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Abstract

Objective: A standardised multi-site approach to manage paediatric post-operative chylothorax
does not exist and leads to unnecessary practice variation. The Chylothorax Work Group utilised
the Pediatric Critical Care Consortium infrastructure to address this gap. Methods: Over 60 multi-
disciplinary providers representing 22 centres convened virtually as a quality initiative to develop an
algorithm to manage paediatric post-operative chylothorax. Agreement was objectively quantified
for each recommendation in the algorithm by utilising an anonymous survey. “Consensus” was
defined as > 80% of responses as “agree” or “strongly agree” to a reccommendation. In order to deter-
mine if the algorithm recommendations would be correctly interpreted in the clinical environment,
we developed ex vivo simulations and surveyed patients who developed the algorithm and patients
who did not. Results: The algorithm is intended for all children (<18 years of age) within 30 days of
cardiac surgery. It contains rationale for 11 central chylothorax management recommendations;
diagnostic criteria and evaluation, trial of fat-modified diet, stratification by volume of daily output,
timing of first-line medical therapy for “low” and “high” volume patients, and timing and duration
of fat-modified diet. All recommendations achieved “consensus” (agreement >80%) by the work-
group (range 81-100%). Ex vivo simulations demonstrated good understanding by developers
(range 94-100%) and non-developers (73%-100%). Conclusions: The quality improvement effort
represents the first multi-site algorithm for the management of paediatric post-operative chylo-
thorax. The algorithm includes transparent and objective measures of agreement and understand-
ing. Agreement to the algorithm recommendations was >80%, and overall understanding was 94%.
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Chylothorax following paediatric cardiac surgery is prevalent
(3.8%) and associated with malnutrition, immune compromise,
and hypercoagulability and leads to increased hospital length of
stay, resource utilisation, and mortality.!"® Although chylothorax
was first reported in 1972, aside from isolated local efforts, a stand-
ardised approach to management has not been established.>¢3-18

Lack of standardised care contributes to unnecessary practice
variation and precludes the advancement of outcomes research,
while protocolised care has been associated with decreased vari-
ability and improved outcomes.’”!! Historically, development of
multi-site treatment algorithms required large groups of experts
to convene over multiple days. Hence, successful multi-discipli-
nary efforts are rare, difficult, and costly. Adoption of algorithms
is further hampered when consensus lacks evidentiary support or
when the algorithm is difficult to interpret or apply in a clinical
setting at point of care.

To address these widespread and longstanding challenges, we
utilised the existing collaborative nature and data-driven infra-
structure of the Pediatric Cardiac Critical Care Consortium to
form a Chylothorax Work Group. Our initial aim was to develop
an algorithm to manage chylothorax following paediatric congeni-
tal heart surgery which would include transparent measurements
of agreement and understanding of the recommendations devel-
oped. Understanding that current chylothorax literature is largely
experiential, we anticipate utilising these consensus recommenda-
tions as a baseline to guide further iterations in an effort to identify
data-driven best practice.

Patients: The Chylothorax Work Group was formed in October of
2020 with the support of the Pediatric Cardiac Critical Care
Consortium Quality Improvement committee. Members of the
work group represent 22 centres and consist of more than 60
multi-disciplinary providers: physicians (n = 39), surgeons (n = 2),
advanced practice providers (n = 11), dieticians (n = 8), a parent, a
quality manager, and a business data analyst (Supplemental
Table 1).

Development of algorithm content: The algorithm was devel-
oped as a quality improvement initiative. The Key Driver Diagram
is shown in Figure 1. Content was derived using existing literature
through a PubMed search of chylothorax-related topics in
November 2020 and May 2021 and expert opinion through
twice-monthly discussions using a virtual platform. Local proto-
cols from 11 participating centres were also reviewed
(Supplemental Table 1).

