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Abstract
Background—Chylothorax is a rare but potentially lethal complication of esophagectomy. The
study aims were to evaluate the rate of postesophagectomy chylothorax, identify associated risk
factors and compare postoperative outcomes with patients who do not develop chylothorax.

Methods—We reviewed 892 consecutive patients undergoing esophagectomy (1997-2008).
Preoperative, operative and postoperative details, including adverse outcomes and mortality, were
analyzed.

Results—We identified postesophagectomy chylothorax in 34 patients (3.8%). Chylothorax was
significantly associated with adverse outcomes, including 30-day major complications (85% vs.
46%; p<0.001) and mortality (17.7 vs. 3.9%, p<0.001). Patients with chylothorax were
significantly more likely to develop sepsis (p=0.001), pneumonia (p=0.009), need reintubation
(p=0.002) or require reoperation (p<0.001). Median length of stay was significantly longer (17 vs.
8 days; p=0.005). Median time to chylothorax diagnosis was 5 days. Thoracic duct ligation was
performed in 62% (n=21; median 13 days after esophagectomy). Repeat duct ligation for
persistent chylothorax was required in 2 patients. Squamous cell cancer histology (9/34; 26%) was
an independent predictor of postoperative chylothorax (OR 4.18; 95% CI 1.39, 12.6). Odds of
chylothorax were 36 times greater with average daily chest tube output >400 ml in the first 6
postoperative days (OR 35.9; 95% CI 8.2, 157.8).

Conclusions—Postoperative chylothorax is associated with significant postoperative morbidity
and mortality. Patients with squamous cell cancer may be at increased risk. In addition, >400 ml
average daily chest tube output in the early postoperative period should prompt fluid analysis for
chylothorax to facilitate early diagnosis and consideration of thoracic duct ligation.
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Introduction
Postesophagectomy chylothorax is a relatively rare but potentially lethal complication that
results from traumatic injury to the thoracic duct and lymphatic tributaries during surgery.
The proximity of the thoracic duct and collateral channels to the esophagus and a highly
variable course contribute to an incidence of ductal injury during esophageal mobilization
ranging from 1 to ~9%.(6, 7) Because chylothorax leads to malnutrition,
immunosuppression through loss of lymphocytes, and respiratory compromise, it has a
significant impact on postoperative morbidity and mortality. Due to the relatively infrequent
occurrence of chylothorax after esophagectomy, the risk factors associated with
postesophagectomy chylothorax and the indications for and timing of reoperation remain
incompletely defined.

We evaluated factors associated with postoperative chylothorax and determined the
associated postoperative and long-term morbidity and mortality. Early predictors of
postesophagectomy chylothorax and failure of medical management were also evaluated.

Patients and Methods
Patient Selection

All patients (892 consecutive patients) undergoing esophagectomy at three hospitals in our
center from January 1, 1997 to July 31, 2008 were stratified into two groups based on the
identification of chylothorax during the 30 days following esophagectomy. Patients
undergoing pharyngolaryngoesophagectomy were excluded as the airway manipulation
during this operation carries additional potential for morbidity. The majority received
minimally invasive esophagectomy. (Table 1) The remaining patients were treated with
open esophagectomy [Ivor Lewis (n=22, 2.5%), modified McKeown (n=16, 1.8%),
transhiatal (n=96, 11%), or other (n=9, 1%)] or a hybrid of open and minimally invasive
techniques. This retrospective study was approved by our Institutional Review Board.

Database and Chylothorax-specific Postoperative Variables
Trained research personnel performed retrospective chart review of patients undergoing
esophagectomy and entered the data into a surgical outcomes database with a standardized
outcome protocol. Data abstracted routinely included standard observer-recorded measures,
preoperative symptoms, laboratory and radiographic studies, operative details and tumor-
specific variables. Surgical outcomes were abstracted, including length of stay (LOS),
postoperative mortality, and postoperative in-hospital and 30-day adverse outcomes.
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 chylomicrons or
triglycerides in the pleural drainage in patients with high-volume drainage. Additional
chylothorax-specific variables were collected, including chest tube drainage volume, for all
chylothorax patients. Daily chest tube output was also abstracted for randomly selected
patients who did not develop chylothorax (~3 non-chylothorax patients for every 1
chylothorax patient). The average daily outputs per patient were calculated as the sum of
chest drainage per day divided by the total number of days for which a recorded value of
chest drainage was available.

