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ABSTRACT

BACKGROUND Medical management, primarily a fat-modified diet (FMD), is the mainstay of treatment for most pa-

tients with chylothorax. Duration of FMD is traditionally reported as 6 weeks, but no studies have demonstrated the

shortest effective duration that prevents recurrence of chylothorax. The aim of this study was to decrease FMD duration

to 2 weeks in children with postoperative chylothorax without a significant increase in recurrence.

METHODS This single-center study included pediatric (aged <18 years) patients in whom chylothorax developed within

30 days of cardiac surgery. Patients with cavopulmonary anastomoses were excluded. The preintervention cohort

consisted of 19 patients with a diagnosis of chylothorax between February 2014 and June 2015, and the post-

intervention cohort comprised 98 patients from July 2015 to December 2019. FMD duration was decreased from

6 weeks to 4 weeks in May 2016 and to 2 weeks in June 2018. Recurrence was defined as a return of a chylous effusion

requiring chest tube placement or hospital readmission within 30 days of resuming a regular diet.

RESULTS The median duration of FMD decreased from 42 days (interquartile range, 30, 43 days) in the preintervention

cohort to 26 days (interquartile range, 14, 29 days) in the postintervention cohort, with no recurrence of chylothorax in

any group. Compliance with the FMD duration instruction in the 6-week, 4-week, and 2-week groups was 100%, 84%,

and 67% respectively. Compared with the first 6 months, compliance with the 2-week FMD instruction during the final 12

months increased from 40% (6/15) to 79% (26/33).

CONCLUSIONS At the study center, FMD duration decreased from 6 weeks to 2 weeks without any recurrence of

chylothorax.

(Ann Thorac Surg 2022;-:---)
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The Supplemental Tables can be viewed in the online version of this

article [https://doi.org/10.1016/j.athoracsur.2021.10.028] on http://

www.annalsthoracicsurgery.org.
C hylothorax occurs in 2.8% to 9% of children af-
ter cardiothoracic surgery and is associated
with increased mortality, morbidity, and

cost.1-3 The disease process results from an accumulation
of chyle in the pleural cavity that likely occurs as a result
of disruption of the thoracic duct either through direct
injury or alteration in cardiovascular physiology leading
to lymphatic overload.4

Medical management is the mainstay of treatment for
chylothorax, primarily including a fat-modified diet
(FMD) (ie, medium-chain triglyceride [MCT] formulas,
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defatted human milk, and low-fat diets) and periods of
nothing by mouth. MCT feedings are directly absorbed
into the bloodstream from the gut, unlike long-chain
triglyceride feedings, which are absorbed by the
lymphatic system.5 Therefore, MCT feedings, similar to
low-fat diets, are believed to reduce the flow of chyle
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through the lymphatic system and allow for sponta-
neous healing of the thoracic duct.4,6

Despite the widespread use of FMDs, randomized
controlled trials proving efficacy do not exist. FMDs are
considered an appropriate temporary option to provide
nutrition and facilitate growth while restricting dietary
long-chain triglycerides.6 However, the unintended
consequences of FMDs include suboptimal nutrition,
poor growth, appetite suppression, decreased fat depo-
sition, and diarrhea.7-9 Defatted breast milk is equally
effective as MCT formula in treating chylothorax, but the
benefits of immune factors and protein in breast milk are
lost in the defatting process.7,10-12 Restrictions associated
with FMD may also be harmful because infant brain
development is dependent on a balanced fatty acid
supply.13 The effect of FMD duration on growth metrics
has not been directly studied. However, compared with
long-chain triglycerides, MCT feedings are known to
have lower caloricity and result in increased energy
expenditure leading to reduced body mass, which may
negatively affect growth patterns with longer durations
of FMD.8 These unintended consequences are com-
pounded by parental dissatisfaction related to the high
cost, the poorly available FMD options, and an inability
to breastfeed.

