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Background: To investigate the regularity and the influence factors of nasogastric decompression volume
after esophagectomy, and explore whether the volume of nasogastric decompression can be employed as a
predictor for postoperative complications of esophageal carcinoma.

Methods: Consecutive 247 patients with esophageal cancer who underwent esophagectomy were
retrospectively evaluated. The volume of postoperative nasogastric decompression was recorded and the
regularity based on it was described. The single and multiple factors regression analysis were used to find
out relative factors of the nasogastric decompression volume among the patients without postoperative
complication. Gender, age, height, weight, tobacco or alcohol exposure, location of the tumor, histological
type, pathological staging, operation time, surgical procedures, anastomotic position and gastric conduit
reconstruction were considered as the independent variable. Then, verify the former regression models using
the data of patients with postoperative complications.

Results: In trend analysis, the curve estimation revealed a quadratic trend in the relationship between
nasogastric decompression volume and postoperative days (R =0.890, P=0.004). The volume of postoperative
nasogastric decompression was described by daily drainage (mL) =82.215 + 69.620 x days - 6.604 x days’.
The results of multiple linear stepwise regression analysis showed that gastric conduit reconstruction ($=0.410,
P=0.000), smoking (B=-0.231, P=0.000), age (B=-0.193, P=0.001) and histological type of the tumor ($=-0.169,
P=0.006) were significantly related to the volume of nasogastric decompression. The average drainage in 5
days after surgery =262.287 + 132.873 x X1 - 72.160 x X2 - 27.904 x X3 - 36.368 x X4 (X1, gastric conduit
reconstruction; X2, smoking; X3, histological type; X4, age). The nasogastric decompression of the patients
with delayed gastric emptying, and lung infection statistically differ from their predictive values respectively
according to the former equation (P<0.01), but the data of anastomotic leakage cases had no significance
difference (P=0.344).

Conclusions: It is found that the volume of postoperative nasogastric decompression presents a
quadratic trend based on the days after esophagectomy. Gastric conduit reconstruction, smoking history,
age and histological type were independent factors affecting on the volume of postoperative nasogastric
decompression. Also, the volume of nasogastric decompression has validity and application value for
predicting postoperative complications.
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Introduction

Esophageal cancer is the eighth most common cancer
in the world, especially in China (1). Surgical resection
remains the gold standard for localized esophageal cancer,
but esophagectomy is a complex operation with several
serious postoperative complications, which may result
in high morbidity and mortality (2-4). According to the
previous data, anastomotic leakage and other complications
increased the risk of recurrence in patients who underwent
curative gastroesophageal cancer resection (5,6).
Application of a nasogastric tube (NGT) is most important
part in the postoperative period after esophagectomy
for decompression of the gastric conduit. The purpose
of postoperative NGT decompression was presumed to
prevent distant of the gastric conduit and hence prevent
anastomotic leak, pulmonary aspiration, and respiratory
infection. However, the use of NGT was reported to have
some adverse effects, including throat pain, nasal mucosal
damage, sinusitis, gastritis, and epistaxis (7). Therefore,
in recent years some studies have been published to
support elimination of NGT decompression after gastric
or esophageal surgery, especially after minimally invasive
(MIE) approach (8,9). However, there is still a controversy
whether the application of NGT decompression after
esophagectomy is necessary. The aim of this study was
to determine the dynamic of NGT decompression after
esophagectomy and to evaluate its predictive value for
postoperative complications.

Materials and methods
Participants

Between November 2007 and August 2013, a consecutive
series of 247 patients underwent esophagectomy for
esophageal or gastroesophageal junction carcinoma with
curative intent were retrospectively evaluated. A total of
11 patients were excluded from this analysis: 3 patients
were excluded because of application of acid-inhibitory
drug for peptic ulcer; 1 patient suffered from preoperative
pyothorax; 4 patients with gastric fundus invasion were
performed by subtotal gastrectomy and Roux-y anastomosis;
transhiatal esophagectomy in 2 cases; and hepatic metastases
in 1 case. There were 191 cases with non-complication
and 45 patients suffered from postoperative complications,
including pulmonary infection, anastomotic leakage, disorder
of gastrointestinal function recovery, anastomotic bleeding,
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and atrial fibrillation were included in our analysis.

