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Abstract

Background: Risk factors for postoperative chylothorax in children who had cardiothoracic procedures are not
always clear. Due to complex course in post-operative care, It's always challenging to find the risk factors, and their
management.
Objective: The aim of our study was to identify the incidence, risk factors and effective treatment approaches for

chylothorax after pediatric heart surgery.
Methods: Children who had the cardiac surgery and subsequently developed chylothorax were included in the study.

The ratio of the experimental group to the control groupwas 1:2. Decannulations of extracorporeal membrane oxygenation
(ECMO)were not included in the analysis of patient outcomes. For each patient, we keep track of their age, weight, gender,
syndrome, RACH-1 scoring, fluid balance, bypass time, clamp time, redo operations, open or close heart surgeries, and
rhythmdifficulties. Care logswere kept for every single therapy that was administered. Primary outcomewas chylothorax,
with secondary outcomes included time in the intensive care unit (ICU), length of hospital stay (LOS), and death.
Results: 5210 surgeries were performed in six years. 96 patients developed the chylothorax with incidence of 1.8%. In

chylothorax group, mean weight was 6.7 ± 4.2, while mean age was 11.7 ± 15.2. Clamp time was 74.5 ± 53.5 versus
39.9± 13.7.Mean bypass timewas 128.34(76.25) versus 84.3± 25.1 with an odds ratio 1.02 (Z test 0.0001). Six (6.3%) children
with chylothorax had redo cardiac surgeries in the same admission (p-value 0.01) while none in other. Five (5.2%) cases got
operated by thoracotomy, three from left side.MeanChest tube durationwas 10± 7.8 days versus 3.8± 2.4 in control group.
(p-value 0.02). chylothorax resolved (mean resolving time ¼ 4 days) in 76 (79.2%) children with monogen formula. Two
patients receive midodrine with no significant effect. Four children underwent surgical repair for chylothorax.
Conclusion: Bypass time linearly increasesincidence of chylothorax. Younger age, low weight, syndromic children, redo

operations, non-open-heart surgeries, and arrhythmias also contribute to this. Gender, fluid balance, and RACHS-1
Scoring were not significant. While further research and testing are required for the use of midodrine. However, the
low-fat formula of Monogen has proven to be an effective treatment.
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1. Introduction

C hylothorax is a postoperative complication
that can occur in children following cardio-

thoracic surgeries. It causes nutritional, metabolic,
and immunological problems, which in turn can
result in deep vein thrombosis (DVT), sepsis,
malnutrition, and ultimately increased hospital
stays and a relatively high mortality rate [1,2]. It has
been estimated that 1.1% of children suffer with
chylothorax after cardiac surgeries. The first three
days after the beginning of feed were marked by the
highest occurrence of the condition [3]. Its preva-
lence has been estimated to be between 2% and 5%
in several studies [4].
Chylothorax is associated with thoracic duct

injuries during surgical procedures. Lymphatic
dysplasia has been suggested as a possible role in
the development of chylothorax in syndrome chil-
dren. Additional risk factors for postoperative
chylothorax include: central vein thrombosis and
elevated systemic venous pressure above that of the
thoracic duct [5,6]. Chylothorax occurs more
frequently after some operations, including Fontan,
and vascular ring repair [7].
There are several protocols for the care of chylo-

thorax, but none of them are standardized. Both
surgical and non-surgical methods can be used to
treat the condition. Conventional non-surgical
treatments might include to keep none per oral
(NPO), beginning the feeding process with
medium-chain fatty acids, receiving an infusion of
octreotide, other drugs like etilefrine hydrochloride,
octreotide, and midodrine. Octreotide is an
extended-release form of the somatostatin analog. It
reduces the amount of lymph fluid that is excreted
while acting directly on vascular somatostatin re-
ceptors [8,9]. In circumstances when medicinal
therapy is unsuccessful, surgical procedures such as
pleurodesis (either chemical or mechanical),
thoracic duct ligation (TDL), or the installation of
pleuroperitoneal shunts may be contemplated [2].
Chylothorax has a direct influence on the

outcome, such as the duration of stay in the inten-
sive care unit (ICU), the length of stay in the hos-
pital, cost, and mortality, with varying results based
on the patient's age, diagnosis, and the complexity
of the treatment [10,11]. A number of studies have
documented varying rates of occurrence of post-
operative chylothorax in paediatric patients who
had heart surgery. As a result, the purpose of this
study was to make use of a large amount of data to
assess the prevalence of chylothorax in children
following cardiac procedures, as well as the risk

factors associated with it, and the short-term
outcomes.

