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SUMMARY
Neonatal chylothorax is a rare presentation leading to 
significant respiratory distress, thus requiring timely 
diagnosis. A preterm neonate was resuscitated and 
ventilated, following which she clinically improved but 
subsequently developed respiratory distress with a 
right- sided pleural effusion. Interestingly, thoracentesis 
fluid appeared ’milky’ with elevated triglycerides and 
lymphocytes, suggesting chylothorax. As fluid triglyceride 
level was lower than the established diagnostic criterion 
for chylothorax (1.24 mmol/L), a high fluid- to- serum 
triglyceride ratio was used as a surrogate diagnostic 
marker, later confirmed by lipoprotein electrophoresis. 
As observed in the index patient, a critically ill neonate 
would have a lower- than- average fat intake leading to 
less chylomicron production, thus lower triglyceride levels 
in chyle than expected, which may still fail to meet the 
amended cut- off limit. This case highlights the challenges 
in diagnosing neonatal chylothorax due to the lack of 
age- specific triglyceride levels in chyle and low oral fat 
intake in critically ill patients.

BACKGROUND
Chylothorax is a rare cause of pleural effusion due 
to the extravasation of chyle from the thoracic duct 
or its tributaries. Neonatal chylothorax has an inci-
dence of 1 in 5775 to 1 in 100 000 live births but 
can be considered the most common form of pleural 
effusion encountered in the perinatal period.1–5 The 
diagnosis of chylothorax is based on the demonstra-
tion of chylomicrons through elevated triglyceride 
levels in the pleural fluid above the established cut- 
off limit of 1.24 mmol/L (110 mg/dL) and elevated 
lymphocytes (>1000 cells/µL) on the fluid micros-
copy.6–8 However, the absence of age- specific cut- 
off limits for triglyceride levels in the chyle and 
dependence of chyle triglyceride on oral fat intake 
pose a challenge in diagnosing chylothorax in 
neonates, as observed in the preterm neonate with 
a milky pleural effusion reported by us.

CASE PRESENTATION
A female infant was born at 25 weeks of gesta-
tion, with a birth weight of 665 g by vaginal breech 
delivery to a 36- year- old mother of one child. 
The mother had pregnancy- induced hypertension 
(treated with nifedipine), and received appropriate 
antenatal steroids. She went into preterm labour 
at the onset of which the cervical cerclage was 
removed, giving birth to an infant who was floppy 
at birth, with no spontaneous breathing but with 
a heart rate >100/min (Apgar score: 61, 85, 910). 

The infant was intubated shortly after birth due 
to increased work of breathing and subsequently 
received two doses of surfactant. Her chest X- ray 
on day 1 showed evidence of surfactant deficiency 
but no pleural effusion (figure 1A). She was not 
dysmorphic, and the remainder of her physical 
examination was normal.

The baby was started on trophic feeds with 
expressed breast milk (EBM) on day 2, and grad-
ually increased to full feeds by day 5. Parenteral 
nutrition was not used due to the unavailability 
of custom preparations required to manage the 
infant’s hyperglycaemia in the first few days. The 
infant had a late onset of Coliform sepsis from day 
3 but remained stable respiratory- wise on conven-
tional ventilation with a minimal increase in baseline 
oxygen requirement. However, over days 9 and 10, 
there was a deterioration in the respiratory status, 
with reduced air entry noted on the right side. On 
day 10, a right- sided pleural effusion was confirmed 
on chest X- ray (figure 1B), and a thoracentesis was 
performed for therapeutic and diagnostic purposes 
due to the significant respiratory distress caused 
by the effusion. Interestingly, 14 mL of ‘milky 
white’ fluid (figure 2A) was drained, subsequently 
correcting the desaturations along with radiological 
improvement (figure 1C). A tentative diagnosis of 
right- sided chylothorax was made based on clinical 
and radiological findings supported by the elevated 
fluid- to- serum triglyceride ratio, elevated fluid 
triglyceride- to- cholesterol ratio and lymphocytosis 
in the pleural fluid. The baby was kept nil- by- 
mouth, omitting EBM, and intravenous fluids were 
started. In addition, an intercostal tube was placed 
on the right side.

