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Introduction

Esophageal cancer is  a common malignant tumor  
worldwide (1), and surgery is the most important treatment 
for early and middle stage esophageal cancer. Although 
the surgical techniques have made remarkable progress 
in recent years (2-4), esophagectomy remains a high-risk 
operation with many postoperative complications (5,6).

Respiratory failure is a major complication after 

esophagectomy, it has gradually become the main cause 
of postoperative death in esophageal cancer (7). The most 
common causes of respiratory failure are acute respiratory 
distress syndrome (ARDS) and pneumonia. There are many 
factors leading to respiratory complications after esophageal 
cancer surgery, such as long-term anesthesia, body cavity 
opening, intraoperative bleeding, limited expansion of lung 
tissue, impaired diaphragm function, postoperative pain, 
coughing weakness, etc. All these factors can impair the 
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respiratory function and lead to respiratory failure (8).
Respiratory failure directly extends the length of ICU 

stay and total hospital stay, increases hospitalization costs, 
influences the recovery process and even leads to death 
of patients. But so far, there have been few reports on the 
prognostic factors of postoperative respiratory failure in 
esophageal cancer.

Therefore, the purpose of this study was to record the 
recovery process of patients with respiratory failure and 
tracheal intubation after esophagectomies, and to analyze 
the impacts of different factors on patients’ recovery 
duration. This may help to provide some meaningful 
reference for the treatment of patients.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-1326a).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by Ethics Committee of Sun Yat-sen University 
Cancer Center of B2019-028-01 and informed consent was 
taken from all the patients.

In total, 2,360 patients underwent esophagectomies with 
cervical anastomosis or intrathoracic anastomosis from 
January 2012 to December 2017 in the thoracic surgery 
department of Sun Yat-sen University Cancer Center. 
Surgical methods were selected according to tumor location 
and other factors. In our institute, all cervical anastomosis 
patients underwent McKeown esophagectomies. And most 
of the intrathoracic anastomosis patients underwent left 
transthoracic procedures, only a few of them underwent 
Ivor-Lewis esophagectomies.

We included all the patients who suffered respiratory 
failure and underwent mechanical ventilation after 
esophageal cancer resection. Respiratory failure refers to 
the severe impairment of pulmonary ventilation caused 
by various causes, which makes it difficult to maintain 
adequate gas exchange at rest, resulting in hypoxemia with 
(or without) hypercapnia. Under the condition of breathing 
air, when the blood gas analysis examination shows that the 
arterial blood oxygen partial pressure (PaO2) <60 mmHg, 
with or without carbon dioxide partial pressure (PaCO2) 
>50 mmHg, it can be diagnosed as respiratory failure. This 
study focused on patients with respiratory failure who 
required mechanical ventilation. So, patients enrolled in this 
study could be regarded as “Respiratory Failure Requiring 

Invasive Mechanical Ventilation”. For cases with mechanical 
ventilation less than 48 hours, it can be considered as a 
transitional mechanical ventilation after surgical anesthesia, 
which is not included in the scope of this study.

After a period of mechanical ventilation, these patients 
were successfully extubated and transferred out of the ICU. 
In order to make more accurate evaluation about the impact 
of different factors on the rehabilitation of respiratory 
failure, we excluded patients who died in hospital due to 
various reasons like massive hemorrhage, cardiac arrest, 
massive cerebral infarction, etc.

So finally, a total of 130 patients were included in the 
study. Relevant clinical and pathological data, including 
lung function test outcomes were obtained from medical 
records of each patient. As we know that the inflammatory 
response usually reaches its peak within one week, we 
collected the peak values of white blood cell (WBC) 
count, serum creatinine, C-reactive protein (CRP) and 
lactate during the first week after mechanical ventilation. 
Postoperative information such as endotracheal intubation 
duration, length of ICU stay and total hospital stay and 
treatment outcome was also collected. 

