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R E S E A R C H  A R T I C L E

     T
hough the mechanisms of decompression sickness 

(DCS) are not fully known, one of the necessary condi-

tions is a change in the ambient pressure suffi  cient to 

reach a state of tissue supersaturation with inert gas (most com-

monly nitrogen). Once tissue supersaturation is reached, the 

formation of intravascular and tissue-based bubbles is possible. 

It is believed that DCS is mediated by the presence of these gas 

bubbles, resulting in endothelial dysfunction, infl ammation, 

and hemostatic changes.  12   Th e standard treatment for DCS is 

aimed at decreasing existing bubbles, eliminating inert gas, 

and improving oxygen delivery to tissue beds. In general, this 

is accomplished by recompression in a hyperbaric chamber 

followed by a slow, controlled decompression in conjunction 

with hyperbaric oxygen. Unfortunately, such hyperbaric 

chambers have limited portability and require qualifi ed and 

experienced personnel to operate safely. Consequently, 

depending on the geographic location and availability of 

resources, scenarios such as a disabled submarine rescue may 

not allow for staged decompression procedures on such a scale. 

In these cases nonrecompressive (i.e., those not requiring the 

use of a hyperbaric chamber) treatment strategies are needed. 

Intravenous perfl uorocarbons (PFC) treatment is one such 

nonrecompressive strategy. 

 PFC formulations are fl uorinated hydrocarbons that can 

dissolve and transport greatly increased levels of oxygen and 

other respiratory gases over plasma alone.  16 , 19   PFC emul-

sions have been shown to increase inert gas elimination and 

oxygen delivery in tissues  9 , 18 , 27   and to decrease morbidity 
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    BACKGROUND:   Perfl uorocarbon (PFC) formulations can be a useful adjunct treatment for decompression sickness (DCS) when staged 

decompression procedures cannot be followed due to time constraints or lack of equipment. The benefi t of PFC 

treatment is believed to result from its ability to transport more dissolved gas than can be transported by blood alone. 

Dodecylfl uoropentane (DDFPe) is a unique nanodroplet compound that expands into a gaseous state when exposed to 

physiological temperatures, resulting in a higher dissolved gas-carrying capacity than standard PFC formulations. 

    METHODS:    We investigated the effi  cacy of DDFPe in reducing morbidity and mortality in a rat model of severe DCS. Male Sprague-

Dawley rats (250-280 g) were compressed to 210 fsw for 60 min before rapid decompression. Animals were immediately 

injected with 2% DDFPe (0.07 ml  z  kg  2 1 , 0.5 ml  z  kg  2 1 , 1.0 ml  z  kg  2 1 ) or saline, and were transferred to a 100% O 2  

environment for 30 min. 

    RESULTS:    Of the animals in the saline group, 47% (18/38) did not survive the decompression event, while  ; 98% (46/47) of the 

animals in the DDFPe group did not survive. Of the animals that died during the observation period, the saline group 

survived on average 89% longer than DDFPe treated animals. Seizures occurred in 42% of the DDFPe group vs. 16% in 

the saline group. Histological analysis revealed the presence of large, multifocal gas emboli in the liver and heart of 

DDFPe treated animals. 

    CONCLUSIONS:    We conclude that DDFPe is not an eff ective nonrecompressive treatment for DCS in rodents.   

  KEYWORDS:   DCS  ,   diving  ,   rodent  ,   perfl uorocarbon  . 

 Sheppard RL, Regis DP, Mahon RT.  Dodecafl uoropentane (DDFPe) and decompression sickness-related mortality in rats.  Aerosp Med Hum Perform. 2015; 86(1): 21  –  26 .   

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access



22  AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 86, No. 1 January 2015

DDFPe IN DECOMPRESSION SICKNESS — Sheppard et al.

and mortality in animal models aft er a decompressive event.  2 , 4 , 13   

Dodecafl uoropentane (DDFPe) is a unique PFC emulsion that 

consists of nanodroplets which expand into a gaseous state 

when reaching physiological temperatures, but do not appear 

to form actual microbubbles in vivo at room temperature.  7   In 

vitro ,  DDFPe ’ s oxygen carrying capacity more than doubles 

when temperatures are increased from 21°C to 37°C, and 

DDFPe has been shown to carry signifi cantly more oxygen 

than other PFC formulations.  7   Additionally, this expansion 

into a gaseous state at physiological temperatures confers a 

small intravenous dosing schedule when compared to other 

emulsifi ed PFCs. 

