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Abstract 

Current therapies for bronchoalveolar lavage (BAL) for foreign 

matter removal involve the use of Saline or Surfactant to clear out 

debris. Saline lavage is particularly rough on the patient—it reduces 

PaO2, removes surfactant, can elicit a cough reflex, and is not very 

effective in removing debris from the lungs. Liquivent®, a 

perfluorocarbon (PFC) compound liquid, has notable advantages as a 

lavage medium that may reduce the risk of these known issues. 
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1. INTRODUCTION 

1.1 What is a PFC 

Perfluorocarbons (PFCs), molecules consisting 

wholly of fluorine and carbon, are characterized by 

high gas solubility, fast release, low surface tension, 

high volume-quality, average volatility, good 

histocompatibility, and the absence of absorption and 

metabolism in vivo4. Because of their ability to dissolve 

large amounts of oxygen and carbon dioxide, PFCs 

have been used as a liquid breathing medium5. 

 
The most widely studied perfluorocarbon is 

Perflubron (C8F17Br - perfluorooctyl bromide or 

PFOB)2. It is based on a common eight-carbon straight- 

chain chemical called octane. It has characteristics 

(Table 1) that make it preferable to saline (Table 2) in 

providing respiratory care to patients3. Perflubron is a 

radiopaque, inert, colorless fluid that carries a large 

quantity of oxygen (53 mL of oxygen per deciliter of 

Perflubron) and carbon dioxide (210 mL of carbon 

dioxide per deciliter of Perflubron), has the consistency 

of water, a high specific gravity (density, 1.93 g/mL), 

low vapor pressure (18 mm Hg at 37 [degrees] C), low 

viscosity (1.10 centistokes), and low surface tension 

(18 dyne/cm) 1. 

 

1.2 Medical Usage of PFCs 

The potential application of PFCs in medicine was 

first discovered by Dr. Leland Clark and Dr. Golan in 

1966 when they demonstrated that mice spontaneously 

breathing PFC liquid could maintain adequate gas 

exchange. The initial preclinical studies with PFCs 

were focused on breathing in unusual environments 

such as deep-sea diving, zero gravity, and space 

travel33. With further investigation, PFCs’ capacity to 

carry oxygen was confirmed and later developed as a 

potential blood substitute called Oxygent7. Over 250 

preclinical studies were performed to understand the 

safety of Oxygent in various animal species before 

moving on to studies that demonstrated efficacy in 

humans in the United States and Europe. Toxicology 

studies showed that the emulsion was well tolerated 

without severe adverse effects when given at 

appropriate clinical dosing29. 
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The first clinical trial of PFC ventilation was 

performed in neonates with severe respiratory distress 

in 1989. In the 1990s and 2000s, Perflubron was used 

in clinical trials studying Liquid Ventilation where it 

was instilled directly into the lungs of hundreds of 

neonates, pediatric, and adult patients30. The 

biocompatibility of this compound in direct use in the 

lungs was well established during these trials, and in 

patient follow-up years after its use. Patients who 

received partial liquid ventilation with Perflubron 

showed decreased progression in respiratory 

insufficiency to ARDS, but additional clinical trials 

focusing on liquid ventilation ceased33. 

 

Characteristics Perflubron Saline 

Respiratory Gas Solubility: 

Oxygen - O2 

Carbon Dioxide - CO2 

 
53 ml/100 ml 

210 ml/100 ml 

 
2 ml/100 ml 

70 ml/100 ml 

Surface Tension 18 dynes/cm 75 dynes/cm 

Spreading Coefficient 2.7 dynes/cm  

Density (25 °C) 1.92 g/ml 1 g/ml 

Vapor Pressure (37 °C) 11 torr 47 torr 

Boiling Point 140.5°C / 284.9°F 100°C / 212°F 

Freezing Point 5.4°C / 41.72°F −0.59°C / 30.94°F 

Viscosity 1 cSt 1.02 cSt 

Molecular Weight 499 g/mol 58.44 g/mol 

 

Table 1. Characteristics of Perflubron and Saline3, 31 
 

 

Property Perflubron Saline 

Lavage Action buoyancy mixing and dilution 

Elicits Cough Reflex no yes 

Biological Reactivity inert biocompatible 

Biocompatible with Lung Tissues yes yes 

Clear Liquid yes yes 

Blocks Oxygen Transfer During Lavage no yes 

Removes Surfactant no yes 

Sterilization Method sterile fill autoclave 

 

Table 2. Comparison of Substantial Equivalence 
 
 

Lavage with PFCs has been shown to be safe for the 

treatment of persistent and difficult-to-treat lung 

atelectasis34. Bronchoalveolar lavage utilizing 

Perflubron was performed without incident in infants 

with severe alveolar proteinosis during conventional 

mechanical ventilation without requiring the additional 

support  of  extracorporeal  membrane  oxygenation. 