Statistical analytics

Continuous variables were summarized by mean and 
SD. Frequencies and percentages were used to express 
categorical variables. The Spearman’s rank correlation test 
and Mann-Whitney U test were performed to identify the 
influential factors for the duration of tracheal intubation. 
A probability of less than 0.05 was considered statistically 
significant. Statistical analysis was performed by using SPSS 
software (version 21) for Windows (SPSS® Inc., Chicago, 
IL, USA).

Results

In total, 2,360 esophageal cancer patients underwent 
esophagectomies at our institute from January 2012 to 
December 2017. Among them, 130 patients were eligible 
to enter the study. As shown in Figure 1, the duration of 
mechanical ventilation for patients in this study ranged 
from 3 to 74 days. The average duration was 10.1 days. 
Seventy-one (54.6%) patients recovered within one 
week after tracheal intubation. Another 35 cases (26.9%) 
recovered successfully in the second week. It can be seen 
that most patients (81.5%) recovered in the first two weeks 
of mechanical ventilation. 
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As shown in Table 1, in this study, the age of patients ranged 
from 45 to 82 years. The average age was 62.8 years old. And 
the number of patients over 70 years old was 30 (23.1%). 
Statistical analysis indicated that age could significantly affect 
the duration of mechanical ventilation (P=0.004).

A total of 18 patients (13.8%) received neoadjuvant 
therapy before surgery. The statistical results showed 
that neoadjuvant therapy did not prolong the duration of 
mechanical ventilation (P=0.477).

A total of 90 patients had a history of smoking, and 
statistical results suggested that smoking history as well 

as smoking index had no significant correlation with the 
patient’s mechanical ventilation time (P=0.197, P=0.353, 
respectively).

We studied a series of parameters of lung function tests, 
as shown in Table 1. We found that vital capacity (VC), 
maximal voluntary ventilation (MVV), diffusing capacity of 
the lung for carbon monoxide (DLCO), diffusing capacity 
of the lung for carbon monoxide divided by alveolar volume 
(DLCO/VA) had no significant effect on the duration of 
mechanical ventilation. However, the decrease of forced 
expiratory volume in 1 second (FEV1)/forced volume vital 

Figure 1 Distribution of mechanical ventilation duration.
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Table 1 Clinical characteristics and lung function of the patients and their relationship with the duration of mechanical ventilation

Variables Number P value

Number of patients 130

Age (years, mean ± SD) 62.8±9.1 0.004a

Duration of mechanical ventilation (days, mean ± SD) 10.1±9.5

Neoadjuvant therapy 18 (13.8%) 0.477b

Smoking history 90 (69.2%) 0.197

Smoking index (mean ± SD) 698.8±383.8 0.353

VC (L, mean ± SD) 3.3±0.7 0.693

FEV1/FVC (%, mean ± SD) 75.2±12.3 0.046

MVV (L/min, mean ± SD) 97.5±28.4 0.265

RV/TLC (%, mean ± SD) 40.3±6.6 0.012

DLCO (mmol/min/kPa, mean ± SD) 7.5±1.5 0.401

DLCO/VA (mmol/min/kPa/L, mean ± SD) 1.5±0.2 0.759

VC, vital capacity; FEV1, forced expiratory capacity in 1 second; FVC, forced vital capacity; MVV, maximal voluntary ventilation; RV,  
residual volume; TLC, total lung capacity; DLCO, carbon monoxide diffusing capacity; DLCO/VA, transfer factor per unit alveolar volume; a, 
by Spearman’s rank correlation test; b, by Mann-Whitney U test.
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capacity (FVC) ratio and the increase of residual volume 
(RV)/total lung capacity TLC ratio can significantly prolong 
the duration of mechanical ventilation (P=0.046, P=0.012, 
respectively).

We also studied some biochemical indicators to discover 
their effects on the recovery of respiratory failure, as shown 
in Table 2. The patients’ WBC count in this study ranged 
from 5.8 to 36.7 (×109/L). A total of 120 (92.3%) patients 
had higher values than normal, the average value was 15.5 
(×109/L). Data analysis revealed no correlation between 
WBC count and mechanical ventilation duration of the 
patients (P=0.125).