Statistical Analysis
Statistical analysis was performed using STATA SE 10.0 Corp software.(10) Descriptive
statistics were summarized with frequencies and percentages for categorical variables and
median with interquartile range (IQR) for continuous variables for the entire cohort and then
stratified by presence or absence of chylothorax. Chi-square, Fischer’s exact, and Student’s
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t-tests, accounting for unequal variance, were used to describe differences between groups.
To determine factors associated with an increased risk of chylothorax, crude and adjusted
analyses were performed using univariate and multivariate logistic regression. In selecting
variables for the multivariate logistic regression model, a cut-off p-value of 0.15 was used.

Results
Risk Factors for Postesophagectomy Chylothorax

Postesophagectomy chylothorax was identified in 34 patients (3.8%). Associations between
postoperative chylothorax and preoperative patient characteristics, comorbid conditions,
prior therapy for esophageal cancer, operative details, and tumor-specific properties were
examined. (Table 1) Patient-specific risk factors for chylothorax identified in crude analysis
included a body mass index (BMI) <30 and decreased serum albumin. There was a trend
toward increased risk of chylothorax with transthoracic esophageal mobilization (0.085), but
risk was not increased when comparing open versus minimally invasive approaches.
Squamous tumor type, but not preoperative or postoperative malignant stage (p=0.364 and
p=0.762, respectively), was associated with chylothorax in crude analysis. Using
multivariate analysis, only squamous tumor type, body mass index <30 and age-adjusted
Charlson Comorbidity Index score ≥3 remained independent prognostic factors for
postesophagectomy chylothorax. (Table 2) In the immediate postoperative period (days 1
through 6), the average daily chest tube output was significantly greater in patients with the
eventual diagnosis of chylothorax (730 ml/day compared with 265 ml/day; p=0.003) Odds
of chylothorax were 36 times greater with an average daily chest tube output >400 ml in the
first 6 postoperative days (OR 35.9; 95% CI 8.2, 157.8).

Morbidity and Mortality after Chylothorax
Postoperative morbidity and mortality were significantly higher in patients who developed
chylothorax (Table 3). Length of initial hospital stay after esophagectomy was significantly
longer. There were four patients with chylothorax who had persistent chylous drainage at the
time of death.

Predictors for Failed Medical Management
The relationships between chylothorax-specific variables and the failure of medical
management were assessed. Upon diagnosis of chylothorax, the majority of patients were
instructed to take nothing by mouth. Medical management strategies also included
additional drain placement to ensure complete drainage of the chylothorax (44%), use of
total parenteral nutrition (63%), switching enteral feeds to elemental formula (52%),
octreotide (31%) and bedside pleurodesis (16%). Unsuccessful medical management was
significantly more likely in patients who were treated with total parenteral nutrition and
bedside pleurodesis. (Table 4)

Chest tube output as a ratio of drainage to body weight (ml/kg) (7) in the immediate
postoperative period was significantly greater in patients in whom medical management
failed. (Figure 1) Furthermore, medical management was nearly 11 times more likely to fail
in patients who had >11.6 ml/kg of pleural fluid drainage/day after the initiation of
conservative therapy than in patients with ≤11.6 ml/kg output (OR 10.67; 95% CI 1.39, 82).
Failure of medical management was not associated with the incidence of other major
postesophagectomy complications, need for reoperation, or 30- or 90-day mortality.

Operative Intervention in the Management of Postesophagectomy Chylothorax
Of the 34 patients with postesophagectomy chylothorax, 21 (62%) required operative
intervention for definitive management. The surgeons’ preferences determined the operative
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approach [thoracoscopy in 6 (29%) and thoracotomy in 15 (71%)]. Mass ligation of the
thoracic duct, inclusive of all tissue from lateral to the azygos to the vertebral body
posteriorly and the aorta medially, was performed a median of 13.5 days (IQR 8-21) after
esophagectomy and a median of 5.5 days (IQR 4-12) from the day of chylothorax diagnosis.
Concomitant procedures included pleurodesis (7 patients) and pulmonary decortication (1
patient). Thoracic duct ligation resolved the chylothorax in the majority of patients (n=14).
Persistent chylothorax required thoracentesis in 1 patient, pleurodesis in 1 patient, additional
chest tube drainage in 3 patients and repeat thoracic duct ligation in 2 patients. There was no
association between approach to thoracic duct ligation and persistent chylothorax (p=0.732).
The use of thoracic duct ligation and the timing of operative intervention, from either
esophagectomy or from the diagnosis of chylothorax, were not associated with prolonged
postesophagectomy hospital stay, 30-day major morbidity or 30- or 90-day mortality. (Data
not shown)

