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BACKGROUND Dietary modification is the mainstay of treatment for postoperative chylothorax in children. However,
optimal fat-modified diet (FMD) duration to prevent recurrence is unknown. Our aim was to determine the association
between FMD duration and chylothorax recurrence.

METHODS Retrospective cohort study conducted across 6 pediatric cardiac intensive care units within the United
States. Patients aged <18 years who developed chylothorax within 30 days after cardiac surgery between January 2020
and April 2022 were included. Patients with a Fontan palliation, who died, or were lost to follow-up or within 30 days of
resuming a regular diet were excluded. FMD duration was defined as the first day of a FMD when chest tube output was
<10 mL/kg/d without increasing until the resumption of a regular diet. Patients were classified into 3 groups (<3 weeks,
3-5 weeks, >5 weeks) based on FMD duration.

RESULTS A total of 105 patients were included: <3 weeks (n = 61) 3-5 weeks (n = 18), and >5 weeks (n = 26). De-
mographic, surgical, and hospitalization characteristics were not different across groups. In the >5 weeks group, chest
tube duration was longer compared with the <3 weeks and 3-5 weeks groups (median, 17.5 days [interquartile range,
9-31] vs 10 and 10.5 days; P = .04). There was no recurrence of chylothorax within 30 days once chylothorax was
resolving regardless of FMD duration.

CONCLUSIONS FMD duration was not associated with recurrence of chylothorax, suggesting that FMD duration can
safely be shortened to at least <3 weeks from time of resolving chylothorax.
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ietary modification is the mainstay of treat-
ment for chylothorax, which occurs in 2.8%-
9% of children after cardiothoracic surgery
and is associated with increased morbidity, mortality,
and cost."® The primary dietary modifications are a

The Supplemental Table can be viewed in the online version of this
article [https://doi.org/10.1016/j.athoracsur.2023.05.021] on http://
www.annalsthoracicsurgery.org.
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transition to a fat-modified diet (FMD), commonly
referred to as a medium-chain triglyceride diet, (ie,
low long-chain triglyceride [LCT] formulas, defatted
fortified human milk, and low-fat diets) and periods
of nil per os (NPO), based on the rationale that mini-
mizing LCTs in the diet will reduce flow of chyle
through the lymphatic system.*® Many centers utilize
a FMD for 6 weeks even after chylothorax is resolving
(ie, when chest tube output [CTO] is <10 mL/kg/
d without increasing), due to the historic belief that
this practice will prevent recurrence.”’® However, a
recent single-center quality improvement project
decreased FMD duration from 6 weeks to 2 weeks,
regardless of surgical complexity or chylothorax
severity, and reported no recurrences.'*

In order to promote the postoperative healing pro-
cess, it is important to limit use of a FMD to the shortest
duration possible because of the inherent risks,
including suboptimal nutrition, inadequate growth,
appetite suppression, decreased fat deposition, diarrhea,
and the negative impact of poor weight gain on neuro-
development.”>'° Additionally, parental dissatisfaction
may stem from an inability to breastfeed, the labor of
defatting and fortifying human milk,>*® sourcing
specialized formulas,” the cost burden of specialty
products, and the inconvenience of protracted follow-
up appointments. Compounding these issues has been
the current increasing cost and shortage of formulas in
the United States, which is especially pronounced in
specialty formulas.?**

In November 2020, the Chylothorax Work Group
(CWG) was formed to study and improve outcomes in
children diagnosed with chylothorax after cardiac sur-
gery.”> Using the CWG data registry, our aim was to
determine if there is an association between FMD
duration and recurrence of chylothorax. Our
hypothesis is that FMD duration is not related to
recurrence, regardless of severity of chylothorax, and
that the optimal FMD duration could safely be reduced
to 2 weeks.

PATIENTS AND METHODS

A retrospective cohort study was conducted across 6
pediatric cardiac intensive care units that participate
in the CWG.?® During the study period, a chylothorax
management protocol was used at the participating
sites, which suggests a FMD duration of 2-4 weeks
after chylothorax is resolving (Figure 1). The study
was approved by each center’s institutional review
board.