 DDFPe enhances nitrogen elimination in oxygen breathing 

anesthetized swine  9   and reduces mortality in a severe anemia 

model by increasing oxygen tension.  10   Th ough not previously 

evaluated for effi  cacy in treatment of DCS, DDFPe may facili-

tate greater oxygen delivery to, and nitrogen removal from, tis-

sue beds that are obstructed by bubble formation or other vessel 

occlusion, preventing red blood cell migration. Th e goal of this 

study was to assess the viability of DDFPe as an adjunct treat-

ment for DCS in rodents following rapid decompression. We 

surmised that DDFPe would reduce the incidence and severity 

of DCS in a rat model following rapid decompression.  

 METHODS  

    Animals 

 Th e study protocol was reviewed and approved by the Walter 

Reed Army Institute of Research/Naval Medical Research Cen-

ter Institutional Animal Care and Use Committee in compli-

ance with all applicable Federal regulations governing the 

protection of animals in research. All animals were maintained 

under the surveillance of veterinary staff  and this facility is 

AAALAC accredited. Male Sprague-Dawley rats ( N   5  47 

DDFPe and  N   5  38 saline) weighing 250-280 g were pair-

housed at the animal care facility and maintained on a 12-h 

light/dark cycle with free access to standard rodent chow and 

water.   

 Procedures 

 Aft er 7 d acclimation, animals were fi tted with tail-vein cathe-

ters immediately prior to beginning the experiment. Animals 

were inserted into individual lanes of a fi ve-lane custom built 

steel mechanical running wheel and the entire device was posi-

tioned inside a small animal hyperbaric chamber. As previously 

described,  15   the wheel was fi tted to an exterior motor and kept 

at a constant 3.6 m  z  min  2 1  pace to ensure similar activity level 

and respiratory rate between animals. Th e hyperbaric chamber 

was pressurized at a rate of 60 fsw  z  min  2 1  to a depth of 210 fsw. 

Th e animals were maintained at 210 fsw, 21% O 2 , and 28°C for 

1 h (long enough to reach tissue saturation of inert gas). Aft er 

1 h the chamber was rapidly decompressed and the animals 

were immediately removed and injected via tail vein catheter 

with either chilled saline or a chilled 2% DDFPe formulation 

(NuvoxPharma, Tucson, AZ) at one of three doses: 0.07 ml  z  kg  2 1 , 

0.5 ml  z  kg  2 1 , or 1.0 ml  z  kg  2 1 . All injections were normalized to 

1 ml total volume. 

 Immediately following injection each animal was trans-

ferred to a Plexiglas holding box ventilated with 100% oxygen 

and closely observed for up to 30 min. Th e 30-min observation 

period was based on extensive experience with this dive proto-

col demonstrating that animals surviving the fi rst 30 min aft er 

surfacing typically have a full recovery within the next 24 h. 

Signs and symptoms indicative of DCS induced by this dive 

protocol include the following: rapid and/or heavy respiration, 

slumped posture, ataxia, fasciculation of the digits, recumbent 

position, paralysis, and seizure. Necropsies were performed 

immediately aft er confi rmation of death, while survivors of the 

30-min observation period were euthanized via decapitation 

prior to necropsy. Tissue samples included heart, liver, lungs, 

kidney, stomach, intestines, adipose, and skeletal muscle. Har-

vested tissues were removed and fi xed in 10% neutral buff ered 

formalin before being trimmed, sectioned at 5-6 mm thickness 

(minimum of fi ve sections per tissue, per animal), and stained 

with hemotoxylin and eosin. Emboli area was calculated via 

NIH ImageJ soft ware (National Institutes of Health, Bethesda, 

MD) with vasculature and sectioning artifacts excluded from 

the analysis. Sections were analyzed by a board-certifi ed veteri-

nary pathologist using an Olympus B-50 light microscope.   

 Statistical Analysis 

 A 1-way ANOVA and Student ’ s  t -test using PRISM (GraphPad 

Soft ware, Inc., La Jolla, CA) were used for comparison of means 

between saline and DDFPe groups. All values are expressed as 

means  6  SE, except for bodyweights, which are expressed as 

means  6  SD. Values of  P   ,  0.05 were considered statistically 

signifi cant.     

 RESULTS 

 Th e average weight for animals in the DDFPe and saline groups 

was 267.2  6  8.78 g and 266.4  6  8.73 g, respectively. Extensive 

experience with this dive protocol in our laboratory indicates 

that we could anticipate  ; 50% mortality in rats, with mortality 

being defi ned as not surviving the 30-min observation period. 