Comment
This study presents the incidence and impact of postesophagectomy chylothorax from a
center with extensive experience in esophagectomy. These findings reinforce previous
literature describing chylothorax as a rare but potentially lethal complication of
esophagectomy. The morbidity and mortality associated with the diagnosis of chylothorax
were significant. Major complications were nearly doubled and postesophagectomy length
of stay increased substantially. Patients with chylothorax were nearly 5 times more likely to
die in-hospital or within 30-days and had significantly increased mortality up to 90 days
after esophagectomy. Pleural effusion and atelactasis from postesophagectomy chylothorax
can lead to respiratory distress and our findings support a significant morbidity associated
with pulmonary dysfunction, including increased incidence of pneumonia, reintubation, and
ARDS, and sepsis. Squamous cell cancer was an independent risk factor for chylothorax and
may delineate a group of patients for whom routine thoracic duct ligation at the time of
esophagectomy is warranted.

Importantly, our analysis suggests that a high index of suspicion for chylothorax in patients
with more than 4 ml of chest drainage per kilogram body weight (~400 ml), regardless of
drainage appearance, may be useful for early diagnosis. Based on these findings, we now
routinely leave the chest tube in place until the patient has received tube feeds at their goal
rate for 24 hours. Chest tube output volume and quality are carefully evaluated. If the
volume increases substantially following initiation of tube feeds or the quality becomes
chylous, the chest tube is left in place, the feeds are stopped, and the patient allowed nothing
by mouth. Pleural fluid analysis for triglycerides and chylomicrons is performed. In
addition, persistence of high volume chest tube drainage, greater than 10-12 ml per kilogram
of body weight per day after the initiation of medical therapy for treatment of chylothorax,
predicted failure of medical therapy and may prove useful in guiding early operative
intervention.

Assessment of Risk Factors for Postesophagectomy Chylothorax
In the esophagectomy patient, the underlying etiology of chylothorax is direct mechanical
injury to the duct during dissection and identification of all possible risk factors is critically
important to minimizing or eliminating this complication. In our study, we analyzed a large
number of potential contributing factors and identified BMI<30, squamous cell cancer and
age-adjusted Charlson Comorbidity Index score ≥3 as independent risk factors. The
association with squamous cell cancer is highly plausible. Often located in the mid-
esophagus, these lesions are in very close proximity to the duct as it crosses from right to
left at the level of the T5 vertebral body.(20) Although not significantly associated in our
study, lesions in the mid- to upper-esophagus were identified as a risk factor for
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postesophagectomy chylothorax in at least one report.(16) Rao and colleagues did not
directly determine the risk of chylothorax by tumor type; however, 13 of 431 (3%) patients
with squamous cell cancer developed postoperative chylothorax compared with 0/89 (0%) of
the patients with adenocarcinoma. Awareness of increased risk for postesophagectomy
chylothorax in patients with squamous cell cancer is warranted.

Predictors for Failed Medical Management
Our findings regarding the importance of chest tube drainage in the early postoperative
period for both diagnosis of chylothorax and prediction of the need for operative
intervention are consistent with published data. The volume of flow through the thoracic
duct is directly related to body weight, with an estimated volume of 1.38 ml/kg of body
weight per hour and increases after meals.(5) Given the relationship between body weight
and normal thoracic duct flow, Dugue and colleagues investigated the relationship between
chest tube drainage per kilogram of body weight and need for operative intervention in
postesophagectomy chylothorax. They found a statistically and clinically significant
difference in chest tube drainage on the 5th day after diagnosis of chylothorax that predicted
failure of medical therapy and the need for thoracic duct ligation.(7). In their study, all
patients who required reoperation had ≥10 ml/kg of drainage with an average day 5 output
of 23.5 ml/kg body weight. Only 2 of 14 patients in the group with successful medical
management had chest tube output ≥10 ml/kg (mean 6.7 ml/kg). Our findings are consistent
those of Dugue. Because we were interested in determining factors that would facilitate
early diagnosis and intervention, we analyzed chest tube drainage in the postoperative period
prior to the diagnosis of chylothorax and found increased chest tube drainage through the
initial postoperative period in patients who would eventually require reoperation for
postesophagectomy chylothorax.

