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Abstract 

Background 

Dysphagia is a prominent symptom after esophagectomy and may cause aspiration pneumonia. Swallowing 

evaluation after esophagectomy can predict and help control the incidence of postoperative pneumonia. The aim 

of this study was to clarify whether the change in tongue pressure was associated with any related factor and 

postoperative dysphagia/pneumonia in patients with esophageal cancer after esophagectomy.  

Methods 

Fifty-nine inpatients (41 males and 18 females; 33 - 77 years old) who underwent esophagectomy participated in 

this study. Measurement of tongue pressure and the repetitive saliva swallowing test (RSST) was performed before 

esophagectomy (baseline) and at 2 weeks postoperatively. The general data were collected from patients’ medical 

records, including sex, age, type of cancer, cancer stage, location of cancer, operative approach, history of previous 

chemotherapy, surgical duration, amount of bleeding during surgery, incidences of postoperative complications, 

intubation period, period between surgery and initiation of oral alimentation, and intensive care unit (ICU) stay, 

blood chemical analysis, and lifestyle. 

Results 

Tongue pressure decreased significantly after esophagectomy (p = 0.011). The decrease of tongue pressure was 

significantly associated with length of ICU stay and preoperative tongue pressure on multiple regression analysis 

(p < 0.05). The decrease of tongue pressure in the RSST<3 or postoperative pneumonia (+) group was significantly 

greater than in the RSST≥3 (p = 0.003) or pneumonia (-) group (p = 0.021).  

Conclusions 

The decrease in tongue pressure was significantly associated with the length of ICU stay, preoperative tongue 

pressure, and the incidence of dysphagia and pneumonia among inpatient after esophagectomy. 
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Introduction 

Esophagectomy for esophageal cancer is highly invasive and has a high risk of postoperative complications 

including damage to the recurrent laryngeal nerve, dysphagia and pneumonia [1]. Dysphagia is a prominent 

symptom through swallowing impairments after esophagectomy and may cause aspiration pneumonia [2, 3]. 

Aspiration pneumonia affects mortality during the early postoperative period [4-6]. Furthermore, patients after 

esophagectomy had lower quality of life scores across many domains including swallowing impairments [7]. Thus, 

improvement of swallowing function and prevention of aspiration pneumonia are necessary for patients after 

esophagectomy [8, 9]. 

Swallowing function can predict postoperative pneumonia after esophagectomy, and recovery of swallowing 

function reduces the incidence of postoperative pneumonia [10]. Thus, safe and easy evaluation of swallowing is 

desired to predict pneumonia. Measurement of tongue pressure has been developing using a non-invasive, easy, 

and portable device. A previous study showed that, using the device, tongue pressure was reduced 1-2 weeks after 

surgery for head and neck cancer including oral cavity as operative field and then, tongue pressure was associated 

with cancer stage and operative reconstruction [11]. Thus, exact monitoring of tongue pressure is important for 

evaluation of swallowing and oropharyngeal movements [12, 13].  

The previous study showed that tongue pressure after esophagectomy was reduced among only 5 patients [11]. 

However, the factors related to changes in tongue pressure after esophagectomy remain unclear, unlike those after 

surgery for head and neck cancer including oral cavity as operative field. We hypothesized that tongue pressure 

after esophagectomy is decreased by some factors, and that the change in tongue pressure is associated with 

postoperative dysphagia/pneumonia in esophageal cancer patients as a review reports abnormal swallowing and 

increased pneumonia risks after esophagectomy [3]. The aim of this study was to clarify whether the change in 

tongue pressure was associated with any related factor and postoperative dysphagia/pneumonia in patients with 

esophageal cancer after esophagectomy.  
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Material and Methods 

Ethics Statement 

This was a longitudinal study. The study protocols were approved by the ethics committee of Okayama University 

Hospital (No. 1506-074, July 17, 2012). All procedures followed were in accordance with the ethical standards of 

the responsible committees on human experimentation (institutional and national) and with the Helsinki 

Declaration of 1964 and later versions. Written, informed consent was obtained from all patients for inclusion in 

the study.  

