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26 Abstract
27
28 Background: The effects of environmental changes on the somato-

29 sensory system during long-distance air ambulance flights need to be 

30 further investigated. Changes in nociceptive capacity are conceivable in 

31 light of previous studies performed under related environmental settings. 

32 We used standardized somato-sensory testing to investigate nociception 

33 in healthy volunteers during air-ambulance flights.

34 Methods: Twenty-five healthy individuals were submitted to a test 

35 compilation analogous to the quantitative sensory testing battery – 

36 performed during actual air-ambulance flights. Measurements were paired 

37 around the major changes of external factors during take-off/climb and 

38 descent/landing. Bland-Altman-Plots were calculated to identify possible 

39 systemic effects.

40 Results: Bland-Altman-analyses suggest that the thresholds of stimulus 

41 detection and pain as well as above-threshold pain along critical waypoints 

42 of travel are not subject to systemic effects but instead demonstrate 

43 random variations. 

44 Conclusions: We provide a novel description of a real-life experimental 

45 setup and demonstrate the general feasibility of performing somato-

46 sensory testing during ambulance flights. No systematic effects on the 

47 nociception of healthy individuals were apparent from our data. Our 

48 findings open up the possibility of future investigations into potential 

49 effects of ambulance flights on patients suffering acute or chronic pain.

50
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51 Introduction 

52 Inter-hospital transfers are common medical procedures, that are 

53 sometimes carried out using fixed-wing air-ambulances. The number of 

54 such long-distance transfers is steadily rising due to the ongoing 

55 internationalization of specialized medical care and, much more 

56 importantly, due to increases in individual international mobility [1]. The 

57 latter results in growing numbers of aeromedical retrievals of travelers 

58 back to their home countries [2].

59 Long distance air ambulance flights can be considered a medical field of 

60 pre-requisites that truly distinguish it from intra-hospital care. While 

61 vibrations, noise, and restricted patient access must also be considered in 

62 other means of transportation, such as ground-ambulances and mobile 

63 ICUs, the rapid alterations in atmospheric pressure, oxygen partial 

64 pressure and air humidity that occur during airplane flights are 

65 environmental changes that are actually unique to this mode of transfer.

66 Despite this distinctiveness, most in-flight medical measures are simply 

67 extrapolated from what we know and do when on solid ground. For 

68 example, during transfers, analgesia is typically applied as if the patient 

69 were in a hospital – regardless of any of the possible effects, the profound 

70 environmental changes caused by flying in an airplane might have on 

71 human nociception.

72 Data from several studies have called this business-as-usual approach into 

73 question. For example, Sato and colleagues found that neuropathic pain 

74 was significantly aggravated in guinea pigs that were exposed to small 
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75 alterations in atmospheric pressure similar to weather changes [3]. 

76 Additionally, healthy mountaineers in the Himalayas have been found to 

77 have lower pain detection thresholds when at high altitudes than when in 

78 low lying areas [4]. Thus, it seems that distinct environmental factors can 

79 influence nociception. And airplane travel in particular may affect other 

80 sensory functions as well. During simulated flights, healthy volunteers 

81 experienced changes in their gustatory detection thresholds [5]. As a 

82 consequence, commercial airlines have refined their in-flight meals to 

83 compensate for these flight-related sensory alterations. 

84 In summary, it seems conceivable that airplane travel could impact 

85 nociception, but no data are available to evaluate its influence. In this 

86 prospective interventional study, we investigated the possible effects of 

87 air-ambulance flights on human nociception. Instead of artificially altering 

88 single environmental variables in a laboratory setting (such as 

89 atmospheric pressure), we decided to test pain perception in a real-life in-

90 flight setting. This approach was used to provide external conditions 

91 identical to those encountered during medical transfers and to thus 

92 encompass the entirety of all possible influencing factors - even those, 

93 that can only be poorly simulated in a laboratory setting such as cabin 

94 noise, vibration etc.. 

