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ABBREVIATIONS LIST  34 

BMI: body mass index 35 

CT: computed tomography  36 

Exp-PAP: expiration with PAP 37 

FEV1: forced expiratory volume during first second 38 

FVC: forced vital capacity  39 

Ins: inspiration  40 

Ins-PAP: inspiration with PAP 41 

MMEF25%–75%: maximum mid-expiratory flow between 25% and 75% of forced vital capacity  42 

mSv: millisievert per milligram  43 

PAP: positive airway pressure 44 

PAP10F: PAP at 10 cmH2O from the flow device, acquisitions soon after placement 45 

PAP10T: PAP at 10 cmH2O from the turbine device, acquisitions soon after placement 46 

PAP10T15: PAP at 10 cmH2O, acquisitions after 15 min on PAP 47 

PAP14T15: PAP at 14 cmH2O, acquisitions after 15 min on PAP  48 

PPL: peripheral pulmonary lesion 49 

VBN: virtual bronchoscopic navigation  50 

51 
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ABSTRACT  52 

Rationale: Virtual bronchoscopic navigation guidance to peripheral pulmonary lesions is 53 

often limited by insufficient segmentation of the peripheral airways.  54 

Objectives: To test the effect of applying positive airway pressure during computed 55 

tomography acquisition to improve segmentation, particularly at end-expiration. 56 

Methods: Computed tomography acquisitions in inspiration and expiration with four positive 57 

airway pressure protocols were recorded prospectively and compared to baseline inspiratory 58 

acquisitions in 20 patients. The four protocols explored differences between devices (flow vs. 59 

turbine), exposures (within seconds vs. 15-min) and pressure levels (10 vs. 14 cmH2O). 60 

Segmentation quality was evaluated with the number of airways and number of endpoints 61 

reached. A generalized mixed-effects model explored the estimated effect of each protocol. 62 

Measurements and Main Results: Patient characteristics and lung function did not 63 

significantly differ between protocols. Compared to baseline inspiratory acquisitions, 64 

expiratory acquisitions after 15 min of 14 cmH2O positive airway pressure segmented 1.63-65 

fold more airways (95% CI 1.07–2.48; P=0.018) and reached 1.34-fold  more endpoints 66 

(95% CI 1.08–1.66; P=0.004). Inspiratory acquisitions performed immediately under 10 67 

cmH2O positive airway pressure reached 1.20-fold (95% CI 1.09–1.33; P<0.001) more 68 

endpoints; after 15 min the increase was 1.14-fold (95% CI 1.05–1.24; P<0.001).  69 

Conclusions: Computed tomography acquisitions with positive airway pressure segment 70 

more airways and reach more endpoints than baseline inspiratory acquisitions. The 71 

improvement is particularly evident at end-expiration after 15 min of 14 cmH2O positive 72 

airway pressure. Further studies must confirm that the improvement increases diagnostic 73 

yield when using virtual bronchoscopic navigation to evaluate peripheral pulmonary lesions. 74 

 75 

 76 
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Introduction 78 

Bronchoscopy, a safe technique for diagnosing peripheral pulmonary lesions (PPLs), 79 

has a complication rate of 0% to 4% for pneumothorax [1] that is considerably lower than the 80 

18.8% to 25.3% pooled rates for percutaneous approaches [2]. Moreover, bronchoscopy is 81 

superior to the percutaneous approach because it provides a full examination of the 82 

airways — including visualization of the mucosa, evaluation of dynamic movements of the 83 

trachea and bronchial wall — and because both diagnostic and therapeutic procedures can 84 

be done during the same procedure. While conventional bronchoscopy has an overall 85 

sensitivity ranging from 13% to 78% for the diagnosis of PPLs — a highly variable range 86 

related to nodule size and location [3]  — recently introduced guidance technologies and 87 

instruments have achieved a pooled diagnostic yield of 70% [4]. At the center of these 88 

technologies is the combination of computed tomography (CT) and endoscopic imaging in 89 

the form of virtual bronchoscopic navigation (VBN). VBN systems reconstruct CT data into 90 

three-dimensional representations of the tracheobronchial tree, a process referred to as 91 

segmentation. Segmentation is used as a bronchial map that helps identify the afferent 92 

bronchus to the PPL. VBN systems are particularly useful for guiding ultrathin 93 

bronchoscopes and other devices through bronchial bifurcations to the lung periphery [5]. 94 