Mortality in the saline group was approximately 47% while 

mortality in the DDFPe group was signifi cantly higher at 

approximately 98% [F (4,127)  5  19.42,  p   ,  0.001] (  Fig. 1A  ). 

Mortality by dose was as follows: 0.07 ml  z  kg  2 1   5  100% ( N   5  28), 

0.5 ml  z  kg  2 1   5  92% ( N   5  13), 1.0 ml  z  kg  2 1   5  100% ( N   5  6) 

( Fig. 1B ). Of the animals that did not survive the observation 

period, death in the DDFPe group occurred signifi cantly faster 

than in the saline group [218  6  17 s vs. 362  6  43 s, respectively; 

 t (62)  5  3.86,  p   ,  0.001] (   Fig. 2A ). Tonic-clonic seizures were 

observed in 42% of the animals in the DDFPe group, but in only 

16% of the saline group [ t (83)  5  2.748,  p   5  0.007] ( Fig. 2B ). 

None of the animals from either group manifesting this symp-

tom of neurological DCS survived the observation period. To 

rule out DDFPe toxicity alone as the cause of death, 10 animals 

were administered 1.0 ml  z  kg  2 1  of 2% DDFPe as described 
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 Fig. 1.        Eff ects of DDFPe on mortality in a rat model of DCS A) overall and B) by 

dose of DDFPe. Animals were treated with saline or a 2% DDFPe solution with 

doses ranging between 0.07-1.0 ml  z  kg  2 1  immediately upon surfacing. Asterisks 

indicate signifi cant diff erence from saline controls; * P   ,  0.05, ** P   ,  0.001.    

  
 Fig. 2.        A) Time of death (post-surfacing) for animals that did not survive the 

30-min observation period. B) Incidence of seizures in saline and DDFPe treated 

animals. Seizures were visually confi rmed by experienced veterinary technicians. 

* p   ,  0.05; ** p   ,  0.001.    

above, but the hyperbaric chamber was not pressurized. All ani-

mals survived and showed no observable signs of distress or 

discomfort (data not shown).         

 Necropsies were performed by a board certifi ed veterinary 

pathologist. No gross abnormalities were apparent in the lungs, 

kidneys, stomach, intestines, adipose, or skeletal muscles of any 

of the animals; however, atypical blanching and bubble forma-

tion was noted in the liver and heart of multiple DDFPe treated 

animals. Upon histologic examination signifi cant lesions were 

noted in the liver, consisting of multifocal to coalescing foci of 

hepatic sinusoidal dilations with notable compression of adja-

cent hepatocytes (  Fig. 3  ). Sinusoidal dilations were noted across 

the lobes and aff ected 5 – 10% of total liver parenchyma. In con-

trast, no signifi cant hepatic sinusoidal dilations were noted in 

the saline treated animals ( Fig. 3 ). Sections from all fi ve hepatic 

lobes were H&E stained and total dilation area (excluding vas-

culature and sectioning artifacts) was quantifi ed. Dilation area 

in the DDFPe sections was found to be nearly twofold greater 

than in the saline sections [ t (11)  5  2.648,  p   5  0.023] (  Fig. 4  ). 

Similar sinusoidal dilations were observed in the cardiac mus-

cle (  Fig. 5  ); however, the eff ect was not as pronounced as in the 

liver sections and the presence of signifi cant artifacts and 

sectioning damage in the cardiac tissue prevented an accurate 

quantifi cation of emboli area as was done for the liver sections.               

 DISCUSSION 

 To our knowledge, this is the fi rst study to directly examine 

the effi  cacy of DDFPe in preventing DCS-related mortality in 

rats. Th ough we hypothesized that prophylactic administration 

of DDFPe would be protective against DCS following rapid 

decompression, DDFPe was associated with a marked increase 

in mortality from DCS in all doses studied. Additionally, 

DDFPe treatment was also associated with a signifi cant increase 

in clinically apparent seizures compared to saline only, and ani-

mals that seized subsequently expired rapidly ( ,  30-60 s). 

 Th ough DDFPe had a signifi cantly negative impact on sur-

vival aft er rapid decompression, administration of a 1.0 ml  z  

kg  2 1  dose resulted in no apparent negative eff ect on animals 

that were not exposed to decompression stress. Th is is not 
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surprising as DDFPe has an established safety record as an 

ultrasound contrast agent in humans,  5 , 17   and other conditions 

where the therapeutic value of DDFPe is being leveraged are 

unlikely to experience such extreme atmospheric pressures 

(and subsequent depressurization) as was used in this study. 