 

Study population 

The inclusion criteria were as follows: esophagectomy for primary esophageal cancer planned at the Department 

of Gastroenterological Surgery at Okayama University Hospital from January 2016 to December 2017; received 

oral hygiene care at the dental clinic; and had the ability to provide written, informed consent. Exclusion criteria 

were: inability to continue the study due to re-operation or other reasons; and undergoing postoperative swallowing 

rehabilitation (cervical range of motion exercise and tongue exercise) [13] that can change tongue pressure by a 

speech-language-hearing therapist because the therapist found patients with high risk of dysphagia using 

videofluorography. 

 

Measurement of tongue pressure 

Tongue pressure measurements were performed using the JMS tongue pressure measurement system (JMS Co. 

Ltd., Hiroshima, Japan) on the day before esophagectomy and 2 weeks postoperatively [14]. The patient was 

placed in a relaxed sitting position and asked to place the balloon on the anterior part of the palate. The patient 

was then asked to raise the tongue and compress the balloon onto the palate as much as possible for 5 s. 

Measurements were repeated three times, and the mean value was used as the individual tongue pressure. The 

change in tongue pressure was calculated by subtracting 2-weeks value from baseline. 

 

Dysphagia screening test 

The Repetitive Saliva Swallowing Test (RSST) as a dysphagia screening test was performed at the same time as 

measurement of tongue pressure [15] because RSST does not include intake per mouth which might make it a 

safer screening method unlike water swallowing test. The patient was instructed to repeatedly swallow saliva for 

30 s and to count the number of swallows achieved. The number of swallows was counted by a dentist. The cut-
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off value was set at three swallows or less/30 s, because the sensitivity and specificity for dysphagia were 0.98 and 

0.66 in the previous study [15].  

 

General status assessment 

Medical charts were reviewed to obtain information about age, sex, and several perioperative factors. Perioperative 

information included: body weight, height, cancer type, cancer stage (International Union Against Cancer ver. 7), 

tumor location, with or without previous chemotherapy, operative approach (thoracotomy or thoracoscopy), field 

of lymphadenectomy (<3-field or 3-feild), operative time, operative bleeding, extubation day, fever (≥38°C) days, 

incidence of pneumonia and aspiration, frequency of recurrent laryngeal nerve palsy and anastomotic leakage, 

reconstruction, laryngectomy, period between surgery and initiation of oral alimentation, length of ICU stay, 

preoperative number of white blood cells (WBC), serum C-reactive protein (CRP), and albumin (Alb). Pneumonia 

was postoperatively diagnosed by the below criteria. The necessary criterion for pneumonia diagnosis was a 

radiographic infiltrate by surgeons. Furthermore, a pneumonia diagnosis required at least 2 of the following 3 

criteria: white blood count of 9800 (/µl) or higher; temperature of 38°C or higher; and purulent sputum [16]. The 

definition of movement from ICU to general ward was based on patients’ condition with no-fever, no-respiratory 

and no-circulatory problem, and the improvement of physical activity (the ability of walking). Aspiration, recurrent 

laryngeal nerve palsy and anastomotic leakage were diagnosed using a laryngoscope at 1 week postoperatively. 

Then, patients who observed no complications were allowed to start oral alimentation. The information about 

lifestyle (drinking and smoking habits) was extracted from the patients’ medical charts. Drinking status was 

categorized into [never; less than 5 days a week (light); 5 or more days a week, less than 360 mL a day (moderate); 

5 or more days a week, 360 mL or more day (heavy)]. Smoking status was categorized into ‘never’, ‘past’, and 

‘current’ [17]. 

 

Statistical analysis 

The normality of data was investigated by the histogram, the Shapiro-Wilk test, the normal Q-Q plots, the skewness 

and the kurtosis [18]. We confirmed the normal distribution of the tongue pressure by the Shapiro-Wilk test 

(preoperative, p = 0.501; postoperative, 0.984; and change in tongue pressure, 0.615) as well as other methods. 