INVESTIGATIONS
The initial investigations revealed compensated 
respiratory acidosis, anaemia and hyperbiliru-
binaemia, and the infant later developed increased 
serum creatinine, thrombocytopenia and persistent 
hyperglycaemia with elevated inflammatory 
markers (table 1). The blood culture at birth was 
sterile.

Due to nasogastric feeding of EBM and the 
‘milky’ nature of the pleural fluid, possible extrava-
sation of breast milk from a perforated oesophagus 
was considered as one of the differential diagnoses 
prior to the aspirate being confirmed as chyle. The 
biochemical analysis of pleural fluid using EBM 
as the positive control showed that the EBM was 
strongly positive (figure 2B) for Benedict’s test 
owing to its high lactose level; in contrast, pleural 
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fluid had only trace amounts of reducing substances (figure 2C). 
This observation excluded the possibility that the ‘milky’ 
pleural effusion was extravasated EBM. The biochemical anal-
ysis of thoracentesis fluid revealed elevated fluid triglyceride 
of 0.64 mmol/L (table 2), with a field full of lymphocytes on 
microscopy (figure 3), suggestive of chylothorax. Moreover, the 
fluid- to- serum triglyceride ratio was 1.9, with an elevated fluid 
triglyceride- to- cholesterol ratio indicating the chylous nature of 
the fluid.

Because the fluid triglyceride level failed to meet the estab-
lished criterion for the diagnosis (1.24 mmol/L), we decided 
to conduct the gold standard lipoprotein electrophoresis to 
confirm the diagnosis of chylothorax. The pleural fluid was 
prestained with Sudan black and subjected to lipoprotein elec-
trophoresis, which demonstrated no electrophoretic mobility 
(figure 4), confirming the presence of chylomicrons in the thora-
centesis fluid. Thus, the diagnosis of right- sided chylothorax was 
confirmed, although an underlying cause for the chylothorax 
could not be ascertained definitively; birth trauma due to vaginal 
breech delivery was a probability.

DIFFERENTIAL DIAGNOSIS
The finding of a ‘milky’ pleural fluid in a neonate could be 
due to chylothorax, empyema, leakage of lipid in parenteral 
nutrition fluid from a central line or extravasated milk from a 
perforated oesophagus. The biochemical and microscopic anal-
ysis of thoracentesis fluid excluded empyema and milk extrav-
asation into the pleural cavity. Although pseudo- chylothorax is 
a principal differential diagnosis under ‘milky’ effusions, it was 
considered unlikely in this patient due to the acute nature of the 

presentation, and it was further excluded by the low cholesterol 
levels observed in the pleural fluid.

Possible causes for chylothorax in a neonate could be congen-
ital or acquired in nature. However, congenital pathologies 
were considered less likely in this patient due to the prolonged 
latency of 10 days before developing the chylothorax and the 
absence of dysmorphism and other anomalies. In addition, chro-
mosomal disorders associated with chylothorax—Down and 
Turner syndromes—were excluded by karyotyping. Therefore, 
perinatal trauma due to vaginal breech delivery, resulting in 
damage to the thoracic duct with the accumulation of chyle once 
enteral feeds were established, was considered the most plausible 
cause of chylothorax in the index patient, based on the clinical 
presentation.

TREATMENT
The respiratory distress of the neonate was managed as 
mentioned above, while umbilical venous and arterial accesses 
were obtained soon after birth. Empirical antibiotic treatment 
with benzylpenicillin and gentamicin was started from day 1 of 
life, where as meropenem, flucloxacillin, and sulbactam were 
added based on the antibiotic sensitivity of the blood cultures. 
The neonate required inotropic support with dobutamine over 
the first 2 days. Her initial haemoglobin was 76 g/L (no ante-
partum haemorrhages and the infant’s cranial ultrasound scan 
was normal), for which packed red cells were administered (post- 
transfusion Hb 189 g/L), while thrombocytopenia (67×109/L) 
was managed with platelet transfusions. The Coomb’s negative 
neonatal jaundice was managed with phototherapy. A summary 
of the investigation findings with the antibiotic treatment is 
given in table 3.

