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ABSTRACT

Introduction: Chylothorax after thoracic surgery is a severe complication with 
high morbidity and mortality rate of 0.10 (95% confidence interval [CI] 0.06 – 0.02). 
There is no agreement on whether nonoperative treatment or early reoperation 
should be the initial intervention. This systematic review and meta-analysis aimed 
to evaluate the outcomes of the conservative approach to treat chyle leakage after 
cardiothoracic surgeries.
Methods: A systematic review was conducted in PubMed®, Embase, Cochrane 
Library Central, and LILACS (Biblioteca Virtual em Saúde) databases; a manual search 
of references was also done. The inclusion criteria were patients who underwent 
cardiothoracic surgery, patients who received any nonoperative treatment (e.g., 
total parenteral nutrition, low-fat diet, medium chain triglycerides), and studies 
that evaluated chylothorax resolution, length of hospital stay, postoperative 
complications, infection, morbidity, and mortality.

Results: Twenty-two articles were selected. Pulmonary complications, infections, 
and arrhythmia were the most common complications after surgical procedures. 
The incidence of chylothorax in cardiothoracic surgery was 1.8% (95% CI 1.7 – 2%). 
The mean time of maintenance of the chest tube was 16.08 days (95% CI 12.54 
– 19.63), and the length of hospital stay was 23.74 days (95% CI 16.08 – 31.42) in 
patients with chylothorax receiving nonoperative treatment. Among patients that 
received conservative treatment, the morbidity event was 0.40 (95% CI 0.23 – 0.59), 
and reoperation rate was 0.37 (95% CI 0.27 – 0.49). Mortality rate was 0.10 (95% CI 
0.06 – 0.02).
Conclusion: Nonoperative treatment for chylothorax after cardiothoracic 
procedures has significant hospital stay, morbidity, mortality, and reoperation rates.
Keywords: Chylothorax. Lymphatic System. Thoracic Duct. Thoracic Surgery. 
Morbidity. Reoperation. Cardiac Arrhythmias.

Abbreviations, Acronyms & Symbols

CI = Confidence interval

GRADE = Grading of Recommendations, Assessment, Development 
and Evaluations

LOS = Length of hospital stay

MCT = Medium-chain triglycerides

NMPC = Nonoperative management of postoperative chylothorax

PICO = Patient, intervention, comparison, or outcome

ROBINS-I = Risk of Bias in Non-Randomized Studies of Intervention

SD = Standard deviation

TPN = Total parenteral nutrition

Central Message

Nonoperative treatment for chylothorax after cardiothoracic 
procedures has significant hospital stay, morbidity, mortality, and 
reoperation rates.

Perspectives

Future controlled trials comparing nonoperative management of 
postoperative chylothorax with early reoperation are necessary to 
determine the highest level of evidence.

INTRODUCTION

Chyle is an opaque, milky-white fluid consisting mainly of 
emulsified fats that pass through the lacteals of the small intestines 
into the lymphatic system[1]. This fluid contains lipids, proteins, 
immunoglobulins, lymphocytes, vitamins, and electrolytes[2]. Chyle 
leak is a potentially devastating phenomenon and may impair 
nutrition, compromise and delay wound healing, and prolong 
hospitalization[3].
Postoperative chylothorax is usually caused by injuries to the 
thoracic duct or to its tributaries during surgery[4]. Chylothorax 
may happen in several types of cardiothoracic surgery, including 
esophagectomy, lobectomy, cardiac procedures, and mediastinal 
tumors resection[5-9]. The diagnosis of chylothorax consists of 
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evaluating triglyceride levels, cholesterol values, and microscopy 
crystals[10].
Reoperation with thoracic duct ligation, with direct closure of the 
ruptured lymph vessel or with thoracic duct obliteration, is one of 
the treatment choices for this complication[11,12]. Other therapeutic 
approaches to treat chylothorax comprise lymphangiography 
with thoracic duct embolization[13]. However, nonoperative 
management of postoperative chylothorax (NMPC) is usually 
considered the first approach, and it is a non-invasive strategy 
based on prolonged fasting or a low-fat diet. The central idea is to 
reduce the lymphatic system content to progressively lower the 
lymphatic leak flow[14]. NMPC comprises total parenteral nutrition 
(TPN) and oral or enteral medium-chain triglycerides (MCT)[15].
Currently, there is no scientific consensus regarding the optimal 
management of chylothorax after cardiothoracic surgeries. 
Consequently, the present review aims to evaluate the outcomes 
of conservative management of postoperative chylothorax.

