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Abstract
Background: Chylothorax is a rare but serious postoperative complication in
esophageal cancer patients. The aim of this study was to identify risk factors associ-
ated with chylothorax and the indication for surgical intervention.
Methods: A consecutive series of 1290 patients who underwent esophagectomy for
esophageal cancer was included. Peri-operative data, including postoperative mor-
bidity and mortality, were analyzed.
Results: Thirty-four patients (2.6%) developed chylothorax and had significantly
higher instances of pneumonia (26.5% vs. 11.1%, P = 0.012) and arrhythmia
(17.6% vs. 2.9%, P = 0.001), and a longer hospital stay (22 vs. 18 days, P < 0.001).
Reoperation was performed in 11 patients at a rate of 77.8%, 42.9%, 20%, and 0%
for chylothorax diagnosed in two, three, four, and >= 5 days, respectively, after
esophagectomy (P < 0.001). After three days of conservative therapy, the chest tube
output was significantly greater in patients whose medical management had failed
than in those successfully treated (P < 0.001). All patients who required reoperation
had >= 13.5 ml/kg of drainage (sensitivity 100%); four of 23 patients with successful
medical management had a chest tube output >= 13.5 ml/kg (specificity 83%).
Logistic regression analysis showed that body mass index (BMI) < 25 was an inde-
pendent risk factor for chylothorax (hazard ratio = 9.256, P = 0.029).
Conclusions: Patients with a BMI < 25 are more likely to develop chylothorax after
esophagectomy. Operative therapy should be seriously considered in patients who
develop chylothorax early postoperatively. In addition, a high daily chylous output
of >= 13.5 ml/kg after three days of conservative therapy might be a reliable indicator
for reoperation.

Introduction

Chylothorax after esophagectomy is an uncommon but
potentially lethal complication, with a reported incidence of
0.4–4%.1–4 It generally occurs secondary to injury to the tho-
racic duct or lymphatic tributaries. In adults, the thoracic
duct can transport up to 4 L of chyle daily, rich in fluid, lipid,
protein, and lymphocytes.5 Persistent chyle loss leads to
hypovolemia, malnutrition, and immunosuppression, which
have a significant impact on postoperative outcome after
esophagectomy.

Because of the low incidence of this complication, manage-
ment of chylothorax remains controversial. Some authors
advocate conservative management, while others argue that a

planned early reoperation may significantly reduce mor-
tality.6-8 There is no generally accepted consensus on the indi-
cation and timing of surgical intervention.

The aim of this study was to identify potentially predispos-
ing factors associated with chylothorax and to evaluate the
management of chylothorax, especially the indication for
surgical intervention.

Patients and methods

Study population

One thousand two hundred and ninety consecutive patients
who underwent open Ivor-Lewis esophagectomy for thoracic
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esophageal cancer in our hospital from February 2007 to
December 2012, were included in the present retrospective
study. The institutional review board of Fudan University
Shanghai Cancer Center approved the database of esophageal
carcinoma used.

Surgical procedure

During open Ivor-Lewis esophagectomy, extended two-field
lymphadenectomy (including upper mediastinal node
dissection) was performed and prophylactic thoracic duct
ligation was routinely conducted. In all patients, jejunos-
tomy for intra-intestinal nutrition was performed,
and enteral feeding was started on postoperative day one or
two.

Data collection

Chylothorax was diagnosed by either a change in the
quality of chest tube drainage to milky white drainage,
regardless of chest tube output, or confirmation of chylomi-
crons in the pleural drainage in patients with high-volume
drainage.

Pre-operative characteristics, comorbidities, and tumor-
specific variables were evaluated as potential risk factors for
chylothorax. To assess the impact of chylothorax on postop-
erative outcome, the incidence of additional complications
(pneumonia, intrathoracic leak, and arrhythmia), length of
hospital stay, and in-hospital mortality were evaluated. Chest
tube drainage volume was collected in all chylothorax
patients.