Sample size was estimated from the previous study [11]. The expected values of tongue pressure were 29.7±2.0 

kPa at the preoperative and 17.7±2.3 kPa at the postoperative. Based on the data, a sample size of at least 54 was 

needed to provide power of 95% with an alpha of 0.05 using the paired t-test. Power analysis and sample size 
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determination were calculated using statistical software (G*Power ver. 3.1.9.2, Universität Kiel, Germany) [19]. 

Data analysis was done with the Statistical Package for Social Science (SPSS version 20, SPSS Japan, Tokyo, 

Japan). The correlations between the decrease of tongue pressure and the other parameters were analyzed using 

Spearman’s correlation coefficient and multiple regression analysis. 

Furthermore, the patients were divided into two groups: dysphagia (RSST score < 3) (+) and (-) groups, pneumonia 

(+) and (-) groups at 2 weeks postoperatively, cervical and not-cervical groups, < 3-field lymphadenectomy and 3-

field lymphadenectomy groups, postoperative aspiration (+) and (-) groups, recurrent laryngeal nerve palsy (+) 

and (-) groups or anastomotic leakage (+) and (-) groups [15]. Differences in the changes in tongue pressure 

between these two groups were analyzed by the Mann-Whitney U test. For tongue pressure, the comparison 

between tongue pressure at baseline and at 2 weeks postoperatively was also investigated by the paired t-test. The 

level of significance was set at p < 0.05. 

Finally, the characteristics of participants were compared between the followed-up and excluded groups. 

Differences between the two groups were analyzed by the Mann-Whitney U test, the Fisher’s exact test and Chi-

squared test. The level of significance was set at p < 0.05.   
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Results 

As shown in Figure 1, of the 84 patients, 59 [41 males and 18 females; 33 - 77 years old, 64.2 (mean) and 64.0 

[median] years old) completed the study. Thus, the follow-up rate was 70.2%. Ten patients discontinued this study 

because they had severe malaise. The characteristics of the patients are shown in Table 1. Overall, eight patients 

(13.6%) developed pneumonia. Tongue pressure [median (25%, 75%) and mean ± SD] at baseline was 35.6 (30.4, 

40.9) and 35.6 ± 7.3 kPa. All patients received postoperative oral hygiene care by nurses, and perioperative 

respiratory rehabilitation by physical therapists. All patients started tube feeding postoperatively within a few days. 

Fifty-five patients underwent gastric tube reconstruction. There were no cases of the laryngectomy. 

Tongue pressure decreased significantly from baseline (35.6 ± 7.3 kPa) to 2 weeks postoperatively (34.2 ± 7.3 

kPa) (p = 0.011, the paired t-test) (Figure 2). Tongue pressure in 37 patients (62.7%) decreased.  

Table 2 shows the associations between change in tongue pressure (baseline to 2 weeks) and related parameters. 

The change in tongue pressure was significantly associated with operative time, period between surgery and 

initiation of oral alimentation, length of ICU stay and preoperative tongue pressure (all p < 0.05). In the multiple 

regression model, the change in tongue pressure was significantly associated with length of ICU stay (p = 0.031) 

and preoperative tongue pressure (p = 0.046) (Table 3). Furthermore, the period between surgery and initiation of 

oral alimentation was positively associated with the length of ICU stay. 

Table 4 shows that the change in tongue pressure was greater in the RSST low-score group than in the high-score 

group (p = 0.003). The pneumonia (+) group showed a significantly larger decrease in tongue pressure than the 

pneumonia (-) group (p = 0.021). There were no significant differences in the change in tongue pressure with 

respect to the other clinical factors. 