Additionally, the oxygen carrying capacity of DDFPe has shown 

promise in animal models of anemia,  10   carbon monoxide poi-

soning,  21   radiation-resistant tumor sensitization,  8   and stroke  1 , 26   

with no evidence of untoward eff ects. Our results also contra-

dict those obtained from studies of other PFC formulations in 

swine and rodent models of DCS that demonstrated improve-

ments in mortality and morbidity.  11 , 14 , 20   

 While we did not conduct an extensive pathological analysis 

into cause of death for each animal, symptoms of cardiopulmo-

nary and neurological DCS were consistently present, and his-

tological analysis demonstrated markedly increased levels of 

tissue gas emboli in DDFPe treated animals. Th is suggests that 

the animals died with an increased total body bubble load. It is 

likely DDFPe served as micronuclei for bubble formation, lead-

ing to an increase in bubble load. Relying on only changes in 

ambient pressure, bubble formation in saturated liquid requires 

  
 Fig. 3.        HE stained liver sections (20 3 ) from A) saline and B) 1.0 ml  z  kg  2 1  DDFPe 

treated animals.    

  
 Fig. 4.        Total area of sinusoidal dilations in the liver of DDFPe treated animals 

relative to saline treated controls. H&E sections were scanned and stained 

vs. unstained areas quantifi ed via ImageJ software. Vessel, tear, and sec-

tioning artifact areas were manually identifi ed and excluded from quantifi cation. 

* p   5  0.023.    

a change in pressure on the order of 100-1000 atm.  6   Th e pres-

ence of small ( ,  10 micron) gaseous particles has been demon-

strated to serve as a nidus for overt bubble formation and 

experimental strategies aimed at decreasing micronuclei (such 

as breathing oxygen or using a brief compression prior to a 

dive) have decreased bubble formation in humans and DCS in 

animals.  22   

 Th e 250-nm size of the DDFPe along with the expansion 

into a gaseous pocket at physiological temperatures alone 

would seem to qualify this compound as a micronuclei. 

Further growth of micronuclei would then be anticipated in 

the supersaturated state of decompression, where ambient 

gas partial pressure is exceeded by tissue gas partial pre-

ssure. Th is situation makes it feasible for the gas pockets of 

DDFPe to grow in vivo during decompression and also 

explains why no growth of these pockets is observed without 

decompression. 

 Th e dramatic increase in DCS mortality demonstrated in 

this study indicates that a cautious approach is warranted when 

leveraging the oxygen carrying capacity of DDFPe where a sig-

nifi cant change in ambient pressure is anticipated. In developed 

countries, patient transport to a tertiary treatment center aft er 

initial resuscitation is common.  25   In altitude-related DCS, 

intravascular bubble formation is quite rare in humans below 

15,000 ft  elevation, but appears to occur in  ; 50% of those 

ascending to 21,200 ft .  24   Further, the presumed generation of 

micronuclei during exercise (while breathing air) immediately 

prior to ascent signifi cantly increases the amount of intravascu-

lar bubbles detected.  3   Th us it is possible that DDFPe could 

lower the threshold altitude for bubble formation in the unpre-

ssurized, air-transported patient, which may be of particular 

concern for military casualties, who are oft en evacuated in 
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unpressurized aircraft . Further studies are necessary to 

investigate the clinical implications of such a scenario. 

 Similarly, the high incidence of seizures is not fully explained 

in this work. Suspicion for large bubble formation in the central 

nervous system (CNS), leading to seizure activity, is possible.  23   

Alternatively, the increased oxygen delivery capacity of DDFPe 

could have made the animals prone to CNS oxygen toxicity. 

However, neither of these hypotheses is addressed in this study 

as we did not conduct a thorough histological examination of 

any CNS tissue. 

 In conclusion, DDFPe administered as a bolus injection 

immediately following rapid decompression from 210 fsw 

increases mortality and seizure incidence in a rat model of 

DCS. Further studies into the eff ects of DDFPe during changes 

in ambient pressure are warranted.     

 ACKNOWLEDGMENTS 

 Th is research was supported by the Offi  ce of Naval Research work unit num-

ber 603729N.02194.W050.A0710. Th e views expressed here are those of the 

  
 Fig. 5.        HE stained heart sections (20 3 ) from A) saline and B) 1.0 ml  z  kg  2 1  

DDFPe treated animals.    

author(s) and do not necessarily refl ect the offi  cial policy or position of the 

Department of the Navy, Department of Defense, nor the U.S. Government. 