Measuring agreement: Agreement was objectively quantified
for 11 central recommendations in the algorithm via an anony-
mous survey. Response options included strongly disagree, dis-
agree, neutral, agree, and strongly agree, and there was
allowance for free-text feedback that was integrated into discus-
sions at subsequent meetings (For survey questions, see
Supplemental Table 1). We defined “Consensus” to a recommen-
dation as >80% of responses reported as “agree” or “strongly
agree.” Work group members were encouraged to disseminate
the survey to and/or discuss responses with co-workers. When
multiple survey responses from a single centre were received, only
the lowest degree of agreement from each centre was used to cal-
culate consensus but every response (including free-text com-
ments) was disseminated to the workgroup.

Ex vivo simulations: When algorithms are applied at the bed-
side, the clinician’s understanding and interpretation may not
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reflect the intended recommendations of the algorithm developers,
leading to unintentional non-compliance.!® To determine if the 11
central algorithm recommendations would be correctly inter-
preted and applied (i.e., understood) at point of use, we developed
11 clinical scenarios (Supplemental Table 2). Algorithm developers
and those who did not develop the algorithm were asked to use the
algorithm to determine the next recommendation of each clinical
scenario. We used these ex vivo simulations to evaluate which rec-
ommendations may be difficult to interpret at point of care by
those who did not develop the algorithm.

Algorithm definitions: In order to improve clarity within the
workgroup and to provide a standard for future work, we estab-
lished consensus definitions for the terms commonly used when
managing chylothorax (Supplemental Table 2).

The algorithm for management of paediatric post-operative chy-
lothorax is shown in Figure 2. The rationale, degree of agreement,
and ex vivo simulation results for each of the 11 central recommen-
dations are described below. Degree of agreement reflects
responses from 16 institutions, with each institution represented
across the 3 surveys. Ex vivo simulation was completed by 17 devel-
opers and 33 non-developers. The algorithm is only intended for
post-operative patients <18 years of age who are diagnosed with
chylothorax within 30 days of cardiothoracic surgery.

When there is concern for chylothorax within 30 days following
cardiothoracic surgery, send pleural fluid for cell count and triglyc-
erides. Pleural fluid testing is diagnostic for chylothorax if triglyc-
eride count is > 110 mg/dL or lymphocyte cell count is > 80%.

Rationale: Presence of chylomicrons when analysed by fluid
staining with Sudan III or lipoprotein analysis is considered the
“gold standard,” though not widely available.>?*2! Therefore,
instead of chylomicron testing we recommend pleural fluid testing
for triglycerides and lymphocytes in all patients suspected to have
chylothorax. Currently, some centres routinely diagnose chylo-
thorax by clinical appearance of milky fluid aspirated by thoracent-
esis or appreciated in chest tube output. However, the absence of
milky appearance does not exclude the diagnosis of chylothorax,
especially in fasting patients, and thus, confirmatory laboratory
analysis of pleural fluid is warranted.!*!220!

A recent single-centre report demonstrated that chest tube out-
put is > 15 ml/kg on the day after sternal closure predicts chylo-
thorax with 78% sensitivity and 79% specificity, regardless of
output appearance.”? Importantly, testing based on quantity of
output alone may lead to earlier diagnosis particularly in the sickest
patients where enteral nutrition cannot be provided. Current liter-
ature reports that the median time from the operating room to chy-
lothorax diagnosis ranges between 4 and 14 days.’-'h142324
Additionally, Chan et al reported an independent association
between shorter time to diagnosis and decreased duration of chy-
lothorax drainage.?®

Agreement: Initially, 75% (12/16) agreement was achieved for
pleural fluid testing. Those disagreeing cited the frequency of clini-
cal diagnosis based on milky appearance of pleural fluid. When the
algorithm was iterated to reflect optional testing of pleural fluid,
follow-up survey agreement dropped to 56% (9/16). Subsequent
discussion, highlighting the literature above, resulted in 81%
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Decreased fat-modified diet
duration
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within 48 hours of
prescribed timing.

