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Background. Patients undergoing the Fontan procedure
may have extended hospital stay due to various
postoperative factors including prolonged chest tube
drainage. Our aim was to determine the efficacy of our
Fontan management protocol in reducing chest tube
drainage and length of stay.

Methods. Patientswho underwent a Fontan procedure at
our institution from June 2008 to September 2013 were
analyzed (n [ 42). We currently manage our patients ac-
cording to the PORTLAND protocol: Peripheral vasodila-
tion, Oxygen, Restriction of fluids, Technique of surgery,
Low-fat diet, Anticoagulation (including antithrombin III
management), No ventilator, and Diuretics. Group A (n [
28) had surgery prior to initiation of this protocol;
groupB(n[14)hadsurgeryduring thecurrentprotocol era.

Results. The median number of chest tube days was
lower in group B (6 vs 11 days, p < 0.001) as was the
total indexed drainage (126 vs 259 mL/kg, p < 0.001).
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Patients in group B had shorter intensive care unit
length of stay (4 vs 7 days, p [ 0.004) and hospital length
of stay (8 vs 13 days, p [ 0.001). Group B had higher
preoperative common atrial pressures (7.0 vs 5.8 mm Hg,
p [ 0.017), end-diastolic pressures (9 vs 7 mm Hg,
p [ 0.026), and trended toward higher pulmonary artery
pressures (11.5 vs 9.5 mm Hg, p [ 0.077). There was no
statistically significant difference in age, weight, trans-
pulmonary gradient, or pulmonary vascular resistance
between groups.
Conclusions. The PORTLAND protocol has improved

early outcomes after the Fontan procedure. Chest tube
drainage and duration, and both intensive care unit and
hospital length of stay have been reduced since initiation
of this protocol.

(Ann Thorac Surg 2015;99:148–55)
� 2015 by The Society of Thoracic Surgeons
he Fontan procedure, described in 1971 by Fontan and
TBaudet as surgical treatment for tricuspid atresia [1, 2],
has undergone many modifications. Today it is widely
used for a variety of congenital heart defects [3], and
completes the return of systemic venous blood directly to
the pulmonary circulation [4]. The classic Fontan proce-
dure consisted of anastomosis of the right atrial
appendage to the pulmonary arteries [3, 5]. Modifications,
including a lateral tunnel or extracardiac conduit, have
improved outcomes and reduced overall mortality. How-
ever, Fontan patients continue to have notable short-term
and long-term morbidity and mortality [6].

Long-term problems include thrombotic events, venous
hypertension, arrhythmias, and congestive heart failure [6].
Short-term morbidity includes persistent pleural drainage,
extended length of stay (LOS), prolonged mechanical
ventilation and need for inotropic support [1], as well as
acute thrombotic events. Although persistent pleural
drainage is likely multifactorial, techniques may be
implemented to minimize chest tube output [7]. In addi-
tion, a number of studies have shown that the creation of a
fenestration decreases the duration of chest tubes and
hospital LOS [8, 9]. The aim of this study was to determine
if we could decrease hospital LOS and chest tube days in
Fontan patients by implementing a defined surgical strat-
egy and strict postoperative management plan.
Patients and Methods

Patients
All patients who underwent a Fontan procedure at our
institution between June 2008 and September 2013 were
included (n ¼ 42). Beginning in April 2012, we initiated
the PORTLAND protocol. Group A (n ¼ 28) had surgery
prior to this time, and group B (n ¼ 14) had surgery after
this time. One patient in group B was not managed
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Fig 1. During creation of fenestration, the right atrium cannula is
replaced with a cardiotomy sucker. The hole in the graft is created
approximately 2/3 the distance from the inferior vena cava to the
pulmonary artery. The atriotomy is created on the lateral smooth-
walled portion of the atrium. (Created by Andy Rekito, MS, and
reproduced with permission from Oregon Health and Science
University.)
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according to protocol. Therefore, we analyzed all patients
on the basis of intention-to-treat but excluded this patient
for secondary protocol analysis.

A retrospective chart review was performed to collect
patient age, weight, hemodynamic data, total chest tube
output and chest tubes days, and intensive care unit and
hospital LOS. The chest tube drainage, per tube, was
indexed to patient’s body weight. This study was
approved by the Institutional Review Board at Oregon
Health and Science University.