There were no significant differences between the followed-up (N = 59) and excluded groups (N = 25), except for 

the incidence of recurrent laryngeal nerve palsy and aspiration (Table 5, 6). 
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Discussion 

In this study, tongue pressure decreased significantly in perioperative patients after esophagectomy for esophageal 

cancer. The decrease in tongue pressure was significantly associated with the length of ICU stay on multiple 

regression analysis. In gastrointestinal surgery, the patients who had to fast longer had longer postoperative ICU 

stays [20]. In the present study, the period between surgery and initiation of oral alimentation was positively 

associated with the length of ICU stay. Patients who had a longer length of ICU stay had a longer the period 

between surgery and initiation of oral alimentation, which led to decreased tongue pressure by disuse muscular 

atrophy.  

The decrease in tongue pressure was significantly associated with the preoperative tongue pressure on multiple 

regression analysis. As the preoperative tongue pressure was higher, the decrease in tongue pressure was greater. 

Tongue pressure is one of the important parameters for evaluating a swallowing disorder, which is a prominent 

symptom after esophagectomy and may cause aspiration pneumonia [2]. Complications, including pneumonia, 

affect patients’ quality of life and survival [7, 21, 22]. Thus, these findings suggest that we should pay attention to 

tongue pressure, especially to high level of preoperative tongue pressure in patients with esophageal cancer after 

esophagectomy.  

The decrease in tongue pressure was significantly associated with the RSST score at 2 weeks postoperatively. The 

RSST is used for screening dysphagia, and one of the methods for assessment of swallowing function, as well as 

the tongue pressure [15]. The RSST is a predictor of aspiration [23, 24]. The decrease in tongue pressure may also 

be a predictor of aspiration in patients after esophagectomy. Patients with pneumonia showed a larger decrease in 

tongue pressure than those without pneumonia. Our finding suggests that decreased tongue pressure is associated 

with dysphagia and indirectly with the incidence of pneumonia. 

Patients with aspiration did not show a larger decrease in tongue pressure than those without aspiration. We 

excluded the sever cases of postoperative aspiration because the patients received the rehabilitation (n=7), and the 

number of aspiration was small in the analyzed data (n=6) that might be the reason for no significant association 

between decrease in tongue pressure and aspiration in this study. 

A lingual resistance exercise can significantly increase tongue pressure [25]. Therefore, a lingual resistance 

exercise for patients during the postoperative weeks might be important for preventing dysphagia and pneumonia.  

The change in tongue pressure was not related to the recurrent laryngeal nerve palsy in this study. Tongue muscles 

are not innervated by the recurrent laryngeal nerve but the hypoglossal nerve [26]. Thus, the recurrent laryngeal 

nerve palsy did not affect the change in tongue pressure. The recurrent laryngeal nerve palsy was not related to 
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postoperative pneumonia and aspiration (data not shown). The previous studies reported that recurrent laryngeal 

nerve palsy is the risk of pneumonia and aspiration [27, 28]. In the present study, the prevalence of the recurrent 

laryngeal nerve palsy was low. Thus, the effects of the recurrent laryngeal nerve palsy on pneumonia and aspiration 

was not statistically significant. 

The change in tongue pressure was not related to anastomotic leakage. The anastomotic leakage and the 

laryngectomy for cervical esophageal cancer are risk factors for swallowing function [29, 30]. In this study, the 

severe cases of anastomotic leakage were excluded because they received swallowing rehabilitation and re-

operation. Moreover, there were no cases of the laryngectomy. Thus, the association of the anastomotic leakage 

and the laryngectomy with change in tongue pressure was not significant in this study. 

The change in tongue pressure was not related to the lymphadenectomy. The swallowing disorder after 

esophagectomy was affected stronger by operative time than by the field of lymphadenectomy [28]. Thus, the 

influence of the field of lymphadenectomy may be small for the tongue pressure compared to operative time in 

this study. 

Furthermore, tongue pressure or the change in tongue pressure was not associated with cancer stage and location 

of cancer. In patients who underwent surgery for head and neck cancer, those with cancer stage III and IV showed 

significantly decreased tongue pressure compared with stages I and II [11]. The head and neck cancer patients with 

advanced stages had more problems with oral function than the patients with early-stage disease [31]. Head and 

neck cancer surgery, which resects an oral organ and causes abnormal oral function, may more strongly affect 

tongue pressure than esophagectomy. 