Figure 1 (A) Chest X- ray soon after birth showing ground- glass 
appearance with air bronchogram on bilateral lung fields. (B) Chest X- 
ray on day 10 with obliteration of the right- sided costophrenic angle. (C) 
Chest X- ray following thoracentesis indicating resolution of right- sided 
pleural effusion.

Figure 2 (A) Thoracentesis fluid, (B) strongly positive Benedict’s 
test on expressed breast milk, (C) weakly positive Benedict’s test on 
thoracentesis fluid.

Table 1 Summary of investigation results within the first 48 hours 
of life

Parameter Value
Reference 
limits

Haematological 
parameters

Haemoglobin 76 g/L 140–240

White blood cells 27.28×109/L 3.1–21.6

Neutrophils 68% 15–78

Lymphocytes 27% 15–75

Platelets 220×109/L 152–472

Liver parameters Aspartate transaminase 68 U/L <35

Alanine transaminase 18 U/L <35

Total bilirubin 221 μmol/L <205

Albumin 21 g/L 28–42

Globulin 11 g/L 18–28

Electrolytes and 
renal parameters

Creatinine 131 μmol/L 27–88

Sodium 138 mmol/L 130–145

Potassium 5.2 mmol/L 3–6

Acid–base balance 
and metabolic 
parameters

pH 7.328 7.35–7.45

pCO2 47.2 mm Hg 35–45

Bicarbonate 24.9 mmol/L 22–26

Base excess −2.4 mmol/L (−2)–(+2)

Lactate 2.50 mmol/L 0.5–2.22

Capillary blood glucose 11.6 mmol/L 7.8- 11.1

Markers of infection C- reactive protein 7.48 mg/dL <5

Peripheral blood smear Toxic changes in neutrophils

Blood culture No growth
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OUTCOME AND FOLLOW-UP
The respiratory distress was relieved following thoracentesis 
and parenteral nutrition with keeping the baby nil- by- mouth. 
However, the baby expired 2 days later due to overwhelming 
sepsis.

DISCUSSION
Chyle is a non- inflammatory, alkaline, bacteriostatic fluid 
composed of immunoglobulins, lymphocytes and dietary 
lipids.6–8 The thoracic duct transports a comparatively large 
volume of chyle daily, resulting in a rapid, significant accumula-
tion of fluid within the pleural cavity in case of disruption to the 
flow.9 The lymphatics from the lower half of the body converge 
behind the aorta to form the thoracic duct, which runs on the 
right side of the vertebral column, locating the largest part of the 
thoracic duct within the right hemithorax, explaining the reason 
for chylothorax being frequently right sided. During the natural 
course of chylothorax, a chyloma (collection of chyle below the 
pleura) develops, which eventually bursts through the pleura to 
accumulate within the pleural space.6 Clinical manifestations of 
chylothorax depend on the rate of chyle leakage and the dura-
tion of chylothorax. Rapid considerable chyle accumulation can 
lead to significant cardiorespiratory morbidity by creating a posi-
tive pressure within the pleural cavity, as observed in the index 
patient. When long- standing, due to chronic loss of lymphocytes 
and immunoglobulins, chylothorax can lead to immunodefi-
ciency, while chronic loss of fat and fat- soluble vitamins leads to 

malnutrition.6 However, infections rarely occur in the extrava-
sated chyle due to its bacteriostatic nature.7

The diagnosis of chylothorax is based on the demonstra-
tion of chylomicrons and lymphocytes in the pleural fluid. The 
presence of chylomicrons can be confirmed by the elevated 
fluid triglyceride levels above the established cut- off limit of 
1.24 mmol/L (110 mg/dL) or by the gold standard lipoprotein 
electrophoresis.6–8 Fluid triglyceride levels <0.56 mmol/L typi-
cally exclude chylothorax.10 Therefore, lipoprotein electro-
phoresis is essential, especially when the triglyceride levels are 
inconclusive (0.56–1.24 mmol/L or 50–110 mg/dL), as observed 

Table 2 Comparison of physical- chemical and microscopic findings of thoracentesis fluid, expressed breast milk and serum