O f  t h e  t o t a l  1 3 0  p a t i e n t s ,  1 9  d e v e l o p e d 
thrombocytopenia. As shown in Figure 2, for patients 
with normal platelets count, the average duration of 
mechanical ventilation was 8.7 days, while for patients with 
thrombocytopenia, the average duration of mechanical 
ventilation was 18.6 days, the latter was more than 
twice as much as the former (P<0.001). It could be seen 
that thrombocytopenia had a significant impact on the 
rehabilitation of patients with respiratory failure. Once 

thrombocytopenia occurred, the duration of mechanical 
ventilation was remarkably prolonged.

The serum creatinine values of patients in this study 
ranged from 39.0 to 298.2 μmol/L, the average value was 
85.9 μmol/L. In this study, 17 (13.1%) patients had higher 
creatinine levels than normal (18–110 μmol/L). The result 
of statistical analysis suggested that the patients’ creatinine 
level had an influence on the duration of mechanical 
ventilation (P<0.001).

The CRP values of patients in this study ranged from 
20.7 to 465.4 mg/L. Their average value was 222.7 mg/L.  
All patients in this study had higher levels of CRP than 
normal (0–8 mg/L). Statistical analysis indicated that the 
level of CRP could influence the length of mechanical 
ventilation (P=0.020). 

The lactate value in this study ranged from 0.6 to  
15.0 (mmol/L), among them, 23 patients (17.7%) had 
higher lactate levels than normal. Data analysis showed that 
the level of lactate could significantly affect the duration of 
mechanical ventilation in patients (P=0.002).

The scatter plots of the relationship between the factors 

Figure 2 Comparison of mechanical ventilation duration in 
patients with normal platelet count and thrombocytopenia.

Figure 3 The relationship between age and duration of mechanical 
ventilation.

Table 2 Clinical laboratory parameters of the patients and their relationship with the duration of mechanical ventilation

Variables Number P value

White blood cell count (×109/L, mean ± SD) 15.5±5.0 0.125a

Thrombocytopenia, n (%) 19 (14.6%) 0.000b

Creatinine (μmol/L, mean ± SD) 85.9±47.7 0.000a

C-reactive protein (mg/L, mean ± SD) 222.7±83.8 0.020a

Lactate (mmol/L, mean ± SD) 2.1±2.0 0.002a

a, by Spearman’s rank correlation test; b, by Mann-Whitney U test.
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studied above and the duration of mechanical ventilation 
were shown in Figures 3-7.

Discussion

Considering that most patients in this study recovered 
within one to two weeks. As we know, respiratory failure 
after esophageal cancer surgery is often a kind of ARDS 
caused by surgical trauma and inflammatory stimulation. 
Since the pathogenic causes are relatively simple, the 
prognosis may be comparable. So perhaps this type of 
patient could serve as a model for studying ARDS caused by 
traumatic inflammation, helping us to compare the effects 
of different factors on the recovery progress of respiratory 
failure.

Among the lung function indicators, we studied, FEV1/

FVC ratio and RV/TLC ratio were found to be risk factors 
to the duration of mechanical ventilation. We know that 
when patients’ airway resistance increase, such as in patients 
with chronic obstructive pulmonary disease or acute attack 
of bronchial asthma, these two indicators will be abnormal. 
And when a patient has a decrease in lung elasticity, such 
as in emphysema, the RV/TLC ratio increases. Therefore, 
when the patient had some of the above abnormalities, the 
mechanical ventilation duration would be prolonged.

This study analyzed the influences of several factors on 
the recovery of respiratory failure. Owing to the decline of 
the physical function and the low organ reserve function of 
the elderly, it is often difficult for them to recover or slow 
to recover after illness. This study confirmed that advanced 
age prolonged the duration of mechanical ventilation. 
This reminds us that we should be more cautious in the 

Figure 4 The relationship between white blood cell count and 
duration of mechanical ventilation.