Figure 1. Key driver diagram.

(13/16) agreement to include a recommendation for pleural fluid
testing in the algorithm.!>1220:21:23

Ex vivo simulation: 100% (17/17) of developers and 97% (32/33)
of non-developers correctly understood criteria for diagnosing chylo-
thorax. Focused education should be considered at centres where
pleural fluid testing is not routinely obtained on every patient sus-
pected to have chylothorax.

Once diagnosis of chylothorax is confirmed, we recommend vas-
cular ultrasound to evaluate for venous thromboembolism and
echocardiogram to evaluate for residual lesions and assess the
hemodynamic profile as potential contributing aetiologies.

Rationale: Multiple studies have demonstrated an association
between chylothorax and the presence of venous thromboembo-
lism, with incidence ranging from 27 to 52, up to 2.6 times higher
than non-chylothorax patients.>>?® Venous hypertension and
increased lymphatic transmural pressure have been described as
mechanisms for chylothorax, with central venous thrombosis
increasing the odds of chylothorax by 6.7 (95% CI, 4.6-9.7).%!*
Therefore, we recommend screening for venous thromboembo-
lism using vascular ultrasound and evaluate for residual lesions
and occult hemodynamic disturbances using echocardiogram.
When comparing chylothorax aetiologies, Beghetti et al noted that
chylothorax secondary to elevated central venous pressure devel-
oped significantly later (14 + 2 days post-surgery) than when it
was the result of direct injury to the thoracic duct (7.3 4 1 days
post-surgery) (p < 0.005).1* Thus, we recommend obtaining the
echocardiogram at the time of diagnosis to avoid delay in potential
interventions or treatments.
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Data management:

» Quarterly monitoring for
balance measures

* Monthly compliance audits

» Transparent and timely
reporting of outcomes

Agreement: 81% (13/16) for vascular ultrasound and 100%
(16/16) for echocardiogram.

Ex vivo simulation: 94% (16/17) of developers and 91% (30 of
33) of non-developers correctly understood this recommendation.

Once diagnosis of chylothorax is confirmed, we recommend initia-
tion of age-appropriate fat-modified diet for 24-72 hours.

Rationale: Medium-chain triglyceride feeds are absorbed
directly into the blood stream from the gut and theoretically allow
for healing from chylothorax by reducing the flow of chyle through
the lymphatic system.® Hence, the two most common initial medi-
cal management options for chylothorax are either initiation of a
fat-modified diet or initiation of nil per os/total parenteral nutri-
tion status in order to decrease production of chyle.>¢8-18:27

By provision of a 24-72 hour trial of a fat-modified diet in all
patients regardless of chest tube output volume, we aim to reduce
the potential adverse effects of nil per os and total parenteral nutri-
tion.”* However, we recognise that those patients who do not
develop a significant quantifiable volume of chest tube output after
initial chylothorax diagnosis or intervention if thoracentesis is
required, may be able to be monitored with their usual diet and
not require a fat modification trial. Resolution of chylothorax with
fat-modified diet alone (i.e., never made nil per os or requiring a
secondary invasive intervention) ranges from 38 to 61%.'*'* In a
single-centre study of 113 patients with post-operative chylo-
thorax, 83% (94/113) trialled a fat-modified diet for 24-36 hours
following diagnosis of chylothorax, and 74% (70/94) subsequently
resolved without requiring nil per os for high-volume chest tube
output.?? Of note, 38% (36/94) of those trialled on a fat-modified
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(a) [ Diagnosis and Management of Chylothorax after Pediatric Cardiac Surgery |

Abbreviations:

0 = chest tube output (combined volume:
from all current chest tubes)
NPO = il per 05
TPN/IL = total parenteral nutriton / intrakpids
TE = venous thromboembolism

Continue regular diet.

lnmrn work-up for chylothorax etiology with:
1. Doppler head/neck ultrasound (Box 2).
2. Consider echocardiogram.

