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Background: The occurrence of postoperative chylothorax in children with congenital heart disease is a
rare and serious complication in cardiac intensive care units (ICUs). The aim of our study was to identify the
perioperative characteristics, treatment options, resource utilization and long term complications of patients
having chylothorax after a pediatric cardiac surgery.

Methods: Patients were retrospectively assessed for the presence of chylothorax between January 2002 and
December 2012 in a tertiary national cardiac center. Occurrence, treatment options and long term outcomes
were analyzed. Chylothorax patients less than 2 years of age were analyzed using propensity-matched
statistical analysis in regard to postoperative complications after discharge.

Results: During the 10-year period, 48 patients had chylothorax after pediatric cardiac surgery. The
highest incidence was observed on the second postoperative day (7 patients, 14.6%). Seven patients (14.6%
of the chylothorax population) died. During the follow up period, 5 patients had additional thromboembolic
complications (2 had confirmed thrombophilia). Eleven patients had a genetic abnormality (3 had Down’s
syndrome, 3 had Di-Giorge’s syndrome, 1 had an IgA deficiency and 4 had other disorders). During the
reoperations (49 cases), no chylothorax occurred. After propensity matching, the occurrence of pulmonary
failure (P=0.001) was significantly higher in the chylothorax group, and they required prolonged mechanical
ventilation (P=0.002) and longer hospitalization times (P=0.01). After discharge, mortality and neurologic
and thromboembolic events did not differ in the matched groups.

Conclusions: Chylothorax is an uncommon complication after pediatric cardiac surgery and is associated
with higher resource utilization. Chylothorax did not reoccur during reoperations and was not associated

with higher mortality or long-term complications in a propensity matched analysis.
Keywords: Chylothorax; congenital heart disease; pediatric cardiac surgery; median-chain triglyceride-diet;

octreotide therapy; long-term outcome

Submitted Feb 04, 2017. Accepted for publication Jun 26, 2017.
doi: 10.21037/jtd.2017.07.88
View this article at: http://dx.doi.org/10.21037/jtd.2017.07.88

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com 7 Thorac Dis 2017;9(8):2466-2475



Journal of Thoracic Disease, Vol 9, No 8 August 2017

Introduction

Postoperative chylothorax in pediatric patients undergoing
congenital heart surgery is a rare and serious complication
that causes prolonged stays in intensive care units (ICUs).
In these cases, the most important precipitating factors
are increased pressure in the systemic venous circulation,
surgical injury of the thoracic duct during operations or
thrombus formation in a central vein (1-3).

Accumulation of the lipid and protein rich chyle in
the pleural space leads to malnutrition and prolonged
mechanical ventilation and poses an increased risk of
infection. Treatment can be classified into two categories:
conservative and surgical. The conservative approach
consists of replacing the nutrients lost with the chyle
and using chest drainage if necessary (4). Studies have
demonstrated the effectiveness of a low fatty acid and
medium-chain triglyceride (MCT) diet (3,5), which can be
followed by total parenteral nutrition (TPN) (4,6,7) and
octreotide therapy if needed (8-10). Surgical therapies,
such as supraphrenic ligation of the thoracic duct (11-14)
or parietal pleurectomy and pleurodesis (15) can lead to
recovery if conservative treatment is ineffective.

The aim of our study was to identify the perioperative
characteristics of chylothorax patients using the 10-year
database of a tertiary national pediatric cardiac center. We
analyzed the treatment modalities and their success rate
in our patients. Additionally, we assessed the long term
outcomes of these patients.

Methods

A total of 1,664 consecutive pediatric patients undergoing
heart surgery were admitted to our cardiac ICU between
January 2004 and December 2008. During this period,
24 patients had and 1,640 did not have chylothorax.
Therefore, we extended patient data collection for the
occurrence of chylothorax for 10 years. The incidence
of chylothorax has been reported as the percentage of
an indexed type of surgery between 2002-2012. The
study was approved by the Regional Ethical Committee
and the Institutional Review Board (25980/2012/EKU).
A propensity-matched statistical method allowed
for analyses of two groups of patients with similar
characteristics.

The diagnosis of chylothorax was made on biochemical
testing and a positive chest X-ray: pleural spaces with high
levels of triglycerides (>110 mg/dL), proteins (>20 g/L),
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and lymphocytes (>80% of cells) (3). Patients with solely
transudate formation were excluded.