2. Materials and method

In this observational retrospective study, all
patients in pediatric age group who underwent
congenital heart surgery or heart transplant from
January 2016 to June 2021 were included. 5290 sur-
geries were performed in the respective period. 80
cases were excluded who underwent decannulations
as ECMO weaning. 5210 patients who had corrective
or palliative cardiac surgery were included in the
database. The incidence of chylothorax was calcu-
lated as a percentage of childrenwhohad chylothorax
over the total number of surgeries in a definedperiod.
We created a control group in ratio of 1:2 for
comparing the risk factors. The Risk Adjustment for
Congenital Heart Surgery-1 (RACHS-1) score was
assigned during an inpatient admission within the
study period. If a patient underwent multiple
procedures in the same entry, the operation with the
highest risk number was appointed as the RACHS
score. Respective data for each operation were
included in the case of numerous surgeries. Ethical
Committee approved the study with RAC # 2,211,206.
The informed consent was resigned from the insti-
tutional review board (IRB) because of the study's
retrospective nature.
Charts were reviewed for all patients who met the

inclusion criteria. Any patient who had chylothorax
was enrolled for study. In our institution, chylo-
thorax is suspected after the appearance of a milky
drain in the chest drainage tube after starting feed.
Then it is confirmed with a biochemical test based
on the following definition: elevated triglyceride
(>1.1 mmol/L) [2]. In other institutions, there is
additional microscopic confirmation with lympho-
cyte predominance (>80%), but elevated triglyceride
is still an essential entity to be present [12]. Chylo-
thorax duration was defined as the time interval
from the day of diagnosis till the last day without
effusion and drain. We calculate the cumulative

Abbreviations:

ECMO Extracorporeal Membrane oxygenation
ICU intensive care unit
MCT Medium Chain Triglyceride
NPO none per oral
RACHS Risk Adjustment for Congenital Heart Surgery 1
SPSS Statistical Package for the Social Sciences
TPN total parental nutrition
TDL thoracic duct ligation
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days in case of multiple chest drains insertions. In
addition, we recorded the cardiac lesion, primary
procedure, syndromic or not, bypass time, aortic
cross clamp time, postoperative day of development
of chylothorax, the status of the chest open or close
in ICU, thoracotomy or open heart procedures,
and presence of arrhythmia (regardless of the type
of arrhythmia), fluid balance and duration of chy-
lothorax. Fluid overload was defined as a cumula-
tive balance >10% from admission to the intensive
care unit at 72 h of admission. We calculated the
fluid proportion by using the following equation:
(total fluid intake-total fluid output) (L)/body weight
(kg) � 100 [13]. We also distinguished which treat-
ment strategy was effective in chyle resolution, like
low-fat diet (monogen diet), intravenous octreotide
infusion, midodrine, or surgical procedure. In
addition, we evaluated total parental nutrition
(TPN) duration in days till chyle responds to treat-
ment, ICU and hospital stay in days, surgical pro-
cedure for chylothorax, and mortality. We defined
mortality as in-hospital death in these chylothorax
patients.
As a quality boost program, our institution had a

standardmanagement protocol. Once a patient has a
pleural effusion on Chest X-ray after surgery or
milky flow in the existing drain, the initial manage-
ment consists of drainage and sampling of the
pleural fluid to confirm the clinical diagnosis. Then,
we stop the general diet for age and commence the
Medium Chain Triglyceride (MCT) diet available as
a monogen formula. Pleural drain volume is noted
daily, and the catheter is removed if it is less
than 3 ml/kg/day. We start the octreotide if there is
continuous drainage even after 2 weeks over mono-
gen therapy. Midodrine, as over-the-counter medi-
cine recently added in formulary for chylothorax if
the patient is poorly responding to octreotide infu-
sion. In our protocol, surgery is indicated if there is
persistent excessive drainage of chyle (>10 ml/kg/
day) or over a long (2e4 weeks) period.
The results were expressed as numbers and per-

centages. We categorized the age into four groups
according to age at admission: neonates (<30 days),
infants (1e12 months), 13e24 months, and more
than 25 months. Univariate analysis was performed
for all variables in case and control groups.
Continuous variables were summarized as median
with interquartile range, while Categorical and
ordinal variables are abridged as frequency and
percentages, respectively. The Means of variables in
two Groups was performed with the t-test and
chi-square test (SPSS program Version 23). Odds
ratio were calculated with 95% CI. A p-value <0.05
was considered to be statistically significant.