95

96
97

98
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99 Materials and Methods

100
101 Participants and setting

102 This study was approved of by the University of Erlangen-Nuremberg’s 

103 ethics council in advance under decision number 81_13 B. 

104 The Department of Anesthesiology at Erlangen University Hospital is 

105 involved in international aeromedical retrievals as part of its cooperation 

106 with the ADAC, the German motorists club, which is one of the major 

107 insurance providers for Germans traveling abroad. The ADAC's two 

108 Dornier 328 mid-range ambulance jets provided the setting for our 

109 experiments. 

110 Healthy male volunteers were recruited from the pool of flight nurses and 

111 flight doctors engaged in transports on behalf of the ADAC. Informed 

112 written consent was obtained from each participant well before testing. All 

113 participants were required to undergo a concise health examination before 

114 they were included in our study. Exclusion criteria included, amongst 

115 others, any acute or chronic pain disorders, current or recent use of 

116 analgesics and any significant neurological, cardio-vascular, pulmonary or 

117 metabolic comorbidities. 

118

119 Test sequence

120 Nociception was tested at 4 distinct waypoints along the flight path. First, 

121 baseline values were obtained at ground level before take-off (Waypoint 

122 1). Measurements for waypoint 2 were acquired after reaching cruising 

123 altitude. Waypoint 3 was set at a later time, right before leaving cruising 
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124 altitude. Finally, a fourth and final set of measurements was obtained 

125 after touchdown, once the plane had reached its parking position 

126 (Waypoint 4). Picture 1 shows a schematic of the 4 waypoints along a 

127 flight. 

128

129 Environmental factors such as atmospheric pressure, temperature and 

130 humidity were documented and were considered as possible influencing 

131 factors on nociception. 

132

133 SPACER Figure 1: Schematic of test sequence.

134

135 Legend Figure 1: The 4 sets of measurements were distributed strategically at distinct 

136 waypoints during each flight. Measurement 1 = before take-off, 2 = after reaching 

137 cruising altitude, 3 = before leaving cruising altitude, and 4 =after landing. The type of 

138 aircraft used for the experiments is shown in the background. The planes right and 

139 second to right are both identical Do 328s, in service as air ambulances [6].    

140

141 Quantitative sensory testing battery

142 Nociception measurements comprised a variety of modalities derived from 

143 the “quantitative sensory testing” (QST) battery. The QST has been 

144 developed by the German Research Network on Neuropathic Pain and has 

145 found widespread use worldwide since its introduction in 2002. 

146 Standardized testing allows the representative investigation of an 

147 individual’s somatosensory system, comprising both peripheral and central 

148 pathways [7-9]. The test procedures apply increasing, calibrated, non-
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149 invasive stimuli to detect the three distinct hallmarks of the sensory 

150 system for the different neurobiological sub-modalities of pain: 

151

152 1. Perception thresholds, 

153 2. Pain thresholds, and the

154 3. Quantification of sensations above threshold 

155

156 Predefined techniques are provided by the QST manual to calculate 

157 validated threshold values from the obtained measurements. Briefly, QST 

158 measures through a set of tests (1.) when you first feel the stimulus, (2.) 

159 when the stimulus causes pain for the first time and (3.) how much a 

160 specific stimulus hurts.

161

162 Thermal testing

163 Warm and cold thermal perception and pain thresholds were investigated 

164 using the TSA II NeuroSensory Analyzer (Medoc Advanced Medical 

165 Systems, Ramat Yishai, Israel). A thermode with a circulating water 

166 system was placed on the volunteer’s skin and a series of changes in 

167 water temperature were repeatedly applied. Technical limitations of 

168 thermode temperature were implemented to avoid skin lesions. When 

169 participants perceived that the temperature had changed and when they 

170 later felt pain derived from cold or heat, they pushed a button and the 

171 threshold temperatures were registered electronically.