PATIENT POPULATION. We included patients aged <18
years and diagnosed with chylothorax (see definition
below) within 30 days after cardiac surgery, during the
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encounter associated with the index cardiac operation.
Patients were excluded if the patient died or was lost to
follow-up prior to 30 days from completing the
prescribed FMD duration. Additionally, patients
diagnosed with chylothorax after Fontan operations
were excluded, as these patients are physiologically
predisposed to development of chylothorax throughout
their lifetime.”>*> All eligible patients diagnosed with
chylothorax were enrolled consecutively at each site
between January 2020 and April 2022, with start dates
staggered depending on when the site began
participating in the CWG. Patients were classified into
3 groups (<3 weeks, 3-5 weeks, >5 weeks) based on
the FMD duration received once chylothorax was
resolving (ie, CTO <10 mL/kg/d without subsequent
increase). These groups were chosen in order to
encompass the most common FMD durations of 2, 4,
and 6 weeks (often considered short, mid-range, and
long durations, respectively), while allowing for brief
deviations from the prescribed durations.

The following variables collected: de-
mographics, Society of Thoracic Surgeons-European
Association for Cardio-Thoracic Surgery (STAT) cate-
gory, cardiopulmonary bypass time, unplanned reoper-
ation, and measures of resource utilization (mechanical
ventilation days, intensive care unit and hospital lengths
of stay, and in-hospital mortality). Chylothorax-related
diagnosis and treatment variables included pleural
fluid test results, postoperative chest tube duration,

were

daily CTO, presence of thrombus, use of NPO, secondary
interventions for treatment of chylothorax, FMD dura-
tion, and recurrence of chylothorax.

DEFINITIONS. Chylothorax was defined using the Pedi-
atric Cardiac Critical Care Consortium registry definition
as follows: the presence of lymphatic fluid in the pleural
space secondary to a leak from the thoracic duct or its
branches that can be determined by clinical status as
documented in a note or by laboratory data (fluid with
elevated triglyceride [>110 mg/dL] and/or lymphocyte
count [>80%]). Resolving chylothorax was defined as
the day when CTO was <10 mL/kg/d without subse-
quent increase in CTO volume. Fat-modified diet was
defined as a diet consisting of medium-chain
triglyceride or low-LCT formula, defatted human milk
with medium-chain triglyceride formula fortification,
or a low-fat diet (<10 g/d). FMD duration began on the
day a patient was receiving a FMD and chylothorax
was resolving (CTO reached <10 mlL/kg/d without
increasing), until the day a regular diet resumed. If
CTO was <10 mL/kg/d from the time of chylothorax
diagnosis until chest tube removal, FMD duration
began with the first day of a FMD. Chylothorax
recurrence was defined as a return of a chylous
effusion requiring chest tube placement within 30 days
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A | Diagnosis and Management of Chylothorax after Pediatric Cardiac Surgery | B 'BOX 1: Diagnostic Studies to Consider
Concern for chylothorax may include: milky CTO, CTO >20mUkg/day beginning 24 hours after chest closure, surgeon concern based on
surgical findings, etc.
Pleural flid studies confirmatory for chylothorax (at least 1 of the following must be positive):
P - Triglycerides (>110 mg/dL)
" - Lymphocyte predominance (>80%)
- Positive chylomicrons
NPO = ni per o5 - Pleural>serum iglycerides
TPNAL rakpds.
VTE = venous thromboembolism
Ve BOX 2: Etiology Work-up (Risk factors: previous chylothorax, elevated venous pressure, decreased function, and VIE)
Y “Venaus dopple headineck ultasound: VTE presen,prvide antcosgulton pernstuional siandad.
[ soma e i frconcounk an wiycenies Gox . ~Echo to include eval f ind consider venogram with negative echo but suspicion for VTE remains high.
-Prior to referral i center, compl  diagnostic cardiac are

Box 3: Diet Modifications Following Chylous Effusion Diagnosis

Defatted human milk, fortity as below with MCT based formula for <1 year of age. Supplement with ADEK multivitamin.

MCT based enteral formulas:
<year of age: Monogen*, Enfaport, Lipstart®, or Vivonex Pediatric* (for milk protein intolerance). Supplement with 400 1U Vitamin D/day.
Monogen. Vivenex Peam»c (lof milk protein intolerance), or Portagen.™

M Modulars: MCT oil (8 Calimi), Nutricia Liquigen (4.5 Calimi), Vitafio MCT Procal (112 Cali1

Medium Chain Triglycer
povider packet).