A multivariate logistic regression analysis was per-
formed with pre-and postoperative parameters.

3. Results

In six years, 5290 palliative and corrective sur-
geries were performed. We excluded the 80 cases
who underwent decannulations as ECMO weaning.
A total of 5210 palliative and corrective surgeries
were performed. Among them, 96 patients devel-
oped chylothorax. 200 children were selected as a
control group. There were 21 (21.9%) neonates with
chylothorax versus 14 (7%) in control. Most of pa-
tients were below 10 kg, 80 (83.3%) with chylothorax
versus 133 (66.5%) with non-chylothorax. There was
no significant difference in gender in both groups.
(p-value 0.49) Twenty children had down syndrome
(20.8%) while 06 (03%) children in the control group.
(p-value 0.001) Six (6.3%) children with chylothorax
had redo cardiac surgeries in the same admission
(p-value 0.01) while none in other. There were 11
(11.5%) versus 1 (0.5%) child who came as open
chest in CSICU (P-value 0.00). For children who got
operated by thoracotomy on either right or left side,
there were five (5.2%) cases versus four (2%) (p-
value 0.12). Seven (7.3%) children had arrhythmias
versus two (1%) in the control group. (p-value 0.006)
Fluid overload was rare in our population; most
patients had a negative fluid balance of n ¼ 120
(40.5%) as (p-value 0.17). Table 1.
While in risk stratification, patients with RACHS

score1 were 10 (10.4%) versus 38 (19%), RACHS
score2 34 (35.4%) versus 148 (74%), score3 24 (25%)
versus 06 (3%), score4 10 (10.4%) versus 06 (03%),
score5 03 (3.1%) versus 01 (0.5%), score6 11 (11.5%)
versus 01 (0.5%), while uncategorized patients were
4 (4.2%) versus no patient. Table 2.
96 patients developed the chylothorax with inci-

dence of 1.8%. In chylothorax group, mean weight
was 6.7 ± 4.2, while mean age was 11.7 ± 15.2. There
were 46 (47.9%) males with little female predomi-
nance. Clamp time was 74.5 ± 53.5 versus 39.9 ± 13.7
and bypass time 128 ± 76 versus 84.3 ± 25.1. (p-value
0.01) Mean Chest tube duration was 10 ± 7.8 days
versus 3.8 ± 2.4 in control group. (p-value 0.02)
Chylothorax was observed between 1st and 25th
postoperative days with mean Chyle duration
5.8 ± 3.0 days. Mean chyle appearance day was
4.83 ± 4.03 with peak incidence at 3rd post op day.
Tables 3e4.
Among 96 chylothorax patients, 76 (79.1%) chil-

dren respond to monogen (medium triglyceride
chain milk) feed. The mean response time was 8.3
days. 20.8% had persistent chylothorax that did not
respond to first-line treatment over two weeks. TPN
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was used in 18 (18.8%) children. In 16 (16.7%) chil-
dren, chyle resolve with octreotide infusion. Mean
octreotide days were 14.6 ± 9.4, with infusion days
from 7 to 38 days maximum. A total of four (4.1%)
children underwent surgery, one thoracic duct
ligation, and three diaphragmatic fistula. 2 cases
received the midodrine and both underwent fistula
formation. ICU and hospital stay time was 21 ± 30
(4e197) days and 31 ± 43 (7e302) days, respectively.

Three patients died during their hospital stay (3.1%).
Figure 1.