Statistical analysis

Statistical analysis was performed using the SPSS software
program (SPSS Inc., Chicago, IL, USA). Descriptive statistics
were summarized with frequencies and percentages for cat-
egorical variables and median for continuous variables. A
Chi-square or Fisher’s exact test was used to compare cat-
egorical data and a Mann-Whitney U test was used for con-
tinuous data. The results were considered significant at P <
0.05. Multivariate logistic regression was used to determine
factors associated with an increased risk of chylothorax. In
selecting variables for the multivariate logistic regression
model, a cut-off P value of 0.05 was used. Receiver operating
characteristic (ROC) curve analysis was used to derive the
optimal cut-off value for pleural fluid drainage in predicting
the failure of medical management.

Results

Risk factors for chylothorax

Postesophagectomy chylothorax occurred in 34 of 1290
patients (2.6%). Associations between chylothorax and
patient characteristics, comorbidities, and tumor-specific
properties were examined (Table 1). A body mass index
(BMI) < 25 was the only significant risk factor for chylothorax
by univariate analysis (P = 0.005). We selected potential con-
tributing factors that might be associated with chylothorax
for multivariate analysis. Only BMI < 25 was confirmed to
be independently associated with an increased incidence of
chylothorax (hazard ratio [HR] = 9.256; 95% confidence
interval [CI]: 1.260-68.007, P = 0.029) (Table 2).

Table 1 Clinicopathologic characteristics of patients who underwent an esophagectomy

Variable
Chylothorax No chylothorax

P-valuen = 34 n = 1256

Age (median,range) 60 (48–75) 60 (32–78) 0.405
Male (n, %) 30 (88.2%) 1029 (81.9%) 0.496
BMI 0.005

<25 kg/m2 33 (3.3%) 980 (96.7%)
>=25 kg/m2 1 (0.4%) 276 (99.6%)

Cigarette-smoking history 24 (70.6%) 774 (61.6%) 0.371
Hypertension 9 (26.5%) 291 (23.2%) 0.681
Diabetes 1 (2.9%) 62 (4.9%) 0.726
Histological type 0.879
Squamous cell carcinoma 33 (2.7%) 1199 (97.3%)
Adenocarcinoma 0 20 (100%)
Others 1 (2.6%) 37 (97.4%)
Tumor in upper or middle esophagus 16 (47.1%) 645 (51.4%) 0.729
Tumor invasion (T3 or T4) 19 (55.9%) 732 (58.3%) 0.861
Tumor length (median,range) 4 cm (1–7) 3 cm (0.8–13) 0.185
Lymph node metastasis 17 (50%) 586 (46.7%) 0.730
Number of lymph nodes resected >= 21 19 (55.9%) 633 (50.4%) 0.603

BMI, body mass index.
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Impact of chylothorax on
postoperative outcome

Chylothorax was the second main cause of reoperation in the
series. Patients with chylothorax had significantly higher
instances of pneumonia (26.5% vs. 11.1%, P = 0.012) and
arrhythmia (17.6% vs. 2.9%, P = 0.001). The median length of
stay was also significantly longer (22 vs. 18 days, P < 0.001).
One patient with chylothorax died postoperatively. Chylo-
thorax was not significantly associated with increased mor-
tality (2.9% vs. 1.0%, P = 0.313) (Table 3).

Management of chylothorax

Chylothorax was identified on a median of four days
(interquartile range 2–9) after esophagectomy. All patients
with chylothorax were initially managed conservatively (total
parenteral nutrition, no enteral intake, and octreotide),
resulting in the successful treatment of chylothorax in 23
patients (68%). In 11 patients (32%), conservative treatment
did not successfully stop the chylous leak.

Surgical intervention was indicated when there was no
response to conservative therapy and a high flow rate of chy-
lothorax. Mass ligation of the thoracic duct, which is an en
masse ligature above the diaphragmatic hiatus between the
aorta and the vertebral bodies via rethoracotomy, was per-
formed at a median of five days (range: 3 to 12 days) from the
day of chylothorax diagnosis. Thoracic duct ligation resolved
the chylothorax in all patients.