Th ere are no fi nancial or other relationships that could be viewed as causing 

bias or confl ict of interest for any of the authors. 

  Authors and affi  liation:  Ryan L. Sheppard, Ph.D., David P. Regis, M.D., 

and Richard T. Mahon, M.D., Naval Medical Research Center, Silver Spring, 

MD.  

  REFERENCES 

   1.       Culp   WC,     Woods   SD,     Skinner   RD,     Brown   AT,     Lowery   JD,    et al.   

 Dodecafl uoropentane emulsion decreases infarct volume in a rabbit 

ischemic stroke model .  J Vasc Interv Radiol   2012 ;  23 : 116  –  21 .  

   2.       Dainer   H,     Nelson   J,     Brass   K,     Montcalm-Smith   E,     Mahon   R   .  Short 

oxygen prebreathing and intravenous perfl uorocarbon emulsion reduces 

morbidity and mortality in a swine saturation model of decompression 

sickness .  J Appl Physiol   2007 ;  102 : 1099  –  104 .  

   3.       Dervay   JP,     Powell   MR,     Butler   B,     Fife   CE   .  Th e eff ect of exercise and rest 

duration on the generation of venous gas bubbles at altitude .  Aviat Space 

Environ Med   2002 ;  73 : 22  –  7 .  

   4.       Dromsky   DM,     Spiess   BD,     Fahlman   A   .  Treatment of decompression 

sickness in swine with intravenous perfl uorocarbon emulsion .  Aviat 

Space Environ Med   2004 ;  75 : 301  –  5 .  

   5.       Grayburn   PA,     Weiss   JL,     Hack   TC,     Klodas   E,     Raichlen   JS,    et al.    Phase 

III multicenter trial comparing the effi  cacy of 2% dodecafl uoropentane 

emulsion (EchoGen) and sonicated 5% human albumin (Albunex) as 

ultrasound contrast agents in patients with suboptimal echocardiograms . 

 J Am Coll Cardiol   1998 ;  32 : 230  –  6 .  

   6.       Harvey   EN,     McElroy   WD,     Whiteley   AH,     Warren   GH,     Pease   DC   .  Bubble 

formation in animals. III. An analysis of gas tension and hydrostatic 

pressure in cats .  J Cell Comp Physiol   1944 ;  24 : 117  –  32 .  

   7.       Johnson   JL,     Dolezal   MC,     Kerschen   A,     Matsunaga   TO,     Unger   EC   .  In 

vitro comparison of dodecafl uoropentane (DDFP), perfl uorodecalin 

(PFD), and perfl uoroctylbromide (PFOB) in the facilitation of oxygen 

exchange .  Artif Cells Blood Substit Immobil Biotechnol   2009 ;  37 : 

156  –  62 .  

   8.       Koch   CJ,     Oprysko   PR,     Shuman   AL,     Jenkins   WT,     Brandt   G,     Evans   SM   . 

 Radiosensitization of hypoxic tumor cells by dodecafl uoropentane: 

a gas-phase perfluorochemical emulsion .  Cancer Res   2002 ;  62 :

 3626  –  9 .  

   9.       Lundgren   C,     Bergoe   G,     Olszowka   A,     Tyssebotn   I   .  Tissue nitrogen 

elim ination in oxygen-breathing pigs is enhanced by fl uorocarbon-

derived intravascular micro-bubbles .  Undersea Hyperb Med   2005 ; 

 32 : 215  –  26 .  

   10.       Lundgren   CE,     Bergoe   GW,     Tyssebotn   IM   .  Intravascular fl uorocarbon-

stablizied microbubbles protect against fatal anemia in rats .  Artif Cells 

Blood Substit Immobil Biotechnol   2006 ;  34 : 473  –  86 .  

   11.       Lynch   PR,     Krasner   LJ,     Vinciquerra   T,     Shaff er   TH   .  Eff ects of intravenous 

perfl uorocarbon and oxygen breathing on acute decompression sickness 

in the hamster .  Undersea Biomed Res   1989 ;  16 : 275  –  81 .  

   12.       Madden   LA,     Laden   G   .  Gas bubbles may not be the underlying cause 

of decompression illness  –  Th e at-depth endothelial dysfunction 

hypothesis .  Med Hypotheses   2009 ;  72 : 389  –  92 .  