4. Discussion

Our research led us to the conclusion that the
incidence of chylothorax is 1.8%, and it began most
frequently on the third postoperative day. We hy-
pothesize that chylothorax is linked to factors such
as a young age, a low weight, a long clamp time, a
short pump time, an open chest, arrhythmias, and
repeated surgical procedures. Although the majority
of patients diagnosed with chylothorax exhibited a
negative fluid balance, this finding did not reach
statistical significance. The majority of patients have
shown improvement as a result of the monogen
treatment, and four patients have undergone sur-
gery to relieve the chylothorax.
In the population that we were studying, a total of

5210 procedures, both palliative and corrective, were
carried out over the course of six years. The preva-
lence of chylothorax was found to be 1.8% during the
course of our research. In a large database study that
took place over eight years, the incidence was found
to be 2.8% [10]. The frequency in our study is some-
what higher than the incidence of 1.1% reported in a
previous article by czobor RN et al. [3] This little
high incidence in our studymight be attributed to the
complexity of operations. It has been found that
29.2% of our study sample had a RACHS-1 score of 4
or above. In addition, there were four patients who
did not fit any of the categories; two of these patients
had received heart transplants, while the other two
were received ECMO. Following surgery, eleven
patients (11.5%) had open chests, which is also
considered to be a statistically significant risk factor
for chyle leakage. (p-value 0.001) It is widely known
that chylothorax can show up anywhere from the first
to the tenth day after a surgery [4]. The most signifi-
cant increase in incidence was seen on the third
postoperative day in the current investigation.
According to our findings, chylothorax is nega-

tively associated with both advancing age and
increasing body weight. The likelihood of devel-
oping chylothorax reduced with both increasing age

Table 1. Univariate analysis in chylothorax and non-chylothorax
group.

Variable Chylothorax
n ¼ 96

Non Chylothorax
n ¼ 200

p-value

Weight in kg
2e10 80 (83.3%) 133 (66.5%)
More than 10 16 (16.7%) 67 (33.5%) 0.003
Age
Less than month 21 (21.9%) 14 (07%) e

1e12 month 47 (49%) 81 (40.5%) 0.015
13e24 month 16 (16.7%) 77 (38.5%) 0.0001
More than 25 months 12 (12.5%) 28 (14%) 0.010
Gender
Female 50 (52.1%) 106 (53%) e

Male 46 (47.9%) 94 (47%) 0.882
Down syndrome
Yes 20 (20.8%) 06 (03%) 0.00
No 76 (79.2%) 194 (97%)
Other syndrome
Yes 04 (4.2%) 00 0.01
No 92 (95.8%) 200 (100%)
Surgeries in same admission
Yes 06 (6.3%) 00 0.01
No 90 (93.8%) 200 (100%)
Fluid Balance
Negative 44 (45.8%) 76 (38.1%) e

Positive 20 (20.8%) 62 (31%) 0.067
Euvolumic 32 (33.3%) 62 (31%) 0.691
chest closure status
Open 11 (11.5%) 0 (0%) 0.0001
Close 85 (88.5%) 200 (99.5%)
Thoracotomy
Yes 05 (5.2%) 04 (02%) 0.12
no 91 (94.8%) 196 (98%)
Arrhythmias
Yes 07 (7.3%) 02 (01%) 0.006
no 89 (92.7%) 198 (99.8%)
Mortality
Yes 03 (3.1%) 0(0%) 0.03
No 93 (96.9%) 200 (100%)

Table 2. Comparison of RACHS scoring in chylothorax and non-chylothorax group.

RACHS 1 SCORE Chylothorax Non chylothorax Odds ratio (95% CI) p-value

1 10 (10.4%) 38 (19%) e 0.001
2 34 (35.4%) 148 (74%) 1.58 (0.75e3.37) 0.231
3 24 (25%) 06 (03%) 15.03 (3.52e64.2) 0.0001
4 10 (10.4%) 06 (03%) 2.73 (0.65e11.55) 0.022
5 03 (3.1%) 01 (0.5%) 1.53 (0.61e13.55) 0.003
6 11 (11.5%) 01 (0.5%) 4.13 (1.65e15.55) 0.004
7, uncategorized 04 (4.2%) 00 e e
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and weight. As children got older than 12 months,
the risk dropped by 25%. It has been hypothesized
that as one gets older and puts on more weight, the
likelihood of chyle duct injury decreases [1].
In the event that chylothorax is encountered, a