METHODS

Protocol Register

This systematic review and meta-analysis was submitted to the 
International Prospective Register of Systematic Reviews (or 
PROSPERO)[16] under the trial registry CRD42021235243. Search 
strategy and selection articles were based on the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (or 
PRISMA) guideline[17].

Search and Selection

Two researchers carried out, independently, the search and 
selection of the evidence in the following scientific databases: 
PubMed®, Embase, Cochrane, and LILACS (Biblioteca Virtual 
em Saúde); manual search evaluating the references of primary 
studies and other reviews was done. The selection was completed 
in July 2022. The search strategy on MEDLINE® was: (Lymphatic 
fistula OR Lymphatic leak OR Lymphatic fistulae OR Chyle leak 
OR Chylous ascites OR Chyloperitoneum OR Chylous Peritonitis 
OR Chylothorax OR Thoracic duct OR Duct, Thoracic OR Cisterna 
Chyli OR Cisterna Chylus OR Lymphatic vessels OR Lymphatic 
Venule) AND (Diet, fat restricted OR Diet low fat OR Diet Fat Free) 
AND (Nutrition, Parenteral OR Parenteral Feeding OR Intravenous 
Feeding). Similar terms were used in the other databases.

Eligibility

The eligibility criteria were: (1) patients who underwent 
cardiothoracic surgery; (2) patients who received any conservative 
treatment (e.g., TPN, low-fat diet, MCT) or surgical treatment; (3) 
studies that evaluate chylothorax, postoperative complications, 
infection, morbidity, and mortality; (4) studies in English or 
Portuguese; (5) clinical trial or observational studies (prospective 
or retrospective).

Data Extraction

The following data were extracted from the studies: (1) general 
information (authors, year of publication, study design); (2) patients 

and chylothorax specifications (total patients, cardiothoracic 
procedure, patients with chylothorax, chylothorax definition, and 
mean age); (3) conservative treatment; (4) variables related with 
population and outcomes (chest time maintenance, reoperation, 
morbidity, complications, length of hospital stay, mortality).

Risk of Bias and Certainty Assessment

The articles were assessed for bias risk using the Risk of Bias in 
Non-Randomized Studies of Intervention (ROBINS-I)[18] assessment 
tool. Grading of Recommendations, Assessment, Development 
and Evaluations (GRADE) (https://www.gradepro.org/)[19] was used 
to evaluate the quality of the evidence.

Synthesis and Statistical Analysis

The authors extracted and analyzed the absolute numbers for each 
outcome using the software Comprehensive Meta-Analysis. The 
measures used to express benefit and harm varied according to 
the outcomes and were expressed by continuous variables (mean 
and standard deviation [SD]) or by categorical variables (absolute 
number of events). In continuous measures, the results were mean 
difference and SD. The results were synthesized in a meta-analysis. 
The heterogeneity of effect sizes among studies was assessed 
with I2 statistics. Pooled-effect measures were calculated with 95% 
confidence interval (CI), and the significance level used was 0.05.

RESULTS

Baseline Characteristics of the Included Studies

After applying eligibility criteria, 22 studies were selected for 
qualitative and quantitative analysis[14,20-40]. The selection flow 
diagram is shown in Figure 1. Included studies comprised 497 
patients with chylothorax, with a mean age of 50.19 years old. 
Baseline characteristics of the included studies are reported in 
Table 1.
The cardiothoracic procedures performed included: 
esophagectomy, lobectomy, gastrectomy, congenital heart 
surgery, trauma treatment, miscellaneous thoracic procedure, 
aortic surgical procedure, pulmonary resection, mediastinal mass 
resection, cardiac surgery, mediastinoscopy, and sympathectomy.

Chylothorax Incidence

Seventeen studies analyzed this outcome. The chylothorax 
incidence in patients that underwent cardiothoracic surgery was 
1.8% (rate: 0.018; 95% CI: 0.017 – 0.020) (Figure 2).