Test Thoracentesis fluid Expressed breast milk Serum

Appearance Opalescent white Opalescent white Clear

Centrifugation Remains uniform Forms a creamy layer –

pH 7.5 (7.4–7.8) 7.2 –

Benedict’s test Trace Strongly positive –

Glucose 2.0 mmol/L (2.7–11) 0.8 mmol/L 5.4 mmol/L

Protein 20 g/L (20–30) 14 g/L 33 g/L

Triglyceride 0.64 mmol/L (>1.24) 0.33 mmol/L 0.34 mmol/L

Total cholesterol Undetectable (<5.17) Undetectable 2.72 mmol/L

Fluid triglyceride- to- cholesterol ratio >1 (>1.0) – –

Fluid- to- serum triglyceride ratio 1.9 (>1.0) – –

Fluid- to- serum cholesterol ratio <1 (<1.0) – –

Microscopy Cytology A field full of lymphocytes
(>1000 cells/µL)

– –

Cholesterol crystals Absent – –

Reference limits for chyle are given within parentheses with the respective parameters.6–8

Figure 3 Field full of lymphocytes on pleural fluid microscopy.

Figure 4 Lipoprotein electrophoresis of the pleural fluid vs 
lipoprotien electrophoresis of serum of a fasting adult (HDL: High 
density lipoprotein, VLDL: Very low density lipoprotein, LDL: Low density 
lipoprotein).
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in this patient.7 11 Identification of chylomicrons by lipoprotein 
electrophoresis is based on the separation of lipoprotein parti-
cles according to their charge and mass under an electrical field. 
Due to the low protein content, chylomicrons are uncharged and 
remain at the origin (point of application), while any other lipo-
proteins present will demonstrate electrophoretic mobility.

Diagnosing chylothorax in neonates and children poses a chal-
lenge due to the absence of a clear definition of chyle triglyceride 
level, especially if the infant is not on full enteral feeds, as may be 
the case in neonates. Adult values are often applied due to the lack 
of evidence, although they may not necessarily represent paediatric 
biochemistry. van Straaten et al and Büttiker et al suggested using 
a lower triglyceride limit (1.1 mmol/L) for chyle in the paediatric 
patients.8 12 In their study on paediatric chylothorax, Büttiker et 
al provided an amended definition to its diagnosis as pleural fluid 
triglyceride >1.1 mmol/L and an absolute cell count >1000 cells/
µL with a lymphocyte fraction >80% which other researchers 
had later applied.4 8 They further emphasised the need for a 
mandatory minimal oral fat intake to diagnose chylothorax, espe-
cially in newborn infants, as the distinction between chylous and 
non- chylous effusion becomes difficult without oral fat intake.8 
However, food consumption and malnutrition being confounding 
factors with considerable variability, lowering the cut- off limit 
may not necessarily alleviate the diagnostic confusion. Maldonado 
et al noted that 14% of chylomicron positive pleural effusions 
had triglyceride levels <1.24 mmol/L irrespective of the patient’s 
age, which they attributed to fasting/malnutrition.13 This fact 
highlights the importance of interpreting biochemical results in 
conjunction with the clinical scenario. As observed in the index 
patient, a critically ill neonate would have a lower- than- average 
fat intake leading to less chylomicron production, thus lower 
triglyceride levels in chyle than expected, which may still fail to 
meet the amended cut- off limit. Therefore, another approach 
to interpreting fluid biochemistry is to use ‘ratios’ for the diag-
nosis to compensate for any confounding factors.6–8 Suggested 
ratios for the diagnosis of chylothorax include fluid- to- serum 

triglyceride ratio >1, fluid- to- serum cholesterol ratio <1, fluid 
triglyceride- to- cholesterol ratio >1, which were demonstrated 
during the diagnostic workup in the index patient. On standing, 
chyle separates into three layers: a creamy uppermost layer with 
chylomicrons, a milky intermediate layer and a dependent layer 
with cellular elements; predominantly lymphocytes.14 Therefore, 
demonstrating low triglyceride levels in the infranatant of the 
centrifuged sample is another method to attribute the high fluid 
triglyceride levels to the chylomicrons that characteristically float 
due to their low density.

