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Abstract 

 

Background 

The cuff pressure of a tracheal tube may increase during robot-assisted laparoscopic surgery 

for prostatectomy (RALP), which requires pneumoperitoneum in a steep head-down position, 

but there have been no studies which confirmed this. 

Methods 

In study 1, we studied how frequently the cuff pressure significantly increased during 

anesthesia for the RALP. In study 2, we studied if the SmartCuff (Smiths Medical Japan, 

Tokyo) automatic cuff pressure controller would minimize the changes in the intracuff 

pressure. With approval of the study by the research ethics committee (approved number: 

20115), we measured the cuff pressures in anaesthetized patients undergoing RALP and in 

those undergoing gynecological laparotomy (as a reference cohort), with and without the use 

of the SmartCuff.  

Results  

In 21 patients undergoing RALP, a clinically meaningful increase (5 cmH2O or greater) was 

observed in all the 21 patients (P = 0.00; 95%CI for difference: 86-100%), whereas in 23 

patients undergoing gynecological laparotomy, a clinically meaningful decrease (5 cmH2O or 

greater) was observed in 21 of 23 patients (91%, P < 0.0001; 95%CI for difference: 72-99%). 

With the use of the SmartCuff, there was no significant increase in the incidence of a 

clinically meaningful change in the intracuff pressure in either cohort.  

Conclusions 

The cuff pressure of a tracheal tube would frequently increase markedly in patients 

undergoing RALP, whereas it would frequently decrease markedly in patients undergoing 

gynecological laparotomy. The SmartCuff may inhibit the changes in the cuff pressure during 

anesthesia.  
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Introduction 

Robot-assisted laparoscopic surgery has increasingly been used as a minimally invasive 

procedure, and its indications have been expanding. Prostatectomy is one such an indication, 

as the robot-assisted laparoscopic prostatectomy (RALP) has some potential advantages over 

conventional laparotomy, including a shorter operative time, less intraoperative blood loss, 

less postoperative pain, a lower risk of erection dysfunction, and a shorter hospital stay.  

One major possible problem associated with anesthesia for RALP is that the procedure 

may require a high intraperitoneal pressure (15-20 mmHg (or 20-27 cmH2O))[1] in a steep 

head-down position (25-30 degrees), which may increase the intra-cranial, intra-ocular 

pressures, and the airway pressure. The steep head-down position may also cause stagnation 

of blood flow in the upper parts of the body, leading to edema of the airway mucosa due to 

impaired cervical lymphatic circulation. Therefore, pneumoperitoneum, in addition to steep 

head-down position, may increase the cuff pressure of a tracheal tube. Nevertheless, at the 

time of carrying out this study and analyzing the results, there had been no reports 

investigating the degree of change in the cuff pressure of a tracheal tube during anesthesia for 

the RALP. Therefore, the main purpose of this study was to assess how frequently the 

intracuff pressure markedly increases during anesthesia for the RALP. 

The SmartCuff (Smiths Medical Japan, Tokyo), an automatic cuff pressure controller, 

has become commercially available in 2018 (Figure 1). After this device was introduced into 

clinical practice at our hospital, we carried out another observational study, with the main aim 

to assess if the use of the SmartCuff would prevent the changes in the cuff pressure during 

anesthesia. 
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Methods 

The research ethics committee of Dokkyo Medical University Saitama Medica Center 

approved the study to be reported (approved number: 20115; approved date: 25th December, 

2020). The ethics committee judged that no written informed consent from each patient would 

be required, as this was a series of observational cohort studies. Nevertheless, with the 

instruction made by the research ethics committee, we notified the public, information 

concerning the research, including the purpose of utilization of information in the research, 

and opportunities to refuse that the research was commenced or continued on the research 

subject had been ensured for the research subjects, and other factors, at least for six months. 

We started to analysis the obtained data 12 months after the notification to the public.  