Before the procedure, patients’ liver and renal function,
blood-coagulate functions, tumor markers, blood and urine
routine were tested. Routine examinations including upper
digestive tract radiography and gastroscope were completed
to definite the pathological diagnosis. And cranial MRI,
abdominal ultrasound and Bone Scintigraphy were
performed to confirm the absence of distant metastases.
In order to assess surgery tolerance, we also performed
pulmonary function and electrocardiogram pre-operatively.
Esophageal cancer staging was based on the American Joint
Committee on Cancer (AJCC) 2009 cancer staging (10).

Surgical approach

The following standard surgical techniques were performed:
sweet in 140 patients, McKeown in 11 patients (3 MIE, 5 open,
and 3 hybrid), Ivor-Lewis in 70 patients (7 MIE, 13 open,
and 50 hybrid), and simple transabdominal in 15 patients.
For surgical approach, at least 6-8 cm of normal tissue
was resected above the proximal edge of the tumor to
avoid neoplastic involvement of the resection margins. We
advocate a complete resection with a 2-field lymph node
dissection routinely and fewer 3-field lymphadenectomies.
As for reconstruction, we preformed stomach as
replacement in all patients. The anastomotic position was
including: Cervical anastomosis and intra-thorax. In order
to drain sufficiently, we placed the NGT into the distal
remnant stomach.

Postoperative treatment

During the postoperative period, all patients were fasting
and received intravenous nutrition support therapy
according to the patients’ physiological requirements and
biochemical indices. Meanwhile, 40 mg of omeprazole was
administered intravenously per day. The NGT was kept on
draining, and removed until no leakage was observed that
confirmed by drinking 50 mL methylene blue, and then oral
intake of liquids was initiated.

Complications

There were 45 cases suffered from postoperative
complications according to the following diagnostic criteria:
(I) the standard of pulmonary infection diagnosis refer to
the diagnostic criteria of hospital acquired pneumonia (11);
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Table 1 Postoperative complication in patients with esophageal

carcinoma
Complication Case (n) Incidence rate (%)
Pulmonary infection 16 6.77
Anastomotic leakage 12 5.08
Pool gastrointestinal 8 3.39
functional recovery
Atrial fibrillation 7 2.97
Anastomotic hemorrhage 2 0.85
Total 45 19.07
300-
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Figure 1 The curve of nasogastric decompression volume with the

change of days after operation; goodness of fit (R’=0.890).

Table 2 Coefficients of the equation about nasogastric decompression
and postoperative days
Unstandardized Standardized

Parameters . - t P
coefficients coefficients

Day 69.620 3.938 5.763 0.002

Day’ -6.604 -3.444 -5.040 0.004

Constant 82.215 3.470 0.018

(II) anastomotic leakage was diagnosed by digestive tract
radiography or methylene blue; (III) pool gastrointestinal
functional recovery (i) clinical manifestations: nausea,
vomiting, frequent hiccups, exhaust and defecation time
obviously extended, (ii) X-ray chest radiograph: the shadow
of thoracic stomach was expansive and air-fluid level can
be seen in the stomach; (IV) postoperative anastomotic
hemorrhage was confirmed by gastroscopy; (V) atrial
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fibrillation was diagnosed by electrocardiogram (7ible 1).

Statistics analysis

The SPSS software package 17.0 for Windows was used
for statistical analysis. The regularity of nasogastric
decompression volume, stratified by postoperative days, was
conducted and described by using curve estimation method.
A set of equations were established and verified by fitting
analysis.

The single and multiple factors regression analysis were
used for patients without complication. The volume of
nasogastric decompression was regarded as the dependent
variable. Gender, age, height, weight, tobacco or alcohol
exposure, location of the tumor , histologic type, pathological
stage, operating time, mode of surgical procedures,
anastomotic position and gastric conduit reconstruction were
considered as independent variables. Continuous data were
shown as mean = SD or as median and interquartile range
(IQR). All of the data were analyzed by Mann-Whitney U or
Kruskal-Wallis H test.

After that, the factors of patients with postoperative
complications were fitted into the mathematical model
established previously, and the predictive value of the
mathematical model was compared to the actual volume
they created. P values <0.05 were considered statistically
significant.

Results

In trend analysis of 191 patients without digestive
disease history, including chronic gastritis, peptic ulcer,
reflux esophagitis etc., the curve estimation revealed a
quadratic trend in the relationship between nasogastric
decompression volume and postoperative hospitalization
(R-square =0.890, P=0.004). The postoperative daily
nasogastric decompression was described by Drainage
(mL) =82.215 + 69.620 x days - 6.604 x days’ (the curve is
shown in Figure I). The equation has a quite good fitting
degree (R’=0.890). The coefficients of that equation showed
statistical significance (P<0.05) (Table 2).