The cardiac surgical procedures were graded by applying
risk adjustment for the congenital heart surgery (RACHS)
scores (16). The vasoactive inotropic scores (VIS) were
calculated as: dopamine dose (pg/kg/min) + dobutamine
dose (pg/kg/min) + 100x epinephrine dose (pg/kg/min) +
10x milrinone dose (pg/kg/min) + 10,000x vasopressin dose
(U/kg/min) + 100x norepinephrine dose (pg/kg/min) (17).

The in-hospital endpoints were mortality, serious
morbidity and resource utilization. This latter includes the
need for mechanical ventilation, the length of ICU and
in-hospital stays and the need for renal replacement therapy.
We defined mortality as in-hospital death from any reason,
including children who died after having been transferred
to another hospital. Postoperative low cardiac output
syndrome [LCOS; clinical signs (tachycardia, hepatomegaly,
cardiac arrest), with a base excess lower than -4 mmol/L
or a lactate level higher than 2 mmol/L in two consecutive
arterial blood samples, a UO lower than 1 mL/kg/hr,
a maximum VIS higher than 20, or the need for mechanical
circulatory support]; pulmonary failure (non-infectious and
non-vascular oxygenation problems, such as atelectasis,
pneumothorax, chylothorax, phrenic paresis); renal failure
(need for peritoneal dialysis or hemodialysis) and infection
(catheter-related and deep sternal wound infection, positive
hemoculture or sepsis) were considered to be adverse
outcomes. Neurological events, such as convulsion without
previous anamnesis, hemorrhage or cerebral infarction
demonstrated on cranial imaging, were also included as
complications (17).

We assessed the long-term outcomes and complications.
The follow-up period ended on November 15, 2016. During
this follow-up period, the number and outcomes of the
reoperations, morbidities, neurodevelopmental outcomes,
confirmed thrombophilia and/or thromboembolic events
were also recorded.

Statistical analysis

The results are expressed as counts and percentages as well
as the mean and standard deviation (SD) for categorical and
continuous variables, respectively. The demographic and
perioperative differences between patients were compared
basing on a i’ -test, Fisher’s exact test and -tests, as appropriate.

Due to the differences in baseline characteristics,
the group with chylothorax and control group were not
comparable with respect to important covariates. We
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established a propensity score model for the two groups;
thus, we minimized differences and reduced the bias
resulting from the study design. The propensity score
was constructed using a multivariable logistic regression
model, with chylothorax as the binomial dependent variable
and all of the measured covariates that could be related
to chylothorax (14 variables) as predictor variables (18)
and which were: age (days), RACHS points, preoperative
ICU stay (days), preoperative need for inotropes,
preoperative need for captopril, CPB time (minutes), aortic
cross-clamp time (minutes), operation time (minutes), nasal
temperature (degree Celsius), deep hypothermic cardiac
arrest (DHCA), need for nitric oxide, fluid balance, need for
RBC transfusion and need for aprotinin.

The variables had a P<0.2 value in the univariate analysis.
The Hosmer-Lemeshow test and c-index were used to
measure the model’s reliability and predictive ability,
respectively. The receiver operating characteristic curve’s
c-index (area under the curve) was 0.8345, and the
Hosmer-Lemeshow C statistic was 11.3, with a P value of
0.183 (8 degrees of freedom).

Chylothorax patients were matched to patients without
this complication with similar propensity scores. A 1:1
nearest-neighbor greedy matching without replacement to
form pairs using calipers was applied. The width was equal
to 0.2 of the SD of the logit of the propensity score (19).
The 48 matched pairs were analyzed for differences in their
baseline characteristics and outcome variables. We realized
that the treatment options were different in patients
with a vascular ring. Therefore, in the tables reporting
postoperative and long-term complications, these six
patients and their pairs were excluded. The standardized
differences were estimated to evaluate the effectiveness
of balancing the baseline characteristics between the
two groups (20). The standardized differences were between
-0.1 and 0.1 across the 14 baseline covariates (21). All of
the tests were two-sided, and the endpoints and measured
covariates were compared with a nonparametric-test for
continuous variables and McNemar’s test for the categorical
data. SPSS 21 statistical software (SPSS, Chicago, IL,
USA) was used. A P value of less than 0.05 was considered
statistically significant. The follow-up extended from the
day of discharge to the date of death or censoring, and its
median was computed using the Kaplan-Meyer method.