   13.       Mahon   RT,     Watanabe   TT,     Wilson   MC,     Auker   CR   .  Intravenous perfl u-

orocarbon aft er onset of decompression sickness decreases mortality in 

20-kg swine .  Aviat Space Environ Med   2010 ;  81 : 555  –  9 .  

   14.       Mahon   RT,     Auker   CR,     Bradley   SG,     Mendelson   A,     Hall   AA   .  Th e emulsifi ed 

perfl uorocarbon Oxycyte improves spinal cord injury in a swine model of 

decompression sickness .  Spinal Cord   2013 ;  51 : 188  –  92 .  

   15.       Montcalm-Smith   EA,     McCarron   RM,     Porter   WR,     Lillo   RS,     Th omas   JT, 

    Auker   CR   .  Acclimation to decompression sickness in rats .  J Appl Physiol 

(1985)   2010 ;  108 : 596  –  603 .  

   16.       Riess   JG   .  Understanding the fundamentals of perfl uorocarbons and 

perfl uorocarbon emulsions relevant to in vivo oxygen delivery .  Artif Cells 

Blood Substit Immobil Biotechnol   2005 ;  33 : 47  –  63 .  

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access



26  AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 86, No. 1 January 2015

DDFPe IN DECOMPRESSION SICKNESS — Sheppard et al.

   17.       Robbin   ML,     Eisenfeld   AJ   .  Perfl enapent emulsion: A US contrast agent 

for diagnostic radiology  –  multicenter, double-blind comparison with a 

placebo .  Radiology   1998 ;  207 : 717  –  22 .  

   18.       Smith   CR,     Parsons   JT,     Zhu   J,     Spiess   BD   .  Th e eff ect of intravenous 

perfl uorocarbon emulsions on whole-body oxygenation aft er severe 

decompression sickness .  Diving Hyperb Med   2012 ;  42 : 10  –  7 .  

   19.       Spiess   BD,     McCarthy   RJ,     Tuman   KJ,     Woronowicz   AW,     Tool   KA,     Ivankovich 

  AD   .  Treatment of decompression sickness with a perfl uorocarbon 

emulsion (FC-43) .  Undersea Biomed Res   1988 ;  15 : 31  –  7 .  

   20.       Spiess   BD,     Zhu   J,     Pierce   B,     Weis   R,     Berger   BE,    et al.    Eff ects of perfl u-

orocarbon infusion in an aneasthetized swine decompression model . 

 J Surg Res   2009 ;  153 : 83  –  94 .  

   21.       Tyssebotn   I,     Bergoe   G   . Carbon monoxide poisoning treated with nor-

mobaric oxygen breathing and intravascular microbubbles in rats. 

Abstract of the Undersea and Hyperbaric Medical Society, Inc., Annual 

Scientifi c Meeting; June 25-27,  2009 ; Las Vegas, NV. North Palm Beach, 

FL: UHMS; 2009.  

   22.       Vann   RD   .  Inert gas exchange and bubbles . In: Bove AA, ed., Bove and 

Davis ’  diving medicine, 4 th  ed. Philadelphia, PA: Sauders;  2004 :53-76.  

   23.       Volz   EE,     Jasani   N   .  Seizure as a presentation of pulmonary embolism .  J 

Emerg Med   2014 ;  46 : e1  –  4 .  

   24.       Webb   JT,     Pilmanis   AA,     O ’ Connor   RB   .  An abrupt zero-preoxygenation 

altitude threshold for decompression sickness symptoms .  Aviat Space 

Environ Med   1998 ;  69 : 335  –  40 .  

   25.       Whedon   JM,     von Recklinghausen   FM   .  An exploration analysis of 

transfer times in a rural trauma system .  J Emerg Trauma Shock   2013 ; 

 6 : 259  –  63 .  

   26.       Woods   SD,     Skinner   RD,     Ricca   AM,     Brown   AT,     Lowery   JD,    et al.    Progress 

in dodecafl uoropentane emulsion as a neuroprotective agent in a rabbit 

stroke model .  Mol Neurobiol   2013 ;  48 : 363  –  7 .  

   27.       Zhu   J,     Hullett   JB,     Somera   L,     Barbee   RW,     Ward   KR,    et al.    Intravenous 

perfl uorocarbon emulsion increases nitrogen cashout aft er venous gas 

emboli in rabbits .  Undersea Hyperb Med   2007 ;  34 : 7  –  20 .      

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-13 via free access