While NPO consider adjunctive therapies.

(Box 4). Al NPO days count toward 7 day o Chnically abie to
total if pasients proceeds to C, High teciove foeds?
Volume. Assess abdity 10 feed daily.
No Yos
i
priosfeedy vesam| A, Fatmodiied diet tial for 24-72 hours (Box 3. |

NPO +/- TPNIL.
Assess CTO daily and consider
additional therapies (Box 4).

15 CTO <10
mUkglday on any day?, No

Go to:

No C. HIGH VOLUME
Continue fat-modifed diet for
24 weeks from the most Vs
recent start date of z

far-modified diet (Box 5). Refractory chylothorax:

Discuss secondary
interventionsymphatic

¥ Work Growp v 108102021 center consultation.

(b)

BOX 1: Diagnostic Studies to Consider

Concern for chylothorax may include: milky CTO, CTO >20mU/kg/day beginning 24 hours after chest closure, surgeon concern based on
surgical findings, etc.

Pleural fluid studies confirmatory for chylothorax (at least 1 of the following must be positive):

- Triglycerides (>110 mg/dL)

= Lymphocyte predominance (>80%)

- Positive chylomicrons

= Pleural>serum triglycerides

BOX 2: Etiology Work-up (Risk factors: previous chylothorax, elevated venous pressure decreased Iunctron and VTE)

=Venous doppler head/neck ultrasound: If VTE present, provide anti

«Echo to include evaluation of SVC for thrombus andconsrder venogram with negatrve echo but SUSQOCIOO for VTE remains high.
wed.

-Prior to referral to lymphatic center, and ic cardiac arer

Box 3: Diet Modifications g Chylous Eff Diagnosi:

Defatted human milk, fortify as below with MCT based formula for <1 year of age. Supp with ADEK multivit
MCT based enteral formulas:

: Monogen®, Enlaport, Lipstart®, or Vivonex Pediatric* (for milk protein intolerance), Supplement with 400 IU Vitamin Diday.
Lﬂmm_nj_m Manogen \twonex Pedmmc (lor milk prole-n intolerance), or Portagen.*
lodulars: MCT oil (8 Cal/mi), Nutricia Liquigen (4.5 Callml), Vitaflo MCT Procal (112 Calil

ed hain Trighyce
powder packer)

Oral Fat Modified Diet:
Start <109 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 exogencus EFA delivery. Watch for physical symptoms including dry/scaly rash, sparse
harr poor wound healrng

of obtain EFA profiles, menitoring triene:tetraene ratio (>0.4 diagnostic of EFA

def uency). LFTs, ptalelel.s

Parenteral Nutrition: Optimize calories and protein. Protein may need 1o be increased by 1.5-2x RDAJDRI (0-2 years old: provide 3-4 gikg;
preterm: provide 3.5-4g/kg).

Dose lipids (IL) per but with minis of 0, 20% IL or 1g/kg/day SMOF (goal is 2g/kg/day SMOF for 0-12 months of
age) in order to deliver ~0.1g/kg/day LA, For preterm infants, double lipid dose in order to deliver the minimum 0,25g/kg/day LA to prevent
EFA deficiency.

Parental Nutrition Screening Labs: daily until stability: electeolytes (BMP) including Mg, PO4; 1-2xiweek: triglycerides, LFTs and albumin.

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

BOX 4: Additional Therapies
Additional considerations for ref defined as 7 days of NPO with chest tube output remaining >10mUkglday
Please refer to Supplemental Table 3 for a review of potential additional therapies.

BOX 5: Fat-modified Diet Duration
Concurrent PC4 Chylothorax Work Group project aims 1o decrease current fal-modified diet duration at individual institutions by 2 weeks
from the previous instituional standard to a minimum of 2 weeks.

If no current i . we d no more than 4 week duration of fat-modified diet duration.