Predictors for failed medical management

The risk of failed medical management increased when chy-
lothorax developed early after surgery. The reoperation rate

was 77.8%, 42.9%, 20%, and 0% for chylothorax diagnosed
in two, three, four, and >= 5 days after esophagectomy
(P < 0.001). (Table 4)

Chest tube output on the third day after the initiation of
conservative therapy was significantly greater in patients for

Table 3 Impact of chylothorax on postoperative outcome

Chylothorax No chylothorax
P-valuen = 34 n = 1256

Pneumonia 9 (26.5%) 140 (11.1%) 0.012
Intrathoracic leak 2 (5.9%) 46 (3.7%) 0.364
Arrhythmia 6 (17.6%) 36 (2.9%) 0.001
Reoperation 11 (32.4%) 19 (1.5%) <0.001
Hospital stay (median, IQR) 22 (15–56) 18 (9–161) <0.001
In-hospital mortality 1 (2.9%) 13 (1.0%) 0.313

IQR, interquartile range.

Table 4 Characteristics of patients with postoperative chylothorax who
underwent medical or surgical treatment

Reoperated No reoperation
P-valuen = 11 n = 23

Days from esophagectomy to
diagnosis

<0.001

2 days 7 (77.8%) 2 (22.2%)
3 days 3 (42.9%) 4 (57.1%)
4 days 1 (20%) 4 (80%)
≥5 days 0 13 (100%)

Bilateral chylothorax 2 (18.2%) 6 (26.1%) 0.694
Duration of chest tube

drainage (days)
0.445

Median 13 12
Range 8–24 6–29

Chest tube output after
conservative therapy
(ml/Kg)

Day 1† 0.091
Median 23.5 18.6
Range 10.5–40.2 3.5–32.7

Day 2† 0.055
Median 22.1 15.2
Range 10.7–36.2 2.3–30.2

Day 3† <0.001
Median 23.8 9.6
Range 13.8–35.5 2.1–20.9

†Day 1, 2 and 3 are defined as 1, 2, and 3 days after the initiation of con-
servative therapy.

Table 2 Multivariate analyses of risk of chylothorax

Hazard ratio 95% CI P-value

BMI (<25/ >= 25) 9.256 1.260–68.007 0.029
Lymph node metastasis (yes/no) 1.091 0.550–2.165 0.803
Upper or middle esophageal cancer/lower esophageal cancer 0.836 0.421–1.661 0.608
Squamous cell carcinoma/non-squamous cell carcinoma 1.605 0.214–12.032 0.645

BMI, body mass index; CI, confidence interval.
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whom medical management had failed (P < 0.001) (Table 4).
ROC analysis suggested that the optimal cut-off value for
failed medical management was chest tube drainage volume
>= 13.5 ml/kg (in the third day after the initiation of conser-
vative therapy). All patients who required reoperation had
>= 13.5 ml/kg of drainage after three days of conservative
therapy. Only four of 23 patients with successful medical
management had a chest tube output >= 13.5 ml/kg. The sen-
sitivity and specificity were 100% and 83%, respectively.

Discussion

In this large series of esophageal cancer patients, chylothorax
was a rare but serious complication of esophagectomy. Chylo-
thorax was associated with higher rates of pneumonia and
arrhythmia, and a longer hospital stay, but not with post-
operative mortality. A BMI < 25 was identified as an indepen-
dent risk factor for chylothorax. Reoperation is more likely
required when chylothorax develops early after surgery
(before the fourth postoperative day). Moreover, a persis-
tence of high volume chest tube drainage, equal or greater
than 13.5 ml /kg/day after three days of conservative therapy
predicted medical therapy failure.

In this series of 1290 patients, we encountered 34 patients
(2.6%) with chylothorax. This is in line with earlier published
series.4,9,10 The chyle is rich in lipids, proteins, and lympho-
cytes. Continued loss of chyle can lead to immunosuppres-
sion, resulting in infection-related complications.5 Lagarde
et al. and Shah et al. reported that chyle leakage could lead to
pneumonia.1,2 In this study, we also found that patients with
chylothorax had significantly higher frequencies of pneumo-
nia. Pneumonia is the leading cause of mortality after
esophagectomy, which reflects the seriousness of chylotho-
rax.11 Aggressive treatment should be immediately under-
taken if postoperative chylothorax develops.