The patients in this study may not represent a specific population. First, eight patients (13.6%) developed 

pneumonia in this study. Several surveys have reported that pneumonia after esophagectomy has incidence rates 

of 8.7 - 17.7% [32, 33]. The incidence rate in this study was within the range. Second, the mean tongue pressure 

at baseline (35.6 kPa) was within the range in the previous studies (29.7 - 40.7 kPa) of Japanese elderly people 

using the same device [12, 34, 35]. 

The median length of ICU stay was 5 days. The length in this study was longer than that in other studies (1-2 days) 

[36, 37]. The reason may depend on our definition of movement from ICU to general ward. Because all patients 

received medical cares and physical rehabilitation in ICU until getting objective condition with no-fever, no-

respiratory and no-circulatory problem, and the ability of walking, the ICU stay tended to be longer. 

This study has some limitations. First, this was a short-term longitudinal study. The longer-term effects were not 

investigated. Second, this study was conducted in a single institution. A multi-center study will be needed to 
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extrapolate these findings to general inpatients with esophageal cancer after esophagectomy. Third, since the 

follow-up rate was low, selection bias may have been present. Although only the prevalence of recurrent laryngeal 

nerve palsy and aspiration was significantly different between patients who were and were not followed-up, it is 

possible that the low follow-up rate led to an over- or under-estimation of the true relationship. Fourth, dysphagia 

was not diagnosed using videofluorography and fiberoptic endoscopic evaluation, but a screening method was 

used because of the safety, and the good sensitivity and specificity [15]. Fifth, we did not measure the tongue 

pressure in an acute phase within one week after esophagectomy although postoperative one week is the period 

with a highest risk for aspiration or pneumonia. Finally, we did not consider other important confounding factors 

including pathophysiological mechanisms [3]. 

In conclusion, a decrease in tongue pressure was significantly associated with length of ICU stay, preoperative 

tongue pressure, dysphagia, and pneumonia among inpatients with esophageal cancer after esophagectomy. To the 

best of our knowledge, this is the first report to clarify the impact of esophagectomy on tongue pressure.  
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Table 1. Characteristics of participants (N=59) 

Variable   Median (25%, 75%) / 
Number (%) 

Age (y) 64 (61, 69) 
Sex Male 41 (69.5) 
 Female 18 (30.5) 
Height (m)  1.64 (1.59, 1.71) 

Weight (kg)  60.0 (51.3, 64.6) 

Body mass index (kg/m2)  21.2 (19.3, 22.1) 

Cancer type Squamous cell carcinoma 57 (96.6) 

 Adenocarcinoma 2 (3.4) 

Pathological Stage 0 4 (6.8) 
 1 17 (28.8) 
 2 17 (28.8) 
 3 18 (30.5) 
 4 3 (5.1) 
Location of cancer Cervical 4 (6.8) 
 Thoracic 44 (74.6) 
 Abdominal 11 (18.5) 
Chemotherapy (+) 39 (66.1) 
Operative approach Thoracotomy 8 (13.6) 
 Thoracoscopy 51 (86.4) 
Lymphadenectomy <3-field 20 (33.9) 
 3-field 39 (66.1) 
Operative time (min)  540 (501, 579) 
Operative bleeding (ml)  170 (100, 345) 
Extubation after surgery (days)   1 (1, 1) 
Period between surgery and initiation of oral 
alimentation   9 (8, 11) 