Figure 2. (a) Clinical management algorithm for post-operative chylothorax and (b) reference boxes for clinical management algorithm.
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diet initially had chest tube output >20 mL/kg/day, but following
the trial, 53% (19/36) had a drop in chest tube output to low vol-
ume and never required nil per os. This suggests that a fat-modified
diet trial is reasonable initial management even in those with high-
volume chylothorax.

Because fat is a concentrated source of calories, additional
caloric supplementation is required while using a fat-modified diet.
Dietary supplementation and monitoring should be performed in
coordination with a registered dietician experienced in chylothorax
patients.>**! Defatted human milk has been shown to be a safe, fea-
sible, and effective alternative to medium-chain triglyceride for-
mulas while providing the known benefits of human milk,
though supplementation is still required to achieve appropriate
caloric intake (Supplemental Table 2).>> For older children,
there is lack of consensus regarding optimal fat restriction with
reports ranging from <10 grams/day to <30% of calories from
fat per day (Supplemental Table 2).>*¢-3 Dietary supplementation
and monitoring should be performed in coordination with a reg-
istered dietician experienced in chylothorax patients.’**!

Agreement: 94% (15/16) agreement regarding the initial dura-
tion of a fat-modified diet trial, with those in disagreement prefer-
ring a longer duration of monitoring prior to stratification.

Ex vivo simulation: 100% (17/17) of developers and 82% (27/33)
of non-developers correctly understood this recommendation. To
improve compliance to this recommendation, we suggest emphasis-
ing the potential impact of a fat-modified diet in decreasing chest tube
output to a low-volume status and negating the need for nil per os.

If clinically unable to receive a fat-modified at time of diagnosis, we
recommend nil per os with total parenteral nutrition supplemen-
tation as initial management strategy.

Rationale: Use of total parenteral nutrition to support energy
requirements in critically ill children has been established.*>*
However, the utilisation of enteral versus total parenteral nutrition
in the setting of chylothorax has not been studied. Intravenous
lipid emulsions are delivered directly to the bloodstream and
bypass the lymphatic system allowing fat and calorie provision
in the setting of chylothorax.*!

Agreement: 100% agreement regarding provision of total par-
enteral nutrition if unable to tolerate fat-modified trial.

Ex vivo simulation: Use of nil per os was embedded within
multiple clinical scenarios. Understanding was 100% for develop-
ers and 73% for and non-developers; see section “management of
high-volume chylothorax.”

After a 24- to 72-hour trial of fat-modified diet, “high-volume chy-
lothorax” is defined as >20 ml/kg/day of chest tube output, and
“low-volume chylothorax” is defined as <20 ml/kg/day of chest
tube output.

Rationale: We used > 20 ml/kg/day of chest tube output to
stratify low versus high-volume chylothorax as this is the cut-off
most commonly reported in the literature and utilised by existing
single-centre algorithms.>?-111%38 T ower thresholds are likely to
increase nil per os with total parenteral nutrition exposure.'’

https://doi.org/10.1017/5S1047951122001871 Published online by Cambridge University Press

R. P. Lion et al.

Should chylothorax be diagnosed via thoracentesis after initial sur-
gical chest tube removal, we recommend ignoring the “initial
dump” when quantifying output in ml/kg/day for stratification.’

Agreement: 100% (16/16) agreement for stratification cut-off
being >20 ml/kg/day.

Ex vivo simulation: 100% (17/17) of developers and 82% (27/33)
of non-developers correctly understood this recommendation. Lack
of understanding stemmed from the fact that patients can transition
from low- to high-volume management arms at any time and not just
during the initial 24-72 hour time period.

If chest tube output is >20 ml/kg/day after a 24- to 72-hour trial of
fat-modified diet, initiate nil per os with total parenteral nutrition
and monitor chest tube output daily to determine when the patient
is eligible for low output management arm.