 

Study 1: Changes in the intracuff pressure during anesthesia 

RALP cases 

At our hospital, more than 90% of prostatectomy have been performed by RALP, using the da 

Vinci Surgical System (Intuitive surgical Inc, Sunnyvale, USA) or the hinotoriTM Surgical 

Robot System (Medicaroid Corporation, Kobe, Japan).  

We studied 21 patients who underwent the RALP, during July 2019 to January 2020. 

We excluded patients when at least one of the following was present: emergency surgery, 

morbidly obese (body mass index (BMI) > 35), cranial nerve system disease, cervical spine or 

cervical cord disease, pathological deformity of the airway, history of difficult airway 

management or tracheostomy, at a high risk of pulmonary aspiration, untreated coagulation 

abnormalities, or active infections.  

In the operating room, a blood pressure cuff, an electrocardiogram, and a pulse 

oximeter were applied, and an intravenous cannula was inserted either at the back of the hand 

or the wrist. The patient’s head was placed on a pillow (6 to 7 cm in height). After 

preoxygenation of the patient with 100% oxygen through a facemask for more than 3 min, 
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anesthesia was induced with intravenous propofol (1.5-2 mg.kg-1), fentanyl (2-4 μg.kg-1), and 

neuromuscular blockade was produced with rocuronium (0.6 mg.kg-1). Adequacy of 

neuromuscular blockade was confirmed with a neuromuscular blockade monitor (TOF 

watch®, Merck & Co., Kenilworth, NJ, USA), and the trachea was intubated using a 

McGrath® Mac (Covidien, Tokyo, Japan) videolaryngoscope, using a standardized method 

reported previously [2], so that the effect of intubation factor would be minimum between 

patients. A tracheal tube of 8.0-mm ID, with a taper-guard cuff (Covidien, Tokyo, Japan), was 

used. If the trachea could not be intubated at the first attempt, the patient was excluded from 

the data analysis. Adequate depth of a tracheal tube in the trachea was determined by each 

anesthesiologist by auscultation of the chest, with the depth mark of the tube approximately 

21-23 cm at the gap between the upper and lower teeth. With this positioning, the cuff of the 

tracheal tube would be located at the lower segment of the cervical trachea, 3 to 4 cm beyond 

the glottis. 

The lungs were ventilated with a pressure control mode, with a setting of the upper 

limit of inspiratory pressure 25 cmH2O and the positive end-expiratory pressure of 5 cmH2O, 

and the ratio of inspiratory and expiratory times (I: E ratio) of 1:2. Respiratory rate was 

adjusted to keep the end-tidal carbon dioxide concentration to be 35-45 mmHg. A gastric tube 

was inserted and gastric contents, if any, were removed by suction. If semi-solid materials 

were identified in the stomach, the patient was excluded from the study (because of increased 

risk of pulmonary aspiration). The gastric tube was left in place until the end of anesthesia for 

drainage.  

Anesthesia was maintained either with 1.5-2.2% sevoflurane in oxygen or with target-

controlled intravenous propofol infusion (with the target blood concentration of 2.3-2.8 μg.ml-

1), and analgesia was provided by intermittent injection of 0.05-0.1 mg fentanyl and 

continuous infusion of remifentanil 0.2-0.5 μg.kg-1.min-1. Rocuronium was injected 

intermittently during anesthesia to maintain the train of four (TOF) to be the maximum of 1 
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(this was a part of clinical protocol for anesthesia, agreed between the Departments of 

Urology and Anesthesiology, to prevent straining (“buckling”) during RALP). 

At the beginning of surgery, the cuff pressure of a tracheal tube was adjusted to be 25 

cmH2O, using the VBM Cuff Control Inflator (Smiths Medical, Tokyo, Japan). We adjusted 

to this pressure, because the American Thoracic Society guidelines recommend that the cuff 

pressure to be maintained > 20 cmH2O, to prevent ventilator-associated pneumonia [3], and 

that blood flow in the tracheal mucosa may decrease when the cuff pressure exceeds 30 

cmH2O [3].  