Results

During the 10-year period, 48 patients had chylothorax
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after pediatric cardiac surgery, and its incidence was 1.1%.
One patient had chylothorax preoperatively and one
patient had additional significant anomalies in the area of
the esophagus and the larynx. Chylothorax was observed
between the first (3 patients, 6.2%) and 29th (1 patient, 2%)
postoperative days. The highest incidence of chylothorax was
observed on the second postoperative day (7 patients, 14.6%).
Seven patients (14.6% of the chylothorax population) died
during their in-hospital stay. Causes of death were, in 2 of
the cases infection with consequent severe septic states;
in 2 other cases, untreatable low-output syndrome; in
1 case fatal respiratory failure due to a residual pulmonary
vein obstruction, which could not have been resolved
by a surgical procedure; in 1 other case fatal thrombotic
complications, followed by a superior vena cava syndrome
and in 1 case irreversible pulmonary hypertension with
acute respiratory failure after pleurodesis. In the control
group mortality rate for the same period was 4.8%
(80 patients of 1,640). Among the chylothorax patients,
eleven had genetic abnormalities (3 Down’s syndrome,
3 Di-Giorge’s syndrome, 1 IgA deficiency and 1 VACTERL,
3 minor anomalies). The distribution of the congenital
heart operations and individual occurrence of chylothorax
during the 10-year period is shown in Figure 1 and Table 1.
High postoperative venous pressures (central venous pressure
above 18 mmHg) were observed in 23 patients (48%).
We had two cases (4.2%) in which the central venous
cannulation was the possible cause of ductal injury.

After excluding those who had chylothorax after a
vascular ring operation (6 patients), the propensity score
matching yielded 42 pairs of patients in our database.
Before propensity matching, we found higher values of
the perioperative variables in patients with chylothorax:
these children were younger than the control patients
(P<0.001), had higher RACHS points (P<0.001), and their
CPB times were significantly longer (P<0.001). Patients
with chylothorax required more blood products (P=0.003)
and were treated with a greater volume in the first 72 hours
(P=0.025). Chylothorax patients needed higher doses of
inotropes and nitric-oxide intraoperatively (P=0.016 and
P<0.001, respectively). The demographic and perioperative
characteristics before matching are presented in Table 2.
After propensity matching, we could not determine any
significant difference in our statistically balanced system
regarding the pre-and intraoperative variables.

There were no significant differences in the postoperative
mortality and composite mortality. The occurrence of
pulmonary failure (P=0.001) and severe infection (P=0.06)
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Figure 1 The appearance of chylothorax during the postoperative period (days).

Table 1 The occurrence of chylothorax between 2002 and 2012

Type of intervention Operations Chylothorax Occurrence (%)
Repair Unifocalization MAPCA(s) 39 4 10.26
Interrupted aortic arch repair 25 2 8.00
Vascular ring repair 63 6 9.50
Truncus arteriosus repair 20 1 5.00
DKS procedure (AP anastomosis without arch reconstruction) 21 1 4.76
Norwood procedure 68 3 4.41
ASO 215 8 3.72
TAPVC repair 145 4 2.76
DORYV, Intraventricular tunnel repair 42 1 2.38
AVC (AVSD) repair, complete 147 3 2.04
Coarctation repair, end-to-end, extended 248 5 2.02
Shunt, systemic-to-pulmonary, MBTS 209 4 1.91
PA banding 70 1 1.43
TOF repair 274 3 1.09
Fontan, TCPC lateral tunnel, nonfenestrated 105 1 0.95
Status post-ASO, PA repair 106 1 0.94
All operations 4,068 48 1.18