Single and multiple regression analysis were performed
to find out the risk factors of postoperative nasogastric
decompression of those 191 patients. The average volume
of nasogastric decompression in 5 days after operation
was used as dependent variable, meanwhile, gender, age,
height, weight, smoking, drunk, location of the tumor,
histological type, pathological staging operation time,
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surgical procedures, anastomotic position and gastric
conduit reconstruction were considered as the independent
variable. The univariate analysis showed significant
differences on gender, age, smoking, drunk, location of the
tumor, histological type, anastomotic position and gastric
conduit reconstruction (P<0.05, 7able 3). So these factors
were included into the multivariate analysis. According to
the results of multiple stepwise regression, gastric conduit
reconstruction (B=0.410, P=0.000), smoking (p=-0.231,
P=0.000), age (B=-0.193, P=0.001) and histological type
(B=-0.169, P=0.006) were significantly related to the volume
of postoperative nasogastric decompression (1uble 4). The
volume of average drainage in 5 days after surgery =262.287 +
132.873 x X1 -72.160 x X2 - 27.904 x X3 - 36.368 x X4 (value
assignment is presented in Table 5). F test was performed to
evaluate the equation above (F=27.245, P=0.000).

The clinical factors of patients with postoperative
complications were brought into the standard equation.
Compared to the predictive volume, the actual volume
which created in the first 5 days after surgery of the
patients with poor recovery of gastrointestinal function
was significantly richer (P=0.004, Figure 2A4). There was no
significant difference between the actual drainage and the
predictive value of standard equation in the patients with
anastomotic leakage (P=0.988) (Figure 2B). Meanwhile, the
nasogastric decompression of the patients with pulmonary
infection in the first 5 days after operation was less than the
predictive value (P=0.001, Figure 2C).

Discussion

The concept that NGT should be used after esophagectomy
has been argued recently. It has been reported that using
or disusing NGT decompression has no significant
difference in postoperative complications, and the use
of NGT decompression during MIE esophagectomy
can be safely omitted (12,13). But these studies seldom
comprehensively described the characteristics and influence
factors of the volume of nasogastric drainage during the
postoperative period. We attempt to explore the regularity
and the influence factors of nasogastric decompression
after esophagectomy, to assess the predictive value of
nasogastric decompression for postoperative complications
of esophageal carcinoma.

According to the result of 191 patients without
postoperative complication, the relation between nasogastric
decompression volume and postoperative hospitalization
is in line with a quadratic curve showing that, after the
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surgery, the volume of nasogastric decompression increases
firstly and decreases after reaching the peak. We considered
that at the early period after the surgery (the first and the
second day), stress reaction caused by operative trauma
and pain can enhance the exciting level of the sympathetic
nerve and depress the vagus nerve as well. The vagus nerve
is the most important factors to regulate the secretion level
of gastric acid (14). Therefore, transection of the vagus
nerve during the esophagectomy will depress the secretion
level of gastric juice. Relieved from the stress reaction,
the secretion level of gastric juice recovers gradually and
the nasogastric decompression volume increases. The rein
creasing of gastric juice secretion indicates recovering of
gastric emptying. Meanwhile, the curve of nasogastric
decompression is experiencing an approximate plateau,
meaning that the curve is trending up while the rate is
decreasing. Increasing of gastric secretion and recovering
of gastric emptying mutually restrict each other and keep
balance during this period. And after 4 or 5 days the
volume of nasogastric decompression reaches to the peak
level, before altering to a decreasing phase. This alteration
indicates that gastric emptying is in the dominated status,
which happens in the same time with exhaust and defecation
for most patients. In conclusion, after esophagectomy the
curve of the nasogastric decompression volume may be
divided into three stages: the recovery of the secretion
of gastric acid during the early period, the approximate
plateau caused by mutual restriction between the secretion
of gastric acid and gastric emptying, and the recovery
of gastric emptying during the late period. However, by
reviewing the details of each patient, the data of all the
191 patients are compliant with the law that nasogastric
decompression volume increases firstly and decreases
lately, and the peak level appears between the fourth and
the fifth day after procedure (some patients might be late).
Therefore, this predictive curve can properly describe the
trends of nasogastric decompression after the surgery.
According to the results of regression analysis,
gastric conduit reconstruction, smoking history, age
and histological type are relative factors for nasogastric
decompression volume sequentially. Whether the gastric
conduit is conducted or not has the most significant
influence towards nasogastric decompression volume. In
the previous literatures, the best replacement of esophagus
after esophagectomy has been argued. Although stomach
is the most popular option, the major problem of intra-
thoracic stomach is discomfort and regurgitation of
digestive juice caused by anatomical structure destroyed.
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Table 3 Univariate analysis of risk factors impacting on postoperative nasogastric decompression in 5 days after operation