Cardiac Catheterization
Every patient underwent a full hemodynamic cardiac
catheterization with angiographic assessment prior to
their Fontan procedure. This was typically performed
under moderate sedation, with the patient breathing
spontaneously in room air.

Calculations of pulmonary and systemic blood flow and
pulmonary and systemic vascular resistances were per-
formed. Pulmonary vein saturations were directly
measured; however, when variability between vessels
was present the average value was used.

The following data were collected: mean pulmonary
artery pressure; common atrial pressure; transpulmonary
gradient; end-diastolic pressure; and pulmonary vascular
resistance.

Surgical Technique
All patients had their surgery during the same surgeon
era. Those in group B underwent the same surgical
techniques receiving a fenestrated extracardiac conduit.

Cardiopulmonary bypass is achieved with an aortic
cannula and 3 venous cannulas in the superior vena cava,
inferior vena cava (IVC), and right atrium (RA). The IVC
is transected, the RA oversewn, and the polytetrafluoro-
ethylene graft (16 to 22 mm) is anastomosed to the distal
IVC using a 5-0 polypropylene suture on a tapered needle
(9.3 mm, 3/8 circle). The graft is shaped and anastomosed
to the inferior aspect of the right pulmonary artery. These
anastomoses are performed on beating heart bypass.
Next, the heart is arrested using antegrade del Nido
cardioplegia. The RA cannula is clamped and replaced
with a cardiotomy sucker, improving visualization during
creation of the fenestration.

A hole is created laterally on the smooth-walled portion
of the RA. The site of the atriotomy is important, in-
corporating the non-trabeculated portion of the atrium. A
3-mm punch is taken on the medial aspect of the graft,
which creates a 4-mm hole, approximately 2/3 the dis-
tance from the IVC to the pulmonary artery (Fig 1). The
fenestration is created by anastomosing the atriotomy to
the graft at a minimum perimeter of 3 to 4 mm from the
hole (Figs 2, 3). Each suture incorporates endocardium.
A “sutureless” fenestration is therefore achieved (Fig 4).

The RA cannula is replaced and the patient is weaned
from cardiopulmonary bypass. A transthoracic, intraatrial
monitoring line is placed. Patients are discharged
with a patent fenestration and return for cardiac cathe-
terization and fenestration closure 6 months to 1 year
after surgery (Figs 5A, 5B).
Postoperative Management
Postoperative management begins with extubation, in the
operating room whenever possible. This has been shown
to improve early hemodynamics [10].
Aspirin is administered rectally at a dose of 5 mg/kg,

rounded to the nearest 20 mg for ease of dosing, before
leaving the operating room. This is transitioned to oral
aspirin until warfarin therapy commences and the in-
ternational normalized ratio (INR) is near-therapeutic
(>1.5 with goal INR 2 to 3). Warfarin is initiated on
postoperative day 2 or 3, after removal of the intraatrial
line. Prior to warfarin therapy patients are maintained
on a low-dose continuous heparin infusion at 20 U/kg
per hour, beginning 4 hours after surgery in the absence
of excessive bleeding. Heparin is administered to coun-
teract the procoagulant phase encountered during
warfarin initiation and produces its effects by binding to
antithrombin III (ATIII), the predominant naturally
occurring inhibitor of serine proteases [11, 12]. Heparin



Fig 3. A running suture is continued around the circumference of the
fenestration, bringing the atrium and graft together. (Created by Andy
Rekito, MS, and reproduced with permission from Oregon Health and
Science University.)

Fig 2. The sutures include full-thickness on the atrial side and
partial-thickness on the graft, at a perimeter of at least 3 to 4 mm
around the punch hole. (Created by Andy Rekito, MS, and reproduced
with permission from Oregon Health and Science University.)
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levels are checked daily. The ATIII levels are also closely
monitored and repleted as necessary, if the ATIII level is
less than 0.9 U/mL. An ATIII level is checked immediately
upon return from the operating room and at least daily
thereafter for the duration of heparin therapy.
Our protocol places a strict emphasis on diuresis

and negative fluid balance. Patients receive only half-
maintenance fluids and are restricted to a maximum of
80% maintenance fluids while chest tubes remain in
place, even when taking oral fluids. Diuretics are initiated
on postoperative day 1, beginning with intravenous
furosemide. Other agents are added as needed to ensure
a negative fluid balance each day, and we target double-
digit values for the blood urea nitrogen.
In addition to diuretics and fluid restriction, all patients

are placed on a low-fat diet (< 30% of calories from fat)
regardless of the quality or quantity of chest tube output.
The low-fat diet is continued until chest tube removal.
Patients without chylous drainage resume a normal diet
after chest tube removal, while those with chylous
drainage are discharged on a low-fat diet for 6 weeks.
Supplemental oxygen is maintained at a minimum of

1/2 L of 100% oxygen, regardless of oxygen saturation,
until chest tube removal. Lastly, every patient receives
afterload reduction with an angiotensin-converting
enzyme inhibitor after wean from inotropes and milri-
none. Table 1 demonstrates the current postoperative
management plan.