However, segmentations often fall short of PPLs [6]. In cases where insufficient CT data has 95 

been extracted for the most peripheral airways, the diagnostic rate of VBN-guided 96 

techniques is comparable to that of diagnosis without VBN assistance [3, 7] and the potential 97 

usefulness of VBN is debatable [8].  98 

Segmentation is based on computations applied to predetermined information, such as 99 

density and shape, extracted from the total volume of CT data. The best possible 100 

segmentation comes from the highest possible CT resolution at full inspiration when the 101 

lumen is widest. However, we hypothesized that visualization and segmentation of the most 102 

distal bronchi could be improved by applying positive airway pressure (PAP) during CT 103 
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acquisition to further increase the airway lumen. The effect of PAP could be particularly 104 

relevant at end-expiration because the pressure prevents airway collapse, thus increasing 105 

CT contrast between the air inside and outside the airways.  106 

We aimed to compare the quality of airway segmentations with baseline inspiration 107 

without PAP, to segmentations based on CT acquisitions performed with PAP at end-108 

inspiration and end-expiration. We explored differences between two machines, two 109 

exposure durations, and two pressure levels to gain insight into which CT acquisition 110 

protocol would be most likely to yield better segmentations than the standard full inspiration 111 

acquisition.  112 

 113 

Materials and Methods  114 

Patients and Study Design 115 

Twenty consecutive outpatients referred by the respiratory medicine department to 116 

undergo evaluation of pulmonary lesions and who had not yet undergone CT imaging were 117 

enrolled prospectively between July 2015 and August 2016. Spirometry (BodyBox, Medisoft, 118 

Sorinnes, Belgium) and chest CT (Aquilion ONE, Toshiba Medical Systems, Otawara, 119 

Japan) data were available for all patients. Baseline CT acquisitions were performed at end-120 

inspiration as usual. They were followed by end-inspiration and end-expiration acquisitions 121 

with four different PAP protocols. We performed all three acquisitions in each patient so that 122 

intra-individual comparison could be analyzed.   123 

The study was approved by the local review board (Clinical Research Ethics 124 

Committee of Bellvitge University Hospital - Act 08/13) and written informed consent was 125 

obtained from all participants.  126 

 127 
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Procedures  128 

Once in the CT room, all participants were trained by a pulmonologist participating in 129 

the study to hold their breath at maximal end-inspiration following standard instructions [9] 130 

for CT acquisitions. Afterwards all patients were retrained to perform end-inspiratory and 131 

end-expiratory maneuvers with breath holding under PAP. After training, they were 132 

consecutively assigned in four blocks of five participants each for CT acquisitions at end-133 

inspiration and end-expiration under one of the four PAP protocols, which were designed to 134 

explore two devices, two exposure times and two pressure levels as follows.   135 

The first five patients were assigned to a flow PAP device and oronasal mask  136 

providing air flow set to reach a pressure of 10 cmH2O (EzPAP system and mask with a 137 

paraPAC plus ventilator, Smiths Medical, Ashford, UK). The second set of five were 138 

assigned to a turbine device (REMstar, Philips Respironics, Andover, MA, USA) also set for 139 

a pressure of 10 cmH2O; an oronasal mask (Mirage Quattro, ResMed, CA, USA) was used. 140 

Because a slight superiority of segmentations was observed with the turbine machine on 141 

preliminary analysis,[7] the turbine machine was used by the third and fourth groups. The 142 

third group rested for 15 min while breathing under 10 cmH2O PAP before the CT 143 

acquisitions. After preliminary comparison [10] between the second and third groups, we 144 

chose to use the 15-min exposure again in the fourth group but increase PAP to 14 cmH2O 145 

before CT acquisitions. A flow chart for the study protocol is shown in Fig. 1. 146 

The CT scans (320-detector row, 0.5 mm slice thickness, at intervals of 0.4 mm) were 147 

performed with a 80 × 0.5 mm collimator, tube voltage of 100 kVp, and tube current adapted 148 

for sex and body mass index. We limited the number of patients in this feasibility study and 149 

explained the risk of two additional acquisitions carefully to participants. 150 

 151 

Image Analysis 152 
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Two outcome variables were used to evaluate segmentation quality. The first was the 153 

number of segmented airways automatically counted by the VBN system (LungPoint, 154 