Occurrence of chylothorax in different types of congenital heart surgical operations. ASD, atrial septal defect; AVSD, atrioventricular
septal defect; ASO, aortic switch operation; MBTS, modified Blalock-Taussig shunt; CoA, aortic coarctation; DKS, Damous-Kaye
Stensens operation; DORV, double outlet right ventricle; HLHS, hypoplastic left heart syndrome; IAA, Intra-aortic arch; MAPCA, major
aortopulmonary collateral arteries; PA, pulmonary artery; PDA, persistent ductus arteriosus; TAPVC, total anomalous pulmonary venous
connection; TAC, transverse aortic constriction; TAPVR, total anomalous pulmonary venous return operation; TCPC, total cavo-pulmonary

connection; TGA, transposition of the great arteries; IAA, interrupted aortic arch; TOF, tetralogy of Fallot; VSD, ventricular septal defect.
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Table 2 Demographic and intraoperative variables
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Chylothorax (n=48)

No chylothorax (n=1,640)

Variables P value P value
Mean/N SD/% Mean/N SD/% before match after match
Age (days) 308.1 688.2 1056.4 1510.7 <0.001 0.67
Sex (male) 28 58 908 55 0.921 0.13
RACHS (point) 3.1 1.2 2.4 1.1 <0.001 0.20
Preoperative cyanosis 18 38 533 33 0.618 0.21
Preoperative ICU (days) 21 44 382 23 0.002 0.83
Preoperative inotropes 11 23 180 11 0.016 0.45
Preoperative captopril 4 8 264 16 0.120 0.75
Pulmonary hypertension 11 23 262 16 0.260 0.99
Down-syndrome 5 10 107 7 0.335 0.45
CPB time (min) 143.4 48.1 104.1 83.5 <0.001 0.26
Aortic cross clamp time (min) 61.8 44.4 52.9 38.1 0.169 0.08
Operation time (min) 208.4 125.1 188.4 126.3 0.235 0.15
Nasal temperature (°C) 30.3 5.9 34.3 3.8 0.091 0.35
DHCA 5 10 51 3 0.006 0.75
Ultrafiltration 7 15 144 9 0.270 0.99
Nitric oxide 14 29 102 6 <0.001 0.39
Fluid balance (mL/kg) 31.9 34.5 20.3 26.1 0.025 0.46
RBC (mL/kg) 54.5 54.3 27.5 37.9 0.003 0.35
Aprotinin 6 13 306 19 0.169 0.23

Demographic and intraoperative variables before propensity matching. The second column of the P value indicates the P after propensity
adjustment. Data are presented as a number and incidence (%) or the mean and SD. Significant values are bold faced. CPB, cardio-
pulmonary bypass; DHCA, deep hypothermic cardiac arrest; ICU, intensive care unit; RACHS, risk adjustment for congenital heart surgery;

RBC, red blood corpuscle.

was higher in the chylothorax group. They also required
prolonged mechanical ventilation (P=0.002), but the
neurological events, LCOS and renal failure did not differ
significantly between the groups. The lengths of the ICU
and in-hospital stays (P=0.05 and P=0.01) were longer in the
chylothorax group compared to the matched population (Zable 2).

We used early surgical treatment in patients with vascular
ring operations. In the majority of cases, after establishing the
diagnosis, conservative therapy was started. For those patients
who were refractory to the monogenic formula diet and
cessation of breast feeding, MCT-TPN therapy was initiated.
Twenty-nine patients who did not respond to TPN therapy
received octreotide infusion. One patient had an octreotide
allergy. Thirty-four patients (70.8%) had permanent thoracic
drainage. Farly surgical intervention (<24 hours) was needed
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in those 6 patients who had vascular ring operations, while
in 7 cases, early surgical intervention was performed after
unsuccessful medical therapy. The therapeutic algorithm
is presented in Figure 2. During the long-term follow up,
neither octreotide treatment nor surgical ligation were
associated with increased mortality (log-rank P=0.54 and
P=0.91, respectively).

The mean survival times were 11.2 years (95% CI:
9.9-13.4 years) and 10.6 years (95% CI: 8.7-12.5 years)
in the chylothorax group and control group, respectively
(log-rank test: 0. 47). During the long-term follow-up
period, additional 3 patients have died in the chylothorax
group [10 patients (23.8%) during the 10 years] and
12 patients (28.2%) in the control group. Causes of
death in the chylothorax group were in 1 case pneumonia

7 Thorac Dis 2017,9(8):2466-2475
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Figure 2 The therapeutic algorithm for the treatment of chylothorax and the length of recovery (days).
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Table 3 Postoperative complications in patients less than 2 years of age after propensity matching

Chylothorax (n=42)