Complications

The most common complications in patients undergoing 
nonoperative management of chylothorax were pulmonary 
complications (respiratory failure and pneumonia), infections, 
and arrhythmia. Other complications after surgical procedure 
comprised urinary tract infection, the necessity of prolonged 
ventilation, prolonged air leak, cervical anastomotic leak, 
reintubation, renal failure, sepsis, empyema, acute hemorrhagic 
pseudocyst, delirium, mediastinal chyloma, atelectasis, and seizure.
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Fig. 1 - Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram. PICO=Patient, intervention, comparison, or 
outcome.

Chest Tube

Twelve studies analyzed the length of chest tube usage in patients 
undergoing nonoperative management of chylothorax. The mean 
time of chest tube maintenance was 16.08 days (95% CI 12.54 – 
19.63) (Figure 3).

Length of Stay

The mean length of hospital stay was 23.74 days (95% CI 16.08 
– 31.42) for patients undergoing nonoperative management of 
chylothorax after cardiothoracic procedures (Figure 4).

Morbidity

The morbidity among patients that received nonoperative 
treatment was 39.7% (rate: 0.397; 95% CI 0.23 – 0.59) (Figure 5).

Mortality

The mortality was 9.9% in patients undergoing nonoperative 
management of chylothorax (rate: 0.099; 95% CI 0.06 – 0.02) 
(Figure 6).

Reoperation

Among patients with chylothorax that received initial nonoperative 
management of chylothorax, 37.1% (rate: 0.371; 95% CI: 0.270 – 
0.486) required reoperation with thoracic duct ligation (Figure 7).

Risk of Bias and Certainty Assessment

The GRADE critical appraisal showed that most outcomes 
presented low or very low certainty assessment. The main reasons 
for the reduced certainty were due to risk of selection bias, 
clinical heterogeneity among studies (comprising a variety of 
surgical procedures), and imprecision of data synthesis for some 
outcomes (Supplementary File 1). ROBINS-I tool showed that the 
main concerns were risk for selection bias and classification of the 
intervention (Supplementary File 2).

DISCUSSION

NMPC as the first approach strategy for chylothorax is associated 
with a high risk for morbidity and mortality, with prolonged hospital 
stay and time of chest tube. More than one-third of the patients 
undergoing nonoperative management will require reoperation.
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Fig. 2 - Chylothorax incidence after cardiothoracic surgery. CI=confidence interval.

Fig. 3 - Chest tube time duration after initial nonoperative management of postoperative chylothorax. CI=confidence interval.
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Fig. 4 - Length of hospital stay (LOS) after initial nonoperative management of postoperative chylothorax. CI=confidence interval.

Fig. 5 - Morbidity after initial nonoperative management of postoperative chylothorax. CI=confidence interval.
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Fig. 6 - Mortality after initial nonoperative management of postoperative chylothorax. CI=confidence interval.

Since chylothorax is a rare complication after cardiothoracic surgery 
(incidence rate = 1.8%), trials comparing the treatment options 
with a satisfactory sample size are difficult to be performed. There 
is no consensus on the time required for the decision to operate 
on the patient after a failing nonoperative initial management[14,20]. 
Consequently, it is impossible to provide the highest standard of 
evidence-based recommendation for any treatment approach. 
However, considering the high morbidity and mortality, length 
of hospital stay, and demand for reintervention, it is reasonable 
to consider early reoperation after a chylothorax diagnosis in 
postoperative cardiothoracic procedures. Only future studies that 
compare nonoperative methods and early invasive intervention 
for the management of chylothorax will allow a definitive answer.
Merigliano et al.[33] assessed chylothorax outcomes after 
esophagectomy and advocated for early reoperation with thoracic 
duct ligation. The authors found high morbidity with a high rate of 
demand for reoperation after initial treatment with TPN without oral 

diet intake. Besides, no reliable predictive variables for the success 
of the nonoperative management were found. Wemyss‐Holden et 
al.[41] also defend an aggressive early intervention for postoperative 
chylothorax within 48 hours from the diagnosis. The idea is to act 
as early as the patient remains relatively fit, without nutritional and 
immunological debilitation. Besides, early reoperation decisions 
allow low adherence and better tissue visualization, facilitating 
direct closure of the thoracic duct injury[42].
Prolonged and constant chyle drainage through the chest 
tube will lead patients to nutritional deficit and immunological 
depletion, which will make them vulnerable to hospital-acquired 
infections[43]. The chyle contains a large amount of T lymphocytes 
and transports immunoglobulins and cytokines. Continuous fluid 
leakage ends up impacting both the primary response[44] and 
the humoral response to pathogens[33]. Besides, proper gradients 
guide proteins, peptides, macromolecules, nutrients, cells, and 
chemokines’ migration to the tissues, establishing the correct 
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Fig. 7 - Reoperation rate after initial nonoperative management of postoperative chylothorax. CI=confidence interval.

