.74.5) 2.4 (1.6-8.4) 0.98
Interval since Fontan procedure (years) 1.1 (0.3-12.6) 3.8 (0.3-19.7) 0.17
Body weight at examination (kg) 13.8 (9.5-53.2) 19.1 (11.0-70.9) 0.1
SpO, > 92 13 (93 %) 10 (71 %) 0.32
Sp0O, <92 1 (7 %) 4 (29 %)
NYHA functional class I 14 (100 %) 11 (79 %) 0.22
NYHA functional class II 0 3 (21 %)
Degree of aortic regurgitation
None 10 (71 %) 9 (64 %) 1
Mild 4 (29 %) 5 (36 %)
Degree of atrioventricular valve regurgitation
None 9 (64 %) 9 (64 %) 0.43
Mild 322 %) 5 (36 %)
Moderate 2 (14 %) 0 (0 %)
T-Bil (mg dL™") 0.7 (0.5-1.4) 0.7 (0.4-5.4) 0.85
AST (U L™h 371 £ 7.8 364 +11.8 0.42
ALT QU L™YH 214+ 54 22.1 £8.6 0.87
ChE (IU L™h 314 (214-547) 279 (209-361) 0.21
GGTP (IU LY 47 (22-205) 53.5 (22-161) 0.18
T-Chol (mg dL™Y) 126.9 + 249 120.0 £ 21.1 0.48
Platelet count (x10° L™") 294 + 104 216 + 74 <0.05%
Plasma BNP level (pg mL™") 11.0 (4.9-59.3) 25.2 (4.0-163.3) 0.51
Qin/Qex of the PV 1.12 £ 0.11 1.25 £0.12 <0.05*
IVC mean pressure (mmHg) 119 £ 2.1 142 +32° 0.054
<15 12 (86 %) 6 (43 %) 0.058
>15 2 (14 %) 6 (43 %)
Unknown 0 2 (14 %)
End-diastolic pressure of the systemic ventricle (mmHg) 6.0+1.9 7.1 +1.9° 0.27
Nakata index (mm? m™2) 205 + 55 197 £ 89°¢ 0.53

BNP brain natriuretic peptide, ChE cholinesterase, GGTP gamma-glutamyltranspeptidase, IVC inferior vena cava, SpO, percutaneous oxygen

saturation, T-Bil total bilirubin, 7-Chol total cholesterol, ALT alanine aminotransferase, AST aspartate aminotransferase

* Statistically significant

# Data are presented as means £ SDs, medians (ranges), or n (%)
® Data are available in 12 patients

¢ Data are available in 13 patients

venous flow becomes dominant during inspiration in concert
with an increased hepatic venous flow [13].

In Fontan patients with fibrotic change of the liver, portal
venules and hepatic sinusoids would become even less col-
lapsible, and inspiratory augmentation of the portal venous
flow would be more prominent. Therefore, the significantly
greater Qin/Qex of the PV observed in our high-HA patients
indicates fibrotic change of the liver. The significantly lower
platelet counts support the presence of liver fibrosis in the
high-HA group considering that thrombocytopaenia is a
common feature of chronic liver disease [2]. Our results

@ Springer

suggested that increase of serum HA concentration in Fontan
patients might be useful as an indicator of liver fibrosis.

PV hemodynamics could also be influenced by factors
other than fibrotic change of the liver. It has been well
described that the inspiratory augmentation of portal
venous flow becomes more prominent in patients with
functionally poorer Fontan circulation [14]. The study by
Hsia et al. [14] showed that the Qin/Qex of the PV was
significantly increased in Fontan patients with inferior
vena caval pressure >15 mmHg than in those with infe-
rior vena caval pressure <15 mmHg (1.4 0.5 vs.
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Fig. 2 Scatter plots of Qin/Qex (a) p<0.05 (b) p<0.05
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1.0 £ 0.3, p < 0.05). The same trend was also observed
in patients with NYHA functional class III/VI compared
with those with class I/IT (1.3 &£ 0.5 vs. 1.0 £ 0.3,
p < 0.05).

In our patients, inferior vena caval pressure might aiso
have affected PV hemodynamics. However, inferior vena
caval pressure did not differ significantly between the low-
and high-HA groups. In addition, the statistical significance
of the difference of the PV hemodynamics was maintained
even after we confined the analysis to patients with inferior
vena caval pressure <15 mmHg. Therefore, we attributed
the difference in PV hemodynamics to the presence of liver
fibrosis.