The mortality of chylothorax increases to 50% when con-
servative management is used as the mainstay of treatment.12

With surgical intervention, the mortality rate has reportedly
decreased to 0%–17.7%.1,2 Some authors recommend early
surgical ligation of the thoracic duct to decrease the risk of
mortality.7,8 However, there is no consensus on how early and
what volume of chyle output should indicate a need for surgi-
cal intervention. In the present study, reoperation was per-
formed at a median of five days (range: 3 to 12 days) from the
day of chylothorax diagnosis, which is consistent with pub-
lished data.1,2 We were interested in predictive factors for sur-
gical intervention. We found that medical management was
more likely to fail in patients who had a chest tube drainage
volume >= 13.5 ml/kg on the third day after initiation of con-
servative therapy. Using this cut-off value to predict the need
for reoperation, the sensitivity and specificity was 100% and
83%, respectively. Dugue et al. achieved a similar result in that
the drainage volume on the fifth day after diagnosis of chylo-

thorax could predict if thoracic duct ligation was required. In
their study, all patients required reoperation when the
chylous loss >= 10 ml/kg/day.9

Another finding in this study was that surgical manage-
ment was more likely required when chylothorax developed
early postoperatively. In this series, no patient required
reoperation when the chylthorax was recognized after the
fifth postoperative day. The reason for this is not clear. It is
likely that these patients had damage to the collateral lym-
phatic vessels, rather than injury to the main thoracic duct;
therefore it is easy to seal off with time. Chalret et al. argued
that if chylothorax developed early, surgical management
should be proposed.13

In the literature, indications for surgical intervention are
rarely reported. It is generally advised that a continuation of
conservative treatment for more than two weeks should be
avoided.14 On the basis of the data from this study, if a patient
developed chylothorax within four days postoperatively, with
a drainage volume of >= 13.5 ml/kg after three days of conser-
vative therapy, early surgical ligation of the thoracic duct
should be conducted.

The thoracic duct is always revealed more clearly in normal
or underweight patients compared with overweight patients.
Interestingly, we found that patients with a BMI < 25 had a
higher risk of developing chylothorax. One recent meta-
analysis focusing on BMI reported that a higher BMI was
associated with a decreased incidence of chylothorax after
esphagectomy.15 A possible explanation is that as the BMI
increases, there is more fatty tissue surrounding the tumor
and esophagus. More fatty tissue leads to better protection of
the thoracic duct. The thoracic duct should be protected
more carefully in normal or underweight patients.

Squamous cell cancer (SCC) was reported as a risk factor
for postoperative chylothorax.2 In the current study, the
major histological type was SCC; 33 of 1199 (2.7%) patients
with SCC developed chylothorax compared with 0/20 (0%)
of patients with adenocarcinoma. However, we could not
draw a conclusion because of the small number of adenocar-
cinoma cases. Tumor location and lymph node metastasis
were identified as risk factors in previous studies, but were not
confirmed to be associated with postoperative chylothorax in
this series.1,4 Differences in sample size, inclusion criteria, and
histological type may have contributed to these inconsistent
results.

Although prophylactic thoracic duct ligation was routinely
performed in this study, the incidence of chylothorax was
2.6%. The result is comparable to that of Dugue et al. who
reported a 2.7% incidence of postoperative chylothorax after
preventive ligation of the thoracic duct.9 Duplicate or tripli-
cate thoracic ducts can be observed in up to 40% of patients.16

The thoracic duct may also form a plexus draining into a
unique duct or separately into the right and left subclavian
veins. The anatomic variation is probably responsible for the
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failure of prophylactic thoracic duct ligation. In the 11 reop-
erated patients, the main cause of the chylothorax was that
the ligation did not include all the collaterals of the main tho-
racic duct; one patient was associated with prophylactic tho-
racic duct ligation (the ligation was too tight to damage the
thoracic duct. In these 11 patients, a repeat ligation was suc-
cessfully performed. Although prophylactic thoracic duct
ligation is not a guarantee against chylothorax, a recent ran-
domized controlled trial argued that a prophylactic thoracic
duct ligation could minimize the risk of postoperative
chylothorax.17

In this series, patients from a single institute within a short
period underwent a consistent operative approach; thus, the
data were more homogenous. The limitations of the study
are acknowledged. We could not evaluate some of the poten-
tial contributing factors for chylothorax, such as surgical
approach and histological type. Another limitation is the
retrospective nature of the analysis.