Intracuff pressures were measured using the VBM Cuff Control Inflator, during 

pneumoperitoneum (with the intra-abdominal pressure of 15 mmHg) and after head-down (of 

30-degrees): it was measured at the start of pneumoperitoneum (0 seconds), every 10 seconds 

for the initial 1 min, then every minute until 5 min, and thereafter at 10 min and 15 min, after 

the start of pneumoperitoneum. The patient was turned to the head-down position (with the 

intra-abdominal pressure reduced to 10 mmHg), the cuff pressure was measured every minute 

for the initial 5 min, 10 min, 15 min, and 30 min later. Because the cuff pressure was higher 

during inspirations than during expirations, we decided to record the cuff pressures during 

inspirations. If the cuff pressure increased higher than 45 cmH2O, the cuff pressure was re-

adjusted to 25 cmH2O, and observation was terminated.  

 

Gynecological cases 

It was not known how the intracuff pressure, if any, would change during anesthesia (without 

the use of nitrous oxide), in patients undergoing conventional “typical” operation that would 

not directly affect the intracuff pressure. Therefore, we decided to study the change in the 

intracuff pressure in patients undergoing conventional “typical” operation, as a reference 

cohort. We considered that gynecological (open) laparotomy would be suitable, as the 
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operation site is remote from the respiratory organs, and operation is usually performed with 

the patient in the supine position. 

We studied 23 patients undergoing gynecological laparotomy, with the patient in the 

supine position, during July 2019 to January 2020. We excluded patients when at least one of 

the following was present: emergency surgery, morbidly obese (body mass index (BMI) > 

35), pregnant, cranial nerve system disease, cervical spine or cervical cord disease, 

pathological deformity of the airway, history of difficult airway management or 

tracheostomy, at a high risk of pulmonary aspiration, untreated coagulation abnormalities, or 

active infections.  

Anesthesia was induced and the trachea intubated with the same procedures as in for 

patients who underwent the RALP. A tracheal tube of 7.0-mm ID, with a taper-guard cuff 

(Covidien, Tokyo, Japan), was used. Adequate depth of a tracheal tube in the trachea was 

determined by each anesthesiologist by auscultation of the chest, with the depth mark of the 

tube approximately 19-21 cm at the gap between the upper and lower teeth. With this 

positioning, the cuff of the tracheal tube would be located at the lower segment of the cervical 

trachea, 3 to 4 cm beyond the glottis. 

The cuff pressure was adjusted to 25 cmH2O, when surgery started, and the cuff 

pressure was measured every 10 seconds for the initial 1 min, then every minute until 5 min, 

and every 5 min thereafter until 30 min, after the start of surgery (Figure 2). If the cuff 

pressure decreased less than 10 cmH2O, or gas leakage was detected around the cuff, the cuff 

pressure was re-adjusted to 25 cmH2O, and observation was terminated. 

 

Study 2: Efficacy of the SmartCuff 

After the SmartCuff was introduced into clinical practice at our hospital in summer 2019, we 

investigated the efficacy of the SmartCuff in 28 patients who underwent RALP, and in 23 

patients who underwent gynecological laparotomy (as a reference cohort), during January 
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2020 to October, 2020. The SmartCuff is a handy automated cuff controller, which can 

directly connect to the pilot balloon valve of the tracheal tube, continuously measures the cuff 

pressure, and automatically adjusts the cuff pressure to a set pressure.  

The anesthesia method and procedure were the same as in study 1. At the beginning of 

surgery, the SmartCuff was connected to a tracheal tube, and the cuff pressure was adjusted to 

be 25 cmH2O. The cuff pressures were recorded at the timings as defined in the study 1. The 

presence or the absence of postoperative respiratory complications were assessed as in study 

1. 

 

In all the four cohorts, we visited each patient approximately 24 h after operation, and 

asked if the patient had respiratory complications (sore throat, hoarseness, and dysphagia). 