direction of interstitial-lymphatic capillaries flow. Therefore, chyle 
depletion will impair patients’ capacity to combat pathogens and 
regulate inflammation[45]. Besides, chyle also contains fat-soluble 
vitamins, proteins, electrolytes, and water, and consequently, 
chylothorax leads to hyponatremia, hypokalemia, and acidosis. 
The caloric loss in chyle pleural effusion rapidly induces severe 
protein-calorie malnutrition[46].
Of patients undergoing NMPC for chylothorax, 37.1% will fail 
and require reintervention to obliterate the thoracic duct. The 
video-assisted thoracic duct ligation is probably the most applied 
reintervention technique[23,27,30,31,33,34]. During reoperations, one of 
the main difficulties is to find the site of lymphatic duct injury. 
Delayed intervention may create a field with intense inflammatory 
adherences, making it difficult to spot the site of injury. The 
administration of an oral cream containing long-chain triglycerides 
before surgery may help to find the spot of chyle leakage in the 
lymphatic duct[14,27,29]. Another alternative to obliterating thoracic 

duct systems is with interventional radiology. Lymphangiography 
is used to find the leak spot with subsequent embolization[11], 
reducing the chyle drainage[47].
Prolonged fasting with TPN aims to reduce the amount of chyle 
produced, helping recover the ruptured duct[14]. Parenteral nutrition 
has some inherent risks that should be taken into accounts, such 
as catheter-related bloodstream infections, venous thrombosis, 
and integrity loss of the gastrointestinal mucosa[48]. The central 
line complications may contribute to the high expected morbidity 
in NMPC. The compromised immunological status in chylothorax 
patients associated with the risk for bloodstream infection raises 
their mortality risks.
To reduce the risk of central line-associated bloodstream infections 
and other central line-associated complications, an alternative 
within the NMPC strategies is the MCT diet. By replacing the 
long-chain triglycerides for MCT supplementation, the amount 
of chyle produced would be reduced and, consequently, the loss 
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Supp. File 1. Certainty assessment.

Certainty assessment

Studies Risk of bias Inconsistency Indirectness Imprecision Publication bias
Overall 

certainty of 
evidence

Chylothorax incidence in cardiothoracic surgery 

17 observational 
studies

Seriousa Seriousb Not serious Not serious None
⨁⨁
Low

Length of chest tube usage

12 observational 
studies

Seriousa Seriousb Not serious Not serious None
⨁⨁
Low

Morbidity

10 observational 
studies

Seriousa Seriousb Not serious Very seriousc None
⨁

Very low

Mortality

21 observational 
studies

Seriousa Seriousb Not serious not Serious None
⨁⨁
Low

Reoperation

20 observational 
studies

Seriousa Seriousb Not serious Seriousd None
⨁

Very low

Length of hospital stay

10 observational 
studies

Seriousa Seriousb Not seriouse Very seriouse None
⨁

Very low
aRisk for selection bias; bSignificant clinical heterogeneity; c95% CI range > 30%; d95% CI range > 15% and ≤ 30%; e95% CI range > 15 days 
CI=confidence interval

of fluid and nutrients from the chylothorax[29]. MCT is absorbed 
directly into the blood, avoiding the overload of the lymphatic 
system. MCTs are easily ingested, rapidly absorbed, and readily 
metabolized directly into the portal venous system by passing the 
thoracic duct lymphatic system[49]. However, either by TPN or MCT 
therapy, it is expected to take a prolonged time for the injured 
lymphatic system to heal, imposing a prolonged time of thoracic 
tube usage, prolonged hospital stay, and increased hospital 
resources usage and inherent costs. Unlike blood vessels, chyle 
lacks coagulation factors and platelets, explaining the long time 
for the spontaneously leak flow reduction[50].
Long-term chest tube use generates additional risks. Patients with 
prolonged use of chest tubes will face breath discomfort and 
higher demand for analgesics. The chest tube may also impair 
rib cage expansion, leading these patients to atelectasis, pleural 
effusion, and pneumonia[51]. Tube displacement, with subsequent 
emphysema and pneumothorax, may also occur, contributing to 
the increased risk of morbidity and mortality for patients[52-54].