Factors Case (n=191) Average (mL) % or Z value P
Gender Z=-3.413 0.001
Male 164 232.0
Female 27 139.4
Age (years) ¥’=15.179 0.001
<55 49 279.4
55-65 76 223.2
>66 66 167.4
Height (cm) ¥’=8.736 0.079
<165 36 201.8
165-174 123 237.3
=175 32 201.5
Weight (kg) ¥*=0.036 0.982
<59 54 223.5
60-79 118 214.0
>80 19 224.0
Smoking Z=-4.601 0.000
Yes 131 248.2
No 60 151.0
Alcohol Z=-4.584 0.000
Yes 91 265.8
No 100 173.9
Tumor location ¥*=8.084 0.018
Upper 13 359.8
Middle 55 229.1
Lower 123 197.2
Histology ¥=19.471 0.000
Squamous cell carcinoma 134 2454
Adenocarcinoma 50 148.7
Others 7 180.3
AJCC stage ¥*=0.000 1.000
| 18 235.4
Il 72 209.8
11l 101 220.1
Duration of surgery (h) ¥’=7.375 0.061
<25 41 169.8
2.5-4 79 218.7
4-5.5 51 2441
>5.5 20 2447
Surgical procedures ¥*=0.039 0.108
Sweet 114 209.5
Ivor-Lewis 54 220.5
McKeown 13 289.2
Simple transabdominal 10 193.3
Gastric conduit Z=-5.857 0.000
Yes 138 175.9
No 53 326.7
Anastomotic position ¥*=9.576 0.023
Cervical region 13 290.3
Above the aortic arch 82 240.2
Under the aortic arch 87 191.9
Diaphragm 9 156.8
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Table 4 The coefficients of multiple linear regression equation

Zhao et al. Nasogastric decompression after esophagectomy

Coefficients Unstandardized coefficients (B) Standardized coefficients () t P

Constant 262.287 5.915 0.000
Gastric conduit 132.873 0.410 6.938 0.000
Smoking -72.160 -0.231 -3.816 0.000
Age -36.368 -0.193 -3.255 0.001
Histology -27.904 -0.169 -2.774 0.006

Table 5 Assignment of the influence factors of nasogastric

decompression after operation

Factor Variable Assignment

X1 Gastric conduit 1, yes; 2, no

X2 Smoking 1, yes; 2,no

X3 Histology 1, SCG; 2, others; 3, ACA

X4 Age 1, <55 years; 2, 56-65 year; 3, =66 years

SCC, squamous cell carcinoma; ACA, adenocarcinoma.

A Poor recovery of gastrointestinal function
800
-o- Predictive volume (mL)

600 -# Actual volume (mL)
)
E 400 P=0.004
>

200

0+ T T T T ]
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Anastomotic leakage
—-o- Predictive volume (mL)

-# Actual volume (mL)
- 4001
‘g’ P=0.988
> 200 '
5 10

0 1
0 15
Time (days)
_ Pulmonary infection
C 400 -o- Predictive volume (mL)
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Figure 2 Comparisons of the predictive volume and actual volume
of patients with postoperative complications. (A) Patients with poor
recovery of gastrointestinal function; (B) patients with anastomotic