Number of fever (≥38°C) days   2 (1, 4) 
Preoperative WBC count (103/µl)  4.87 (4.14, 5.41) 
Preoperative CRP concentration (mg/dl)  0.09 (0.04, 0.17) 
Preoperative albumin concentration (g/dl)  3.9 (3.6, 4.1) 
Postoperative pneumonia (+) 8 (13.6) 
Postoperative aspiration (+) 6 (10.2) 
Recurrent laryngeal nerve palsy (+) 8 (13.6) 
Anastomotic leakage (+) 5 (8.5) 
Length of ICU stay (days)  5 (5, 6) 
Smoking status Never 11 (18.6) 
 Past 48 (81.4) 
 Current 0 (0.0) 
Drinking frequency (/week) Never 10 (16.9) 
 Light 1 (1.7) 
 Moderate 48 (81.4) 
 Heavy 0 (0.0) 
Preoperative tongue pressure (kPa)  35.6 (30.4, 40.9) 
Preoperative RSST score   4 (4, 5) 
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WBC, white blood cell; CRP, C-reactive protein; ICU, intensive care unit; RSST, repetitive saliva swallowing 

test.  
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Table 2. Associations between change in tongue pressure (baseline - 2 weeks) and related parameters 
(N=59) 

Variable Spearman correlation coefficient p value 
Age 0.117 0.376 
Pathological stage -0.033 0.802 
Operative time (min) 0.302 0.020 
Operative bleeding (ml) 0.032 0.809 
Extubation after surgery (days) 0.088 0.507 
Period between surgery and initiation of oral alimentation 0.273 0.036 
Fever (≥38°C) days 0.071 0.593 
Preoperative WBC count (103/µl) -0.025 0.853 
Preoperative CRP concentration (mg/dl) 0.233 0.075 
Preoperative albumin concentration (g/dl) -0.120 0.367 
Preoperative BMI (kg/m2) 0.099 0.455 
Length of ICU stay (days) 0.293 0.024 
Preoperative tongue pressure (kPa) 0.342 0.008 
  

WBC, white blood cell; CRP, c-reactive protein; Alb, albumin; ICU, intensive care unit;  
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Table 3. Correlations between decrease in tongue pressure (baseline - 2 weeks) and perioperative parameters 
on multiple regression analysis (N=59) 

Variable Standardized coefficient p value 
Operative time (min) 0.219 0.071 
Period between surgery and initiation of oral alimentation 
(days) 0.231 0.059 

Length of ICU stay (days) 0.264 0.031 
Preoperative tongue pressure (kPa) 0.243 0.046 
  

ICU, intensive care unit. 

 

  



20 

 

RSST, repetitive saliva swallowing test; a Mann-Whitney U test, b Median (25%, 75%)  

  

Table 4. Associations between clinical factors and change in tongue pressure (baseline 
- 2 weeks) (N=59) 

 

Variable   Change in tongue 
pressure (kPa) p valuea 

RSST score at 2 weeks ≥3 0.70 (-1.43, 4.23)b 0.003 

 <3 4.47 (-2.26, 6.83)  

Location of cancer Cervical 1.98 (-2.33, 5.65) 0.695 

 Not-cervical 0.73 (-1.43, 5.03)  

Lymphadenectomy <3-field -0.13 (-2.55, 2.51) 0.082 

 3-field 1.87 (-0.20, 5.07)  

Postoperative pneumonia (+) 5.43 (2.21, 6.61) 0.021 

 (-) 0.63 (-2.00, 3.07)  

Postoperative aspiration (+) 1.65 (-2.23, 4.88) 0.990 

 (-) 0.73 (-1.43, 5.05)  

Recurrent laryngeal nerve palsy (+) 1.18 (-3.11, 3.86) 0.618 

 (-) 1.53 (-1.43, 5.07)  

Anastomotic leakage (+) 0.70 (-1.00, 8.13) 0.499 

 (-) 1.53 (-1.48, 4.56)  
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Table 5. Differences in general information between the analyzed (followed-up) group and the excluded group 
(N=84) 

Variable   Followed-up group 
(n=59) 

Excluded group 
(n=25) p-value 

Age (y) 64 (61, 69)a 66 (61, 71) 0.502c 

Sex Male 41 (69.5) 21 (84.0) 0.167d 

 Female 18 (30.5) 4 (16.0)  