This systematic review presents the current evidence for 
chylothorax nonoperative management. Knowing the expected 
outcomes for nonoperative management, as shown in this meta-
analysis, caregivers are able to expand their knowledge about 
this matter to make the best decisions for their patients. The poor 
outcomes of this strategy point that early reoperation may be an 
interesting alternative for chylothorax after cardiothoracic surgery.

Limitations

The present study has some limitations. The concept of chylothorax 
is not homogeneous across the studies, with different definitions. 
The nonoperative methods for treating chylothorax are also 
variable across the studies, comprising different types of nutrition 
and time to decide to perform the reintervention. In addition, it 
must be considered that a chylothorax is a rare event and that the 
available studies do not have a large sample size to determine 
the level of evidence in this theme. The findings of the present 
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study outlined the need for future controlled trials that compare 
nonoperative methods with early reoperation to verify the best 
treatment option for chylothorax after cardiothoracic surgery.

CONCLUSION

Nonoperative treatment for chylothorax after cardiothoracic 
procedures has significant hospital stay, morbidity, mortality, and 
reoperation rates.

No financial support. 
No conflict of interest.

Authors’ Roles & Responsibilities

LLS Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data for the 
work; agreement to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved; final 
approval of the version to be published

CLS Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data for the 
work; agreement to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved; final 
approval of the version to be published

NKTH Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data for the 
work; agreement to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved; final 
approval of the version to be published

LND Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data for the 
work; agreement to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved; final 
approval of the version to be published

GT Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data for the 
work; agreement to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved; final 
approval of the version to be published

LST Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data for the 
work; agreement to be accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity of any 
part of the work are appropriately investigated and resolved; final 
approval of the version to be published

REFERENCES

1. Suami H, Scaglioni MF. Anatomy of the lymphatic system and the 
lymphosome concept with reference to lymphedema. Semin Plast 
Surg. 2018;32(1):5-11. doi:10.1055/s-0038-1635118. 

2. Swartz MA. The physiology of the lymphatic system. Adv Drug Deliv 
Rev. 2001;50(1-2):3-20. doi:10.1016/s0169-409x(01)00150-8. 

3. Smoke A, Delegge MH. Chyle leaks: consensus on management? Nutr 
Clin Pract. 2008;23(5):529-32. doi:10.1177/0884533608323424. 

4. Riley LE, Ataya A. Clinical approach and review of causes of a chylothorax. 
Respir Med. 2019;157:7-13. doi:10.1016/j.rmed.2019.08.014. 

5. Dos Santos CL, Dos Santos LL, Tavares G, Tristão LS, Orlandini MF, 
Serafim MCA, et al. Prophylactic thoracic duct obliteration and 
resection during esophagectomy: what is the impact on perioperative 
risks and long-term survival? A systematic review and meta-analysis. J 
Surg Oncol. 2022;126(1):90-8. doi:10.1002/jso.26827. 

6. Datrino LN, Orlandini MF, Serafim MCA, Dos Santos CL, Modesto 
VA, Tavares G, et al. Two- versus three-field lymphadenectomy 
for esophageal cancer. A systematic review and meta-analysis of 
early and late results. J Surg Oncol. 2022;126(1):76-89. doi:10.1002/
jso.26857. 

7. Samanidis G, Kourelis G, Bounta S, Kanakis M. Postoperative 
chylothorax in neonates and infants after congenital heart disease 
surgery-current aspects in diagnosis and treatment. Nutrients. 
2022;14(9):1803. doi:10.3390/nu14091803. 

8. Chen C, Wang Z, Hao J, Hao X, Zhou J, Chen N, et al. Chylothorax after 
lung cancer surgery: a key factor influencing prognosis and quality of 
life. Ann Thorac Cardiovasc Surg. 2020;26(6):303-10. doi:10.5761/atcs.
ra.20-00039. 

9. Zheng C, Zhang F, Tu S, Zhang X, Zhao C. Cavernous hemangioma 
of the thymus: a case report and review of the literature. Medicine 
(Baltimore). 2018;97(30):e11698. doi:10.1097/MD.0000000000011698. 