Evidence is lacking to guide the duration of FMD that
is required both to treat chylothorax and to prevent
recurrence after resolution. In published protocols, FMD
is the prescribed initial medical management when pa-
tients have achieved low chest tube output, often
defined as <10 to 20 mL/kg/d.14-16 The prescribed dura-
tion of FMD varies widely, with a 6-week total duration
being the most common.16-21 The shortest reported
duration is 17 days in a single-center cohort of 17 infants
(n ¼ 17).6 Examples such as this, along with the known
dissatisfiers of using FMDs, led to our interest in
studying the efficacy of a staged decrease of FMD
duration.

Optimal management of chylothorax would include
the shortest duration of FMD without increasing recur-
rence rates. Therefore, we implemented Plan-Do-Study-
Act cycles within an existing chylothorax management
protocol to decrease FMD duration. Our aim was to
decrease FMD duration to 2 weeks in children with
postoperative chylothorax with at least 80% compliance
over 1 year and without a significant increase in
recurrence.
PATIENTS AND METHODS

This quality improvement intervention was undertaken
at Primary Children’s Hospital, a tertiary care children’s
hospital in Salt Lake City, Utah, where approximately 450
heart operations are performed annually. Postoperative
care is managed by a pediatric multidisciplinary team
consisting of cardiac intensivists, cardiologists, cardio-
thoracic surgeons, nurse practitioners, pharmacists, nu-
tritionists, fellows, nurses, and respiratory therapists.
During the course of this protocol intervention, our
cardiothoracic surgeon group consisted of 4 different
surgeons with overlapping time periods. The study was
approved by the University of Utah Institutional Review
Board (IRB_00091635) and the Primary Children’s Hospi-
tal Privacy Board and was granted a waiver of require-
ment for informed consent.

SUBJECTS AND DATA COLLECTION. Patients were
included if they were <18 years old and had a diagnosis
of chylothorax within 30 days after cardiac surgery at
our institution. Patients were excluded if chylothorax
was diagnosed preoperatively. Patients were also
excluded if they underwent a superior cavopulmonary
anastomosis or Glenn or Fontan operation because these
operations result in physiologic changes that predispose
these patients to late-presenting, recurrent, or
protracted chylothorax that may require longer
treatment. Finally, we excluded patients if the
chylothorax was diagnosed and primarily managed in
the newborn intensive care unit (ICU) because
postoperative cardiac care is exclusively provided in
our cardiac ICU. Transfer to the newborn ICU occurs
for medical management of prematurity in the late
postoperative period, with chylothorax subsequently
managed with the newborn ICU’s congenital
chylothorax standards of care. The preintervention
cohort consisted of children with a diagnosis of
postoperative chylothorax between February 2014 and
June 2015, during which no standard treatment
guidelines were in place for chylothorax. The
postintervention period was from July 2015 to
December 2019.

Data collection included patient demographics, pre-
operative cardiac diagnosis, surgical intervention, the
Society of Thoracic Surgeons–European Association for
Cardio-Thoracic Surgery (STAT) score, cardiopulmonary
bypass time, unplanned reoperation, pleural fluid
testing results, daily chest tube output, net daily fluid
balance, use of milrinone, and venous ultrasound re-
sults. Outcome measures collected included duration of
FMD, recurrence of chylothorax, date of chylothorax
diagnosis, chest tube duration, days of nothing by
mouth, use of octreotide, additional invasive in-
terventions for chylothorax, mechanical ventilation
duration, cardiac ICU and hospital lengths of stay,
readmission dates and diagnosis, and in-hospital
mortality.

OUTCOMES AND BALANCE MEASURES. The primary
outcome was FMD duration. Balance measures included
chylothorax recurrence as demonstrated by chest
tube reinsertion or hospital readmission related to
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chylothorax. Secondary outcomes included protocol
compliance, postoperative chest tube duration, post-
operative days to chylothorax diagnosis, days of nothing
by mouth, secondary interventions, ICU and hospital
lengths of stay, mechanical ventilation days, and
mortality.