Conclusion

In conclusion, postoperative chylothorax is associated with
significant postoperative morbidity. Patients with a BMI < 25
are more likely to develop chylothorax after esophagectomy.
Operative therapy should be seriously considered in patients
who develop chylothorax early postoperatively. In addition, a
high daily chylous output of >= 13.5 ml/kg after three days
of conservative therapy might be a reliable indicator for
reoperation.

Disclosure

No authors report any conflict of interest.

References
1 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: 449–54.

2 Shah RD, Luketich JD, Schuchert MJ et al. Postesophagectomy
chylothorax: Incidence, risk factors, and outcomes. Ann
Thorac Surg 2012; 93: 897–903.

3 Alexiou C, Watson M, Beggs D, Salama FD, Morgan WE.
Chylothorax following oesophagogastrectomy for malignant
disease. Eur J Cardiothorac Surg 1998; 14: 460–6.

4 Rao DV, Chava SP, Sahni P, Chattopadhyay TK. Thoracic duct
injury during esophagectomy: 20 years experience at a tertiary

care center in a developing country. Dis Esophagus 2004; 17:
141–5.

5 Paes ML, Powell H. Chylothorax: An update. Br J Hosp Med
1994; 51: 482–90.

6 Li W, Dan G, Jiang J, Zhao Y, Deng D. A 2-wk conservative
treatment regimen preceding thoracic duct ligation is effective
and safe for treating post-esophagectomy chylothorax. J Surg
Res 2013; 185: 784–9.

7 Merigliano S, Molena D, Ruol A et al. Chylothorax
complicating esophagectomy for cancer: A plea for early
thoracic duct ligation. J Thorac Cardiovasc Surg 2000; 119:
453–57.

8 Orringer MB, Bluett M, Deeb GM. Aggressive treatment of
chylothorax complicating transhiatal esophagectomy without
thoracotomy. Surgery 1988; 104: 720–6.

9 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:
1147–49.

10 Kranzfelder M, Gertler R, Hapfelmeier A, Friess H, Feith M.
Chylothorax after esophagectomy for cancer: Impact of the
surgical approach and neoadjuvant treatment: Systematic
review and institutional analysis. Surg Endosc 2013; 27:
3530–38.

11 Law S, Wong KH, Kwok KF, Chu KM, Wong J. Predictive
factors for postoperative pulmonary complications and
mortality after esophagectomy for cancer. Ann Surg 2004; 240:
791–800.

12 Bolger C, Walsh TN, Tanner WA, Keeling P, Hennessy TP.
Chylothorax after oesophagectomy. Br J Surg 1991; 78:
587–88.

13 Chalret du Rieu M, Baulieux J, Rode A, Mabrut JY.
Management of postoperative chylothorax. J Visc Surg. 2011;
148: e346–52.

14 Teba L, Dedhia HV, Bowen R, Alexander JC. Chylothorax
review. Crit Care Med 1985; 13: 49–52.

15 Zhang SS, Yang H, Luo KJ et al. The impact of body mass
index on complication and survival in resected oesophageal
cancer: A clinical-based cohort and meta-analysis. Br J Cancer
2013; 109: 2894–903.

16 Cha EM, Sirijintakarn P. Anatomic variation of the thoracic
duct and visualization of mediastinal lymph nodes: A
lymphographic study. Radiology 1976; 119: 45–8.

17 Lai FC, Chen L, Tu YR, Lin M, Li X. Prevention of chylothorax
complicating extensive esophageal resection by mass ligation
of thoracic duct: A random control study. Ann Thorac Surg
2011; 91: 1770–4.

Chylothorax after esophagectomy L. Miao et al.

358 Thoracic Cancer 6 (2015) 354–358 © 2015 The Authors. Thoracic Cancer published by China Lung Oncology Group and Wiley Publishing Asia Pty Ltd