 

Statistical analysis 

In both Studies 1 and 2, the primary endpoint was the incidence of a clinically meaningful 

change in the cuff pressure during anesthesia. McNemar test was used, in each cohort, to 

assess if the incidence of a clinically meaningful change of the cuff pressure (5 cmH2O or 

greater), or even a greater change (10 cmH2O or greater) was increased.  

As the secondary outcome measures, paired t test was used to compare the intracuff 

pressure between 0 and 5 min after the start of measurements, and between the maximum (or 

the minimum) pressure and the pressure at 0 min of the start of measurements, in each cohort. 

95%Confidence intervals for difference were calculated for the incidence of a clinically 

meaningful change in the cuff pressure, and for the change in the cuff pressure. Fisher’s exact 

test was used to compare the incidence of a clinically meaningful change of the cuff pressure 

(5 cmH2O or greater), and to compare the incidence of postoperative complications, with and 

without the use of the SmartCuff. 
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We considered that the increase in the cuff pressure of 5 cmH2O would be clinically 

meaningful, and that its incidence in one third of patients during anesthesia (i.e. 33%) would 

be clinically meaningful. Manual calculations using Altman’s nomogram [4, 5] as well as 

G*Power 3 [6] have indicated that twenty patients would be required to detect this difference 

in each cohort, with a power of 0.8, and P = 0.05. A p value of less than 0.05 was considered 

significant for the primary outcome measure. Regarding hypothesis tests related to the 

secondary outcome measures, we principally regarded the results as subsidiary information. 

Nevertheless, we judged that there was a significant difference, when P < 0.001. 

 

 

Results 

Characteristics of patients undergoing the robot-assisted laparoscopic prostatectomy (RALP) 

and of patients undergoing gynecological laparotomy, and operation and anesthesia time are 

shown in Tables 1 and 2.  

 

Study 1: Changes in the intracuff pressure during anesthesia 

RALP cases 

In 21 patients who underwent the RALP, the intracuff pressure of a tracheal tube immediately 

started to increase during insufflation of gas to the peritoneal cavity, and continued to be high 

during the head-down position (Figure 2). The mean cuff pressure significantly increased to 

33 (standard deviation (SD): 2.9) cmH2O, 5 min after the start of pneumoperitoneum (P < 

0.0001, mean (95%CI) difference from the start: 7.6 (6.3 – 9.0) cmH2O). The mean maximum 

cuff pressure was 35.0 (SD: 3.4) cmH2O, with the range of 30-43 cmH2O, and the increase 

was significant (P < 0.0001, mean (95%CI) difference: 10.0 (8.4 – 11.5) cmH2O). Roughly 15 

min after the head-down positioning, the cuff pressure started to decrease toward 25 cmH2O. 
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A clinically meaningful increase (5 cmH2O or greater) in the cuff pressure was 

observed in all the 21 patients (100%), and this incidence was significant (P = 0.00; 95%CI: 

86-100%). The increase of 10 cmH2O or greater (that means 35 cmH2O or higher) was 

observed in 9 of 21 patients (43%) (P = 0.008; 95%CI: 22 – 66%).  

 

Gynecological cases 

In 23 patients undergoing gynecological laparotomy, the cuff pressure started to decrease 

from 25 cmH2O to the mean pressure of 15 cmH2O, on average 30 min after the start of 

surgery (Figure 2). The mean cuff pressure was 23 (SD: 2.0) cmH2O, 5 min after the start of 

surgery, and the decrease was significant (P < 0.0001, mean (95%CI) difference: 2.3 (1.4 – 

3.1) cmH2O). The mean minimum cuff pressure was 16.4 (SD: 3.8) cmH2O, with the range of 

10-22 cmH2O, and the decrease was significant (P < 0.0001, mean (95%CI) difference: 8.6 

(6.9 – 10.1) cmH2O). In one patient, gas leakage around the cuff occurred, 25 min after the 

start of surgery, when the cuff pressure was 13 cmH2O. The cuff was inflated to prevent gas 

leakage, and the measurements were terminated in this case.  