Given the similarities in the macroscopic appearance, pseudo- 
chylothorax, empyema and extravasated parenteral lipids 
administered via a central line are the other primary differential 
diagnoses in patients presenting with ‘milky’ pleural effusions. 
The onset of chylothorax is usually acute or subacute, whereas 
pseudo- chylothorax and empyema are insidious. Pseudo- 
chylothorax usually develops in long- standing pleural effusions 
due to cholesterol crystal formation without disturbance to the 
thoracic duct.6 Adding 1–2 mL of ethyl ether can clear the ‘milky’ 
appearance in pseudo- chylothorax but not in chylothorax, 
whereas in empyema, the turbidity is due to suspended pus cells, 
thus produces a clear supernatant following centrifugation.7 The 
characteristic findings of chylothorax, pseudo- chylothorax and 
empyema are compared in table 4.6–8 15–17

During the biochemical analysis, the impact of high triglyceride 
on the analytical methods needs to be considered as triglyceride 
in the chylous fluid causes analytical interference by spec-
tral interference, non- homogeneity of the sample and volume 
displacement effect. Spectral interferences may be alleviated by 
serial dilutions, analysis of the infranatant or using LipoClear 
(a liquid polymer reagent clearing lipaemia). Non- homogeneity 
and volume displacement may be lessened by centrifugation and 
using the infranatant with fewer chylomicrons for the analysis. 
Presence of lipids in the fluid results in spuriously high protein 
levels when using the sulfosalicylic acid method to analyse 
chylous fluid protein.

Table 3 Summary of the investigation findings and antibiotic therapy with the timeline

D1 D2 D3/4 D5/6 D7/8 D9/10 D11 D12

Haemoglobin (g/L) 76 105 121 189 186 139 154 146

White blood cells (×109/L) 27.3 23.9 27.9 28.8 21.1 22.5 37.4 33.9

Neutrophils (%) 68 61.6 – 79.6 79.6 70.7 46.5 31.4

Lymphocytes (%) 27 14.1 – 16.7 16.7 17.8 17.1 16.5

Platelets (×109/L) 220 242 271 178 110 67 123 102

Aspartate transaminase (U/L) 141 – 68 – – 46 – –

Alanine transaminase (U/L) 17 – 17 – – 18 – –

Total bilirubin (μmol/L) 196 143 87 120 86 82 – –

Albumin (g/L) – 21 – – – – – –

Globulin (g/L) – 11 – – – – – –

Creatinine (μmol/L) 113 131 114 177 177 160 131 –

Sodium (mmol/L) 148 153 148 137 135 138 – –

Potassium (mmol/L) 5.1 3.7 4.5 4.2 2.8 4.2 – –

C- reactive protein (mg/dL) 0.5 7.48 – 9.15 – 85.36 47.4 –

Blood culture findings No growth No growth Coliform 
growth

– Staphylococcus 
species

Klebsiella 
pneumoniae

Klebsiella 
pneumoniae

Coliform 
growth

Antibiotic 
therapy

Benzylpenicillin   Omitted

Gentamicin Omitted

Meropenem   

Flucloxacillin   

Sulbactam   

Coloured cells indicate the dates on which each antibiotic was given.
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Congenital causes of neonatal chylothorax include congen-
ital lymphatic malformations (pulmonary lymphangiomatosis, 
lymphangiectasia, thoracic duct atresia) and chylothorax- 
associated syndromes (such as Down, Noonan, Turner, Gorham- 
Stout, X- linked myotubular myopathy). Although up to 50% of 
neonatal chylothorax may be associated with a genetic syndrome, 
diagnosing a defined syndrome may be difficult.1 4 Acquired 
causes of neonatal chylothorax include thoracic surgical inter-
ventions and perinatal trauma due to hyperexpansion/stretching 
of the chest wall during resuscitation or birth.6 18 19 Consid-
ering the clinical presentation, pleural effusion of traumatic 
chylothorax can have a latent period of 2–10 days, as observed 
in the index patient. In contrast, congenital chylothorax usually 
manifests antenatally as a space- occupying lesion restricting lung 
development, with 50% presenting with pleural effusion on day 
1 of life.6 8