higher RACHS-1 score represents increased asso-
ciated risk. It has been said that its Risk adjustment
for Congenital Heart Surgery (RACHS) score for
group 1 is 0%, while its score for groups 5 and 6 is
5.6% [14]. In the population that we studied, we
discovered that 29.2% of cases had a RACHS-1 score
of four or more. These cases included complex
surgeries such as the repair of the hypoplastic or
interrupted aortic arch, complex arterial switch
operations, and neonatal aortic valve operations in
group 4, while truncus arteriosus repair tumbled
into group 5, and the Norwood operation for hy-
poplastic left heart syndrome plunged into group
6 respectively. It has been determined that the
complicated nature of the surgery is a permanent
risk factor in the progression of chylothorax. Ac-
cording to the findings of Day TG et al., RACHS-1
group 4 is linked with the greatest risk, with an odds
ratio that ranges between 2.22 and 2.98 [15]. How-
ever, in our multivariate study, we discovered that
the RACHS-1 score is not always a consistent
component in the development of chylothorax.
Table 5.

According to the researches, the genetic compo-
nent poses a substantial threat [16]. It occurs as a
result of changes in vascular pathways and
lymphatic dysplasia, both of which are characteristic
with certain syndromes, the most notable of which
being down syndrome, Turner's syndrome and
Noonan syndrome [17]. We reported a total of
twenty children with Down syndrome, which ac-
counts for 20.8% of the total, whereas the control
group only included six children, which accounts for
3%. (p-value 0.001) In light of this, we conducted a
multivariate regression analysis in our study and
found similar results. Table 5.
The majority of patients in our research group

who had chylothorax also had negative fluid bal-
ance, however this finding had no direct connec-
tion with chylothorax. At 72 h postoperative
duration, 45.8% of patients had a negative fluid
balance, whereas in the control group, 38.1% chil-
dren had shown a negative fluid balance. Both
groups had mostly a negative fluid balance, indi-
cating the poor relation with occurrence of chylo-
thorax. Despite the fact that an excessive amount of
fluid has been identified as a risk that is connected
with acute renal damage and inadequate cardiac
output, it still has to be regulated for overall
outcome [18]. Perry and his colleagues looked into
the possibility of a link between fluid balance and
chylothorax, but they came up with no positive
conclusion [5]. Given that fluid overload is a well-
known risk factor for extended periods of me-
chanical breathing, longer lengths of hospital stays,
and fatality So, it is possible that in the future,
research study with a subject of an association for
chylothorax with fluid overload may be conducted
at a broad level.
In univariate analysis, the bypass time was asso-

ciated with the development of chylothorax, and that
remain significant on logistic regression. This has not
been shown clearly in previous literature. We found
that bypass time was 128 ± 76 with median time of
120 min. With increasing bypass time, there is more
chances of chylothorax. Non-open-heart surgeries
had insignificance as univariate factor but has been

Table 4. Comparison of quantitative variables in chylothorax and non-chylothorax group.

Variables Chylothorax n ¼ 96
Mean (SD)

Non Chylothorax n ¼ 200
Mean (SD)

Odds ratio (95% CI) p-vlaue

Weight 6.75(4.24) 8.64(4.09) 0.88(0.83, 0.94) 0.0001
Age 11.72(15.27) 15.27(12.09) 0.98(0.95, 0.99) 0.001
Clamp time 74.57 (53.56) 39.95(13.77) 1.04(1.03,1.05) 0.002
Bypass time 128.34(76.25) 84.3(25.19) 1.02(1.01, 1.03) 0.003
ICU days 21.26(30.03) 5.34(3.27) 1.34(1.24, 1.46) 0.0001
Hospital days 31.92(43.21) 10.97(5.39) 1.18(1.13, 1.23) 0.02
Chest Tube duration 10.44(7.83) 3.87(2.49) 1.43(1.29, 1.59) 0.0001

Table 3. Characteristics of quantitative and qualitative variables of
chylothorax patients.