A clinically meaningful decrease (5 cmH2O or greater) in the cuff pressure was 

observed in 21 of 23 patients (91%), and this incidence was significant (P < 0.0001; 95%CI: 

72-99%). The decrease of 10 cmH2O or greater (that means 15 cmH2O or lower) was 

observed in 8 of 23 patients (35%) (P = 0.008; 95%CI: 16 – 57%).  

 

Study 2: Efficacy of the SmartCuff 

RALP cases 

When the SmartCuff was used in 28 patients undergoing RALP, the cuff pressure mildly 

increased during anesthesia (Figure 3). The mean maximum cuff pressure was 28.0 (SD: 0.9) 

cmH2O, with the range of 26-30 cmH2O, and the increase was significant (P < 0.0001, mean 

(95%CI) difference: 3.0 (2.7 – 3.4) cmH2O).  
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A clinically meaningful increase (5 cmH2O or greater) in the cuff pressure was 

observed in 1 of 28 patients (4%), and this incidence was not significant (P =1.0; 95%CI for 

difference: 0-18%).  

 

Gynecological cases 

When the SmartCuff was used in 23 patients undergoing gynecological laparotomy, the cuff 

pressure did not change significantly and remained constant, during anesthesia (Figure 3). 

 

Comparisons with and without the use of the SmartCuff 

In patients undergoing the RALP, the incidence of a clinically meaningful increase was 

significantly lower with the use of the SmartCuff (0 of 28 patients (0%)) than without (21 of 

21 patients (100%)) (P < 0.0001; 95%CI for difference: 86-100%). 

 In patients undergoing gynecological laparotomy, the incidence of a clinically 

meaningful decrease was significantly lower with the use of the SmartCuff (0 of 23 patients 

(0%)) than without (21 of 23 patients (91%)) (P < 0.0001; 95%CI for difference:77-100%). 

The incidences of postoperative sore throat, dysphagia, or hoarseness, 24 hours after 

surgery are shown in Table 3. 

 

 

Discussion 

In the study 1, we have found that in patients undergoing RALP, the cuff pressure of a 

tracheal tube markedly increased immediately after the start of pneumoperitoneum, and 

remained high after head-down. In contrast, in patients undergoing gynecological laparotomy, 

the cuff pressure markedly decreased over time. In the study 2, we have found that, when the 

SmartCuff was used, the changes in the cuff pressure were not clinically meaningful, both in 

patients undergoing RALP and in patients undergoing gynecological laparotomy. 
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After completion of data analysis, one article [7] has been published to report the 

intracuff changes in patients who were undergoing robot-assisted laparoscopic pelvic 

surgeries. The study has shown that the cuff pressure increased after pneumoperitoneum, and 

remained high after head-down. Our results are consistent with the results of this study [7]. 

In the tracheal mucosa, the arterial pressure is about 40 cmH2O, and the capillary 

pressure about 25 cmH2O [8]. If the cuff pressure exceeds the capillary pressure, ischemia, 

congestion, edema or necrosis of the tracheal mucosa and the cartilage may occur [8]. One 

study using bronchoscopic observation of the tracheal lumen has shown that, at the cuff 

pressure of 25 cmH2O, both tracheal mucosa and the blood vessels appeared normal, but at 30 

cmH2O, some areas of the mucosa were less pink, and at 40 cmH2O, the mucosa became very 

pale [8]. The increased cuff pressure may also cause complications such as postoperative sore 

throat, dysphagia, and hoarseness [9]. On the other hand, if the cuff pressure become too low, 

the incidence of gas leakage around the cuff or of pulmonary aspiration is increased, leading 

to insufficient ventilation or ventilator-associated pneumonia [10, 11], and thus the American 

Thoracic Society guidelines recommend that the cuff pressure to be maintained > 20 cm H2O 

[3]. Because of these reasons, the cuff pressure around 25 cmH2O has been considered to be 

optimal. 