Figure 5 The relationship between serum C-reactive protein level 
and duration of mechanical ventilation.

Figure 6 The relationship between serum creatinine level and 
duration of mechanical ventilation.

Figure 7 The relationship between serum lactate level and 
duration of mechanical ventilation.
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treatment of elderly patients after esophageal cancer 
surgery.

We know that there are many factors that can cause 
the increase of WBC, including infection, trauma, 
inflammation, stress response, bleeding, etc. Therefore, 
the elevation of WBC is usually not clinically specific. This 
study also suggested that there is no statistical correlation 
between the values of WBC and the duration of mechanical 
ventilation. So, the level of WBC is less valuable in assessing 
the prognosis in this kind of patients.

CRP is a rapidly rising protein in plasma when the 
body is exposed to infection or tissue damage. As a 
highly sensitive indicator of acute response, plasma CRP 
concentration increases rapidly and significantly in trauma, 
infection, inflammation, surgery and acute myocardial 
infarction. Traditionally, CRP is considered as a non-
specific inflammatory marker. Nevertheless, the results 
of this study found that there was a certain correlation 
between CRP level and the patient's mechanical ventilation 
duration. In patients with higher CRP values, mechanical 
ventilation would take longer.

This study found that although WBC levels in routine 
blood tests had little effect on the prognosis of patients, 
thrombocytopenia was a completely different matter. 
Thrombocytopenia is a common clinical manifestation 
in severe patients. The incidence of thrombocytopenia in 
critically ill patients during ICU is 14% to 44% (9,10). 
There are many factors that could cause thrombocytopenia, 
including surgery, sepsis, use of vasoactive drugs, 
organ dysfunction, etc. (9,11). This study found that 
thrombocytopenia had an important impact on the 
prognosis of patients with respiratory failure. Patients with 
thrombocytopenia had significantly longer ventilation 
duration. This suggested that thrombocytopenia could be a 
sensitive indicator of the severity of the disease.

Acute kidney injury (AKI) is a common critical disease, 
which is characterized by a rise in serum creatinine and/
or a decrease in urine volume in a short period of time. 
The incidence of AKI in critically ill patients is as high as 
35% (12). Prospective multicenter studies have shown that 
severe sepsis is the leading cause of AKI (13,14). In this 
study, a total of 17 patients (13.1%) developed creatinine 
elevation. Statistical analysis showed that creatinine level 
was correlated with the duration of mechanical ventilation. 
Therefore, creatinine level can be used as an evaluation 
factor for the prognosis of respiratory failure after 
esophageal cancer surgery.

Lactate is the product of anaerobic metabolism of cells. 

Arterial blood lactate elevation is an early sensitive indicator 
of deficiency of tissue perfusion and oxygen supply (15). 
It is suggested that when the level of blood lactate exceeds 
4 mmol/L in sepsis patients, the mortality rate increases 
greatly (16). Blood lactate level may be one of the clinical 
indicators to evaluate the severity and prognosis of sepsis 
patients (17). This study found that blood lactate level 
was related to the recovery of patients with respiratory 
failure. The higher the lactate value, the longer the patient’s 
mechanical ventilation would be. This suggested that lactate 
was also one of the indicators to estimate the prognosis of 
respiratory failure after esophagectomy.

In conclusion, this study investigated several factors that 
may affect the recovery of patients with respiratory failure 
after esophageal cancer surgery. Abnormal FEV1/FVC ratio 
and RV/TLC ratio as well as old age, thrombocytopenia, 
elevated creatinine, CRP and blood lactate were found to 
be risk factors for the recovery of patients with respiratory 
failure after esophagectomy.

The present study was conducted on a relatively larger 
number of patients compared to some other studies; 
however, the main limitation of this study is that it utilized 
data from a single-center and is retrospective in design. 
Further studies with a prospective, multicenter design will 
better clarify the predictive factors for respiratory failure 
after esophagectomy.
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