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ABSTRACT

Background: Persistent pleural effusions after the Fontan procedure contribute to
prolonged hospitalization and increased costs. We report our experience using a
modified Wisconsin Fontan protocol to reduce chest tube drainage and hospital
length of stay (LOS).

Methods: Single institutional retrospective chart review of 120 consecutive pa-
tients (60 before and 60 after initiation of our protocol) undergoing an extracar-
diac Fontan procedure from January 2004 to February 2007. Protocol influence
was assessed by comparing group differences on duration of pleural drainage,
requirement for nothing by mouth/total parenteral nutrition, hospital LOS, read-
mission for pleural effusion, and total hospital costs.

Results: Groups were similar in demographic characteristics, single ventricle
morphology, preoperative hemodynamic parameters, and operative and immedi-
ate postoperative management. Median duration of pleural drainage and hospital
LOS was reduced in the post- versus preprotocol groups: 4 days (interquartile
range [IQR], 4-5 days) pre versus 6 days (IQR, 5-10 days) (P< .0001) and 6
days (IQR, 5-9 days) versus 8 days (IQR, 6-13 days) (P ¼ .005), respectively.
Pleural drainage lasting >1 week was also less common postprotocol: 23
(38%) before versus 7 (12%) after (P ¼ .001). Fewer postprotocol patients
required nothing by mouth/total parenteral nutrition to control effusions: 5 pre
versus 0 post (P¼ .06), and fewer readmissions for effusions (14 before vs 7 after
[P¼ .1]). An average total cost savings of 22% and readmissions savings of 29%
resulted in nearly $500,000 in institutional savings over the study period.

Conclusions: A modified Fontan protocol resulted in reduced time to chest tube
removal, hospital LOS, and chest tube drainage lasting>1week. Therewas a strong
trend toward avoiding nothing bymouth/total parenteral nutrition to control pleural
effusion and lower hospital costs. (J Thorac Cardiovasc Surg 2015;150:481-7)
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Comparison between groups in hospital length of stay

measured in postoperative days.
Central Message

The use of a postoperative Fontan manage-

ment protocol can reduce duration of chest

tube drainage, hospital LOS, and hospital

readmissions.
Perspective

Pleural effusions can complicate the postopera-

tive course following the Fontan procedure.

The use of a modified Fontan management pro-

tocol mitigates prolonged pleural drainage and

shortens hospital length of stay. It may also lead

to a reduction in the incidence of readmission

and lower costs.
See Editorial Commentary page 488.
During the past 40 years, the Fontan procedure has under-
gone many modifications to improve postoperative mortal-
ity and morbidity in children with univentricular hearts.
Despite these advancements, pleural effusions continue
to be a challenging problem in the immediate postoperative
period and a significant cause of morbidity and extended
hospital length of stay (LOS). Currently, no definitive
cause for pleural effusions has been identified. How-
ever, a number of potential factors include elevated pulmo-
nary artery pressures (PAPs),1-4 reduced ventricular
function,5,6 ventricle type,7 prolonged mechanical ventila-
tion, moderate-to-severe systemic atrioventricular valve
regurgitation,8 and longer cardiopulmonary bypass (CPB)
and aortic crossclamp times.9-11 Other variables such as
benefit of conduit type (lateral tunnel vs extracardiac),12

presence of fenestration,13-16 intraoperative techniques
such as the use of modified ultrafiltration,17,18 off-pump
techniques,12,19 early extubation,20,21 and specific medi-
cation use or postoperative management regimens22-26

have been used in an attempt to reduce the incidence of
pleural effusion and decrease hospital LOS.
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Abbreviations and Acronyms
CPB ¼ cardiopulmonary bypass
CTICU ¼ cardiothoracic intensive care unit
EC ¼ extracardiac
IQR ¼ interquartile range
LOS ¼ length of stay
NP ¼ nurse practitioner
OR ¼ operating room
PAP ¼ pulmonary artery pressure
TPN ¼ total parenteral nutrition
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Diuretic therapy, fluid restriction, and dietary modifica-
tions continue to be first-line treatment for persistent pleural
effusions. Treatment may need to be escalated to further re-
strictions such as nothing by mouth with total parenteral
nutrition (TPN) or, in extreme cases, pleurodesis or thoracic
duct ligation. Some institutions have developed periopera-
tive risk stratification strategies to guide patient selection
and/or intra- and postoperative Fontan protocols to reduce
the incidence of prolonged pleural effusions and the associ-
ated morbidities.22-25