The cuff pressure may be influenced during anesthesia by several factors, such as 

patient’s body position, intraperitoneal insufflation of gas for laparoscopy, the use of nitrous 

oxide, and the degree of neuromuscular blockade [12-15]. In addition, numerous physical 

factors can affect the intracuff pressure: e.g. elasticity, the diameter, and the shape of the cuff; 

the change in the volume of the air, and in the temperature, in the cuff; the outer diameter of a 

tracheal tube and the internal diameter of the airway lumen; the shape and the smoothness of 

the airway lumen (e.g. corrugated cartilaginous portion and membranous portion); and 

relative sizes of the diameter of the cuff and diameter of the airway lumen. 
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Our study design cannot elucidate the mechanisms for the change in the cuff 

pressure. A few possible mechanisms have been reported for the changes in the cuff pressure 

during general anesthesia [16, 17], but these are not confirmed by studies, and thus 

speculative. One plausible explanation for the increase in the cuff pressure in patients 

undergoing RALP is that intraperitoneal insufflation would raise the diaphragm and would 

compress the airway structures, such as the trachea, so that the gap between a tracheal tube 

and the inner surface of the trachea may be narrowed. Steep head down position would also 

compress the airway structures and would increase the external pressure to the trachea, by 

increasing blood flows in the upper part of the body and by increasing the weight incurring to 

the neck and thorax. These changes might have led to the increase in the cuff pressure.  

In contrast, one of plausible reasons for the decrease in patients undergoing 

gynecological laparotomy may relate to the cuff design. Currently, a tracheal tube with a low-

pressure, high-volume cuff is mainly used, because compared with a high-pressure, low-

volume cuff, a low-pressure, high-volume cuff is less likely to produce an excessive pressure 

to the tracheal membrane. As the diameter of a low-pressure, high-volume cuff is designed to 

be longer than the estimated internal diameter of the tracheal lumen, the cuff can seal the gap 

between the tracheal tube and tracheal lumen, before the cuff is inflated maximally. 

Therefore, when the cuff is inflated with an appropriate volume of air in the trachea (for 

example, with the minimum volume of air to prevent air leakage around the cuff), then the 

cuff would not be inflated evenly, producing wrinkling of the cuff. The air would distribute 

over time more evenly in the cuff, so that the area of the cuff attaching to the tracheal lumen 

would decrease, leading to the decrease in the cuff pressure. The same might have occurred in 

patients undergoing the RALP, in whom the cuff pressure appeared to decrease after the 

initial increase by the other factors described above. 

The cuff pressure of a tracheal tube is conventionally measured intermittently using a 

cuff control inflator, and can be adjusted periodically. However, since the cuff pressure may 
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frequently fluctuate due to body movements, repositioning, and surgical procedures, it may be 

difficult for a conventional device to maintain a constant cuff pressure. 

Several types of automated cuff controllers have been reported [18-21], but there 

may be considerable differences in the efficacy between the devices in maintaining the cuff 

pressure [19, 20], and in preventing gasleakage around the cuff [21]. In our study, the 

SmartCuff could maintain the intracuff pressure during anesthesia in all the patients, and no 

gasleakage was observed in any patients, indicating that the SmartCuff would effectively 

inhibit both increase and decrease in the cuff pressure. Another advantage of the SmartCuff 

includes that the device is handy, buttery powered, and it does not make any noticeable noise, 

so that it may be useful for a sedated patient whose trachea is intubated.   

When the SmartCuff was used, the intracuff pressure was constantly 25 cmH2O in 

patients who underwent gynecological laparotomy, whereas it was approximately 28 cmH2O 

in patients who underwent RALP. The reasons for this difference are not clear, but one 

difference we noticed was that, in RALP cases, the cuff pressure fluctuated between 28 and 

25 cmH2O during inspirations and expirations. The SmartCuff adjusts the cuff pressure to a 

set pressure, by using a measured pressure which was measured at a longer proportion of 

time. As the I:E ratio was 1: 2, it is likely that the SmartCuff adjusted the pressure to be 25 

cmH2O during expirations, resulting to the cuff pressure increasing to the mean of 28 cmH2O 

during inspirations. 