Broncus Medical Inc, San Jose, CA, USA). We chose to also try a second outcome, number 155 

of endpoints, to quantify the branches that reach the outmost periphery of the lung. For that 156 

purpose, the lung volumes were divided into concentric layers bounded by isosurfaces of the 157 

distance map to the pleura. Thus, the number of endpoints of the segmentation centerline 158 

lying within the region were counted. The distance map to the pleura took the value 0 at the 159 

pleura and maximum values were at the geometric center of the lung. Isosurfaces were 160 

sampled every 5% in the range of 5% to 40% (0% corresponding to the pleura and 100% to 161 

the geometric center. This range covers the peripheral region of the lung, which is where 162 

segmentations often fall short. The number of endpoints was calculated using an image 163 

processing library in MATLAB software (MathWorks, Natick, MA, USA).  Fig. 2 is an example 164 

of a view of segmented airways and their endpoints approaching the pleura. Lung air volume 165 

was also automatically calculated in square millimeters based on an assumed attenuation 166 

value between –450 and –1024 HU in order to include the whole lung parenchyma at both 167 

end-inspiratory and end-expiratory acquisitions. The percentage of voxels with an 168 

attenuation value less than –950 HU in the inspiratory acquisitions was also recorded. For 169 

these calculations we used commercially available semiautomatic add-on software (Vitrea 170 

Advanced v. 6.6, Vital Images, Minnetonka, MN, USA). Both outcome variables — the 171 

number airways and the number of endpoints — were recorded for the conventional baseline 172 

inspiratory acquisitions and the two PAP acquisitions (inspiration and expiration with all four 173 

PAP protocols).  174 

 175 

Statistical Analysis 176 

Data was managed and analyzed with the software R, version 3.2.5 [11]. Baseline 177 

clinical characteristics of patients recruited were described with means (SDs) or counts and 178 



9 

 

percentages. We used Kruskall-Wallis tests to assess similarity between individuals in the 179 

cohort with respect to forced expiratory volume during the first second as a percentage of 180 

the predicted value (%FEV1), the ratio between FEV1 and forced vital capacity (FEV1/FVC), 181 

and the percentage of CT density less than –950 HU. 182 

A different generalized mixed linear model of the effect of each PAP protocol on each 183 

of the study outcomes (number of airways and number of endpoints) was constructed. Lung 184 

volumes were included in both models in order to correct for individual variations in the 185 

inspiration and expiration maneuvers with PAP. The relative distance to each patient’s 186 

pleura was calculated from a percent distance to the pleura and the total distance to the 187 

center of the lung and included in the models of number of endpoints reached as adjusting 188 

factor. The adjusted models calculated the effect of PAP on each outcome expressed as a 189 

rate ratio (on-PAP airway acquisitions with each protocol to baseline acquisitions). A rate 190 

ratio of 1 indicates an expectation that the outcome will not change with PAP. A rate ratio 191 

greater than 1 indicates an expected improvement (a positive effect of PAP on the outcome 192 

relative to baseline inspiratory acquisitions). A rate ratio less than 1 indicates an expected 193 

negative effect of PAP on the outcome. We calculated the 95% confidence intervals (CI) of 194 

all rate ratios and P values. A P value <0.05 was considered statistically significant.  195 

 196 

Results  197 

We included 20 patients. Tolerance to PAP was good in all patients and there were no 198 

delays or other technical events related to setting up the device in the CT room. The 199 

distributions of clinical, demographic, and lung function data of patients in each PAP protocol 200 

are shown in Table 1. Values for %FEV1, FEV1/FVC, and %CT density less than –950 HU 201 

were similar between PAP protocols (P = 0.300, P = 0.08 and P = 0.532, respectively). The 202 

mean radiation dose for the sum of the three acquisitions was 13.2±2.2. These doses were 203 

slightly higher than standard CTs (7-10 mSv). 204 
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 205 

Rate ratios, their 95% CIs and P values for every comparison between a PAP protocol 206 

and baseline inspiratory acquisitions for each outcome are shown in Table 2. Line graphs in 207 