Statistical Methods
Stata version 13 (StataCorp LP, College Station, TX)
statistical software was used for all data analysis. Pre-
liminary analysis included a Mann-Whitney test to
compare the median response for continuous variables.
Fig 4. Completed “sutureless” fenestration. (Created by Andy Rekito,
MS, and reproduced with permission from Oregon Health and Sci-
ence University.)



Fig 5. (A) Cardiac catheterization demon-
strating a patent fenestration 8 months after
Fontan and (B) after device occlusion of
fenestration.
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A c2 test was used to investigate the effect due to domi-
nant ventricle.

Chest tube output was log-transformed to improve
symmetry and stabilize variance between groups and
then compared using multiple linear regression. Multi-
variable models (Cox proportional hazards or negative
binomial) for a given response were constructed to
identify characteristics that were significantly associated
with each outcome. Once no further significant charac-
teristics could be identified, the subjects were analyzed by
group status, thereby controlling for other associated
variables [13].

Length of stay and chest tube days were analyzed using
Kaplan-Meier curve survival analysis, Cox proportional
hazards regression, and negative binomial regression
[14]. All p values are 2-sided with statistical significance
and confidence interval set to 0.05 and 95%, respectively.
Results

Preliminary statistical analysis compared group A with
group B. There was no significant difference in age,
weight, transpulmonary gradient, or pulmonary vascular
resistance between groups (Table 2).

Hemodynamics
Group B had higher preoperative common atrial pressure
(7.0 vs 5.8 mm Hg, p ¼ 0.017) and end-diastolic pressure
(9.0 vs 7.0 mmHg, p ¼ 0.026). It also trended toward higher
pulmonary artery pressure (11.5 vs 9.5 mm Hg, p ¼ 0.077).

Chest Tube Drainage
The total chest tube output was significantly less in group
B (126 vs 259 mL/kg, p < 0.001). When analyzed inde-
pendently, there was no difference in mediastinal tube
output. However, output from both the right (69 vs
141 mL/kg, p ¼ 0.002) and left (40 vs. 89 mL/kg, p ¼ 0.015)
pleural drains demonstrated reductions in group B rela-
tive to group A. In fact, the right chest tube output for
group B was 57% (95% confidence interval [CI] 32% to
73%; p ¼ 0.001) less than group A, and the left was 54%
(95% CI, 5.4% to 76%; p ¼ 0.035) less than the output for
group A. No demographic or hemodynamic characteris-
tics were associated with these reductions.
Duration of chest tubes was also significantly reduced

in group B relative to group A (6 vs 11 days, p < 0.001).
This effect remained after controlling for patient’s age,
weight, and transpulmonary gradient. On average, the
number of days with a chest tube for someone in group
B was only 62% (95% CI 48% to 80%; p < 0.001) as long as
for an individual from group A (Table 3). A Kaplan-Meier
survival curve demonstrates this reduction (Fig 6).

Length of Stay
Intensive care unit LOS was significantly decreased in
group B (4 vs 7 days, p ¼ 0.004). After adjusting for age,
weight, and common atrial pressure there was a 14%
reduction (p ¼ 0.442). These findings were duplicated
when analyzed using a Cox proportional hazards model;
the crude rate of discharge from the intensive care unit
for group B was 2.65 (95% CI, 1.34 to 5.22; p ¼ 0.005) times
the discharge rate for group A and was 1.63 times the rate
after controlling for those 3 characteristics.
Hospital LOS was lower in group B (8 vs 13 days,

p ¼ 0.001). Secondary protocol analysis, after controlling
for age, determined that the mean length of stay for group
B was 55% (95% CI: 42 to 72; p < 0.001) of that of group A,
a 45% decrease, and the discharge rate for group B was
5.22 (95% CI 2.36 to 11.50; p < 0.001) times the rate for
group A. Intention-to-treat analysis demonstrated the
LOS in group B to be 79% (95% CI 55 to 112; p ¼ 0.187) of
group A, although this did not reach statistical signifi-
cance. This analysis also showed a suggestive (p ¼ 0.073)
1.9-fold increase in discharge rate of group B relative to
group A. A Kaplan-Meier survival curve demonstrates
this decrease (Fig 6).