Liver Fibrosis in Fontan Circulation

Along with the improved survival of patients with Fontan
circulation, much attention has been paid recently to liver
fibrosis in Fontan patients [21]. Previous reports suggested
that patients with a failing Fontan circulation, who also had
markedly increased systemic venous pressure, were at risk
of developing liver fibrosis [11, 17]. However, there is
growing evidence that liver fibrosis is frequently observed
among Fontan patients in the late postoperative period [3,
4,22, 29]. Liver fibrosis would cause significant morbidity
and mortality in Fontan patients. Fontan-associated liver
fibrosis could ultimately result in hepatocellular carcinoma
[11]. A high perioperative mortality rate was reported in
Fontan patients with cirrhosis who underwent surgical
conversion to total cavopulmonary connection [l].
Although the noninvasive diagnosis of liver fibrosis at an
early stage is important, Fontan-associated liver disease
appears to develop slowly and subclinically in most
patients [21], and the standard biochemical indices of liver
hepatic dysfunction remains normal or only minimally
increased in Fontan patients [23]. Some reports pointed to
the applicability of noninvasive liver function tests for the
longitudinal assessment of hepatic function in Fontan

patients, such as gamma-glutamyltranspeptidase level [16,
20] and type IV collagen 7 s domain level [8, 20].
Although scoring systems, including the Forns index [6],
the FIB-4 index [26], and AST-to-platelet ratio index [28],
have been reported to be useful in predicting hepatitis-
induced liver fibrosis in adults, few studies have delved
into the diagnostic utility of these indices in children or
patients with Fontan circulation [3].

In our present study, none of the Fontan patients had
ultrasonographic changes peculiar to liver cirrhosis,
including surface nodularity of the liver and parenchymal
heterogeneity. In addition, the results of routine hepatic
function tests remained almost normal in many patients.
Nonetheless, Fontan patients with increased serum HA
concentration had alteration in PV hemodynamics that was
characteristic of liver fibrosis, which highlights the diag-
nostic value of serum HA concentration as an early indi-
cator of liver fibrosis.

It is of note that the high serum HA group contained
three very young children who had undergone a Fontan
procedure just several months before the examination.
Considering that liver fibrosis is a late postoperative
complication of the Fontan procedure, it was unlikely for
these young patients who had undergone Fontan procedure
<1 year ago would develop full-fledged liver fibrosis.
Although we speculated that the increased serum HA
concentration in these young patients might reflect a sub-
clinical fibrotic change of the liver, longitudinal follow-up
is required to determine the clinical relevance of the
increased serum HA concentration in such an early post-
operative period of the Fontan procedure.

Study Limitations
Our study had limitations that must be addressed. First,
none of our patients underwent liver biopsy, which is

considered the “gold standard” for the assessment of liver
fibrosis. However, liver biopsy is invasive and prone to
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sampling errors and interobserver variability [7]. In addi-
tion, radiological imaging examination was not performed
in our patients because no abnormalities were detected by
the liver enzyme tests and abdominal ultrasonographic
screening. Recent studies showed that computed tomog-
raphy and magnetic resonance imaging could identify
hepatic abnormalities in Fontan patients that were unrec-
ognizable by standard laboratory examinations [4, 29].
However, these abnormalities in radiological images were
indentified in patients at median ages of 14.4 years [4] and
18.9 years [29] and therefore were older than our patients.
Thus, we considered that it would be less likely for our
patients to show hepatic lesions on radiological images and
adopted portal venous hemodynamics as an indicator of
liver fibrosis.

Second, this study was not intended for establishing cut-
off values for predicting liver fibrosis in Fontan patients.
Aiming at evaluating the relationship between serum HA
concentration and liver fibrosis, we divided our patients
into two groups using the median value of serum HA
concentration. As a result, three young adult patients were
classified in the high-HA group despite that their serum HA
concentration did not exceed the upper limit of normal for
adults (50 ng mL™"). Because this is a retrospective cross-
sectional study including a small number of patients, fur-
ther investigation with a larger population and a longer
follow-up, including radiological imaging examinations, is
required to determine the clinical ramifications of increase
in serum HA concentration.