leakage; (C) patients with pulmonary infection.
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Therefore, some foreign scholars were inclined to choose
long segment jejunal interposition with microvascular
augmentation or colon as the replacing organ (15).
Currently, with the development of gastric conduit
reconstruction, Gastric conduit has become the hotspot
of esophageal cancer. However, most surgeons would
agree that the stomach is the most robust and straight-
forward esophageal replacement (16). Compared with
whole stomach reconstruction, gastric conduit has lots
of advantages, which can effectively decrease the gastric
juice secretion of residual stomach, improve the blood
supply, relieve the tension, and lower the occurrence rate of
anastomotic leakage after surgery (17). Meanwhile, it can
also relieve the discomfort of intra-thoracic stomach and
oppression of heart and lungs conducted by extremely large
stomach, lowering the occurrence rate of cardiopulmonary
complications. Additionally, gastric conduit is reconstructed
in esophageal bed, heartbeat can also, to some extent, drive
peristole and accelerate gastric emptying. And this research
can prove these opinions: the formation of gastric conduit
reduces the amount of parietal cell on the lesser curvature,
which reduces the secretion of gastric acid, and meanwhile,
gastric conduit is similar with the original esophagus, which
is easy for gastric emptying. The synergistic effect of all the
factors makes the nasogastric decompression of those who
receive gastric conduit reconstruction obviously less than
that of those who not.

"The nasogastric decompression of patients with long-term
smoking history is richer than the patients with no smoking
history. According to the past researches about the etiology
of peptic ulcer, long-term smoking can increase secretion
of gastric acid, weaken the function of pyloric sphincter,
increase regurgitation of duodenal juice or bile and delay
gastric emptying (18). All those factors can lead to the
richer nasogastric decompression of the long-term heavily
smoking patients.

According to this research, age influences the nasogastric
decompression independently. Elder patients have lower
nasogastric decompression than young patients do. It is
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perhaps because, as growing older, the stomach of patients
will atrophy gradually. The decreasing of parietal cells
reduces the secretion of basic gastric acid. And results
relatively lower level of nasogastric decompression after
surgery.

The major histological type of esophageal cancer is
squamous carcinoma, while that most of adenocarcinoma
is gastroesophageal junction carcinoma. According
to the experience of clinical surgery, Gastric cardiac
adenocarcinoma is closer to the stomach than esophageal
squamous carcinoma. Therefore, surgery for them needs
to cut more, leading to lower secretion of gastric acid.
Additionally, there are some parietal cells on the gastric
fundus, so cancer will probably destroy part of parietal cells,
lowering the secretion of gastric acid. So the nasogastric
decompression volume of adenocarcinoma is lower than
esophageal squamous carcinoma’s. Therefore, combined the
single factors mentioned above, the location of the tumor
is also one of the effect factors. However, by analyzing
multiple factors, it is removed from the regression equation.
We think that dividing lower segment esophageal squamous
carcinoma and gastroesophageal junction carcinoma into
one group could have influence on that result of research.

Through comparison between the nasogastric
decompression of patients who have complication after
surgery and the predicted equation, it can be found that,
during the first five days, patients whose gastrointestinal
functions do not recover smoothly experience higher
nasogastric decompression than normal patients will. This
difference is statistically reasonable (P=0.004). For this
dysfunction, gastric emptying may be delayed, which leads
to the failure of automated discharge of gastric juice that
need to be discharged by nasogastric decompression.

By comparing the nasogastric decompression of patients
who had postoperative lungs infection with normal
equation, it can be found that they have lower nasogastric
decompression. This difference is statistically reasonable
(P=0.001). It can be due to inadequate drainage, which leads
to the inefficient discharge of gastric and digestive juice and
severe gastric retention. The gastric retention will lead to
expansion of thoracic stomach. Then, such expansion will
press lungs and lead to pulmonary infection. On the other
hand, the situation of patients with anastomotic leakage
after the surgery does not show such difference with normal
equation.

By comparing the drainage of patients with complications
with the regression equation conducted by calculating the
data of those without the complications, we can efficiently

© Journal of Thoracic Disease. All rights reserved.

$105

remove other influence factors towards the result. But as
we all know, there are too many factors affect postoperative
complications, and management after surgery is just one of
all the factors. Due to the limited number of complications
collected in this study, it cannot comprehensively show
the influence of nasogastric decompression towards the
complications. However, by this study, we can still find that
nasogastric decompression after surgery is valued to predict
the postoperative complications. In terms of the future
studies, we will collect more data about complications as
prospective study to better prove the relation between
nasogastric decompression and complications.

With the improvement of surgical techniques and
nutrition support, Fast-track surgery has already been the
hotspot of surgery (19-22). Removing the NGT at early
period of surgery or no NGT after surgery has already
been attempted. We consider that the base of such attempts
is that the nasogastric decompression is moderate and
can be discharged by gastric emptying itself. This study
can provide reference information to fast-track surgery.
However, the security issues of removing the NGT at early
period of surgery or no NGT after surgery still need to be
approved by further large-scale random prospective studies.
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