Cava and colleagues22 published 1 of the first postopera-
tive medical strategies to reduce the incidence of pleural ef-
fusions in Fontan patients. The medical strategy showed a
significant decrease in chest tube duration from 15 to 6
days and hospital LOS from 18 to 9 days.22 However, hos-
pital readmission rates for pleural effusion were not exam-
ined because the protocol ended with the removal of the last
pleural chest tube. Recently, Sunstrom and colleagues26

showed improved outcomes and reduced LOS from 13 to
8 days using a Fontan intraoperative and postoperativeman-
agement strategy named the PORTLAND (peripheral vaso-
dilation, oxygen, restriction of fluids, technique of surgery,
low-fat diet, anticoagulation [including antithrombin III
management], no ventilator, and diuretics) protocol. The
PORTLAND protocol shares many of the medical strategies
used by Cava and colleagues.22

The purpose of our study was to describe the efficacy of
our modified Fontan management protocol to reduce the
duration of pleural drainage, hospital LOS, readmissions
for pleural effusion, and health care costs.
PATIENTS AND METHODS
Patient Selection

Beginning in March 2006, we initiated our modified Fontan protocol. A

retrospective reviewwas performed of 125 consecutive patients who under-

went a Fontan procedure who were discharged from the hospital during the

3-year period from January 2004 to February 2007. Patients were excluded

if they died in the hospital (n¼ 2) or underwent a Fontan conversion (n¼ 3)

for a total of 120 patients (60 preprotocol and 60 postprotocol) included in

the analysis. A comparative design was used to assess group differences

related to duration of pleural drainage, hospital LOS, readmission rates,

and health care costs. Variables of interest included age, gender, weight,
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ethnicity, insurance type, ventricle type, diagnosis, preoperative hemody-

namic parameters, presence of fenestration, concomitant procedures, extu-

bation in the operating room (OR), median number of days until the last

chest tube removed, amount of chest tube drainage 24 hours before

removal, hospital LOS, need for nothing by mouth/TPN or pleurodesis,

hospital readmissions for pleural effusion with and without chest tube re-

insertion, and total hospital costs. The institutional review board at our

institution approved this study as meeting ethical and legal requirements.

Individual consent was waived.

Institutional Practice/Operative Technique
Since 2001, the practice at our institution has been to perform the modi-

fied Fontan procedure using an extracardiac (EC) conduit technique. Only

2 pediatric cardiothoracic surgeons were performing surgery during the

study period. The EC Fontan procedure was performed consistently using

CPB without aortic crossclamp unless a concomitant intracardiac proce-

dure was performed. Modified ultrafiltration was rarely performed. After

discontinuing CPB, if the central venous pressure was>18 mm Hg, with

a transpulmonary gradient>12 mm Hg, then placement of a fenestration

was considered. If a fenestration was needed, a 4-mm direct side-to-side

anastomosis of the EC conduit to the right atrial free wall was

performed. The majority of patients were extubated in the OR. Patients

were typically in the cardiothoracic intensive care unit (CTICU) for 3

days with the remainder of hospital stay in the telemetry unit. The postop-

erative anticoagulation regimen consisted of warfarin with a goal interna-

tional normalized ratio of 1.5 to 2.0 for conduit prophylaxis.

Cardiac Catheterization and Echocardiogram Data
All patients underwent a preoperative Fontan cardiac catheterization and

echocardiogram assessment. The mean PAP and transpulmonary gradient

were documented. The degree of atrioventricular valve regurgitation and

single ventricle function were obtained from the echocardiogram report.

Modified Fontan Management Strategy Protocol
The postoperative Fontan protocol was adapted from Cava and col-

leagues’22 published protocol at Children’s Hospital Wisconsin (Table 1).

The protocol was revised to coincidewith our institutional practices and re-

viewedby themedical directors of the heart institute,CTICU, and pharmacy

before implementation (Table 2). Once the protocol received internal

approval, it was disseminated to private practice cardiology groups to solicit

feedback and promote outpatient follow-up. The cardiothoracic surgery

nurse practitioners (NPs) educated the nursing staff and other members of

the health care team (ie, intensivists, fellows, and resident physicians), espe-

cially in the CTICU, where the protocol would be initiated. The NPs moni-

tored adherence to the protocol in both the inpatient and outpatient settings.