Morbidity and Mortality
There was no in-hospital or 30-day mortality. Two
patients (4.8%), 1 in each group, suffered a thromboem-
bolic stroke associated with graft thrombosis in the
context of low ATIII levels. Seven patients were read-
mitted after discharge for pleural effusions (5 of 28, 18%
in group A; 2 of 14, 14% in group B). Two patients



Table 1. Postoperative Management Strategy

Management Strategy POD 0 POD 1 POD 2-3 POD 4-5
Continued Until

Chest Tube Removal Discharge

Aspirin Suppository: 5 mg/kg
rounded to nearest
20 mg

Transition to oral Oral aspirin Oral aspirin
until INR >1.5

Oral aspirin
until INR >1.5.

No aspirin at
discharge

Heparin Heparin drip at 20 U/kg
per hour when no
signs of excessive
clinical bleeding

Heparin drip Heparin drip held 4 hours
for intra-cardiac line
removal, restarted after

Heparin drip continued
for 48 hours after
initiation of warfarin
and if INR <1.5

Coag Labs ATIII level checked at
least daily and
replaced if necessary.
Goal ATIII > 0.9 U/mL.
Heparin level drawn
12 hours after initiation

ATIII replaced as necessary.
Heparin level daily while
on heparin

ATIII replaced as necessary.
Heparin level daily while
on heparin

ATIII replaced as
necessary. Heparin
level daily while on
heparin

ATIII replaced as
necessary until
chest tube
removal

Warfarin Initiated after intracardiac
line removal. Consider
0.2 mg/kg � 2 doses then
decreased to 0.1 mg/kg.
Goal INR 2.0-3.0

Goal INR 2.0-3.0 Goal INR 2.0-3.0 Goal INR 2.0-3.0
but may discharge
if INR > 1.5.
Follow with
anticoagulation
clinic.

Diuretics Furosemide 1 mg/kg
IV q8hr.
Consider adding
spironolactone
or chlorothiazide

Furosemide 1 mg/kg IV
q8hr. Consider adding
spironolactone or
chlorothiazide

Furosemide 1 mg/kg IV
q8hr. Consider adding
spironolactone or
chlorothiazide

Furosemide1 mg/kg
IV q8hr. Consider
adding spironolactone
or chlorothiazide

Diuretics adjusted
prior to discharge

Afterload
Reduction

Wean inotropes If inotropes are weaned,
discontinue milrinone and
initiate ACE-I

ACE-I ACE-I ACE-I ACE-I

Fluids and diet Fluids 1/2 maintenance Fluids 1/2 maintenance until
adequate oral intake. 80%
maintenance fluid
restriction. Low-fat diet

80% maintenance fluid
restriction. Low-fat diet

80% maintenance fluid
restriction. Low-fat diet

80% maintenance
fluid restriction.
Low-fat diet

Low-fat diet for
6 weeks if chylous
output

Oxygen Minimum 1/2 L of 100% Minimum 1/2 L of 100% Minimum 1/2 L of 100% Minimum 1/2 L of 100% Minimum 1/2 L of 100%

ACE-I ¼ angiotensin-converting enzyme inhibitor; ATIII ¼ antithrombin III; INR ¼ international normalized ratio; IV ¼ intravenous; POD ¼ postoperative day.
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Table 2. Comparison of Variables Between Group A and Group B

Variable Group A (n ¼ 28) Group B (n ¼ 14) p Value

Demographics:
Age (days) Median [IQR] 1,480 [1,268–1,652] 1,424 [1,163–1,589] 0.408
Weight (kg) Median [IQR] 14.8 [13.5–16.5] 15.4 [13.7–18.6] 0.416
Dominant ventricle left, n (%) 11 (39.3) 6 (42.9) 0.824