DEFINITIONS. Chylothorax was defined as pleural fluid
with triglycerides >110 mg/dL, lymphocytes >80%, or
pleural triglycerides higher than serum triglycerides.
FMDwas defined as a diet consisting of an MCT formula,
defatted human milk with MCT formula fortification, or
a low-fat diet (<10 g/d). Diets used are described in
Supplemental Table 1. The first day of FMD duration
was defined as the day FMD was initiated after any
days of nothing by mouth (if applicable), and the last
FMD day was defined as the day a regular diet was
resumed. Therefore, the FMD duration in most cases
included some days before chylothorax resolution.
Chylothorax resolution referred to chest tube output
<10 mL/kg/d without a subsequent increase. Milrinone
use was defined as the use of milrinone at any dose
and on any day or days during the encounter.
Chylothorax recurrence was defined as a return of a
chylous effusion requiring chest tube placement or
hospital readmission within 30 days of resuming a
regular diet. To assess the need for chest tube
replacement, a chest roentgenogram and clinical
evaluation were performed 2 to 3 days after
resumption of a regular diet, including patients already
discharged from the hospital. Compliance was defined
as adhering to an instruction within 48 hours or less of
the protocol-directed timing for the 5 primary
instructions: (1) FMD duration, (2) duration of nothing
by mouth status, (3) high-output designation, (4)
ultrasound completed, and (5) timing of secondary
intervention. We opted for 48 hours to determine
compliance, to allow for delays in inpatient formula
preparation and outpatient constraints such as
scheduling clinic visits around weekends, ability to
obtain chest roentgenograms, and directives to modify
patient diets within 2 to 3 days of clinic visits.
Compliance with the treatment bundle was considered
compliance with 4 of the 5 categories.

INTERVENTIONS. In July 2015, we implemented a post-
operative chylothorax management protocol developed
using existing literature and local consensus, as previ-
ously described.15 For this project, Plan-Do-Study-Act
cycles were focused on efforts to reduce unnecessary
exposure to the deleterious effects of FMD, without
increasing recurrence of chylothorax. Interventions
were presented and reinforced through education
provided at heart center clinical review meetings,
emails and newsletters sent to the multidisciplinary
care team, and display of the protocol at workstations.
Data were reviewed at least quarterly.

STUDY OF THE INTERVENTIONS. Decreasing Fat-modified

Diet Duration. Initially, our protocol used an FMD
duration of 6 weeks after chylothorax resolution. Lack of
consensus on FMD duration and the diet’s potentially
deleterious effects led us to systematically shorten the
duration of FMD by 2-week increments to 2 weeks. With
each decrease, success was a priori defined as no
recurrence of chylothorax for at least 20 patients. The
decrease from 6 weeks to 4 weeks included 37 patients
and occurred between May 2016 and June 2018. Given
no recurrence in the 4-week duration group, we
further decreased the FMD duration to 2 weeks (June
2018 to December 2019 for the purpose of analysis,
with the intervention ongoing at present) for 48
patients.
Other Interventions. Other interventions that were
implemented with the chylothorax management proto-
col, but that are outside of the scope of this analysis,
include the following: a trigger to test for chylothorax
when chest tube output is >15 mL/kg/d regardless of
feeding status or fluid appearance, head and neck ul-
trasound examinations to assess for thrombi when chest
tube output is >20 mL/kg/d, and duration of nothing by
mouth on the basis of chest tube output volume rather
than a set number of days. The protocol suggests that
chest tubes may be removed when output is <3 mL/kg/
12 h and feeding volume is at least 40 mL/kg/d. Figure 1
displays our current chylothorax management protocol.

STATISTICAL ANALYSIS. Categoric variables were sum-
marized with counts and percentages, and continuous
variables were summarized with median and first and
third quartiles. The Fisher exact test was used to
compare categoric variables in the preintervention vs
postintervention cohorts. The Wilcoxon rank-sum test
was used for continuous variables. All reported P
values are based on 2-sided alternatives and are
considered statistically significant if less than .05.
Analyses were performed using SAS software version
9.4 (SAS Institute).
RESULTS