Oral Fat Modified Diet:
Start £10g favday from long-chain triglycerides to provide 2-4% total calories from linoleic acid (LA) and 0.25-0.5% from alpha-linolenic acid
(ALA).

Essential Fatty Acid (EFA) Deficiency Monitoring:
EFA deficiency may develop in 1-3 weeks on noflow exogenous EFA delivery. Watch for physical symptoms including dry/scaly rash, sparse
hai, poor wound healing.

For prolonged restriction or manifestation of symptoms: obtain EFA profiles, monitoring triene:tetraene ratio (>0.4 diagnostic of EFA
deficiency), LFTs, platelets.

Vl's

Yoo melmamuwmuumn(um |

A\

Parenteral Nutrition: Opiimize calories and protein. Protein may need to be increased by 1.5-2x ROAIDRI (0-2 years old: provide 3-4 g/kg:
preterm: provide 3.5-4g/kg).

Dose lipids (IL) per needs/tolerance but with minimum of 0.5g/kg/day 20% IL or 1g/kglday SMOF (goal is 2g/kg/day SMOF for 0-12 months of
age) in order 10 deliver ~0.1/kg/day LA. For preterm infants, double ipid dose in order to deliver the minimum 0.25g/kg/day LA 10 prevent
EFA deficiency.

C. HIGH VOLUME

Parental Nutrition Screening Labs: daily until stability: electrolytes (BMP) including Mg, PO4; 1-2xweek: riglycerides, LFTs and albumin.

*Nutritionally complete but off label use in patients less than 1 yo
**Not nutritionally complete, requires trace mineral supplementation

BOX 4 Addlllcnll Thtuplts
defined as 7
Please refer to Supp!emema) Table 3 for areview of potentil additional therapies.

BOX 5: Fat-modified Diet Duration
Concurrent PC4 Wor
from the previous instituional standard Io n mmlmum of 2 weeks.

crox0 muwuy

NPO with chest tube output remaining >10mUkg/day

n Low VOLUME

€10 >10 mukgiday
after 45 TOTAL days.
(ockudng uil period)

Goto:
No C. HIGH VOLUME

f ified diet duration at individual institutions by 2 weeks

k duration of fat-modified diet duration,

1f no current standard, we han 4

of
fat-modiied diet (B0x 9).

vioa103021

FIGURE 1 (A) Clinical management algorithm for postoperative chylothorax and (B) reference boxes for clinical management algorithm.?®
(ADEK, fat-soluble vitamins A, D, E, and K; CTO, chest tube output; EFA, essential fatty acid; LA, linoleic acid; LFT, liver function test; MCT,
medium-chain triglycerides; NPO, nil per os; RDA/DRI, recommended daily allowance/dietary reference intake; SMOF, intravenous fat mixture
containing soybean oil, medium-chain triglycerides, olive oil, and fish oil; SVC, superior vena cava; TPN/IL, total parenteral nutrition/intralipids;
VTE, venous thromboembolism.) Reproduced with permission from Lion RP, Winder MM, Amirnovin R, et al. Development of consensus
recommendations for the management of post-operative chylothorax in paediatric CHD. Cardiol Young. 2022;32:1202-1209. © The Author(s),
2022. Published by Cambridge University Press.

reported and analyzed. Demographic and clinical

reported by site.

of resuming a regular diet. Follow-up monitoring for
recurrence across institutions included chest x-ray
films and/or monitoring for respiratory distress at
follow-up outpatient appointments or during the
hospital stay. Noncompliance was defined as a FMD
duration above the prescribed range (<3 weeks, 3-5
weeks, >5 weeks).