Variables Median (IQR)

Chyle appearance day 03 (2e5.5)
Octreotide days 10 (8.75e16.25)
Chyle duration 03 (2e7.75)
Midodrine Given Yes

No
02 (2.08)
94 (97.92)

Chyle resolve Monogen Yes
No

76 (79.17)
20 (20.83)

TPN Yes
No

18 (18.75)
78 (81.25)

Chyle resolve Octreotide Yes
No

16 (16.67)
02 (2.08)

Surgery for Chylothorax Yes
No

04 (4.17)
92 (95.83)
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found a major contributor in incidence of chylo-
thorax on logistic regression. Table 5.
Our study showed that medium-chain fatty acid

treatment with a monogen diet was effective in 76
(79.2%). The mean response time was 8.3 days.
We never use the prophylactic monogen diet irre-
spective of the complexity of procedures and risks
because, in children, brain myelination is depen-
dent on equilibrated nutrition, including fatty acids.
Our response is comparable to another study which
showed 71% efficacy [6].
TPN was used in 18 (18.8%) children. In our

institute, TPN is not started as a treatment for

T

Fig. 1. Treatment algorithm for post cardiac surgery chylothorax. a. A formula, low in long chain triglycerides and high in medium chain triglycerides.
b. Chylothorax that not resolved after 2 weeks of monogen therapy. c. Chylothorax that not respond after one week of octreotide therapy. d. midodrine,
an a1-adrenergic agonist that causes vasoconstriction of the lymph system, reducing chyle flow.

Table 5. Multivariable logistic regression analysis.

Odds ratio
(95% confidence
interval)

p-value

Weight Digits 0.91(0.72, 1.14) 0.409
Age Digits 1.02 (0.95, 1.09) 0.518
Gender 1.12 (0.51, 2.43) 0.78
Down Syndrome 12.39 (3.91, 39.22) 0.02
Fluid Balance

positive 1.24 (0.47, 3.27) 0.668
euvolemic 1.17 (0.49, 2.78) 0.72

Non-open-heart Surgeries 25.96 (3.29, 204.92) 0.002
RACHS-1 1.28 (0.73, 2.26) 0.388
Bypass Time 1.02 (1.01, 1.02) 0.001
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chylothorax but rather as a supportive tool to fulfill
the nutrition requirement. TPN has been linked
with many complications such as thrombosis,
central line infections, hyperglycemia, and liver and
kidney injury. There may be associated complica-
tions related with TPN, but our main focus of study
was on chylothorax risk factors [19].
In 16 (16.7%) children, chyle resolve with octreo-

tide. Mean octreotide days were 14.6 ± 9.4, with
infusion days from 7 to 38 days maximum. It is a
long-acting somatostatin analog given either sub-
cutaneous or intravenous that operates unswerv-
ingly on vascular somatostatin receptors and lessens
lymph fluid emission. Additionally, by increasing
splanchnic arteriolar resistance and decreasing
intestinal blood flow, octreotide indirectly reduces
lymphatic flow. Within 30 min of infusion, it gained
the peak serum concentration. In our study, all
children received the Intravenous Octreotide. Two
patients received midodrine, an a1-adrenergic
agonist that causes vasoconstriction of the lymph
system and may reduce the chyle flow. Chyle output
only decreased temporarily after initiating mido-
drine, but it remained to drain. We prescribed the
midodrine 2.5 mg, Q12 hourly, and continued for 1
and half months. Some case reports are related to a
substantial decrease in chyle output in which the
midodrine dose was 1 mg, Q8 hourly [20,21]. In our
study, both children underwent surgery. A total of
four (4.1%) children had surgery for chylothorax,
including one thoracic duct ligation and three dia-
phragmatic fistulae.
Although chylothorax has been observed with

certain risk factors, still it's unclear to predict pre-
operatively which patient is more vulnerable.
There may be a role of lymphangiogram to rule out
the anatomical variations, but that is not practically
possible due to cost-effectiveness, ICU care, and
hospital stay. Although, in future we may look for
most effective and comfortable means by building
a scoring system to intimate the risk for
chylothorax.

5. Limitations

There are few limitations in our study. First, it
was a retrospective analysis with the possibility of
missing the data in the documentation review.
There is a lack of documentation at some points as
single or multiple pump runs. We calculate our
findings of all patients and the chylothorax group
separately as a comparison. Furthermore, this is a
single-center study, and a larger cohort might
enable us to draw additional clues regarding specific
results.

6. Conclusion

Chylothorax is a frequently encountered problem
in pediatric cardiac surgical ICU. Increasing bypass
time causes a linear rise in its incidence. Younger
age, Low weight, Syndromic patients, redo sur-
geries, non-open-heart surgeries and arrhythmias
are also associated factors. Gender, Fluid balance,
and RACHS-1 Scoring showed insignificant associ-
ation. Monogen is an effective therapy, while
midodrine needs further investigation and trials.
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