These findings suggest that early diagnosis may be improved through assiduous attention to
the volume of chest tube drainage in the immediate postoperative period and prompt
assessment of triglycerides and chylomicrons in the drainage if the chest tube output is
greater than 400 ml daily in the first 3-4 postoperative days.(12, 17) This would allow early
institution of conservative therapies. Persistent drainage of >10-12 ml/kg of chest tube
drainage after institution of conservative measures would then be an indication for early
thoracic duct ligation, which has been shown by others to improve mortality associated with
chylothorax.(11,15) In patients with confirmed chylothorax but with <10 ml/kg/day
drainage, medical management may have a high likelihood of success, making it reasonable
to delay operative intervention for a trial of medical therapy.

The Importance of Operative Intervention in the Management of Postesophagectomy
Chylothorax

Mortality rates after the development of chylothorax have varied significantly in the
published series. Reported mortality rates are 0-82% (7, 13, 19) with conservative
management and 0-50% in patients who required reoperation or were treated with an early
thoracic duct ligation.(11, 14, 18) A planned early reoperation rather than delayed
intervention after failed conservative management may significantly reduce mortality.(11,
14) Persistence of a high volume of chest drainage is a reasonable trigger for thoracic duct
ligation.(2) Since the failure rate and mortality are high with conservative management,(13,
19) an expectant approach to thoracic ligation should be the standard and should only be
avoided if the patient quickly responds to medical management.

With early reoperation, mortality can be less than 10%.(11, 14) In our series, however, we
did not find that thoracic duct ligation was associated with reduced length of postoperative
stay, morbidity or mortality. This is likely due to our aggressive management strategy
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toward chylothorax, particularly in patients with early, high-volume drainage. The median
time from diagnosis of chylothorax to thoracic duct ligation (5.5 days), was similar to the
interval of 4-6 days reported by others as an aggressive approach to treatment.(11, 14)

In some centers, percutaneous catheterization and embolization of the thoracic duct is an
important option for management of chylothorax. Described by Cope and colleagues in
1999,(3,4) percutaneous embolization via the cisterna chyli can be an effective treatment,
achieving resolution of the chylous drainage in up to 70% of patients in centers with
extensive experience with the procedure.(9) Catheterization of the cisterna chyli can be
challenging, however, and unsuccessful in up to 50% of patients.(8) In patients with failed
catheterization or persistent chylous drainage despite successful catheterization (30%),
thoracic duct ligation should be considered as an early next step. We do not favor
percutaneous embolization and it was not used in this series of patients.

Study Limitations
This study has several strengths and weaknesses. As with all retrospective studies,
comparisons between groups are limited by the completeness of the data and are biased by
difficult-to-measure factors, such as surgeon experience and thoroughness of the
documentation by care providers. We attempted to minimize the impact of these limitations
by performing the chart review with consistent data definitions and validation of the data by
a second abstractor.

Because prophylactic thoracic duct ligation is not performed by any of the surgeons in our
group, we are unable to comment on the role of prophylactic thoracic duct ligation in
preventing postesophagectomy chylothoraces. Prophylactic ligation may be a useful adjunct
to transthoracic esophagectomy and is an approach that has been advocated by others. Cagol
and colleagues reported on 323 patients undergoing transthoracic esophagectomy with
concomitant thoracic duct ligation.(1) At their institution, there was a 0.9% incidence of
postesophagectomy chylothorax between 1980 and 2000. Prophylactic thoracic duct ligation
was then performed from 2001 to 2006 and no postesophagectomy chylothoraces were
identified. In other studies, however, the incidence of chylothorax after prophylactic thoracic
duct was as high as 2.7%.(7) While not a guarantee against postesophagectomy chylothorax,
it may be reasonable to consider routine thoracic duct ligation in all patients undergoing
transthoracic esophagectomy, especially in patients with squamous cell carcinoma.