characteristics are additionally
Fisher’s exact test was used for binary variables and
the Kruskal-Wallis test was used for ordinal variables
because clinical site has no inherent ordering. Analyses
were performed using SAS 9.4 (SAS Institute) with
reported P values based on a 2-sided alternative and

considered significant if less than .05.
PRIMARY OUTCOME. The primary outcome was recur-

rence of chylothorax within 30 days of resuming a reg-

ular diet after completing the prescribed FMD duration. ~RESULTS

ANALYSIS. Demographic and clinical characteristics of Between January 2020 and April 2022, a total of 105

enrolled patients were summarized by FMD duration
(<3 weeks, 3-5 weeks, and >5 weeks) using counts and
percentages for binary variables and medians and
interquartile ranges (IQRs) for continuous variables. The
association of characteristics with FMD duration was
assessed with the Cochran-Armitage trend test for binary
variables and the Jonckheere-Terpstra test for ordinal
variables. These statistical tests were chosen to
appropriately account for the ordered nature of the
FMD duration categories. Outcomes were analogously

patients (<3 weeks, n = 61; 3-5 weeks, n = 18; >5 weeks,
n = 26) with postoperative chylothorax were analyzed
across 6 centers. Twenty-two patients were excluded
prior to analysis: 5 dying prior to completing FMD
duration, 4 without confirmed outpatient end date of
FMD, and 13 with Fontan physiology.

Overall, median age at surgery was 9.9 weeks (IQR,
1.1-23.6) (Table 1). At the time of surgery, 41 patients
were neonates (<30 days; 39%), 56 were infants (30
days to 1 year; 53%), and 8 were pediatric (>1 year;
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TABLE 1 Overall Characteristics of Children

Diagnosed With Chylothorax

All Chylothorax

Variable Patients (N = 105)

Demographics

Age at surgery, wk 9.9 (1.1-23.6)*

Weight at surgery, kg 4.5 (3.4-6.4)°
Female 49 (47)°
Race, white 79 (76)°
Genetic abnormality present 34 (32)°
Surgical characteristics
STAT category
1-3 59 (56)°
4-5 46 (44)°
CPB time, min 144 (95-178)%
Unplanned reoperation 27 (26)°
Hospitalization characteristics
Mechanical ventilation, d 5.4 (0.5-16)%
CICU length of stay, d 14 (6-33)*
Hospital length of stay, d 28 (11-55)*
In-hospital mortality 4 (3.8)°
Chylothorax characteristics
Postoperative day at diagnosis 4 (2-7)*
Pleural triglyceride levels, mg/dL 177 (72-316)
Pleural lymphocytes, % 84 (58-90)*

Markers of chylothorax severity

Median daily CTO, mL/kg/d 16.3 (10.1-23.6)°

High CTO, >20 mL/kg/d 87 (83)°
Total chest tube utilization, d 11 (7-19)*
Treated with NPO 50 (48)°
Treated with octreotide 8 (8)°
Invasive intervention 12 (11)°
FMD
Duration
<3 weeks, n = 61 2 (1.9-2.1)*
3-5 weeks, n = 18 4 (3.6-4.1)*
>5 weeks, n = 26 7.2 (6-9)*
Compliance 20 (19)°
Recurrence of chylothorax 0 (0)°

2Jonckheere-Terpstra test; PCochran-Armitage trend test. Values are provided
as n (%) or median (interquartile range). CICU, cardiac intensive care unit; CPB,
cardiopulmonary bypass; CTO, chest tube output; FMD, fat-modified diet; NPO,
nil per os; STAT, Society of Thoracic Surgeons-European Association for Cardio-
Thoracic Surgery.

8%), with the oldest patient being 9 years. Median
intensive care unit length of stay was 14 days (IQR, 6-
33), and median hospital length of stay was 28 days
(IQR, 11-55). In-hospital mortality occurred in 4 pa-
tients in the study cohort (4%).

Across all groups, median time to chylothorax diag-
nosis was 4 days postoperative (IQR, 2-7) (Table 1).
Median daily CTO was 16 mL/kg/d (IQR, 10-24), and 87
patients (83%) had CTO >20 mL/kg/d on any given
day. Median chest tube duration was 11 days (IQR, 7-
19). Fifty patients (48%) were treated with NPO, 8 (8%)
were treated with octreotide, and 12 (11%) underwent
a secondary invasive intervention (thoracic duct
ligation [n = 2], lymphangiogram with thoracic duct
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embolization [n = 1], pleurodesis [n = 1], or cardiac
cath [n = 8]). Ten patients (10%) had CTO drop to <10
mL/kg/d, followed by >1 day of increase >10 mL/kg/d,
prior to achieving resolving chylothorax (ie, CTO
dropping <10 mL/kg/d without increasing). Four
patients (3 infants, 1 child), were diagnosed with
chylothorax but never received a FMD (ie, continued
on a regular diet). In these 4 cases, a regular diet was
continued because CTO was low (<10 mL/kg/d) at the
time of chylothorax diagnosis; none had recurrence of
chylothorax. Demographic, surgical, and chylothorax
characteristics at a center level are represented in
Supplemental Table 1.