A total of 117 patients were analyzed, with 19 pre-
intervention and 98 postintervention patients. We
excluded 16 Glenn patients (1 preintervention and 15
postintervention), 4 postintervention Fontan patients, 2
postintervention patients with preoperative chylo-
thorax, and 2 postintervention patients with chylothorax
managed completely in the newborn ICU. FMD duration
data were excluded for 4 postintervention patients who
died before completion of the prescribed duration of
FMD. Of the postintervention patients, there were 13 in



FIGURE 1 Chylothorax management guidelines currently used at Primary Children’s Hospital, Salt Lake City, Utah. Figure is courtesy of the Primary

Children’s Hospital, Salt Lake City, UT. (ATIII, antithrombin III; CT, chest tube; CXR, chest roentgenogram; IgG, immunoglobulin G; IVIG, intravenous

immunoglobulin; MCT, medium-chain triglyceride; NPO, nothing by mouth.)
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the 6-week group, 37 in the 4-week group, and 48 in the
2-week group.

PATIENT CHARACTERISTICS. Patient demographic, sur-
gical, and chylothorax characteristics across groups are
shown in Table 1. The postintervention group con-
sisted of more patients with STAT 4 to 5 operations
and fewer patients with STAT 1 to 3 operations than
the preintervention group (P ¼ .010). All other de-
mographic and surgical characteristics were similar
across groups.

Compared with the preintervention cohort, the post-
intervention cohort had higher pleural lymphocytes
(Table 1). We saw no significant differences in potential
drivers of chylothorax development and duration, such
as net fluid balance, thrombi, or therapies to mitigate
venous hypertension such as milrinone. There were no
other differences between the groups in clinical charac-
teristics related to chylothorax.

PRIMARY OUTCOME. The median duration of FMD
decreased from 42 days (interquartile range [IQR],: 30,
43 days) to 26 days (IQR, 14, 29 days; P < .001) (Table 2).
Figure 2 is a run chart illustrating FMD duration per
patient sequentially throughout the interventions.
Compared with the original protocol, our intervention
resulted in a total decrease in FMD duration from a
projected 3948 days if 6 weeks had been maintained



TABLE 1 Demographic and Clinical Characteristics of Children With a Diagnosis of Chylothorax

Variable, n (%) or Median (IQR) Preintervention, n ¼ 19 Postintervention, n ¼ 98 P Value

Demographics

Age at surgery, d 12 (7, 71) 17 (6, 158) .62

Weight at surgery, kg 3.3 (3, 4.6) 3.7 (3, 5.7) .39

Male sex 12 (63) 55 (56) .62

Race, White 16 (84) 83 (85) 1.00

Genetic abnormality present 7 (37) 34 (35) 1.00

Surgical characteristics

STAT mortality category .01

1-3 14 (74) 40 (41)

4-5 5 (26) 58 (59%

Cardiopulmonary bypass time, min 131 (98, 148) 130 (101, 160) .89

Unplanned reoperation 3 (16) 18 (18) 1.00

Chylothorax characteristics

Pleural triglyceride levels, mg/dL 245 (144, 349) 176 (113, 255) .12

Pleural lymphocytes, % 67 (45, 76) 86 (6, 93) .02

Average daily CTO, mL/kg/d 16.5 (11.8, 23.3) 11.9 (7, 19.5) .09

Average net daily fluid balance, mL/kg/d 11.7 (-0.2, 40.3) 7.9 (-3.7, 18.6) .37

High CTO, >20 mL/kg/d 10 (53) 39 (40) .32

Milrinone used 18 (95) 96 (98) .42

Ultrasound completed 7 (37) 55 (56) .14

Thrombus identified 6 (32) 36 (37) .80

Anticoagulated 5 (26) 34 (35) .60

CTO, chest tube output; IQR, interquartile range; STAT, Society of Thoracic Surgeons–European Association for Cardio-Thoracic Surgery.

TABLE 2 Outcome Measures in Patients Treated for Chylothorax

Variable, n (%) or Median (IQR) Preintervention, n ¼ 19 Postintervention, n ¼ 98 P Value

Primary outcome measures

FMD duration, d 42 (30, 43) 26 (14, 29) <.001

Recurrence of chylothorax 0 (0) 0 (0%) .