Control (n=42)

Variables P value
mean/n IQR/% mean/n IQR/%
RRT 15 35.7 16 38.1 0.81
Pulmonary failure 23 54.8 9 21.4 0.001
LCOS 25 59.5 21 50 0.25
Neurological event 4 9.5 2 4.8 0.42
Infection 21 50 13 31 0.06
ICU stay (days) 14 7-20 7 4-11 0.05
Hospital stay (days) 32 23-40 23 15-28 0.01
Mechanical ventilation (hours) 238 91-456 121 68-247 0.002

Data are presented as a number and incidence (%) or the mean and interquartile ranges (IQR). Significant values are bold faced. ICU,

intensive care unit; LCOS, low cardiac output syndrome; RRT, renal replacement therapy.

Table 4 Differences in chylothorax occurrence during a long-term follow-up

Variables Chylothorax (n=42) Control (n=42) P value
Mortality 10 12 1.00
Follow up (years) 11.6 (9.9-13.4) 10.6 (8.7-12.5) 0.47
Reoperation 1(0-2) 0 (0-1) 0.13
N of reoperations (1/2/3/4) 20/9/2/1 17/2/2/2

Genetic abnormality 11 (26.2%) 7 (16.7%) 0.29
Cerebral 7 (16.7%) 4 (9.5%) 0.37
Epilepsy 1(2.3%) 3(7.1%) 0.32
Neurodevelopmental retardation 4(9.5%) 5(11.9 %) 1.00
Thromboembolic events 5(11.9%) 3 (7.1%) 0.72
Chylothorax 0 0 1.00
Phrenic palsy 5(11.9%) 1(2.3%) 0.04

induced septic shock and in 2 cases a cerebrovascular
event—1 intracranial hemorrhage with consequent
herniation and 1 ischemic complication). In the chylothorax
group, two-thirds of patients needed at least one
reoperation within the first 2 years, which was slightly more
than in the control group. During the follow-up, 4 patients
had thromboembolic complications (2 had confirmed
thrombophilia) in the chylothorax group, while three
events were observed in the control group. Neurologic
complications (hypoxic cerebral lesions diagnosed by
MRI) and epilepsy were frequent in both groups. In the
chylothorax group, phrenic palsy occurred more frequently
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(P=0.04). During the 49 reoperations, chylothorax did not
reoccur. The results are shown in Table 3 and the follow-up
data in Table 4.

Discussion

We have found that the occurrence of chylothorax was
1.1% in our population and the highest incidence occurred
on the second postoperative day. Using propensity score
analysis, patients with chylothorax had more pulmonary
complications and required prolonged mechanical
ventilation. Their in-hospital stays were longer compared

7 Thorac Dis 2017,9(8):2466-2475
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to the control. There was no difference in the complications
regarding the treatment options. During the 49 operations
of the 48 chylothorax patients, chylothorax did not reoccur.
The mortality and morbidity rates were similar during the
mean 11.2 years of survival.

In our study population, the incidence of chylothorax
was 1.1% over a 10-year period, which was slightly lower
than the 1.18% of occurrence reported in the literature
(for a population of 4,068 patients) (2,8,22). However, it
is possible that the incidence is not related to the annual
surgical volume. Usually, chylothorax appears between
day 0-10 after injury to the thoracic duct, except in
patients undergoing a vascular ring operation in which
the surgical injury is certain (22). In the present study,
the peak appearance of chylothorax was observed on the
second postoperative day, which raises the possibility that
chylothorax is a result of multiple precipitating factors
presenting in the postoperative period. These factors could
be high systemic venous pressures, thrombotic states or
high chylomicron loads by initiation of breast milk feeding
(though nasogastric tube). Interestingly, chylothorax did
not reoccur during the reoperations, which supports the
hypothesis of a multifactorial origin.

The presence of major aortopulmonary collateral arteries
(MAPCAEs) or a single ventricle physiology and operations
with high venous pressures and arch repairs are associated
with an increased occurrence of chylothorax (3,22).