172
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173 Mechanical testing

174 Mechanical pain thresholds were examined by means of pin-prick needle 

175 stimulators of increasing contact weights, resulting in stimulation 

176 intensities ranging from 8 Nm to 512 Nm against the intact skin surface of 

177 the participants.  (Instruments were custom made by the expert mechanic 

178 workshop at the Department of Physiology, University of Erlangen-

179 Nuremberg, Germany). Pain thresholds were derived from subjective oral 

180 ratings reported by the participants after repeated runs of stimulations. To 

181 detect the windup phenomenon, both single and series of above-pain-

182 threshold stimuli were applied and rated on the numerical rating scale 

183 (NRS) for pain.

184

185 Pressure algometer

186 The indenter-like pressure algometer FDN 200 (Wagner Instruments, 

187 Greenwich, USA) was pushed against the participant’s skin with increasing 

188 effort to determine the pressure pain threshold.  The device was equipped 

189 with a pressure scale and readings were obtained when the volunteers 

190 verbally stated they perceived pain. 

191

192 Pain-Matcher

193 The pain matcher is not part of the QST test battery. It is a hand-held 

194 device that emits rectangular pulses of direct current between the 

195 participant’s first and second digitae [10, 11]. The transferred energy 

196 increases stepwise through automatic pulse elongation (60 steps from 0 to 
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197 450 msec.), resulting in an electrical sensation that becomes painful over 

198 time. The test subjects were instructed to loosen their grip on the device 

199 when thresholds were met. The intensity levels for perception and pain 

200 thresholds as well as for the individual’s maximum pain tolerance were 

201 displayed on the device and documented.

202

203 Table 1 provides a comprehensive overview of all test modalities. 

204 Abbreviations are later used in tables 3 and 4 of the results section.

205

206 Table 1. Synopsis of all test modalities and their abbreviations.

Test modality Abbreviation
Cold detection threshold CDT
Heat detection threshold HDT
Cold pain threshold CPT
Heat pain threshold HPT
Mechanical pain threshold MPT
Wind up single stimulus WUsS
Wind up multiple stimuli WUmS
Pressure pain threshold PPT
Pain matcher detection threshold PMDT
Pain matcher pain threshold PMPT
Pain matcher abort threshold PMAT

207

208 Statistical analysis

209 To assess the influence of the environmental changes that occur between 

210 different flight phases on nociception, we performed Bland-Altman-

211 analyses and prepared plots for every sensory test modality. Comparisons 

212 were paired around the phases of major changes in external conditions: 

213 take-off/climb and descent/landing. For this analysis, we matched 

214 waypoint 1 against waypoint 2 and waypoint 3 against waypoint 4. The 

215 solid black lines in the Bland-Altman-Plots represent the mean of the 
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216 differences. The confidence intervals for means of differences are depicted 

217 as dashed black lines. The red upper (lower) lines show the upper (lower) 

218 limits of agreement equal to the mean ± 1.96SD. Usually, a total of 95% 

219 of observations lie within these limits. Confidence intervals for the limits of 

220 agreements were calculated and are presented in tables 3 and 4. 

221 However, for reasons of clarity, they were not included in the Bland-

222 Altman-Plots. The blue lines represent a margin of ±20% around the 

223 means of the measurements obtained for each modality and serve as a 

224 possible indicator of clinical relevance. 

225

226 Statistical analysis was performed using SPSS Statistics 21 (IBM Corp. 

227 Armonk, NY, USA). Values are presented as means with standard 

228 deviations and 95% confidence intervals, where appropriate.  

229

230

231 Results 

232 Descriptive statistics

233 25 male participants completed our experiments. 14 were flight nurses, 

234 and 11 were flight physicians. Their ages ranged from 24 to 56 years 

235 (Mean: 43.64; SD: 8.71). 