Secondary outcome measures

Postoperative day at diagnosis 5 (4, 9) 5 (3, 7) .35

Total chest tube use, d 10 (8, 18) 9.5 (6, 13) .26

Nothing by mouth

Treated with nothing by mouth 12 (63) 53 (54) .62

Duration of nothing by mouth, d 3 (1, 5.5) 4 (2, 7) .26

Treated with octreotide 0 (0) 4 (4) 1.00

Additional interventions 2 (11) 23 (24) .36

Thoracic duct ligation 0 (0) 8 (8) .35

Cath lab intervention 2 (11) 18 (18) .52

Pleurodesis 0 (0) 3 (3) 1.00

Thoracic duct embolization 0 (0) 4 (4) 1.00

Hospitalization characteristics

Mechanical ventilation, d 8 (5, 15) 7 (3, 14) .71

Hospital length of stay, d 21 (14, 43) 24.5 (15, 38) .87

CICU length of stay, d 10 (8, 15) 11.5 (7, 22) .52

In-hospital mortality 2 (11) 10 (10) 1.00

Cath lab, catheterization laboratory; CICU, cardiac intensive care unit; FMD, fat-modified diet; IQR, interquartile range.
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FIGURE 2 Run char t i l lust ra t ing fa t-modified die t durat ion in each pat ient over t ime. The mean l ine reflects the average fat -

modified diet durat ion for each intervent ion group: 6-week durat ion , 4-week durat ion , and 2-week durat ion.
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down to 2175 days (55% decrease) across the 98 post-
intervention patients.

BALANCE MEASURES. There was no recurrence of chy-
lothorax or hospital readmission for chylothorax or
pleural effusions in the 6-week, 4-week, and 2-week
groups.

SECONDARY OUTCOMES. Additional chylothorax treat-
ment strategies were not significantly different between
groups (Table 2). When resuming FMD after days of
nothing by mouth, no patients had an increase in chest
tube output necessitating return to nothing by mouth
status as directed by the protocol. Days to diagnosis,
total days of chest tube use, mechanical ventilation
days, ICU and hospital lengths of stay, and in-hospital
mortality were unchanged. Median chest tube output
on the day before removal was 4.3 mL/kg/d in the
preintervention cohort vs 2.2 mL/kg/d in the
postintervention cohort.

Table 3 represents patient characteristics, primary
and secondary outcomes, balance measures, and
compliance for patients with chylothorax across FMD
duration groups. Characteristics and outcomes were
similar for the 6-week, 4-week, and 2-week groups.

COMPLIANCE. Compliance with the chylothorax treatment
bundle during the study period was 90% (Supplemental
Table 2). Compliance with the bundle for STAT 4 to 5
patients was 88% compared with 90% in the STAT 1 to 3
patients. Compliance with the FMD duration instruction
in the 6-week, 4-week, and 2-week groups was 100%,
76%, and 67% respectively (Table 3).

Compared with the first 6 months, compliance with
the 2-week FMD instruction during the final 12 months
increased from 40% (6/15) to 79% (26/33). These early
deviations were mostly related to inadequate educa-
tion regarding the decrease in FMD duration, as evi-
denced by multiple clinical notes erroneously stating
“patient will receive 4 weeks of medium-chain tri-
glyceride feeds per chylothorax protocol.” Since
January 2019, when deviations were no longer related
to inadequate education, the 7 noncompliant patients
had a median chest tube duration of 17 days (IQR, 7,
54 days) and a median FMD duration of 23 days (IQR,
21, 28 days), and 6 of these patients had STAT 4 to 5
surgical procedures. In 4 of these 7 patients, surgeon
or attending physician preference dictated the pro-
tracted duration.