10. Elsayed S, Gohar A, Jamous F. Brief review of chylothorax diagnosis 
and management: making the case for substance over appearance. 
S D Med. 2021;74(9):434-9. 

11. Varshney VK, Suman S, Garg PK, Soni SC, Khera PS. Management 
options for post-esophagectomy chylothorax. Surg Today. 
2021;51(5):678-85. doi:10.1007/s00595-020-02143-y. 

12. Nakanishi K. [Reoperation for Chylothorax after Lung Resection]. 
Kyobu Geka. 2021;74(10):862-6. Japanese. 

MFO Substantial contributions to the conception or design of the work; 
or the acquisition, analysis, or interpretation of data for the work; 
drafting the work; agreement to be accountable for all aspects 
of the work in ensuring that questions related to the accuracy or 
integrity of any part of the work are appropriately investigated and 
resolved; final approval of the version to be published

MCAS Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data for the 
work; agreement to be accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity of 
any part of the work are appropriately investigated and resolved; 
drafting the work; final approval of the version to be published

FT Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data for 
the work; revising the work critically for important intellectual 
content; agreement to be accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity of 
any part of the work are appropriately investigated and resolved; 
final approval of the version to be published



Santos LL, et al. - Nonoperative Management of Chylothorax Braz J Cardiovasc Surg 2023;38(6):e20220326

Br
az

ili
an

 Jo
ur

na
l o

f C
ar

di
ov

as
cu

la
r S

ur
ge

ry
 

13. Kim PH, Tsauo J, Shin JH. Lymphatic interventions for chylothorax: 
a systematic review and meta-analysis. J Vasc Interv Radiol. 
2018;29(2):194-202.e4. doi:10.1016/j.jvir.2017.10.006. 

14. Petrella F, Casiraghi M, Radice D, Bertolaccini L, Spaggiari L. 
Treatment of chylothorax after lung resection: indications, 
timing, and outcomes. Thorac Cardiovasc Surg. 2020;68(6):520-4. 
doi:10.1055/s-0040-1710071. 

15. Power R, Smyth P, Donlon NE, Nugent T, Donohoe CL, Reynolds 
JV. Management of chyle leaks following esophageal resection: a 
systematic review. Dis Esophagus. 2021;34(11):doab012. doi:10.1093/
dote/doab012.

16. Centre for Reviews and Dissemination. PROSPERO: International 
prospective register of systematic reviews. University of York. 2013.

17. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow 
CD, et al. The PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. BMJ. 2021;372:n71. doi:10.1136/bmj.
n71. 

18. Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan 
M, et al. ROBINS-I: a tool for assessing risk of bias in non-randomised 
studies of interventions. BMJ. 2016;355:i4919. doi:10.1136/bmj.i4919. 

19. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. 
Grading quality of evidence and strength of recommendations. BMJ. 
2004;328(7454):1490. doi:10.1136/bmj.328.7454.1490. 

20. Alexiou C, Watson M, Beggs D, Salama FD, Morgan WE. Chylothorax 
following oesophagogastrectomy for malignant disease. Eur 
J Cardiothorac Surg. 1998;14(5):460-6. doi:10.1016/s1010-
7940(98)00230-9. 

21. Allaham AH, Estrera AL, Miller CC 3rd, Achouh P, Safi HJ. Chylothorax 
complicating repairs of the descending and thoracoabdominal 
aorta. Chest. 2006;130(4):1138-42. doi:10.1378/chest.130.4.1138. 

22. Bolger C, Walsh TN, Tanner WA, Keeling P, Hennessy TP. Chylothorax 
after oesophagectomy. Br J Surg. 1991;78(5):587-8. doi:10.1002/
bjs.1800780521.

23. Bonavina L, Saino G, Bona D, Abraham M, Peracchia A. 
Thoracoscopic management of chylothorax complicating 
esophagectomy. J Laparoendosc Adv Surg Tech A. 2001;11(6):367-9. 
doi:10.1089/10926420152761888. 

24. Cerfolio RJ, Allen MS, Deschamps C, Trastek VF, Pairolero 
PC. Postoperative chylothorax. J Thorac Cardiovasc Surg. 
1996;112(5):1361-5; discussion 1365-6. doi:10.1016/S0022-
5223(96)70152-6. 