Rationale: The success rate of nil per os strategy for patients
with high-volume chylothorax ranges between 47 and 73% without
the need for invasive intervention.”?> Median nil per os duration in
the published literature ranges from 3 to 17 days.” 1
Additionally, all institutional algorithms reviewed by the Work
Group specified nil per os and total parenteral nutrition for
high-volume chylothorax (see Supplemental Table 1). The ration-
ale is further supported by studies demonstrating that some
medium-chain triglycerides may enter the lymphatic system, espe-
cially when medium-chain triglycerides are the primary source of
fat, and exacerbate high-volume chylothorax.*?

Agreement: 94% (15/16) agreement to recommend nil per os
and total parenteral nutrition for high-volume chylothorax, with
those not in agreement citing the benefits of enteral nutrition
and lack of evidence demonstrating that a fat-modified diet is less
efficacious than nil per os.

Ex vivo simulation: We simulated understanding of the rec-
ommendation for cumulative nil per os duration to be 7 total
days before proceeding to refractory management considera-
tions. 100% (17/17) of developers and 73% (24/33) of non-
developers correctly understood this recommendation. To
improve implementation, we recommend emphasising the
importance of minimising nil per os days through early deci-
sion-making regarding next steps (e.g., referral to lymphatic
centre, thoracic duct ligation) when chylothorax does not
resolve using the algorithm.

If chest tube output is >10 ml/kg/day after 7 cumulative days of nil
per os, discuss surgical and lymphatic evaluation for refractory
chylothorax.

Rationale: Prolonged high-volume chylothorax drainage results in
fluid and protein losses which complicate post-operative management
and increase risks of haemodynamic deterioration, infection, throm-
bosis, malnutrition, and poor wound healing.'®**34* Thus, the work
group prioritised limiting nil per os/total parenteral nutrition duration
given the sparse data supporting its efficacy, balanced with the risks of
secondary interventions which are also largely unproven. Two single-
centre studies demonstrate that 87% (13/15) and 73% (32/44) of
patients initially designated as high-volume chylothorax resolved
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within 7 days using a nil per os strategy, without requiring further
invasive interventions.”!! Beghetti et al reported that chest tube out-
put >15 ml/kg/day on day 7 of a fat-modified diet was associated with
a higher predicted need for surgical intervention (specificity of 80%
and sensitivity of 68%)."* Hence, the data suggest that longer nil
per os trials are not likely to benefit most patients with protracted chy-
lothorax. Recommendations for managing refractory chylothorax are
under development by the workgroup.

Agreement: 94% (15/16) agreement to moving to refractory
management options if chest tube output is >10 ml/kg/day after
7 days of nil per os.

Ex vivo simulation: 94% (16/17) of developers and 91% (30/33)
of non-developers correctly understood this recommendation.

If chest tube output is <10 ml/kg/day at any time, transition to low-
volume management arm and resume/begin a fat-modified diet.

Rationale: To decrease nil per os days and return to enteral
nutrition as soon as possible, we opted to recommend returning
to a fat-modified diet based on chest tube output volume, rather
than a specified number of days. Since adopting this approach in
2017, Winder et al have treated 44 patients with high-volume
chylothorax by transitioning to fat-modified diet anytime chest
tube output is <10 ml/kg/day, with only 2 subsequently needing
to resume nil per os based on increased chest tube output.”?
Both of those patients had undergone the Glenn operation
and had late-presenting refractory chylothorax. After imple-
mentation of a clinical practice guideline that similarly encour-
aged resuming fat-modified diet anytime chest tube output
decreased to <10 ml/kg/day, Yeh et al demonstrated significant
reductions in total duration of nil per os days, the number of
times a patient was made nil per os, and total ICU and hospital
lengths of stay.!”

Agreement: 75% (12/16) initial agreement. Those in disagree-
ment advocated for a longer duration of chest tube output <10 ml/
kg/day before re-initiating a fat-modified diet as prescribed in the
low-volume arm. Discussing the experiences described above with
the work group resulted in 88% (14/16) agreement.