In the 32 patients compliant with the 2-week FMD
instruction, 69% underwent STAT 4 to 5 surgical pro-
cedures (n ¼ 18), and median chest tube duration was 8
days (IQR, 5.5, 11 days). Two of the 4 patients who un-
derwent secondary interventions in the 2-week FMD
group were compliant; the 2 who were noncompliant
received 3 to 4 weeks of FMD at the surgeon’s request.
Compliance with the 2-week FMD duration instruction
was higher in those patients with shorter chest tube
duration: 73% (19/26) with chest tube duration <10 days
vs 59% (13/22) in those with a chest tube duration of �10



TABLE 3 Characteristics and Outcomes of Patients With Chylothorax by Fat-Modified Diet Duration

Variable, n (%) or Median (IQR)

Fat-Modified Diet Duration

6-wk, n ¼13 4-wk, n ¼ 37 2-wk, n ¼ 48

Patient characteristics

Weight at surgery, kg 3.9 (2.9, 5.1) 3.3 (3, 5.4) 3.7 (3, 6)

Genetic abnormality present 6 (46) 12 (32) 16 (33)

STAT mortality category

1-3 4 (31) 17 (46) 19 (40)

4-5 9 (69) 20 (54) 29 (60)

High CTO, >20 mL/kg/d 5 (38) 16 (43) 18 (38)

Primary outcome measures

FMD duration, d 36 (14, 40) 28 (27, 30) 15 (14, 22)

Recurrence of chylothorax 0 0 0

Secondary outcome measures

Postoperative day at diagnosis 5 (4, 9) 5 (4, 9) 4 (1, 6)

Total chest tube use, d 9 (5, 10) 11 (7, 16) 9 (6, 13)

Nothing by mouth

Treated with nothing by mouth 4 (31) 14 (38) 18 (38)

Duration of nothing by mouth, d 3 (3, 4) 5 (2, 9) 4 (2, 7)

Additional interventionsa 3 (23) 8 (22) 11 (23)

Hospitalization characteristics

Mechanical ventilation, d 8 (2, 9) 8 (5, 15) 6, (3, 15)

Hospital length of stay, d 20 (17, 31) 26 (19, 39) 25 (12, 39)

CICU length of stay, d 11 (8, 20) 15 (8, 24) 10 (6, 16)

In-hospital mortality 0 4 (11) 7 (15)

Compliance

FMD duration 13 (100) 28 (76) 32 (67)

Bundle compliance 13 (100) 35 (95) 40 (83)

aAdditional interventions include cardiac catheterization, thoracic duct ligation, thoracic duct embolization, or pleurodesis. CICU, cardiac intensive care unit; CTO, chest
tube output; FMD, fat-modified diet; IQR, interquartile range; STAT, Society of Thoracic Surgeons–European Association for Cardio-Thoracic Surgery.
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days. However, 2-week FMD instruction compliance
improved over time in patients with chest tube duration
�10 days, with 33% (2/6) in the first 6 months of the
instruction and 69% (11/16) the last 12 months.
COMMENT

We report a single-center quality improvement project
that effectively decreased FMD duration from 6 weeks to
2 weeks and sustained the 2-week FMD duration for
more than 18 months. No patients treated with the 2-
week FMD duration had a chylothorax recurrence. Our
study shows that the duration of FMD can be reduced to
2 weeks without chylothorax recurrence irrespective of
surgical complexity, duration of drainage, or need for
interventions before initial resolution. Efforts to
decrease FMD duration are vitally important to mitigate
the negative health effects associated with FMDs,
including suboptimal nutrition and poor growth.7-9

Higher surgical complexity increases the risk of chy-
lothorax22 development, but this may not translate to the
need for a longer duration of FMD after resolution to
reduce the risk of recurrence. Despite the lack of data
showing the association between recurrence of
chylothorax and surgical complexity, we found that
compliance with the 2-week FMD instruction in the
highest STAT categories was indeed lower. We postulate
that higher surgical complexity may have initially
contributed to a hesitancy to decrease FMD duration
because these patients are viewed as more tenuous and
therefore are managed more cautiously. However, as
education and compliance improved, we found that
surgical complexity was not associated with recurrence
of chylothorax in patients with a 2-week FMD duration.

With regard to protracted chylothorax, a previous
report by Biewer and colleagues6 demonstrated that a
reduced duration of FMD at approximately 2 weeks was
achievable; however, the intervention was limited to 17
infants whose chylothorax resolved within 10 days of
FMD and never required a secondary intervention.