Outcome Measures
The main outcome variables were duration of pleural drainage, hospital

LOS, readmissions, and health care costs. Persistent pleural effusion was

defined as chest tube drainage lasting>1 week. Hospital LOS included

the day of admission to the day of discharge. All Fontan patients were

admitted to the hospital the day of surgery. Hospital readmission for recur-

rent pleural effusion was a readmission within 30 days of hospital

discharge. Hospital cost savings are defined as the money saved based on

total costs as a result of protocol implementation.

Statistical Methods
Boxplots were created using R version 3.1.1 (R Foundation for Statisti-

cal Computing, Vienna, Austria) and all other analyses were conducted

with the Statistical Package for the Social Sciences 2014 edition (IBM-

SPSS Inc, Armonk, NY). Preliminary analysis of patient characteristics

among the pre- and postprotocol groups were summarized using descrip-

tive statistics and differences were compared using the Mann Whitney U
ery c September 2015



TABLE 1. Wisconsin medical strategy to reduce chest tube drainage22

� Postoperative day 1 start intravenous furosemide 1 mg/kg every 8 h*

� When taking liquids:*

Captopril maximum dose of 1 mg/kg/dose

Hydrochlorothiazide and spironolactone 1 mg/kg every 12 h

� Fluid restriction of 80% maintenance

� Minimum of 0.5 L nasal cannula oxygen until all chest tubes are removed

� Low-fat diet (30% of daily calories from fat)*

� Chest tubes removed when drainage decreased to<2 mL/kg/d

� End point of protocol is when chest tubes are removed

*Duration and conversion to home regimen not specified.

TABLE 3. Fontan patient characteristics pre- and postprotocol

Variables

Preprotocol

(n ¼ 60)

Postprotocol

(n ¼ 60) P value

Age, y 3 (3-4) 3 (3-4) .3

Gender .4

Male 30 (50) 35 (58)

Female 30 (50) 25 (42)

Weight, kg 14 (12-16) 14 (12-15) 1

Ethnicity .3

Hispanic 26 (43) 34 (57)

White 18 (30) 12 (20)

Other 16 (27) 14 (23)

Insurance .7

Public 34 (57) 36 (60)

Private 26 (43) 24 (40)

Ventricle type .3

Left 22 (37) 30 (50)

Right 30 (50) 22 (37)

Indeterminate 8 (13) 8 (13)

Diagnosis* .4

TA 6 (10) 13 (23)

DILV 10 (17) 5 (9)

DORV 8 (14) 6 (11)

Unbalanced AVC 9 (15) 9 (16)
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test for all continuous variables. Due to the highly skewed nature of the

data, either c2 or Fisher exact tests were used for all categorical variables,

depending on whether or not the assumptions of the c2 test could be met.

One outlier in each group was eliminated secondary to postoperative com-

plications related to noncardiac issues.

The total direct costs were calculated in each group using the financial

information number for each patient’s Fontan hospitalization encounter.

Readmission encounters for pleural effusions were calculated separately.

The mean total hospital cost savings for LOS and readmissions were calcu-

lated by subtracting the mean total costs in the preprotocol group from the

mean total costs in the postprotocol group. This provided the unadjusted

cost savings between groups. Total cost savings percentages were calcu-

lated for hospital LOS and readmissions by taking the average cost savings

divided by the mean total cost in the preprotocol group.

HLHS 19 (32) 17 (30)

PA/IVS 6 (10) 4 (7)

Ebstein anomaly 1 (2) 3 (5)

Values are presented as n (%) or median (interquartile range). TA, Tricuspid atresia;

DILV, double inlet left ventricle; DORV, double outlet right ventricle; AVC, atrioven-

tricular canal defect, HLHS, hypoplastic left heart syndrome; PA/IVS, pulmonary

atresia/intact ventricular septum. *One-sided Fisher exact test, the P values are 2-

sided from c2 tests, unless otherwise noted.
RESULTS
Patient Characteristics and Preoperative
Hemodynamic Parameters