25. Chan EH, Russell JL, Williams WG, Van Arsdell GS, Coles JG, McCrindle 
BW. Postoperative chylothorax after cardiothoracic surgery in 
children. Ann Thorac Surg. 2005;80(5):1864-70. doi:10.1016/j.
athoracsur.2005.04.048. 

26. Dugue L, Sauvanet A, Farges O, Goharin A, Le Mee J, Belghiti J. Output 
of chyle as an indicator of treatment for chylothorax complicating 
oesophagectomy. Br J Surg. 1998;85(8):1147-9. doi:10.1046/j.1365-
2168.1998.00819.x. 

27. Fahimi H, Casselman FP, Mariani MA, van Boven WJ, Knaepen PJ, van 
Swieten HA. Current management of postoperative chylothorax. 
Ann Thorac Surg. 2001;71(2):448-50; discussion 450-1. doi:10.1016/
s0003-4975(00)02033-6. 

28. Furukawa M, Hara A, Miyazaki R, Yokoyama S, Hayashi M, Tao H, et al. 
[Assessment of Fat-free Diet for Postoperative Chylothorax]. Kyobu 
Geka. 2018;71(13):1063-5. Japanese. 

29. Guillem P, Papachristos I, Peillon C, Triboulet JP. Etilefrine use in the 
management of post-operative chyle leaks in thoracic surgery. 
Interact Cardiovasc Thorac Surg. 2004;3(1):156-60. doi:10.1016/
S1569-9293(03)00263-9. 

30. Lagarde SM, Omloo JM, de Jong K, Busch OR, Obertop H, van 
Lanschot JJ. Incidence and management of chyle leakage after 
esophagectomy. Ann Thorac Surg. 2005;80(2):449-54. doi:10.1016/j.
athoracsur.2005.02.076. 

31. Le Pimpec-Barthes F, D'Attellis N, Dujon A, Legman P, Riquet M. 
Chylothorax complicating pulmonary resection. Ann Thorac Surg. 
2002;73(6):1714-9. doi:10.1016/s0003-4975(02)03570-1. 

32. Marts BC, Naunheim KS, Fiore AC, Pennington DG. Conservative versus 
surgical management of chylothorax. Am J Surg. 1992;164(5):532-4; 
discussion 534-5. doi:10.1016/s0002-9610(05)81195-x. 

33. Merigliano S, Molena D, Ruol A, Zaninotto G, Cagol M, Scappin S, et al. 
Chylothorax complicating esophagectomy for cancer: a plea for early 
thoracic duct ligation. J Thorac Cardiovasc Surg. 2000;119(3):453-7. 
doi:10.1016/s0022-5223(00)70123-1.

34. Pego-Fernandes PM, Nascimbem MB, Ranzani OT, Shimoda MS, 
Monteiro R, Jatene FB. Video-assisted thoracoscopy as an option 
in the surgical treatment of chylothorax after cardiac surgery in 
children. J Bras Pneumol. 2011;37(1):28-35. doi:10.1590/s1806-
37132011000100006. 

35. Seow C, Murray L, McKee RF. Surgical pathology is a predictor of 
outcome in post-operative lymph leakage. Int J Surg. 2010;8(8):636-
8. doi:10.1016/j.ijsu.2010.07.297.

36. Shah RD, Luketich JD, Schuchert MJ, Christie NA, Pennathur A, 
Landreneau RJ, et al. Postesophagectomy chylothorax: incidence, 
risk factors, and outcomes. Ann Thorac Surg. 2012;93(3):897-903; 
discussion 903-4. doi:10.1016/j.athoracsur.2011.10.060. 

37. Shen Y, Feng M, Khan MA, Wang H, Tan L, Wang Q. A simple method 
minimizes chylothorax after minimally invasive esophagectomy. J Am 
Coll Surg. 2014;218(1):108-12. doi:10.1016/j.jamcollsurg.2013.09.014. 

38. Shimizu K, Yoshida J, Nishimura M, Takamochi K, Nakahara R, Nagai 
K. Treatment strategy for chylothorax after pulmonary resection and 
lymph node dissection for lung cancer. J Thorac Cardiovasc Surg. 
2002;124(3):499-502. doi:10.1067/mtc.2002.124386. 