Hemodynamics at pre-Fontan cardiac catheterization:
Mean PAP (mm Hg) median [IQR] 9.5 [8.2–11.8] 11.5 [10.0–14.0] 0.077
Common atrial pressure (mm Hg) median [IQR] 5.8 [4.0–6.5] 7.0 [6.0–8.0] 0.017
Transpulmonary gradient (mm Hg) median [IQR] 4.0 [3.0–6.0] 4.0 [3.0–5.0] 0.581
EDP (mm Hg) median [IQR] 7.0 [6.0–9.0] 9.0 [8.0–10.0] 0.026
PVR (Unit�m2) median [IQR] 1.9 [1.4–2.2]a 1.5 [1.3–1.8] 0.187

Chest tube output indexed:
Right (mL/kg) median [IQR] 141 [99–215] 69 [43–102] 0.002
Left (mL/kg) median [IQR] 89 [36–191] 40 [19–68] 0.015

Mediastinal (mL/kg) median [IQR] 19 [12–45] 20 [15–21] 1.000
Total (mL/kg) median [IQR] 259 [197–456] 126 [72–164] <0.001
Outcomes:

ICU LOS (days) median [IQR] 7 [5.5–10] 4 [3–6] 0.004
Chest tube duration (days) median [IQR] 11 [9–14.5] 6 [5–8] <0.001
Hospital LOS (days) median [IQR] 13 [10.5–20.5] 8 [6–12] 0.001

a Calculation of PVR could not be performed on 2 patients due to multiple sources of pulmonary blood flow; therefore, 2 data points were excluded for this
variable (n ¼ 26).

Continuous/ordinal variables are summarized using median and IQR with 2-sided p values from Mann-Whitney test; categoric variables are presented as
counts (and percent) with p value from the c2 test.

EDP ¼ end-diastolic pressure; ICU ¼ intensive care unit; IQR ¼ interquartile range; LOS ¼ length of stay; PAP ¼ pulmonary artery
pressure; PVR ¼ pulmonary vascular resistance.
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required a permanent pacemaker; 1 in each group. These
morbidities were not included in further analysis.
Comment

Patients undergoing the Fontan procedure have increased
morbidity and mortality [6]. Early results after initiation of
Table 3. Results From Multivariate Models Relating 3 Primary Ou

Outcome Est. ROM (95% CI)

Chest tube days:
Adjusteda 0.62 (0.48–0.80)
Crude 0.51 (0.37–0.69)
ICU LOS:
Adjustedb 0.86 (0.59–1.26)
Crude 0.58 (0.40–0.84)
Hospital LOS
Protocol

Adjusted (n ¼ 41)c 0.55 (0.42–0.72)
Crude (n ¼ 41) 0.52 (0.39–0.69)

Intention-to-treat:
Adjustedc 0.79 (0.55–1.12)
Crude 0.74 (0.52–1.05)

a Adjusted for age, weight, and transpulmonary gradient. b Adjusted for ag

Results expressed as either an estimate of ratio of means (Est. ROM; negative
model). Unadjusted (crude) estimates are shown for comparison based on sam

ICU ¼ intensive care unit; LOS ¼ length of stay.
the PORTLAND protocol have demonstrated a significant
decrease in chest tube output and days, and both hospital
and intensive care unit LOS. This effect may be an
underestimate as implementation of the protocol was an
evolving process, and we made improvements over time
to ensure better adherence. Additionally, the hemody-
namic data suggest that group B may actually have
tcome Measures Between Groups

p Value HR (95% CI) p Value

<0.001 4.12 (1.96–8.65) <0.001
<0.001 4.19 (2.07–8.46) <0.001

0.442 1.63 (0.78–3.42) 0.193
0.004 2.65 (1.34–5.22) 0.005

<0.001 5.22 (2.36–11.50) <0.001
<0.001 5.36 (2.44–11.80) <0.001

0.187 1.90 (0.94–3.82) 0.073
0.090 2.14 (1.08–4.24) 0.028

e, weight, and common atrial pressure. c Adjusted for age.

binomial regression) or as the hazard ratio (HR; Cox proportional hazards
e techniques.



Fig 6. Kaplan-Meier survival curves (dotted line) and Cox proportional hazard regression (solid line) for chest tube days (left) and hospital length
of stay (right). Kaplan-Meier analysis demonstrates chest tube duration and hospital length of stay are shortened for those in group B relative to
group A (p < 0.001 and p ¼ 0.033, respectively; log-rank test).
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included higher risk patients. We have demonstrated the
same effect when controlling for other variables in
secondary analysis.