Weight at surgery significantly varied across the three
groups, with those in the <3 weeks FMD group weighing
the least (median 3.9 kg [IQR, 3.1-6]; P = .009) (Table 2).
There were no other significant differences in patient
demographics, surgical or hospitalization characteristics,
or time to chylothorax diagnosis. Pleural triglycerides
varied significantly across groups, with the lowest
values in the <3 weeks group (median 133 mg/dL [IQR,
55-257]; P = .002).

CHYLOTHORAX SEVERITY. Median total chest tube utili-
zation was highest in the >5 weeks group (17.5 days
[IQR, 9-31] vs 10 [<3 weeks] and 10.5 [3-5 weeks]; P =
.04). Any day(s) of high CTO (>20 mL/kg/d) were
similar across groups. Other factors suggesting
increased severity of chylothorax, including use of NPO
or octreotide, or need for invasive secondary
intervention for chylothorax, were not significantly
different across the groups.

PRIMARY OUTCOME. There was no recurrence of chylo-
thorax in any group (Table 2).

RESOURCE UTILIZATION. Compared with the traditional
standard of 6 weeks, the <3 weeks group was exposed toa
median FMD of 2 weeks/patient (IQR, 1.9-2.1) and the 3-5
weeks group was exposed to 4 weeks/patient (IQR, 3.4-4.1)
(Table 1). This reduction of FMD duration in the <3 weeks
and 3-5 weeks groups represents a savings of 185 FMD
weeks, a 39% reduction from the traditional standard.

NONCOMPLIANCE. Twenty patients (19%) were non-
compliant, with FMD duration longer than directed by
the institutional standard. Noncompliant patients were
more likely to have longer chest tube duration (P = .02),
require a thoracic duct ligation (P = .003), or undergo a
catheter lab intervention (P = .001) (Table 3).

COMMENT

Efforts to decrease FMD duration are important in order
to mitigate the negative health effects associated with
FMDs, including suboptimal nutrition and poor
growth.””"” We performed a multicenter retrospective
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TABLE 2 Characteristics and Outcomes of Chylothorax Patients Based on Fat-Modified Diet Duration

<3 Weeks 3-5 Weeks >5 Weeks
Variable (n =61) (n=18) (n = 26) P Value

Demographics

Age at surgery, wk 5.4 (1.1-23.6) 15.1 (4.0-25.7) 18.6 (1.3-29.0) .08

Weight at surgery, kg 3.9 (3.1-6.0) 4.5 (3.6-6.3) 5.2 (4.4-7.6) .009%

Female 29 (48) 4 (22) 16 (62) .44°

Race, white 50 (82) 12 (67) 17 (68) 12°

Genetic abnormality present 17 (28) 7 (39) 10(39) .29°
Surgical characteristics

STAT category .40°

1-3 31 (51) 13 (72) 15 (58)
4-5 30 (50) 5 (28) 11 (42)

CPB time, min 131 (97-189) 152 (95-163) 152 (90-178) .99%

Unplanned reoperation 15 (25) 4 (22) 8 (31) .60°
Hospitalization characteristics

Mechanical ventilation, d 5.6 (2.1-16.9) 4.4 (0.2-16) 3.3 (0-13.6) 72

CICU length of stay, d 12 (6-32) 12 (4-26) 30 (6-81) .46

Hospital length of stay, d 21 (10-42) 34 (7-43) 32 (17-70) .28%

In-hospital mortality 12 1(6) 2(8) 16°
Chylothorax characteristics

POD at diagnosis 4 (3-6) 4 (2-7) 5(2-7) 472

Pleural triglycerides, mg/dL 133 (55-257) 204 (163-365) 255 (172-327) .002*%

Pleural lymphocytes, % 83 (58-87) 87 (72-92) 86 (28-90) .33°
Chylothorax severity markers