Height (m)  1.64 (1.59, 1.71)b 1.67 (1.62, 1.72) 0.457c 

Weight (kg)  60.0 (51.3, 64.6) 59.8 (51.1, 68.4) 0.551c 

Body mass index (kg/m2)  21.2 (19.3, 22.1) 22.0 (18.6, 24.2) 0.674c 

Cancer type Squamous cell 
carcinoma 

57 (96.6) 23 (92.0) 0.579e 

 Adenocarcinoma 2 (3.4) 2 (8.0)  

Pathological Stage 0/1/2 38 (64.4) 13 (52.0) 0.287d 

 3/4 21 (35.6) 12 (48.0)  

Location of cancer Cervical 4 (6.8) 1 (4.0) 1.000e 

 Thoracic/Abdominal 55 (93.2) 24 (96.0)  

Smoking status Never 11 (18.6) 4 (16.0) 1.000e 

 Past 48 (81.4) 21 (84.0)  

Drinking frequency (/week) Never/Light 11 (18.6) 8 (32.0) 0.181d 
 Moderate 48 (81.7) 17 (68.0)  
Preoperative tongue pressure 
(kPa)  35.6 (30.4, 40.9) 35.9 (29.3, 42.4) 0.891c 

Preoperative RSST score   4 (4, 5) 4 (3, 4) 0.051c 
WBC, white blood cell; CRP, c-reactive protein; ICU, intensive care unit; RSST, repetitive saliva swallowing test. 

 a Median (25%, 75%), b Number (%), c Mann-Whitney U test, d χ2 test, e Fisher’s exact test, 
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Table 6. Differences in perioperative factors between the analyzed (followed-up) group and the excluded group 
(N=84) 

Variable   Followed-up group 
(n=59) 

Excluded group 
(n=25) p-value 

Chemotherapy (+) 39 (66.1)a 16 (64.0) 0.853c 
Operative approach Thoracotomy 8 (13.6) 3 (12.5) 1.000d 
 Thoracoscopy 51 (86.4) 21 (87.5)  
Lymphadenectomy 3-field 39 (66.1) 12 (52.2) 0.243c 
Operative time (min)  540 (501, 579)b 561 (484, 688) 0.313e 
Operative bleeding (ml)  170 (100, 345) 190 (135, 495) 0.372e 
Extubation after surgery (days)  1 (1, 1) 1 (1, 1) 0.102e 
Period between surgery and 
initiation of oral alimentation 
(days) 

 9 (8, 11) 10 (8, 22) 0.175e 

Number of fever (≥38°C) days  2 (1, 4) 3 (2, 4) 0.197e 
Preoperative WBC count 
(103/µl)  4.87 (4.14, 5.41) 5.37 (4.06, 6.56) 0.223e 

Preoperative CRP 
concentration (mg/dl)  0.09 (0.04, 0.17) 0.13 (0.07, 0.81) 0.065e 

Preoperative albumin 
concentration (g/dl)  3.9 (3.6, 4.1) 3.6 (3.4, 4.1) 0.065e 

Postoperative pneumonia (+) 8 (13.6) 8 (34.8) 0.059d 
Postoperative aspiration (+) 6 (10.2) 7 (30.4) 0.040d 
Recurrent laryngeal nerve 
palsy (+) 8 (13.6) 10 (43.5) 0.003c 

Anastomotic leakage (+) 5 (8.5) 1 (4.3) 1.000d 
Length of ICU stay (days)  5 (5, 6) 6 (5, 6) 0.622e 

WBC, white blood cell; CRP, c-reactive protein; ICU, intensive care unit  

a Median (25%, 75%), b Number (%), c χ2 test, d Fisher’s exact test, e Mann-Whitney U test 
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Figure Legends 

 

Figure 1. Recruitment flow chart 

 

Figure 2. The difference in the tongue pressure between the baseline and 2 weeks postoperatively. 

Tongue pressure decreased significantly from baseline to 2 weeks postoperatively (p = 0.011, the paired t-test). 