39. Takuwa T, Yoshida J, Ono S, Hishida T, Nishimura M, Aokage K, 
et al. Low-fat diet management strategy for chylothorax after 
pulmonary resection and lymph node dissection for primary lung 
cancer. J Thorac Cardiovasc Surg. 2013;146(3):571-4. doi:10.1016/j.
jtcvs.2013.04.015. 

40. Worthington MG, de Groot M, Gunning AJ, von Oppell UO. Isolated 
thoracic duct injury after penetrating chest trauma. Ann Thorac 
Surg. 1995;60(2):272-4. doi:10.1016/0003-4975(95)00415-h. 

41. Wemyss-Holden SA, Launois B, Maddern GJ. Management of thoracic 
duct injuries after oesophagectomy. Br J Surg. 2001;88(11):1442-8. 
doi:10.1046/j.0007-1323.2001.01896.x. 

42. Nakanishi K. [Reoperation for Chylothorax after Lung Resection]. 
Kyobu Geka. 2021;74(10):862-6. Japanese. 

43. McWilliams BC, Fan LL, Murphy SA. Transient T-cell depression in 
postoperative chylothorax. J Pediatr. 1981;99(4):595-7. doi:10.1016/
s0022-3476(81)80267-3.

44. Tilney NL, Murray JE. The thoracic duct fistula as an adjunct to 
immunosuppression in human renal transplantation. Transplantation. 
1967;5(4):Suppl:1204-8. doi:10.1097/00007890-196707001-00058. 

45. Randolph GJ, Ivanov S, Zinselmeyer BH, Scallan JP. The lymphatic 
system: integral roles in immunity. Annu Rev Immunol. 2017;35:31-
52. doi:10.1146/annurev-immunol-041015-055354. 

46. Nair SK, Petko M, Hayward MP. Aetiology and management of 
chylothorax in adults. Eur J Cardiothorac Surg. 2007;32(2):362-9. 
doi:10.1016/j.ejcts.2007.04.024. 

47. Jeong H, Ahn HY, Kwon H, Kim YD, Cho JS, Eom J. Lymphangiographic 
interventions to manage postoperative chylothorax. Korean J Thorac 
Cardiovasc Surg. 2019;52(6):409-15. Erratum in: Korean J Thorac 
Cardiovasc Surg. 2020;53(2):92. doi:10.5090/kjtcs.2019.52.6.409.

48. Fonseca G, Burgermaster M, Larson E, Seres DS. The relationship 
between parenteral nutrition and central line-associated 
bloodstream infections: 2009-2014. JPEN J Parenter Enteral Nutr. 
2018;42(1):171-5. doi:10.1177/0148607116688437. 

49. Shah ND, Limketkai BN. The use of medium-chain triglycerides in 
gastrointestinal disorders. Pract Gastroenterol. 2017;160:20-5.

50. Zhang W, Li J, Liang J, Qi X, Tian J, Liu J. Coagulation in lymphatic 
system. Front Cardiovasc Med. 2021;8:762648. doi:10.3389/
fcvm.2021.762648.

51. Kesieme EB, Dongo A, Ezemba N, Irekpita E, Jebbin N, Kesieme C. 
Tube thoracostomy: complications and its management. Pulm Med. 
2012;2012:256878. doi:10.1155/2012/256878. 



Santos LL, et al. - Nonoperative Management of Chylothorax Braz J Cardiovasc Surg 2023;38(6):e20220326

Br
az

ili
an

 Jo
ur

na
l o

f C
ar

di
ov

as
cu

la
r S

ur
ge

ry
 

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

52. Medeiros BJDC. Subcutaneous emphysema, a different way 
to diagnose. Rev Assoc Med Bras (1992). 2018;64(2):159-63. 
doi:10.1590/1806-9282.64.02.159. 

53. Jones PM, Hewer RD, Wolfenden HD, Thomas PS. Subcutaneous 
emphysema associated with chest tube drainage. Respirology. 
2001;6(2):87-9. doi:10.1046/j.1440-1843.2001.00317.x. 

54. Christensen MC, Dziewior F, Kempel A, von Heymann C. Increased 
chest tube drainage is independently associated with adverse 
outcome after cardiac surgery. J Cardiothorac Vasc Anesth. 
2012;26(1):46-51. doi:10.1053/j.jvca.2011.09.021. 