Limitations of the study include that this was not a randomized controlled study, so 

that there may be confounding factors when direct comparison are made between the cohorts. 

Because of this, we regarded these comparisons as the secondary outcome measures. 

Nevertheless, we considered it reasonable to regard that were significant differences, if P < 

0.001. Another limitation of the study is that we did not formally compare between the 

cohorts for the incidence of postoperative complications, because this was not a randomized 

controlled study, and because a formal power analysis was carried out for this secondary 
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outcome measure (the fact which indicates that the number of patients studied would be too 

small to compare for this outcome measure).  

 

Conclusion 

In conclusion, we have shown that the cuff pressure of a tracheal tube would frequently 

increase markedly in patients undergoing RALP, whereas it would frequently decrease 

markedly in patients undergoing gynecological laparotomy. The SmartCuff may inhibit the 

changes in the cuff pressure during anesthesia. 
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Figure legends 

Fig 1. The SmartCuff (Smiths Medical Japan, Tokyo), an automatic cuff pressure controller 

 

Fig 2. The mean (black lines) and individual (gray lines) intracuff pressures of a tracheal 

tube during RALP (upper) and during gynecological surgery (lower).  

 

Fig 3. The mean (black lines) and individual (gray lines) intracuff pressures of a tracheal 

tube during RALP (upper) and during gynecological surgery (lower), with the use of 

the SmartCuff® (Smiths medical Japan, Tokyo) cuff pressure controller. 
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Table 1. Characteristics of male patients undergoing the robot-assisted laparoscopic 

prostatectomy (RALP) (mean (SD) [range]) and operation and anesthesia time (median 

(IQR)[range]). 

 Study 1 (n = 21) Study 2 (n = 28) 

Age; y 69 (5.2) [53-76] 66 (6.6) [58-75] 

Height; cm 166 (5.9) [155.5-177] 167 (5.6) [153-175.6] 

Weight; kg 64 (6.6) [47.1-77.8] 66 (8.2) [47.8-78.3] 

BMI; kg.m-2 23 (2.2) [18.1-23.4] 24 (3.0) [18.9-32.0] 

Operation time; min 243 (180-259) [136-299] 229 (182-249) [153-297] 

Anesthesia time; min 294 (250-321) [205-381] 295 (253-320) [218-399] 
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Table 2. Characteristics of female patients undergoing gynecological laparotomy (mean (SD) 

[range]) and operation and anesthesia time (median (IQR)[range]). 

 Study 1 (n = 23) Study 2 (n = 23) 

Age; y 46 (11.8) [28-72] 53 (15.8) [29-82] 

Height; cm 157 (7.1) [141.1-167.6] 156 (6.6) [143.9-175.8] 

Weight; kg 62 (14.2) [32.5-91.9] 57 (11.1) [42.6-84.8] 

BMI; kg.m-2 25 (4.1) [16.3-32.7] 24 (4.2) [17.7-34.5] 

Operation time; min 152 (119-204) [64-472] 157 (122-401) [64-493] 

Anesthesia time; min 220 (171-259) [105-541] 219 (174-460) [114-560] 
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Table 3 Postoperative respiratory complications 24 h after surgery 

 Robot-assisted 

laparoscopic 

prostatectomy 

Gynecological  

laparotomy  

Study 1 (n = 21) (n = 23) 

Sore throat 0 5 

Hoarseness 3 3 

Dysphagia 1 1 

Total 4 (19%)*1 9 (39%)*2 

   

Study 2 (n = 28) (n = 23) 

Sore throat 5 2 

Hoarseness 0  3 

Dysphagia 4 0 

Total 9 (32%)*1 5 (22%)*2 

*1: P = 0.35, *2: P = 0.34 
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Figure 1 
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Figure 2 

 

  



 25 

 

Figure 3 

 

 

 