Demographic characteristics of groups showed no statis-
tical difference in age, gender, weight, ethnicity, insurance,
ventricle type, and single ventricle (Table 3). More than
50% of the sample in both groups was Hispanic with public
insurance. There were also no statistical differences in
preoperative hemodynamic and echocardiogram data
TABLE 2. Children’s Hospital Los Angeles modified Fontan

management protocol

� Postoperative day 1 start intravenous furosemide (1 mg/kg/dose) every

6-8 h, convert to oral, 3 times a day, before discharge*

� When taking oral liquids start:*

Chlorothiazide (1 mg/kg/dose) every 12 h

Spironolactone (1 mg/kg/dose) every 12 h

Enalapril starting dose (0.05 mg/kg/dose) every 12 hy
� Warfarin 0.5 mg orally every evening (goal international normalized

ratio, 1.5-2.0)z
� Clear liquids and advance to a low-fat diet (30% daily calories from fat)

for 6 wk

� Fluid restriction of 80% maintenance

� Minimum of 0.5 L nasal cannula oxygen until all chest tubes are

removed

� Pleural chest tubes are not removed until the patient demonstrates the

ability to take a low-fat diet and meet minimal chest tube output criteria

(<2 mL/kg in 24 h).

*All oral medications were continued in the outpatient setting for 2 wk and weaned

per the patient’s cardiologist. yTitration based on patient tolerance and echo findings

of systemic atrioventricular valve regurgitation. zInternational normalized ratio of

1.5-2.0 is prophylaxis for conduit endothelialization.

The Journal of Thoracic and Ca
(Table 4). The difference in median PAP between groups
was marginally significant at 11 days (interquartile range
[IQR], 9-14 days) pre- versus 10 (IQR, 8-12 days) postpro-
tocol (P¼ .05), so analysis was performed using PAP as an
ordinal value � 15 mm Hg, which was not statistically sig-
nificant (P ¼ .06).

Chest Tube Drainage
A comparison between groups of postoperative days

before chest tubes were removed is depicted in Figure 1.
The median number of days that the chest tubes were in
place was 6 days (IQR, 5-10 days). This was significantly
reduced in the postprotocol group to 4 days (IQR, 4-5
days) (P<.0001). Twenty-three (38%) preprotocol patients
and 7 (12%) postprotocol patients had persistent pleural ef-
fusions lasting>1 week (P¼ .001). Furthermore, there was
no need for nothing by mouth/TPN to treat persistent
pleural effusions in the postprotocol group 0 (0%)
compared with the preprotocol 5 (9%), which nearly
reached statistical significance (P ¼ .06). The median
pleural drainage 24 hours before chest tube removal was
decreased in the postprotocol compared with the preproto-
col group (2 mL/kg/d [IQR, 1-4 days] vs 3 mL/kg/d [IQR,
1-5 days]; P ¼ .01). During the Fontan admission, only 1
rdiovascular Surgery c Volume 150, Number 3 483



TABLE 4. Preoperative and clinical variables related to pleural chest

tube drainage pre- and postprotocol

Variables

Preprotocol

(n ¼ 60)

Postprotocol

(n ¼ 60)

P

value

Preoperative

PAP, mm Hg 11 (9-14) 10 (8-12) .05

PAP �15 mm Hg* 12 (20) 4 (6.7) .06

TPG, mm Hg 5 (3-6) 5 (4-6) .1

� Moderate systemic AVVR 10 (29) 11 (34) .7

>Mild ventricular dysfunction* 7 (12) 2 (3) .2

Post-Fontan

Concomitant procedures 10 (17) 9 (15) .8

Pulmonary arterioplasty 6 3

Tricuspid valvuloplasty 3 2

Pacemaker/maze 1 4

Fenestrated (Yes) 12 (20) 12 (20) 1

Extubated in OR 35 (58) 43 (72) .1

NPO/TPN* 5 (9) 0 (0) .06

Last CT removed, d 6 (5-10) 4 (4-5) <.0001

Pleural drainage>1 wk 23 (38%) 7 (12%) .001

Median CT drainage 3 (1-5) 2 (1-4) .01

Last 24 h (mL/kg/d) CT

reinsertiony
1 (2) 1 (2) 1

Values are presented as median (interquartile range) or n (%). Boldface indicates sig-

nificant P values � .05. PAP, Pulmonary artery pressure; TPG, transpulmonary

gradient; OR, operating room; AVVR, atrioventricular valve regurgitation; CT, chest

tube; NPO/TPN, nothing by mouth/total parenteral nutrition. *2-tailed Fisher exact

test. yRelated to pleural effusion, all tests are c2 tests, unless otherwise noted.