Figs. 3 and 4 illustrate the comparisons. Expiratory acquisitions after 15 min of PAP at 14 208 

cmH2O significantly increased both the number of airways (1.63-fold) and the number of 209 

endpoints (1.34-fold) over the numbers at baseline. Inspiratory acquisitions with PAP 210 

performed both immediately and after 15 min of PAP at 10 cmH2O also increased the 211 

number of endpoints (1.20-fold and 1.14-fold, respectively) compared to baseline inspiratory 212 

acquisitions. 213 

 214 

Discussion 215 

Our results show that PAP-enhanced CT acquisitions hold promise for significantly 216 

improving segmentation quality over the quality usually achieved with standard inspiratory 217 

acquisitions. In particular, expiratory acquisitions after 15 min with PAP set at 14 cmH2O 218 

yield segmentations with the greatest number of airways and endpoints. We found that 219 

inspiratory acquisitions also improved under PAP set at 10 cmH2O, although not as greatly. 220 

To our knowledge, this is the first study to suggest that distal airway segmentation can be 221 

improved with PAP-enhanced CT acquisitions. Although the small number of patients 222 

included is a limitation of this study to explore feasibility, our observations not only confirm 223 

that PAP-enhanced CT can potentially improve clinical segmentation in inspiration and 224 

expiration but also suggest that the enhancement is greater in expiration and with the 225 

highest tested level of PAP. This improvement in segmentation, providing the 226 

bronchoscopist with a more accurate preview of the bronchial anatomy before starting the 227 

procedure, could prove useful for identifying the afferent bronchus in cases were 228 

segmentation falls short of a PPL. We hypothesize that better planning can improve patient 229 

selection and therefore increase the diagnostic yield of VBN-guided bronchoscopy. 230 
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Previous studies have demonstrated that PAP application during CT acquisition has an 231 

effect on CT densitometry. For example, one study in healthy volunteers demonstrated 232 

different the density thresholds of normally aerated and overdistended lung after application 233 

of 30 cmH2O PAP,[12] and a study in patients with COPD demonstrated lung deflation with 5 234 

cmH2O PAP and an increment in emphysematous areas with 10 and 15 cmH2O PAP [13]. 235 

Several other studies conducted in patients with acute lung injury syndrome evaluated the 236 

density changes produced by different levels of PAP [14-21]. Instead of density changes, we 237 

used segmentation data to assess the effect of PAP because we were interested in finding a 238 

simple clinical strategy (PAP application during CT acquisition) to enhance segmentation 239 

and evaluate the impact.  240 

One previous study assessed segmentation quality by quantifying the number and 241 

volume of airways [22], but we doubted that these outcomes could reflect the improvement 242 

that PAP might offer in the peripheral airways. The number of airways segmented is related 243 

to the bronchial generations reached. Assuming that at each generation the next level has 2 244 

branches, then a rate ratio approaching 2 in the number of branches implies the 245 

segmentation is nearing one more generation “out” into the periphery of the lung. Although 246 

the number of airways is a reliable, reproducible and robust automatic measure provided by 247 

the software, it rather quantifies the increase in the number of airways at any point of the 248 

branching airway. We therefore chose an additional outcome — number of endpoints 249 

reached — because it could accurately and automatically describe the distal growth of the 250 

segmented bronchi, that is, the assessed periphery based on distance maps [23] of the lung.  251 

Our observation of more segmentations with a greater number of endpoints when we 252 

used the turbine device could be explained by the flow machine’s delivery of a lower positive 253 

end-expiratory pressure, leading to less lung distention [24, 25]. We did not demonstrate a 254 

decrease in end-expiratory pressure in this study, but we nonetheless chose to complete the 255 
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exploration of protocols with the turbine device because the apparently better results it 256 

provided seemed promising.   257 

Tests of PAP increments in patients with acute respiratory distress syndrome have 258 

shown that different respiratory variables reach a balanced effect after different adjustment 259 

times [26]. Based on the assumption that the effects of PAP on segmentation might be 260 

delayed, we explored PAP’s immediate effect, within seconds of starting, and after a 15-min 261 

exposure time at 10 cmH2O. Although we did not observe significantly different 262 

segmentations between the two exposure times, we did find that segmentation with CT 263 

acquisitions in expiration after 15 min of PAP were nonsignificantly better and we therefore 264 

we chose to test the 15-min exposure protocol with a pressure of 14 cmH2O.  265 

The greatest gain in PAP-enhanced segmentations was observed in expiratory 266 

acquisitions after 15 min of 14 cmH2O PAP. These results are consistent with previously 267 

published data where further increments in lung aeration were seen in expiratory CTs as 268 