We demonstrated that protracted chest tube duration
is not associated with chylothorax recurrence, even in
patients who receive only 2 weeks of FMD. As directed in
the protocol, these patients have nothing by mouth for
high or prolonged chest tube output, thus further sub-
jecting them to the nutritional deficits related to periods
of nothing by mouth. However, we also found that
providers were initially less likely to shorten the
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duration of FMD when the chylothorax was protracted
(�10 chest tube days) out of concern that chylothorax
that took longer to resolve would be more likely to recur
if regular feedings were introduced earlier. This hesi-
tancy was overcome with increased awareness of suc-
cess and continued education, and compliance during
the final 12 months of the 2-week FMD instruction
increased by 200% for those patients with �10 days
chest tube days.

Invasive interventions, such as thoracic duct ligation
or embolization, are reserved for patients in whom di-
etary modifications fail. In these difficult patients, we
found increased reluctance to shorten FMD duration.
Resuming a regular diet in patients who have undergone
secondary interventions is especially important because
these patients typically have experienced prolonged
duration of nothing by mouth and additional proced-
ures. Of our 9 patients who underwent a secondary
intervention for chylothorax, 1 received 5 weeks of FMD,
5 received 4 weeks, 2 received 2 weeks, and none of
these patients had recurrence of chylothorax. In this
small subset of patients who underwent secondary in-
terventions for chylothorax, we found they could be
treated with a reduced FMD duration without chylo-
thorax recurrence, thereby allowing earlier resumption
of adequate nutrition.

Similar to the report by Yeh and colleagues,14 our
chylothorax treatment bundle compliance was high
(90%). Compliance with the 2-week duration FMD in-
struction was initially low at 40% for the first 6 months
but improved to 79% with intensified education by
emails, heart center newsletter content, and personal
communications specifically with the surgeons and floor
providers. Additionally, because data reviews were
conducted quarterly, we were slow to recognize de-
viations, and compliance improved once we started
tracking compliance on a monthly basis.

In addition to the impact on health and nutrition,
FMD can impose a significant cost burden, whether
absorbed by the patient or by the health care system.
MCT formulas are rarely available at standard retailers
and require coordination with home health services or
purchase through online vendors. Compared with
standard infant formula, MCT formulas are at least 25%
more expensive than liquid prepared formula and 45%
more expensive than powder prepared formula, and
they represent a completely new cost to families of
previously breastfed infants. We effectively decreased
FMD days by 55% and therefore saved the associated
cost of MCT formula. Future studies are necessary to
determine the impact of decreased FMD duration on
growth, parental satisfaction, and cost, and to deter-
mine efficacy and generalizability through a multi-
institutional effort.

To increase initial buy-in, we opted to exclude pa-
tients with Glenn or Fontan physiology, given the
strongly held local beliefs and literature suggesting that
this group is at particularly high risk for protracted
chylothorax and late recurrence. Future iterations of this
project including patients with cavopulmonary anasto-
moses are underway.

STUDY LIMITATIONS. Limitations of this study include
the lack of generalizability associated with a
single-center cohort. We did not control for other
variables associated with chylothorax recurrence,
including residual lesions, fluid status, thrombosis,
increased venous pressures, or decreased capillary
permeability.1-3,20,22 Notably, our management protocol
does not dictate fluid balance or use of afterload-
reducing agents, although we found no difference in
net fluid balance or milrinone use between groups.
Although we are a regional care provider, it is possible
that we did not capture patients who presented to
outside hospitals with chylothorax. Compliance with
the duration of FMD after discharge was determined
on the basis of parental reporting only.

CONCLUSION. At our center, FMD duration was
decreased from 6 weeks to 2 weeks without any recur-
rence of chylothorax. We also demonstrated decreased
duration of FMD in patients with high surgical
complexity, protracted chest tube drainage and duration
of nothing by mouth, and need for secondary in-
terventions for chylothorax, without recurrence of
chylothorax.
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