FIGURE 1. Duration of pleural drainage between groups as determined

by the number of postoperative days (PODs) before chest tubes (CT)

were removed. The bold horizontal black line indicates the median number

of PODs before CTs were removed. Lighter horizontal lines framing the

border of the box indicates the 25th and 75th percentiles for each patient

group. The open circles indicate the outliers in each patient group and

the whiskers depicted by the outer horizontal lines connected to the vertical

dashed lines indicate the minimum and maximum values, excluding the

outliers.

FIGURE 2. Comparison between groups in hospital length of stay

measured in postoperative days. The bold horizontal black line indicates

the median length of stay after Fontan. Lighter horizontal lines framing

the border of the box indicates the 25th and 75th percentiles for each patient

group. The open circles indicate the outliers in each patient group and the

whiskers depicted by the outer horizontal lines connected to the vertical

dashed lines indicate the minimum and maximum values, excluding the

outliers.
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pleural chest tube was reinserted in each group for accumu-
lation of pleural fluid (Table 4).

Hospital LOS, Readmissions, and Costs
The median hospital LOS was reduced by 2 days in the

postprotocol group compared with the preprotocol group
(6 days [IQR, 5-9 days] vs 8 days [IQR, 6-13 days];
P ¼ .004) (Figure 2). Although hospital readmissions
were reduced by 50% (14 vs 7; P ¼ .09), this did not reach
statistical significance (Table 5).

For the Fontan surgery hospitalization, the protocol
reduced our institutional total costs by $9430 (22%;
P ¼ .2) per patient resulting in a direct cost savings of
$385,457. Fourteen patients were readmitted (<30 days)
in the preprotocol group compared with 7 in the postproto-
col group. The average readmission hospital LOS was
approximately 7 days in both groups. Average readmission
cost savings were $5143 (29%; P ¼ .5) per patient with a
total direct cost saving $98,537 comparing the pre- and
postprotocol groups. The difference did not reach statistical
significance. Our total institutional cost savings was
$483,994 for this time period.

Discussion
Our study findings demonstrate that with the initiation of a

modified Fontan management protocol we had a significant
decrease in postoperative days before chest tubes were
ery c September 2015



TABLE 5. Fontan hospital length of stay (LOS), readmissions, and total hospital costs pre- and postprotocol

Variables Preprotocol (n ¼ 60) Postprotocol (n ¼ 60) P value 95% Confidence interval

Fontan hospital stay

Hospital LOS 8 (6-13) 6 (5-9) .005

Mean direct cost* 28,471 � 29,024 22,316 � 13,269 .1 (�2123-14,433)

Mean total cost* 43,170 � 44,766 33,740 � 27,212 .2 (�4140-23,000)

Average cost savings $9430/per patient

Average % savings 22

Readmission<30 d

Readmission 14 (23) 7 (12) .1

Hospital LOS 8 (4-13) 7 (6-10) 1

Mean direct cost* 10,897 � 3228 7718 � 1503 .5 (�6740-13,099)

Mean total cost* 17,916 � 4832 12,773 � 2331 .5 (�8690-21,422)

Average cost savings $5143/patient

Average % savings 29

Values are presented as median (interquartile range), n (%), or mean� standard deviation or standard error. LOS, Length of stay. *2-tailed independent t test, all tests are c2 tests,

unless otherwise noted.
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removed, pleural chest tube drainage>1 week, and hospital
LOS. These findings are comparable to other Fontan man-
agement protocols22,26 except in a larger, homogeneous
sample of EC Fontan patients, excluding the effects of
other Fontan modifications and surgeon variations in the
outcome. Furthermore, data were retrospectively reviewed
over a relatively short 3-year time period, providing less
variability related to hospital perioperative and postopera-
tive care practices.