Ex vivo simulation: 94% (16/17) of developers and 88% (29/33)
of non-developers correctly understood this recommendation. To
improve implementation, we recommend daily discussions regard-
ing eligibility to transition from high-volume to low-volume man-
agement arms.

Continue a fat-modified diet for 4-5 days if the chest tube output
remains <20 ml/kg/day after the initial 24- to 72-hour fat-modified
diet trial period or once the chest tube output is <10 ml/kg/day at
any time in high-volume patients.

Rationale: A positive response to a fat-modified diet is reported
in 74%-90% of patients.>'"!3~1> The rationale for utilising a fat-
modified diet in the management of chylothorax is
described above.

Agreement: 100% (18/18) agreement in defining responsive-
ness to low-volume management as < 10 ml/kg/day of chest tube
output after 4-5 days of fat-modified diet.

Ex vivo simulation: 94% (16/17) of developers and 97% (32/33)
of non-developers correctly understood this recommendation.
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If chest tube output is >10 to <20 ml/kg/day after 4-5 total days of
fat-modified diet or >20 ml/kg/day at any time, transition to the
high-volume management arm.

Rationale: The transition from the low-volume to high-volume
management arm is anticipated to be a rare but important type of
patient to delineate. At Primary Children’s Hospital, only 6% (4 of
69) of patients who initially entered a low-volume management
arm subsequently transitioned to a high-volume management
arm. Of these 4 patients, 2 received secondary interventions at
16 and 26 days of chylothorax. Existing published protocols that
allow for transition between low- and high-volume management
arms are associated with decreased duration of nil per os days,
median chest tube days, median hospital and ICU lengths of stay,
and reductions in need for pleurodesis or thoracic duct ligation.”~!!

Agreement: 100% (16/16) agreement for transitioning to the
high-volume management arm when chest tube output is >20
ml/kg/day any time. Agreement for transitioning to the high-vol-
ume arm if chest tube output is >10 ml/kg/day after 4-5 days of
fat-modified diet was 94% (15/16).

Ex vivo simulation: 94% (16/17) of developers and 91% (30/33)
of non-developers correctly understood this recommendation.

Continue fat-modified diet for a minimum of 2 weeks to a maxi-
mum of 4 weeks from the time a diet is started/resumed after any
nil per os days.

Rationale: A 6-week fat-modified diet is the most commonly
reported duration in current literature.!*13223% However, success
has been demonstrated with 17 days of fat-modified diet.**
Similarly, Winder et al have reported a consecutive cohort of 66
patients with post-operative chylothorax successfully treated with 2
weeks of fat-modified diet without any recurrence of chylothorax
within 30 days of resuming a regular diet.** This cohort was inclusive
of all chylothorax patients, with the exception of those who underwent
Glenn or Fontan operations. 48% (n = 32) had a Society of Thoracic
Surgeons-European Association for Cardiothoracic Surgery category
of 4 or 5, 53% (n = 35) required nil per os for high-volume chylo-
thorax, and 44% (n =29) had chest tubes for 10 or more days. A
multi-centre quality improvement project to decrease duration of
fat-modified diet from the current baseline down to two weeks is cur-
rently underway within the Chylothorax Work Group.

Agreement: 100% (16/16) agreement to a duration of 2-4
weeks of a fat-modified diet following final achievement of low-
volume criteria. The work group felt it was appropriate to recom-
mend this range given the successful experience at Primary
Children’s with shorter fat-modified diet durations, while still
incorporating existing algorithmic approaches.

Ex vivo simulation: 100% (17/17) of developers and 100% (33/33)
of non-developers correctly understood this recommendation. To
improve implementation, we recommend discussing standardising
institutional fat-modified diet duration and decreasing as able to
the shortest duration of comfort.