Chylothorax is not only an obscure complication, it is
also associated with prolonged mechanical ventilation and
an increased length of ICU and in-hospital stays. Higher
rates of sepsis and an increased need for inotropic support
were also reported. Sepsis was found to be associated with
the initiation of TPN, continuous chest drainage and
immunosuppression (23). Higher mortality rates associated
with chylothorax were reported after adjusting for operation
complexity, age and hospital volume (24). By contrast, the
lack of significant differences in mortality rates was also
reported between chylothorax groups and control patients (22).
Our analysis used a propensity score adjustment, and based
on our data, we showed that the lengths of mechanical
ventilation and hospital stays were longer in the chylothorax
patients compared to the matched cohort. Using the same
propensity matched cohort for comparison, we did not
observe higher rates in the mortality rate, neurologic events
or thrombophilic complications, except for the slightly
higher rates of phrenic palsy.

The effectiveness of treatment protocols for chylothorax
was continuously examined. Among those children who
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underwent vascular ring operations, the first-line surgical
intervention was 100% successful. In any other case, the
initial management was the same: first, breastfeeding was
stopped and then enteral nutrition with MCT nutrition and
TPN (3,4,24-26), followed by the initiation of octreotide
(27-33) therapy. The surgical interventions were thoracic
drainage and a ligature of the thoracic duct (2,34). Studies
reported that a MCT diet was effective in 71% of patients
and that TPN as a first-line treatment should not be used.
Among those patients who did not respond to the MCT-
diet, thrombosis of the subclavian vein was revealed and
thrombolysis was a successful treatment. TPN, in contrast
to a MCT diet, has more side effects and is not more
effective than other therapies (35). In our study, a MCT diet
was only successful in 14.5% of cases (7 patients of 36). Certain
centers advise that enteral feeding should be stopped and
TPN should be used in each case if the patient has elevated
venous pressures (>15 mmHg), and it is necessary to
consider the risk of higher nosocomial infection rates and
side-effects (2). The effectiveness of octreotide therapy is
still unclear. Some studies have reported that in a few cases,
the infusion could lead to the elimination of chylothorax;
however, the factors causing inefficiency were also named.
Fontan and Glenn operations, with postoperative higher
venous pressures, were refractory to the somatostatin
analogue therapy (26,33). We should highlight that after
the diagnosis of chylothorax, a MCT diet was started, and
if the patient required continuous chest drainage 24 hours
later (i.e., re-accumulation of chyle in the chest), TPN was
started; only after 4 days was octreotide therapy started. In
accordance with other cardiac centers, we also suggest a
step-by-step institutional guideline for early treatment to
prevent further resource utilization.

After ineffective octreotide therapy, surgical treatment
should be considered. Open thoracotomy, especially
with mass ligation of the right thoracic duct, is suitable
when both sides of the chest are involved (14). Duct
ligation can reduce the need for chest tube drainage in the
majority of patients, especially for those who previously
had higher venous pressures associated with chylothorax
since they are more vulnerable to earlier death and higher
rates of mortality (36). Certain publications recommend
surgery within 5-7 days to limit the morbidity and
mortality associated with the procedures (22,37). The
majority of chylothorax patients respond to conservative
pharmacological therapy or thoracic duct ligation, and there
is no need for more complicated interventions, such as
pleurodesis, pleurectomy, direct wound ligation or en masse

7 Thorac Dis 2017,9(8):2466-2475



2474

supradiaphragmatic ligation (22). We had one patient who
had an octreotide allergy, and subsequently, pleurodesis was
performed. According to our data, the long-term outcomes
were not influenced by the type of treatment for chylothorax.
The present study had some limitations. The retrospective
analysis did not allow us to find the relationship between
causes and consequences. However, we were able to
prospectively maintain a database on all of the pediatric
ICU patients since 2002, and we therefore were able to
perform long-term outcome research. Our study was single-
centered and the patient population was heterogeneous
regarding age and congenital heart defects, which could
influence the generalizability of the results. We applied
propensity matched analysis to balance the bias based on
the heterogeneity of patients and operation characteristics.

Conclusions

Chylothorax is a rare complication after pediatric cardiac
surgery. High venous pressures, certain operation
procedures and congenital abnormalities were more often
present in these cases, and the fact that chylothorax did not
reoccur in these patients might indicate a multifactorial
origin of this disease. Based on our results, the length of
hospital stay and resource utilization were higher in the
chylothorax group after propensity score adjustment.
However, chylothorax was not associated with increased
mortality or a higher risk for long-term complications.
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