The hospital LOS in group A, the pre-protocol group, is
comparable with data reported from other institutions. Atz
and colleagues [15] report a median hospital LOS of 11
days in patients with a prior cavopulmonary anastomosis
and 14 days for those without. Ovroutski and colleagues
[16] report a 14 day hospital LOS (range 6 to 107 days), with
on-pump patients staying a median of 15 days and off-
pump patients staying 10 days. Lemler and colleagues
[17] report a LOS of 12 days in fenestrated patients and 23
days in non-fenestrated patients. The Australia and New
Zealand Fontan Registry report [18] showed that in the
modern era (2001 to 2010) the median LOS for a Fontan
patient was 13 days, with 10% of patients staying longer
than 30 days. Finally, Jacobs and colleagues analysis [19] of
2,691 patients from The Society of Thoracic Surgery data-
base showed an average LOS of 13.4 days. Our median
length of stay of 8 days in group B is among the shortest
published LOS after the Fontan procedure. Additionally, 3
of the last 4 patients were discharged on postoperative day
5 or 6, suggesting that continued use of this protocol may
result in further reductions in LOS.

One variable that presented with early difficulties for
strict adherence was fluid restriction. A strategy that
was implemented for better adherence to this variable
was an exact calculation of the maximum total fluid
intake allowed for each patient (80% maintenance,
calculated by the Holliday-Segar nomogram and “4-2-1”
formula) [20] and clear documentation and discussion of
this limit with all members of the care team and family,
including a sign on the patient’s door defining their
maximum allowance.

Prevalence of thrombosis after the Fontan procedure
is between 1% and 33% [21]. Because Fontan patients
are at an increased risk, it is important to manage
their anticoagulation carefully [22]. We believe anti-
coagulation is important in reducing the incidence of
graft thrombosis and maintaining a patent fenestration,
and it can therefore have an indirect impact on chest tube
duration and LOS. Heparin bridging to long-term
warfarin therapy is common [4]. During heparin ther-
apy ATIII levels should be monitored and maintained,
particularly in the early postoperative period. Aspirin is
used immediately after the surgical procedure when pa-
tients are at greatest risk of bleeding from full anti-
coagulation and maintained until the patient is near-
therapeutic on warfarin.
Two patients had neurologic sequelae after graft

thrombosis and subsequent embolic stroke. Both patients
had extremely low ATIII levels at the first postoperative
draw. These values were 0.28 and 0.24 U/mL, respectively,
and were the lowest values among all patients in this
study. In fact, the patient in group B who suffered a stroke
was not managed per protocol as the ATIII was not
checked upon return from the operating room and the
discrepancy was not detected until early the following
morning. This patient subsequently had a complicated
recovery and a long hospital LOS (57 days), contributing to
our only outlier in group B. This incident provides greater
support for the importance of strict anticoagulation.
The angiotensin-converting enzyme inhibitors are

frequently prescribed in Fontan patients [23]. Proposed
mechanism of action includes a salutary effect on endo-
thelial vasomotor dysfunction observed in this patient
population [24].
It is difficult to attribute the improvements we have

observed to any one particular component of the protocol.
In addition, the effect of both era and institution of a
study protocol may have had some influence. The use of
a fenestration remains one of the most controversial
strategies for Fontan management. However, it is our
philosophy that a fenestration is beneficial and an
important part of our protocol.
By decreasing the median LOS from 13 to 8 in our

Fontan patient population, approximately 5 hospital days
were saved per patient. The effect that this standardiza-
tion of care may have on cost of health care is profound.
From 2005 to 2009, 2,691 Fontan operations were
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performed and reported to The Society of Thoracic Sur-
gery database, an average of 538 per year with an average
LOS of 13.4 days [19]. If we extrapolate our results to this
entire group it would have saved almost 3,000 hospital
days per year. As more complex patients are surviving to
their Fontan procedure, the number of procedures per-
formed is likely to increase. Standardizing the manage-
ment of Fontan patients could greatly reduce the cost of
health care for this population.

By utilizing the PORTLAND protocol, we have im-
proved early outcomes by decreasing the volume of chest
tube output, the duration of chest tubes, and the hospital
LOS. Careful surgical technique, including ensuring
a patent fenestration with the described “sutureless”
technique, and strict postoperative management may
contribute to improved outcomes in Fontan patients.
Adoption of these techniques may translate to reduced
hospital LOS in other centers. Standardizing care not only
leads to better outcomes, but can also have a major
impact on the cost of health care for patients with single-
ventricle physiology.
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