In conclusion, Fontan patients with increased serum HA
concentration had lower platelet count and pronounced
inspiratory augmentation of the portal venous flow rate.
Increase of serum HA concentration in Fontan patients
accompanies the change in PV hemodynamics similar to
that in patients with cirrhosis of the liver. Serum HA
concentration might be an early indicator of liver fibrosis,
although further investigation with a larger population and
longer follow-up is required to determine its clinical
implications.
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Abstract An §83-year-old woman presented to our echo-
cardiographic center with symptoms of right heart failure.
A dual-chamber DDDR pacemaker had been implanted
9 years earlier. Two-dimensional echocardiography
revealed right atrial and ventricular enlargement and
massive tricuspid regurgitation with immobilization of the
anterior leaflet of the tricuspid valve. Three-dimensional
transesophageal echocardiography showed that the pace-
maker lead had punctured the leaflet. These echocardio-
graphic findings were confirmed during. surgery. The
pacemaker lead was transected and removed, and pericar-
dial patch closure of the leaflet hole and tricuspid annulo-
plasty were performed. The mechanism of regurgitation
was elucidated by real-time three-dimensional echocardi-
ography, and surgical repair was straightforward.
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Introduction

Tricuspid valve perforation by pacemaker lead is an
extremely rare complication of transvenous pacemaker
implantation. Damage to the tricuspid valve caused by
pacemaker lead may result in severe symptomatic tricuspid
regurgitation and may not be overtly visualized by echo-
cardiography. We report a case of a patient with severe
tricuspid valve regurgitation due to tricuspid valve perfo-
ration by pacemaker lead. In our case, the mechanism of
regurgitation was elucidated by real-time three-dimensional
echocardiography, and surgical repair was straightforward.

Case report

An 83-year-old woman was referred to our ultrasound
examination center with 2-week history of increasing
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orthopnea, ankle swelling, and abdominal distension. A
dual-chamber pacemaker had been implanted due to sick
sinus syndrome 9 years earlier. She had been on oral
diuretic therapy for 1 year. She had a regular pulse of 70
beats per minute and her blood pressure was 98/64 mmHg.
Her jugular vein was dilated, and pitting edema to the mid
calves was observed. A 3/6 grade pansystolic murmur was
heard along the left sternal border. A chest X-ray showed
cardiomegaly and bilateral pleural effusion. Electrocar-
diogram (ECG) showed all DDD pacing rhythm. These
clinical findings were suggestive of right heart failure.

Fig. 1 Transthoracic echocardiography (apical four-chamber view).
Color Doppler mapping shows massive tricuspid regurgitation due to
immobilization of the anterior leaflet of the tricuspid valve

Two-dimensional echocardiography showed right atrial
and ventricular enlargement and massive tricuspid regur-
gitation (TR) with immobilization of the anterior leaflet of
the tricuspid valve (Fig. I; Video 1). Three-dimensional
transesophageal echocardiography revealed that the pace-
maker lead had punctured the leaflet (Fig. 2a; Video 2).
This phenomenon was confirmed by observation of a two-
dimensional echocardiogram reconstructed from the three-
dimensional dataset (Fig. 3).

Open heart surgery was performed because medical
treatment failed to cure heart failure. The leaflet was found
to be punctured by the pacemaker lead, the distal portion of
which was fixed to the right ventricular myocardium by
surrounding scar tissue (Fig. 2b). The pacemaker lead was
transected and removed, and pericardial patch closure of
the leaflet hole and tricuspid annuloplasty were performed.
Two bipolar epicardial pacemaker leads were placed and
connected to the new generator. The patient tolerated the
procedure well and was discharged on postoperative
day 40.

Discussion

Tricuspid valve perforation by pacemaker lead is an
extremely rare complication of transvenous pacemaker
implantation. Lin et al. [1] published a report of 41 patients
with pacemaker-lead-related TR. They found perforation of
the tricuspid valve leaflet in seven patients, and lead

Fig. 2 a Real-time three-dimensional echocardiography (transesophageal echocardiographic view from the right atrium to the right ventricle)
showing the anterior leaflet penetrated by the pacemaker lead. b Intraoperative photograph demonstrating a similar view to the echocardiographic

picture
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reconstructed  from

echocardiogram
3-dimensional dataset. The arrow indicates the portion of the
tricuspid valve anterior leaflet penetrated by the pacemaker lead

Fig. 3 Two-dimensional

entanglement, impingement, and adherence to the tricuspid
valve in four, 16, and 14 patients, respectively. A total of
22 patients in their study underwent tricuspid valve
replacement, while tricuspid valve repair was performed in
the remaining 19 patients. The investigators observed no
repeat surgery for recurrent TR after mean follow-up of
8.2 years. However, echocardiographic data regarding
postoperative residual or recurrent TR were not presented.