Median daily CTO, mL/kg/d 16.3 (11.2-23.5) 19.6 (8.6-28) 14.2 (7.8-23.6) .38

High CTO, >20 mL/kg/d 53 (87) 15 (83) 19 (73) A3°

Total chest tube, d 10 (7-17) 10.5 (6-18) 17.5 (9-31) .042

Treated with NPO 28 (48) 10 (56) 12 (46) .88°

Treated with octreotide 3(5) 2 (11) 3(12) .23°

Thoracic duct ligation 0 1(6) 1(4) 16°

Catheter lab intervention 2(3) 3(17) 3(12) 110

Pleurodesis 0 (0.0) 1 (6) 0 (0.0) .69°

Thoracic duct embolization 0 0 1(4) 110
Recurrence of chylothorax 0 (0) 0(0) 0 (0)

Surgery.

2Jonckheere-Terpstra test; PCochran-Armitage trend test. Values are provided as n (%) or median (interquartile range). CICU, cardiac intensive care unit; CPB,
cardiopulmonary bypass; CTO, chest tube output; NPO, nil per os; POD, postoperative day; STAT, Society of Thoracic Surgeons-European Association for Cardio-Thoracic

study across 6 pediatric centers that participate in the
CWG to determine the association between FMD dura-
tion and recurrence of chylothorax. Surgical and hospital
characteristics were evenly distributed across all groups.
Notably, no patients had recurrence of chylothorax with
any FMD duration, regardless of severity of chylothorax.

Our findings challenge a longstanding and wide-
spread clinical practice belief that a FMD should be
continued for many weeks after chylothorax resolution
in order to prevent recurrence. Our multicenter findings
support the generalizability of the previous single-center
report that also found no association between FMD
duration and recurrence, regardless of STAT category,
duration and volume of chest tube drainage, and need
for secondary interventions.'*

Noncompliance to the prescribed FMD duration
occurred in 19% of patients (n = 20). Hesitation to
reinstate a regular diet is often increased based on

severity of chylothorax, including high CTO, long chest
tube duration, or need for interventions beyond dietary
modification. Consistent with this hesitancy, we found
that patients with longer chest tube durations or
requiring catheter lab intervention or thoracic duct
ligation were more likely to be noncompliant. However,
our study showed that once chylothorax was resolving,
recurrence of chylothorax was not associated with chest
tube duration, invasive interventions, or any other
marker of chylothorax severity, regardless of FMD
duration. Additionally, half of the noncompliant pa-
tients (n = 10) had no clinical basis for prolonged FMD
duration, suggesting noncompliance in these patients
was more likely related to lack of education regarding
the institutional standard for FMD duration, long-
standing clinical practice traditions, or an inability to be
seen as an outpatient during the designated goal time
period. Improved education regarding a lack of
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TABLE 3 Characteristics of Patients Treated With the Intended FMD
Duration, Compared With Those Treated With a Longer Than Intended FMD

Duration
FMD Longer Than Protocol
Variable No (n = 85) Yes (n = 20) P Value
Demographics
Age at surgery, wk 9.7 (1.1-24.6) 12.4 (1.1-22.2) .95%
Weight at surgery, kg 4.4 (3.3-6.3) 4.7 (3.5-6.4) 777
Female 40 (47) 9 (45) .87°
Race, white 62 (74) 17 (85) .29°
Genetic abnormality present 27 (32) 7 (35) .78°
Surgical characteristics
STAT category .70°
1-3 47 (55) 12 (60)
4-5 38 (45) 8 (40)
CPB time, min 133 (97-166) 158 (93-178) .82°%
Unplanned reoperation 19 (22) 8 (40) 10°
Chylothorax characteristics
Postoperative day at diagnosis 4 (2-7) 5 (4-8.5) .20°
Pleural triglyceride levels, mg/dL 170 (65-316) 198 (129-319) 57%
Pleural lymphocytes, % 82 (48-87) 89 (85-92) .005
Markers of chylothorax severity
Median daily CTO, mL/kg/d 15.5 (10.1-23.5) 20.5 (10.3-28.5) 317
High CTO, >20 mL/kg/d 70 (82) 17 (85) .78°
Total chest tube utilization, d 11 (7-18) 17.5 (9.5-37) .02%
Treated with NPO 37 (44) 13 (65) .08°
Treated with octreotide 6(7) 2 (10) .67°
Thoracic duct ligation 0 2 (10) .003°
Catheter lab intervention 3(4) 5 (25) .001°
Pleurodesis 1(1) 0 63°
Thoracic duct embolization 1(1) 0 .63°
Recurrence of chylothorax 0 0