236

237 Environmental changes

238 The environmental conditions present on board the Dornier Do-328 

239 Ambulance Jets were recorded for each test subject and waypoint. Means 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted May 15, 2019. ; https://doi.org/10.1101/639781doi: bioRxiv preprint 

https://doi.org/10.1101/639781
http://creativecommons.org/licenses/by/4.0/


11

240 are displayed in table 2. Ambient cabin pressure was measured at mean 

241 75.43 kPa (SD:1.38) when cruising altitude was reached and 75.94 kPa 

242 (SD:2.63) before descend, against normobaric conditions on ground levels 

243 (p< 0.001). To obtain a better understanding of these pressure values: 75 

244 kPa correspond to an altitude of 2465 m above sea level. The subsequent 

245 reduction in partial oxygen pressure led to mild hypoxia in the test 

246 subjects. Mean oxygen saturations of the participants were measured at 

247 92.92% (SD:2.00) after reaching cruising altitude and 93.6% (SD:1.93) 

248 before leaving cruising altitude – compared to a mean baseline saturation 

249 of 97.6% (SD:1.93, p< 0.001). 

250
251 Table 2. Environmental elements in effect during pain testing. Differences of statistical 

252 significance 

Environmental

factors:

Waypoint 1 Waypoint 2 Waypoint 3 Waypoint 4

Temperature 21.88 °C

(SD 1.93)

23.07 °C

(SD 1.42)

23.32 °C

(SD 1.58)

22.81 °C

(SD 1.91)

Relative Humidity 44.84%

(SD 8.34)

26.56%

(SD 1.88)

24.96%

(SD 1.99)

39.92%

(SD 9.77)

Ambient Pressure 97.05 kPa

(SD 8.34)

75.43 kPa

(SD 1.38)

75.94 kPa

(SD 2.63)

99.14 kPa

(SD 1.80)

253

254 Somato-sensory testing – Nociception

255 The effects of environmental changes on perception and nociception are 

256 demonstrated by the Bland-Altman plots prepared for each test modality 

257 [12]. In this manuscript, we only display a short and exemplary collection 

258 of plots for the cold and heat pain thresholds (CPT and HPT) in Figures 2-
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259 5. Plots for all other analyzed modalities can be found as supplementary 

260 online content (Figures 6 - 23). 

261

262 SPACER FIGURES 2-5

263

264 Figure 2 Bland Altman Plot - Cold Pain Threshold – Waypoints 1 against 2

265 Figure 3 Bland Altman Plot - Cold Pain Threshold – Waypoints 3 against 4

266 Figure 4 Bland Altman Plot - Heat Pain Threshold – Waypoints 1 against 2

267 Figure 5 Bland Altman Plot - Heat Pain Threshold – Waypoints 3 against 4

268

269 Legend Figures 2-5:

270 The solid black lines in the Bland-Altman-Plots represent the mean of the differences. 

271 The confidence intervals for the means of differences are depicted as dashed black lines. 

272 The red upper (lower) lines show the upper (lower) limits of agreement equal to mean ± 

273 1.96 SD. The blue lines represent a margin of ±20% around the means of measurements 

274 from each modality and serve as a possible indicator of clinical relevance.

275

276 Table 3 provides a comprehensive overview of each test and lists the 

277 means of the differences, their 95% confidence intervals and the limits of 

278 agreements (± 2SD) between measurements taken at waypoints 1 and 2. 

279 The estimated means of the differences were usually close to zero with 

280 some single differences demonstrating large nonsystematic fluctuations 

281 around this mean. This implies that environmental changes along the 

282 flight did not produce systematic bias but instead produced only random 

283 variations. Table 4 provides the same data for the comparison of 

284 waypoints 3 against 4.
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285  

286 Table 3: Means of differences, limits of agreement (LoA) and confidence intervals (CI) 

287 between pairs of measurements around changes in environmental conditions are shown 

288 for all analyzed sensory modalities. In this table between waypoints 1 and 2 (around 

289 take-off and climb). 