Despite the widespread use of ancillary therapies, review of the lit-
erature does not strongly support the use of any existing options.
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See Supplemental Table 3, “Literature review of ancillary medical
therapies used to treat chylothorax,” for more detail.

The algorithm developed represents the first multi-centre effort to
standardise the diagnosis and management of post-operative chy-
lothorax in children. Content was derived from a comprehensive
multi-disciplinary review of the literature, expert consensus, and
review of 11 existing chylothorax treatment protocols.

Novel to this algorithm is a transparently reported measure-
ment of the degree of agreement for each recommendation in
the algorithm. Additionally, the algorithm recommendations have
undergone ex vivo simulations using clinically relevant scenarios to
determine if recommendations are understood according to the
developers’ intentions. Not surprisingly, understanding was higher
in developers than non-developers (average correct answers to ex
vivo simulation questions 97 versus 90%), but overall simulation
demonstrated a high level of understanding in both groups.
Additionally, using these unique methods, an improved a priori
insight is obtained about potential areas of disagreement and
aspects of the guidelines that may be difficult to interpret or imple-
ment in a clinical setting. Another unique aspect of this process was
that the algorithm was entirely developed via a virtual platform
during a global pandemic. Nonetheless, an average of 21 people
attended each of the 12 work meetings and included a robust
multi-disciplinary group (Supplemental Table 1).

Through the establishment of this multi-institutional
Chylothorax Work Group, we are able to utilise quality methods
to standardise care, measure outcomes, and iterate on our pro-
posed guidelines. For example, we have clarified and standardised
the diagnosis of chylothorax by recommending sending for pleural
fluid studies regardless of fluid appearance, thereby moving away
from unnecessary practice variation that currently exists in iden-
tifying chylothorax patients. We have also proposed standard def-
initions for the important features of chylothorax such as “high”
versus “low volume” and “refractory,” which are important in
understanding the association of these clinical milestones on
patient outcomes across multiple centres. Overall, the guidelines
begin to standardise clinical practice, which is necessary to advance
research and benchmark outcomes.

In tandem with guideline development, we also began to obtain
Institutional Review Board approval and data use agreements
across centres. Data collection is underway in participating centres
to better understand patient characteristics and daily nutritional
and medical management. We hope to direct future iterations of
the guidelines regarding important, but under-researched topics,
such as nutritional management, the effect of time to chylothorax
diagnosis on chest tube duration, and the impact of nil per os on
future feeding tolerance. Eventually, we hope to provide a multi-
institutional perspective of chylothorax management and related
outcomes.

Limitations to the guidelines include the reliance on single-
centre protocols and expert experience due to a lack of prospective
trials to guide management of chylothorax. Therefore, deep-
rooted, anecdotal practices may have been incorporated into the
guidelines. We recognise that publication of these guidelines
may unintentionally result in widespread adoption of the guide-
lines as best practice, when the intent is to utilise the guidelines
as a standardised platform to study chylothorax and move toward
identifying best practice. We limited the recommendations to the
first week of medical management and first-line nutritional
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therapies only, given the paucity of data to support any ancillary
medical treatments and variation in surgical approach when inter-
vention for chylothorax may be warranted.

Future efforts within the Chylothorax Work Group are to
address chylothorax-related venous thromboembolism preven-
tion, earlier detection, and refractory chylothorax. Efforts are
underway to determine “best practices” related to diagnostics
and treatments in patients who may ultimately be managed by
lymphatic referral centres including which interventions/studies
should be avoided or considered prior to referral.

We created a multi-centre chylothorax management algorithm by
achieving consensus using surveys to determine agreement to algo-
rithm recommendations and ex vivo simulation to test user under-
standing of recommendations. We anticipate future iterations to
refine the management of chylothorax as we seek to further under-
stand aetiologies, comorbidities, and effective treatment strategies
for this difficult post-operative complication.

To view supplementary material for this article,
please visit https://doi.org/10.1017/51047951122001871.
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