Conclusions
In summary, postesophagectomy chylothorax is a rare complication which carries high
morbidity and mortality. Patients with squamous cell cancer are at significantly increased
risk, which may warrant prophylactic duct ligation. Early postesophagectomy chest tube
output >400 ml per day or ≥10-12 ml/kg of body weight should raise suspicion of
chylothorax and prompt laboratory analysis of the pleural fluid to avoid delay in diagnosis.
In addition, the volume of drainage in the early postoperative period can be used to identify
patients who will likely require thoracic duct ligation.
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Figure 1.
Chest tube output of patients with postesophagectomy chylothorax. The dashed line
indicates the cut-off value of 11.6 ml/kg average daily chest tube output for high risk of
failed medical therapy.
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Table 2
Multivariate analysis of risk for postesophagectomy chylothorax adjusting for
preoperative patient, treatment, and tumor factors

Adjusted ORa (95% CI) p-value

BMI < 30 4.05 (1.19, 13.7) 0.025

Charlson Comorbidity Index Score ≥ 2.92 (1.2, 7.25) 0.020

Peptic ulcer disease 1.41 (0.50, 4.09) 0.512

Transthoracic esophageal mobilization 2.24 (0.29, 17.2) 0.439

Proximal or middle esophagus tumor location 0.56 (0.14, 2.28) 0.416

Squamous tumor type 4.18 (1.39, 12.6) 0.011

a
Odds ratio (OR) adjusted for each of the other factors CI, confidence interval; BMI, body mass index.
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Table 3
Postoperative morbidity and mortality

Chylothorax
a

No Chylothorax
a

p-value

Any Major Complication
b
 (n, %) 29 (85%) 395 (46%) <0.001

  Pneumonia 10 (29%) 107 (14%) 0.009

  Reintubation 13 (39%) 143 (18%) 0.002

  Empyema 3 (9%) 57 (7%) 0.724

  Acute Respiratory Distress Syndrome 5 (15%) 26 (3%) 0.001

  Renal failure 4 (12%) 55 (7%) 0.279

  Sepsis 8 (24%) 62 (8%) 0.001

   Septic Shock Req. Vasopressors 6 (18%) 27 (3%) <0.001

  Clinically significant anastomotic leak
c

5 (15%) 82 (10%) 0.407

  Gastric tube necrosis 0 (0%) 21 (3%) 0.342

Length of initial postoperative hospital stay (median, IQR) 17 (12-27) 8 (6-16) 0.005

Readmission within 30 days 10 (29%) 139 (18%) 0.092

Reoperation in-hospital or within 30 days 23 (68%) 133 (17%) <0.001

In-hospital or 30-day mortality
d

6 (17.7%) 33 (3.9%) <0.001

Mortality within 90 days 8 (24%) 62 (7%) 0.001

a
Not all criteria were in the record and able to be abstracted for every patient; reported % are based on total patients for whom the criteria was

recorded

b
Morbidity defined according to the Society of Thoracic Surgery General Thoracic Surgery Database definitions

c
Clinically significant leak includes all patients requiring either neck drainage, endoscopic drain manipulation or reoperation with intrathoracic

drainage.

d
Mortality determined using chart review and Social Security Death Index
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Table 4
Relationship between Chylothorax-specific Postoperative Variables and Failure of
Medical Management

Variable
Failed Medical Management

(n=21)
Successful Medical

Management (n=13) p-value

Time from esophagectomy to diagnosis (days; median, IQR) 4(3-7) 7 (4-13) 0.152

Late diagnosis (More than 6 days after esophagectomy; n) 8 8 0.224

Duration of initial chest tube (days; median, IQR) 13 (4-19) 7 (5-11) 0.238

Mode of presentation (n)

Chylous chest tube output 14 7 0.055

Pleural effusion on chest x-ray 9 10 0.293

Original chest tube in place at diagnosis 12 8 0.581

Additional procedure required for diagnosis 0.859

None 9 6

Thoracentesis 3 2

Chest tube or Pigtail placement 6 6

Chest tube output on day of diagnosis (ml; median, IQR) 1298 (800-2125) 520 (384-1438) 0.050

Involved hemithorax at diagnosis

Right 8 6 0.083

Left 8 3

Bilateral 1 5

Late diagnosis (More than 6 days after esophagectomy; n, %) 8 8 0.224

Laboratory analysis of pleural drainage

Triglycerides (median, IQR) 436 (240-806) 311 (182-833) 0.518

Chylomicrons (median, IQR) 189 (123-361) 168 (66-258) 0.741

Initial Management

Nothing by mouth 17 12 0.245

Additional drain placement 8 4 0.484

Total parenteral nutrition 14 5 0.013

Change enteral feeds to elemental formula 7 7 0.842

Octreotide 5 3 0.555

Bedside pleurodesis 5 0 0.032

a
Not all criteria were in the record and able to be abstracted for every patient; reported % are based on total patients for whom the criteria was

recorded

Ann Thorac Surg. Author manuscript; available in PMC 2013 March 01.