290

Test 

modality

Unit Mean of  

differences

CI mean 95% 

Upper 

LoA

CI upper 

limit of 

agreement

95% 

Lower 

LoA

CI lower limit 

of agreement

CDT12 °C -0.67 -1.51 ; 0.16 3.29 1.61 ; 4.98 -4.64 -6.32 ; -2.95

HDT12 °C 0.16 -0.56 ; 0.87 3.55 2.11 ; 5.00 -3.24 -4.68 ; -1.80

CPT12 °C -1.62 -4.32 ; 1.07 11.18 5.74 ; 16.63 -14.43 -19.87 ; -8.99

HPT12 °C -0.09 -0.98 ; 0.81 4.19 2.37 ; 6.00 -4.36 -6.17 ; -2.54

MPT12 Nm 16.51 -0.47 ; 33.48 97.09 62.86 ; 131.33 -64.08 -98.31 ; -29.85

WUsS12 NRS 3.02 -0.84 ; 6.89 21.38 13.58 ; 29.17 -15.33 -23.12 ; -7.53

WUmS12 NRS 1.01 -1.96 ; 3.98 15.11 9.12 ; 21.10 -13.09 -19.08 ; -7.10

PPT12 kg/cm2 0.14 -0.07 ; 0.34 1.12 0.70 ; 1.53 -0.84 -1.26 ; -0.43

PMDT12 Intensity 

level

0.40 -0.22 ; 1.02 3.34 2.09 ; 4.59 -2.54 -3.79 ; -1.29

PMPT12 Intensity 

level

0.00 -2.71 ; 2.71 12.89 7.41 ; 18.37 -12.89 -18.37 ; -7.41

PMAT12 Intensity 

level

-0.98 -4.36 ; 2.40 15.05 8.24 ; 21.86 -10.20 -23.82 ; -10.20

291

292

293

294

295

296

297

298

299

300

301
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302 Table 4: Means of differences, limits of agreement (LoA) and confidence intervals (CI) 

303 between pairs of measurements around changes in environmental conditions are shown 

304 for all analyzed sensory modalities. In this table between waypoints 3 and 4 (around 

305 descent and landing). 

306

Test 

modality

Unit Mean CI Mean 95% 

upper 

LoA

CI upper LoA 95% 

lower

LoA

CI lower LoA

CDT34 °C 0.08 -0.53 ; 0.68 2.93 1.72 ; 4.15 -2.78 -3.99 ; -1.57

HDT34 °C 0.11 -0.14 ; 0.35 1.29 0.78 ; 1.79 -1.08 -1.58 ; -0.57

CPT34 °C 0.24 -1.54 ; 2.02 8.68 5.10 ; 12.27 -8.20 -11.79 ; -4.62

HPT34 °C -0.45 -1.24 ; 0.33 3.27 1.69 ; 4.85 -4.17 -5.76 ; -2.59

MPT34 Nm -8.82 -27.29 ; 9.64 78.86 41.61 ; 116.10 -96.50 -133.75 ; -59.26

WUsS34 NRS 0.73 -1.70 ; 3.15 12.25 7.36 ; 17.14 -10.79 -15.69 ; -5.90

WUmS34 NRS 1.29 -1.26 ; 3.84 13.39 8.25 ; 18.53 -10.81 -15.95 ; -5.67

PPT34 kg/cm2 -0.09 -0.22 ; 0.04 0.54 0.27 ; 0.80 -0.71 -0.98 ; -0.45

PMDT34 Intensity 

level

-0.40 -0.81 ; 0.01 1.56 0.73 ; 2.39 -2.36 -3.19 ; -1.53

PMPT34 Intensity 

level

-0.38 -1.13 ; 0.37 3.17 1.66 ; 4.68 -3.93 -5.44 ; -2.42

PMAT34 Intensity 

level

0.86 -1.00 ; 3.72 14.43 8.67 ; 20.20 -12.71 -18.48 ; -6.95

307

308

309 Discussion 

310 Long-distance inter-hospital transfers performed via fixed-wing air 

311 ambulances are frequent and steadily growing in number. Previous data 

312 from studies that investigated the impact of changing environmental 

313 conditions on neuro-sensory performance and nociception prompted us to 

314 suspect that patients undergoing transfers via airplanes could experience 

315 similar changes in nociception and that analgesia strategies may 
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316 consequentially have to be re-evaluated. In this study, we present an 