PAP increased [13]. However, in contrast with our observation of improved segmentation 269 

with 10 cmH2O in inspiration, we did not find that the higher pressure improved results in 270 

inspiration. Higher PAP levels have been shown to lead to hyperinflation in a study in 271 

patients with severe COPD, although the highest level tested in that study was 10 cmH2O 272 

[27]. As De Troyer and Wilson [28] have noted, a healthy diaphragm stops generating 273 

inspiratory pressure after acute lung inflation reaches total lung capacity, possibly explaining 274 

why the greatest effect in inspiration was seen with 10 cmH2O instead of 14 cmH2O PAP in 275 

our study. 276 

A strength of this study is that we avoided potential biases on segmentation quality, 277 

such as CT resolution, bronchial wall thickness, emphysematous destruction or anatomic 278 

size of the lungs [29], since all 3 acquisitions were performed in the same patients and at the 279 

same CT resolution and potential density changes derived from individual variations in 280 

respiratory maneuvers were corrected for by adjusting for lung volume in all the models for 281 
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both outcomes [30]. Finally, we think that the newly developed, automatically analyzed 282 

outcome of number of endpoints reached could prove useful for comparing segmentation 283 

quality in future studies since it better describes the achieved lung periphery [31].  284 

 Since patient radiation exposure was slightly higher than usual in this study, we 285 

enrolled few patients. Our conclusions are therefore limited to feasibility and the study is 286 

underpowered for formal hypothesis testing. Under these methodological constraints, even 287 

large effects may fail to be detected as statistically significant [32] and consequently the 288 

absence of significant differences between groups should be interpreted with caution. 289 

However, the differences detected for some of the PAP protocols demonstrate that PAP-290 

enhanced CT is a feasible technique to improve the performance of computerized support 291 

systems for diagnosis of pulmonary diseases, in particular VBN-guided bronchoscopy, and 292 

we suggest further testing of PAP enhancement with more patients and only two 293 

acquisitions. 294 

 In summary, this study indicates that CT acquisitions with PAP in inspiration and 295 

expiration improve segmentation compared to baseline inspiratory acquisitions without PAP. 296 

In particular, expiratory acquisitions after 15 min with a PAP of 14 cmH2O show the greatest 297 

effect.  Results of this study can be considered as a step toward addressing a major clinical 298 

concern about the usefulness of VBN systems when segmentations do not reach PPLs. 299 

However, further studies are needed to confirm that the improved peripheral airway 300 

segmentation we observed with PAP also leads to higher diagnostic yield when PPLs are 301 

evaluated using VBN guidance.      302 

 303 

 304 

 305 
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TABLES 449 

Table 1. Clinical, Demographic and Lung Function Data of Patients in Each PAP Protocol 450 

 
PAP10F 

(n=5) 

PAP10T 

(n=5) 

PAP10T15 

(n=5) 

PAP14T15 

(n=5) 

Sex,  

male:female 
4:1 4:1 3:2 5:0 

Age, y  

mean (SD) 
71 (12) 70 (9) 76 (5) 72 (4) 

BMI, kg/m2 

mean (SD) 
24 (3) 28 (3) 23 (3) 27 (2) 

Smoking 

never:former:current 
1:4:0 1:4:0 1:4:0 0:4:1 

FEV1, L 

mean (SD) 
1.8 (.8) 2.4 (.7) 2.3 (.9) 2.4 (.4) 

FEV1, % 

mean (SD) 
68 (28) 97 (20) 98 (21) 104 (18) 

FEV1/FVC 

mean (SD) 
55 (17) 77 (5) 73 (3) 73 (6) 

MMEF25-75, L/s 

mean (SD) 
1.1 (.8) 2.5 (.6) 2.2 (.9) 2.3 (.6) 

MMEF25-75, % 

mean (SD) 
45 (34) 91 (22) 87 (38) 83 (18) 

%CT density < –950HU 

mean (SD) 
33 (3) 27 (10) 32 (10) 35 (8) 

 451 

BMI = body mass index; CT = computed tomography; FEV1 = forced expiratory volume 452 

during first second; FVC = forced vital capacity; MMEF25%-75% = maximum mid-expiratory 453 

flow; PAP10F = positive airway pressure at 10 cmH2O from the flow device, acquisitions 454 

soon after placement; PAP10T = PAP at 10 cmH2O from the turbine device, acquisitions 455 

soon after placement; PAP10T15 and PAP14T15 = PAP at 10 or 14 cmH2O, respectively, 456 

acquisitions after 15 min on PAP.  457 

458 
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 Table 2: Rate Ratios Showing the Effect of Each PAP Protocol Versus Baseline 459 