As in the present case, the mechanism of pacemaker-lead-
related TR could not be elucidated by 2-dimensional echo-
cardiography. Lin et al. [1] reported that the mechanism of
TR could be diagnosed preoperatively in only five of the 41
patients. On the other hand, Seo et al. [2] evaluated 87
patients with pacemaker-lead-related TR using 3-dimen-
sional echocardiography. In 82 patients, 3-dimensional
echocardiography revealed the lead route and location at the
tricuspid valve. Three-dimensional echocardiography can
also be used to reconstruct unique views from collected
volume data that cannot be obtained by 2-dimensional
echocardiography. In the present case, real-time 3-dimen-
sional echocardiography suggested puncture of the anterior

leaflet (Fig. 2a; Video 2), and reconstructed 2-dimensional
views confirmed the path of the lead through the middle
portion of the anterior leafiet, not in the commissures
(Fig. 3).

In this case, her pacemaker was implanted at another
hospital and she was followed up for a long time at that
institution. Therefore, detailed information on the time
course of development of TR was not available. Although
leaflet penetration occurred immediately after implantation,
early TR is often minimal, and the problem was not diag-
nosed acutely. It took 8§ years from her pacemaker implan-
tation to develop severe symptoms of heart failure, and it
took another year to become resistant to medication. The
likely mechanism for this long time lag may be slow pro-
gression of right atrial and ventricular enlargement. Several
adjustments of her medication and pacemaker settings were
made out of consideration for the risks associated with
invasive surgery, but open heart surgery was ultimately
necessary.

According to the data from Seo et al. [2], the location of
the pacemaker lead in relation to the tricuspid valve can be
an important predictor of lead-induced TR. Hypothetically
speaking, if earlier 3-dimensional echocardiography had
been performed in our reported case, the progression of TR
might have been predicted.

In this case, the mechanism of regurgitation was eluci-
dated by three-dimensional echocardiography 9 years after
pacemaker implantation, and surgical repair was straight-
forward.
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SUMMARY

Reconstruction of Pulmonary Blood Flow in the Norwood Procedure : Blalock-Taussig shunt : from
Bench to Surgery

Takashi Kitaichi, Department of Cardiovascular Surgery, The University of Tokushima, Tokushima,
Japan

Mikio Sugano, Hajime Kinoshita, Taisuke Nakavama, Hirotsugu Kurobe, Tamotsu Kanbara, Eiki
Fujimoto, Tetsuva Kitagawa

Although the right-ventricle to pulmonary artery {RV-PA) shunt as a source of pulmonary blood sup-
ply of Norwood procedure has improved early outcomes. disadvantages including right ventricular dys-
function or arrhythmias have been reported. So it has been still remained controversial whether BT
shunt or RV-PA conduit should be selected. We examined the influence of Blalock-Taussig (BT) shunt
size on regulation of the pulmonary blood flow in experimental model of a univentricular heart to deter-
mine the specific guidelines regarding suitable shunt size in the Norwood procedure.

The canine univentricular heart model with the ratio of shunt size to body weight (SS/BW) of 0.8 to
1.1 showed significant negative correlation between the pulmonary/systemic blood flow ratio (Qp/Qs)
and arterial PCo., but those with SS/BW of 1.1 to 1.4 did not. Similar phenomena were shown with the
grouped data on relationship between the Qp/Qs and inspired oxygen fraction. These findings imply
that when SS/BW is 0.8 to L.1. the Qp/Qs is controllable by physiologic respiratory manipulations.

In the context of our clinical experiences. SS/BW of 0.9 to 1.0 is considered a useful index for suitable
BT shunt in the Norwood procedure.

Norwood procedure/Blalock-Taussig shunt/shunt size/canine univentricular heart model
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