317 elaborate test scenario aimed at assessing flight-related variations in 

318 perception and pain thresholds. Regarding the surrounding conditions, 

319 airplane travel is associated with large decreases in barometric pressure, 

320 partial oxygen pressure, and humidity as well as significant increases in 

321 vibration and noise exposure, all of which develop over very short time 

322 spans. Our data suggest that despite these significant and systematic 

323 environmental changes, the variations in nociception that occur during an 

324 ambulance flight are nonsystematic and random – according to our 

325 comprehensive scope of sensory modalities. Variations in the detected 

326 differences against their means could occur in a larger extent in a number 

327 of cases. (I.e., measurements lying outside the blue 20% margin in each 

328 plot.) In some of the tested modalities, more than half of the test subjects 

329 displayed means of differences exceeding 20%, which is a – certainly 

330 debatable – margin of clinical significance. However, these cases occurred 

331 without any clear pattern, and no systematic routine allowed us to predict 

332 the direction of an individual’s change in nociception, or whether he might 

333 not be affected at all by the environmental stressor he was exposed to. 

334

335 While our study is not a final assessment that should be used to guide 

336 analgesia in a systematic way (e.g. more or less dosing), we conclude that 

337 flight-related changes in the environment have the potential to erratically 

338 influence some individuals' nociception. This finding calls for increased 

339 clinical suspicion of altered, whether higher or lower - analgesia 
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340 requirements during those phases of a transfer we tested, during which 

341 external conditions change profoundly. Our data indicate that repeated 

342 pain assessments should potentially be carried out at times such as take-

343 off and landing in patients requiring analgesia.

344

345 Findings in the context of previous data

346 As described in the introduction section, previous studies have presented 

347 data that suggest that the environment can have systemic effects on 

348 nociception. At first glance, our findings seem to contradict these studies, 

349 but a closer look allows a reconciliation of their conclusions and ours. 

350 Regarding the effects of high altitude on mountaineers, it must be 

351 acknowledged that the environmental conditions experienced on board 

352 airplanes are not as extreme as those experienced in the Himalayans and 

353 that the duration of exposure was considerably shorter for our volunteers 

354 [4]. In fact, the experiments investigating the aggravating effects of 

355 short-term weather changes on neuropathic pain in guinea pigs 

356 correspond somewhat more closely to our setting of environmental 

357 changes [3]. However, a fundamental difference between our test setting 

358 and the one used with the guinea pigs is the pathophysiological condition 

359 of the test subjects. In contrast to the test animals, which suffered from 

360 neuropathic pain, our volunteers were healthy individuals without any pain 

361 other than that caused by the mild stimuli of the QST battery. It is 

362 conceivable, that in order to be influenced by external environmental 

363 stressors such as those used in our study, pain must be present as an 
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364 actual and persistent disorder, not just as a brief experimental stimulus. 

365 In the end, it seems worth considering whether the effects of 

366 environmental changes on a cohort of test subjects who actually 

367 experiencing pain should be investigated before we reject the hypothesis 

368 that flight-related environmental changes have relevant effects on human 

369 nociception. After all, pain can, in itself, have systemic effects on stimulus 

370 detection and pain thresholds and can lead to very complex but distinct 

371 secondary disorders, such as hyperalgesia and allodynia [13-15].