Acquisitions on Each Outcome. 460 

CT 

acquisition 
Protocol 

Rate 

Ratio 
CI95% P value 

Rate 

Ratio 
CI95% 

P 

value 

Number of airways Number of endpoints 

Inspiration 

with PAP 

PAP10F 1.07 0.97―1.18 0.243 1.05 0.96―1.15 0.4281 

PAP10T 0.97 0.89―1.06 0.645 1.2 1.09―1.33 <0.001 

PAP10T15 1.08 0.99―1.17 0.093 1.14 1.05―1.24 <0.001 

PAP14T15 0.89 0.8―0.99 0.021 1 0.91―1.11 0.993 

Expiration 

with PAP 

PAP10F 0.81 0.65―1.00 0.052 0.6 0.51―0.71 <0.001 

PAP10T 0.38 0.29―0.49 <0.001 0.54 0.42―0.68 <0.001 

PAP10T15 0.81 0.66―1.01 0.058 0.51 0.42―0.62 <0.001 

PAP14T15 1.63 1.07―2.48 0.018 1.34 1.08―1.66 0.004 

 461 

Significant effects are shown in bold face. The rate ratio was obtained from a generalized 462 

linear mixed model adjusted for lung volume and (in models of number of points reached) by 463 

distance to pleura.  464 

 465 

PAP10F = positive airway pressure at 10 cmH2O from the flow device, acquisitions soon after 466 

placement; PAP10T = PAP at 10 cmH2O from the turbine device, acquisitions soon after 467 

placement; PAP10T15 and PAP14T15 = PAP at 10 or 14 cmH2O, respectively, acquisitions 468 

after 15 min on PAP. 469 

470 
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FIGURE LEGENDS 471 

Figure 1. Study flow chart. CT = computed tomography; PAP = positive airway pressure; 472 

PAP10F = PAP at 10 cmH2O from the flow device, acquisitions soon after placement; 473 

PAP10T = PAP at 10 cmH2O from the turbine device, acquisitions soon after placement; 474 

PAP10T15 and PAP14T15 = PAP at 10 or 14 cmH2O, respectively, acquisitions after 15 min on 475 

PAP. 476 

Figure 2. Distance maps. A: Schematic representation of the distance map with 5% and 477 

15% layers in green and maroon, respectively. B and C: Examples of two different layers in 478 

the right lung of a patient: layer 5% (B) and layer 15% (C). Arrows point to the surface of the 479 

pleura. Asterisks point to layers. The airway endpoints that fall within the layer, and which 480 

were counted, are marked with red circles.  481 

Figure 3. Line graphs showing estimated number of airways segmented with each 482 

acquisition protocol. The estimated number of airways increases as the volume of air in the 483 

lung rises. The PAP14T15 protocol had a significant effect on the number of airways 484 

segmented in expiration. Exp-PAP = expiration with PAP; Ins = inspiration; Ins-PAP = 485 

inspiration with PAP; PAP10F = positive airway pressure at 10 mmH2O from the flow device, 486 

acquisitions soon after placement; PAP10T = PAP at 10 mmH2O from the turbine device, 487 

acquisitions soon after placement; PAP10T15 and PAP14T15 = PAP at 10 or 14 mmH2O, 488 

respectively, acquisitions after 15 min on PAP. 489 

Figure 4. Line graphs showing estimated number of endpoints segmented with each 490 

acquisition protocol. The estimated number of endpoints increases with the distance from 491 

the pleura. The PAP10T and PAP10T5 protocols had a significant effect on the number of 492 

endpoints segmented in inspiration. The PAP14T15 protocol had a significant effect on the 493 

number of endpoints segmented in expiration. Exp-PAP = expiration with PAP; Ins = 494 

inspiration; Ins-PAP = inspiration with PAP; PAP10F = positive airway pressure at 10 495 
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mmH2O from the flow device, acquisitions soon after placement; PAP10T = PAP at 10 496 

mmH2O from the turbine device, acquisitions soon after placement; PAP10T15 and PAP14T15 497 

= PAP at 10 or 14 mmH2O, respectively, acquisitions after 15 min on PAP. 498 