The standardized protocol outlined by Cava and col-
leagues22 was modified to comply with our institutional
practices. Some of the protocol treatments were already be-
ing implemented preprotocol but in an inconsistent manner
among providers in both the inpatient and outpatient set-
tings. Aspects of the protocol that were modified due to
lack of availability or pharmacy preferences were the use
of chlorothiazide in place of hydrochlorothiazide and the
use of enalapril instead of captopril. We used enalapril
starting at a low dose of 0.05 mg/kg twice a day and indi-
vidually optimized the dose based on echocardiography
findings (eg, systemic atrioventricular valve regurgitation)
and patient tolerance. The use of angiotensin-converting
enzyme inhibitors remains controversial in reducing the
duration of pleural drainage.9 Despite our previous retro-
spective study identifying angiotensin-converting enzyme
inhibitors as a risk factor for persistent pleural effusion,
we now believe further investigation is warranted.9 Addi-
tionally, the protocol required the use of supplemental
nasal cannula oxygen (minimum 0.5 L), regardless of sys-
temic saturations, for the pulmonary vasodilatation effect
until all chest tubes are removed. This treatment required
diligent monitoring and staff reminders because the
continued use of oxygen was not previously standard prac-
tice. Our preprotocol fluid and dietary restrictions were
similar but adherence was not consistent. Postprotocol,
all patients were placed on a fluid restriction of 80%main-
tenance and a low-fat diet for 6 weeks. To reduce the
The Journal of Thoracic and Ca
lymphatic strain during the initial postdischarge period,
we changed the original protocol by extending the low-
fat diet for a total of 6 weeks into the outpatient setting,
regardless of the presence of a chylous effusion. Lastly,
our pleural chest tube removal practice across both proto-
col groups was based on 24-hour drainage and a patient’s
ability to tolerate liquids and a low-fat diet. The protocol
specified pleural tube removal based on 24-hour chest
tube drainage<2 mL/kg. In our study, the median pleural
drainage before removal was 3 mL/kg/d preprotocol and
2 mL/kg/d postprotocol. Despite the approximately
1 mL/kg/d difference between groups, only 1 pleural chest
tube was reinserted in each group secondary to accumula-
tion of pleural fluid during the Fontan hospitalization.
Therefore, the protocol recommendation of <2 mL/kg/d
might be liberalized to<3mL/kg/d, which could potentially
further reduce chest tube duration and hospital LOS.
A comparison of median hospital LOS between the pre-

and postprotocol groups showed a statistically significant
decrease from 8 to 6 days. The median hospital LOS post-
Fontan procedure reported from single institutional experi-
ences in the literature range from 8 to 23 days in patients
both with and without Fontan fenestration.1,4,16,17,19,24,26

Furthermore, Jacobs and colleagues27 identified an average
LOS of 13.4 days among 2691 Fontan patients in the Soci-
ety of Thoracic Surgeons Congenital Heart Surgery Data-
base. Our study reports the shortest median hospital LOS
of 6 days post-Fontan.
A potential alternative explanation for our findings could

be the decreased number of extubations in the OR and the
higher proportion of single right ventricle patients in the
preprotocol compared with the postprotocol group. Some
studies identified right ventricle morphology as a risk factor
for chest tube duration and ultimately increased hospital
LOS.7,17 Other studies demonstrated decreased chest tube
output and hospital LOS with early extubation in the
OR20,21 by mitigating the negative effects of positive
rdiovascular Surgery c Volume 150, Number 3 485



Congenital Heart Disease: Fontan Pike et al

C
H
D

pressure ventilation. Despite these differences, our study
showed no statistical difference between groups by
ventricle type (P ¼ .292) or by undergoing extubation in
the OR (P ¼ .126). The use of inpatient NPs could further
explain our findings of decreased hospital LOS and
patient readmissions for pleural effusion through vigilant
patient monitoring and early identification and treatment.
However, the NPs provided the same inpatient and
outpatient follow-up across the 3-year period reviewed for
this study.

The pleural chest tube drainage and duration influences
hospital LOS. In our study, median pleural chest tube dura-
tion was reduced from 6 days preprotocol to 4 days postpro-
tocol. Patients were typically discharged within 24 hours of
removal of the last chest tube unless further education or
medication adjustments were needed. Other Fontan proto-
cols also demonstrated a reduction in pleural drainage
from 15 to 6 days22 and 11 to 6 days,26 with an average
duration of chest tube drainage of 5 to 18 days both with
and without Fontan fenestration reported in single-center
studies.4,10,11,16,17,19,24,26,27

Our institution has now further modified the Fontan
protocol to discontinue the fluid restriction of 80% main-
tenance 24 to 48 hours before discharge. This allows a
more realistic posthospital patient intake pattern while
monitoring by chest radiograph for accumulation of
pleural fluid and making any final adjustments to the
diuretic regimen before discharge. This liberalization of
fluid intake before discharge could potentially further
reduce hospital readmissions for accumulation of pleural
fluid. Patients are typically followed by the surgical team
in the outpatient setting for 2 clinic visits, during which
diuretics can be adjusted based on chest radiograph
findings.