372

373 Strengths 

374 In our study we conducted nociception testing in a real-life in-flight setting 

375 unparalleled by that used in any previous study. All external factors 

376 present during the actual transfers of patients were also present under 

377 our experimental conditions. This included factors that are easy to 

378 simulate and easy to measure such as barometric pressure as well as 

379 factors that are more difficult to replicate under laboratory conditions, 

380 such as motion, vibrations, noise, odors, and others - some of which we 

381 might not even be aware of as to their existence.

382 We demonstrate the feasibility of using a complex and comprehensive 

383 somato-sensory assessment in a unique surrounding area. Our study 

384 clears the way for further investigations of nociception in selected, 

385 clinically relevant subpopulations submitted to flight conditions. As 

386 mentioned above, the fact that our findings do not support the notion of a 

387 systematic effect on nociception in healthy volunteers does not exclude 

.CC-BY 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted May 15, 2019. ; https://doi.org/10.1101/639781doi: bioRxiv preprint 

https://doi.org/10.1101/639781
http://creativecommons.org/licenses/by/4.0/


18

388 the possibility that such effects could occur in individuals actually 

389 experiencing pain at the time of transfer. 

390

391 Limitations 

392 Naturally, these strengths stand vis-à-vis with several limitations. First, 

393 the small sample-size of our study population is the most relevant 

394 limitation. Second, due to the make-up of the work force of the ADAC Air 

395 Ambulance, our study population consisted only of men in young 

396 adulthood or middle age. This selection bias limits the generalizability of 

397 our findings as age and sex are factors that are known to influence 

398 nociception [16-18]. Selection may also have been affected by the so-

399 called healthy worker effect [19]. It is conceivable that those individuals 

400 who are actually affected the most by flight-related environmental 

401 changes would not work in the field of aeromedical retrievals and that we 

402 therefor inadvertently tested a subpopulation of (in a manner of speaking) 

403 immune individuals. 

404
405

406 Conclusions

407 Air ambulance flights submit patients to extraordinary and rapidly 

408 changing environmental conditions, and providers of care and researchers 

409 have aimed to explore the effects of airplane travel on patients. In this 

410 study, we investigated the feasibility of somatosensory testing on the 

411 basis of QST to identify possible flight-related changes in stimulus 

412 perception and pain thresholds. In consideration of the declared 
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413 limitations, we can present several novel findings. We demonstrate the 

414 feasibility of using a complex and comprehensive method of nociceptive 

415 testing under real-life in-flight conditions. This opens up the possibility 

416 that future investigations could explore nociception among patients who 

417 require analgesia, for whom we must strive to optimize our provision of 

418 care. However, with regard for our healthy volunteers, perception 

419 thresholds, pain thresholds, and above-threshold pain were not subject to 

420 systematic effects along the major changes of the environment 

421 accompanying the different stages of an ambulance flight. Nociception 

422 was considerably altered in a relevant percentage of individuals, but our 

423 data do not suggest a methodical way to predict such occurrences. 

424

425 Supporting information

426 Bland-Altman Plots for tested somato-sensory modalities other than cold 

427 and heat pain thresholds are available as supplemental online content. 

428

429 Abbreviations
430 ADAC = Allgemeiner Deutscher Automobil Club

431 CDT = Cold Detection Threshold

432 CI = Confidence Interval

433 CPT = Cold Pain Threshold 

434 DOI = Digital Object Identifier

435 HDT = Heat Detection Threshold

436 HPT = Heat Pain Threshold

437 ICU = Intensive Care Unit

438 LoA = Limit of Agreement 
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439 MPT = Mechanical Pain Threshold

440 NRS = Numerical Rating Scale

441 PMAT = Pain Matcher Abort Threshold

442 PMDT= Pain Matcher Detection Threshold

443 PMPT = Pain Matcher Pain Threshold

444 PPT = Pressure Pain Threshold

445 QST = Quantitative Sensory Testing

446 SD = Standard Deviation

447 WumS= Wind Up Multiple Stimuli

448 WusS= Wind Up Single Stimulus

449
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