The initial management of chylothorax is aimed at patient 
stabilisation by draining the chylothorax to allow lung expan-
sion, ventilatory support and replacement of fluid loss. Specific 
treatment includes medium- chain triglyceride (MCT) feeds and 
octreotide in the presence of continuous pleural fluid output. 
MCT is directly absorbed to portal circulation, bypassing 
lymphatics; thus, feeding MCT or keeping the patient nil- by- 
mouth with total parenteral feeding can resolve 50% of the 
cases.8 In the event of failure to respond to the above measures, 
identifying the site of rupture in the thoracic duct by lymph-
angiography and direct ligation of the duct is the definitive 
surgical management.6 8 Despite available medical and surgical 
management options, neonatal chylothorax has a high mortality 
rate ranging between 20% and 60%, especially when associated 
with other comorbidities.4 5 In congenital forms of neonatal 
chylothorax, high mortality rates are observed when associated 
with hydrops fetalis, whereas, in acquired forms of neonatal 
chylothorax, the prognosis is poor when associated with prema-
turity and infection as observed in the index patient.4 Further, the 
loss of lymphocytes and immunoglobulins in the chyle may have 

contributed to the worsening of the sepsis in the index patient, 
which led to her demise, among other contributory factors.

The index case highlights that the applicability of the amended 
definition for paediatric chylothorax depends on the minimal 
oral fat intake; thus, it may not alleviate the dilemma faced 
during the diagnosis of neonatal chylothorax and chylothorax 
in malnourished/non- orally fed patients irrespective of their 
age. Therefore, in scenarios with inconclusive fluid triglyceride 
levels, ratios calculated based on fluid and serum triglyceride 
and cholesterol values may be conveniently applied in place 
of triglyceride cut- off values for the tentative diagnosis of 
chylothorax.

Learning points

 ► Although rare, chylothorax should be considered a primary 
differential diagnosis in perinatal pleural effusions.

 ► Applicability of triglyceride cut- off values in chylothorax 
depends on the minimal oral fat intake by the patient 
irrespective of age.

 ► In cases with inconclusive fluid triglyceride levels, fluid- to- 
serum triglyceride and cholesterol ‘ratios’ can be applied for 
the chylothorax diagnosis.
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Table 4 Comparison of characteristic findings in three ‘milky’ pleural effusions

Test Chylothorax Pseudo- chylothorax

Empyema

Simple Complicated

Macroscopy Appearance Opalescent white

Centrifugation Forms a creamy upper layer Remains uniform Forms a clear supernatant

Addition of 1 mL of ether Milky appearance remains Milky appearance disappears Milky appearance remains

Lipid analysis Triglyceride >1.24 mmol/L (110 mg/dL) <0.56 mmol/L (50 mg/dL) Absent

Cholesterol <5.17 mmol/L (200 mg/dL) >5.17 mmolL (200 mg/dL) May present if long- standing

Fluid- to- serum triglyceride ratio >1.0 <1.0 –

Fluid- to- serum cholesterol ratio <1.0 >1.0 –

Fluid cholesterol/ triglyceride ratio <1.0 >1.0 –

Lipoprotein electrophoresis Chylomicrons present No chylomicrons –

Biochemistry Glucose 2.7–11 mmol/L <2.2 mmol/L >2.2 mmol/L <2.2 mmol/L

Total protein 20–30 g/L <30 g/L >30 g/L

pH 7.4–7.8 <7.35 >7.2 <7.2

LDH <2/3 x UNL Variable >2/3 x UNL (>1000 IU/L)

Microscopy Absolute cell count >1000 cells/µL Variable depending on underlying pathology No/ few pus cells >1000 cells/µL

Lymphocytes >80% <10%

Polymorphs <20% >90%

Organisms Absent Organisms± Absent Organisms±

Cholesterol crystals Absent Present Absent Present if long- standing

Culture No growth Depends on the pathology No growth Bacterial growth+

LDH, lactate dehydrogenase; UNL, upper normal limit (in the serum).
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