2Jonckheere-Terpstra test; bCochran-Armitage trend test. Values are provided as n (%) or median
(interquartile range). CICU, cardiac intensive care unit; CPB, cardiopulmonary bypass; CTO, chest tube output;
FMD, fat-modified diet; NPO, nil per os; STAT, Society of Thoracic Surgeons-European Association for Cardio-

Thoracic Surgery.

recurrence in patients with shortened FMD durations
will likely lead to improved compliance.

Reduction of FMD duration after resolving chylo-
thorax has potential for substantial positive impacts on
nutrition and resource utilization. Chylothorax and use
of a FMD may result in essential fatty acid deficiencies
and electrolyte abnormalities if not closely monitored
and supplemented.’® Neonates and infants are
dependent on dietary sources of fat for calories and
brain development, and the predominant source of fat
in breastmilk and standard formulas is LCTs,
in FMDs.'®°
Additionally, inadequate weight gain in infancy is
associated with poor neurodevelopmental outcomes."”
Therefore, it is beneficial to minimize exposure to a
diet known to provide suboptimal nutrition, especially

amplifying the risk of deficiencies

in a population of children already at high risk for
neurodevelopmental impairment to factors
associated with congenital heart disease.”” For young
children, a low-fat diet may also be challenging to

due
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maintain, and inadequate protein and caloric intake
with subsequent weight loss is anticipated.?®
Furthermore, patients requiring NPO for treatment of
chylothorax may be at higher risk of ongoing
nutritional deficiency, highlighting the benefit of
shortening FMD duration whenever possible.

In addition to the adverse impact on health and
nutrition, FMD can lead to a considerable cost burden,
whether absorbed by the patient or the healthcare
system. Low-LCT formulas are rarely available at stan-
dard retailers and require coordination with home
health services or purchase through online vendors.
Compared with standard infant formulas, low-LCT
formulas are 1.5-3 times more expensive, and re-
present a completely new cost for formula when an
infant has previously been breastfed. The cost may be
further exaggerated by the current formula shortage.
Compared with a traditional standard of 6 weeks, our
cohort’s FMD duration was decreased by 39%, demon-
strating a meaningful reduction in exposure to the
negative effects of a FMD and a potentially substantial
cost savings to families and the healthcare system.
Future studies are necessary to determine the impact of
decreased FMD duration on growth, parental satisfac-
tion, and cost.

LIMITATIONS. Limitations of this study include appli-
cation of study findings to a broad pediatric cohort, as
it was limited to children who develop chylothorax
after congenital cardiac surgery and excluded patients
with Fontan physiology. While a standard chylothorax
management algorithm was utilized across all centers,
we did not measure compliance to the treatment al-
gorithm beyond FMD duration, and hence the associ-
ation between the treatments prior to resolution and
recurrence cannot be established. Criteria for chest
tube removal was not included in the CWG manage-
ment algorithm; however, FMD duration was calcu-
lated based on CTO instead of chest tube removal to
mitigate the impact of practice variation. We did not
control for other variables associated with chylothorax
recurrence including residual lesions, fluid status,
thrombosis, increased venous pressures, or decreased
capillary permeability.'>'® To mitigate the impact of
practice variation and improve generalizability, the
CWG continues to enroll patients and collect data
across multiple centers to further study management
strategies (including shortened FMD duration) and
outcomes in children with postoperative chylothorax.
Center 4 had a higher prevalence of chylothorax and
contributed highly to the <3 weeks group.
Compliance to the FMD duration after discharge was
based on parental reporting only.

CONCLUSION. Across 6 centers, there was no recurrence
of postoperative chylothorax, regardless of FMD
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duration, even in patients with markers of increased
chylothorax severity, such as high CTO, treatment with
NPO, or need for secondary medical or surgical in-
terventions. Our findings suggest that <3 weeks of FMD
is adequate for treating chylothorax after it is resolving.
Further studies are needed to determine whether these
findings are also true in patients who have undergone
Fontan palliation.
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