In our study, hospital readmission rates were reduced by
50% postprotocol. Hospitals are now being penalized for
excessive readmissions under the Patient Protection and
Affordable Care Act.28 As a result, intense efforts to
decrease hospital 30-day readmission rates are a priority
at most adult hospitals. To date, children’s hospitals have
not been targeted, but often policies that start in adult facil-
ities eventually migrate to pediatrics. In general, readmis-
sion rates are lower in children than adults with the
highest rates being in children with chronic medical condi-
tions and with public insurance.28,29 In our study, 58% of
Fontan patients received public or state-funded health insur-
ance. Hispanic ethnicity comprised almost 50% of the Fon-
tan population in both protocol groups, which reflects the
high-risk, ethnically diverse population in the City of Los
Angeles compared with other large multicenter Fontan
studies in which the ethnicity is predominantly white
(80%).30 Furthermore, all 7 readmissions in the postproto-
col group were for symptomatic pleural effusion. Only 1
parent was reported as being noncompliant with a child’s
486 The Journal of Thoracic and Cardiovascular Surg
medication administration that resulted in a recurrent
pleural effusion. Gorden and colleagues24 reported read-
mission rates as high as 37% within 30 days post-Fontan
procedure with 68% of those readmissions due to recurrent
pleural effusion. Sunstrom and colleagues26 reported a
decrease in hospital readmissions to 14% with the use
of a Fontan management protocol. By reducing hospital
readmission rates for pleural effusions after the Fontan pro-
cedure, we can avoid potential future penalties in the state-
funded insurance system.

Although not statistically significant, the use of the Fon-
tan protocol showed a total cost savings of 22% and 29%
with hospital LOS and readmission, respectively. Only 1
study has assessed cost saving post-Fontan with the use of
a clinical pathway to facilitate early hospital discharge.11

A cost savings of $38,000 per patient was reported due to
a reduced hospital LOS from an estimated 15 days on a
traditional pathway to 4 days.24 However, the significant
reduction in hospital days and increased cost savings re-
flects the use of pleural Blake drains in the outpatient setting
to facilitate earlier discharge. Our study demonstrated a 6-
day median hospital LOS with $9430 cost savings per pa-
tient. Relatively, this figure may seem insignificant, but in
the 60 patients in our postprotocol group this amounted to
a $385,457 direct cost savings in hospital LOS and
$98,537 in readmissions for a total direct cost savings of
$483,994 to our institution.

Limitations
Our findings should be interpreted in light of some lim-

itations. This was a single-center study that performs
only the EC Fontan procedure, which limits the general-
izability to all Fontan types. There were more single left
ventricle Fontan patients and extubations in the OR in the
postprotocol group, which could explain our improve-
ment in all outcome variables. Although we believe the
protocol was beneficial, there might be other unquantifi-
able changes such as improved postoperative medical
management or more focused team management over
the 3-year review. We also believe the protocol had
strong adherence by our institution with only a rare tran-
sient deviation related to hypotension or electrolyte dis-
turbances. However, we did not collect data on protocol
adherence nor analyze the effectiveness of each protocol
intervention due to the retrospective study design. The
preoperative echocardiogram variables of ventricular
function and atrioventricular valve regurgitation were
subjectively evaluated by different cardiologists, which
could produce variable interpretations. In addition, our
cost data reflect an earlier surgical era, which makes it
difficult to compare with current health care costs. Lastly,
the causal association of hospital LOS and readmissions
could not be adequately established because of the retro-
spective design of the study.
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CONCLUSIONS
Pleural effusions after the Fontan procedure continue to

be a challenging problem. The use of a modified Fontan
management protocol has improved outcomes up to 30
days postoperation and can effectively decrease the dura-
tion of pleural chest tube drainage, hospital LOS, readmis-
sions, and ultimately health care costs.
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