Furthermore, recent studies have reported safe imaging 

studies in bronchopulmonary patients35. 

 
It is also noteworthy that Perflubron is the only 

medical grade perfluorochemical approved by the FDA 

for emergency medical use33. 
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1.3 Perflubron vs Saline 

Saline has been used as a respiratory medium for 

lung lavage since 192031, but has its limitations. 

Compared to air, saline’s oxygen solubility is low and 

its viscosity and density are high. Because of this, in 

addition to the fact that saline can wash out surfactant 

and impair lung function32, the use of saline in 

supporting pulmonary gas exchange has been limited to 

hyperbaric applications7. Saline has a number of 

drawbacks when used as a lavage agent, and some of 

these disadvantages are serious enough that medical 

professionals have recommended that saline no longer 

be used as a lavage agent10. 

 
Perflubron can dissolve approximately 17 times 

more O2 and almost 4 times more carbon dioxide than 

saline solution2. The density of the Perflubron is great 

enough to displace water as it moves into the 

dependent, consolidated areas of the lungs. This quality 

allows it to float toxic, damaging exudates and 

infectious material, to the top of the PFC, where it can 

be removed using suction3. PFCs have proven 

themselves to be excellent lavage agents as they do not 

obscure the view through a bronchoscope or block 

oxygen transfer9. 

 

2. CHARACTERISTICS OF PERFLUBRON 

2.1 Safety 

The effects of perfluorocarbons on the lungs have 

been the subject of many studies over the years. 

Relevant data on safety information in use in the human 

lungs is presented below. 

2.1.1 Cough Reflex. Currently, saline lung lavage is the 

standard of care for removing debris from the lungs. 

However, saline is a moderate irritant to the bronchial 

mucosa and elicits a coughing reflex in the patient. If 

patients are not anesthetized, coughing can be 

dangerous and can disrupt other treatments which may 

be in process. During lavage, the patient is proned on 

one side while the lower lung is flushed with 0.9% 

sodium chloride solution until the returns run clear. 

Meanwhile, the patient is ventilated through the upper 

lung. Lavage attempts to remove debris, aspirated 

liquids, solids, and accumulations of alveolar 

lipoproteins through a mechanism of dilution and 

rinsing. Liquid ventilation trials with PFCs were 

sometimes done on patients who were fully awake 

because Perfluorocarbon compounds do not elicit a 

cough reflex. 

2.1.2 Pa02. Saline is currently the most commonly 

used agent for lung lavage; however, it effectively 

eliminates the gas interface within the lung. In doing 

so, it reduces the effectiveness of Oxygen transfer 

during lavage. It was found that the use of saline lavage 

on ventilated patients reduced PaO2 from 100 to 78 mm 

Hg following administration of sodium chloride 

solutions and the decline in PaO2 persisted for 30 

minutes following lavage11. It was also found that 

instilling saline prior to suctioning in bronchial lavage 

has an adverse effect on oxygen saturation12, and it was 

recommended that the practice of instilling saline prior 

to suctioning should be abandoned as a routine lavage 

procedure. In another study on the side effects of saline 

lavage during bronchoscopy on cardiopulmonary 

function10, it was noted that there was a decline in 

arterial oxygen tension of 15 mm Hg, a decrease 

deemed ‘significant’ by the researchers. Tests indicated 

that bronchial lavage with saline was responsible for a 

decline in arterial oxygen tension seen during lavage 

with a bronchoscope. 

A study of therapeutic lung lavage using PFCs 

showed no reduction in oxygenation in animals with 

meconium aspiration16. Saline lavage for meconium 

aspiration causes impaired lung function, but lavage 

with PFCs facilitates meconium removal and reduces 

lung barotrauma17. Lavage with exogenous surfactant 

in combination with Perflubron improved pulmonary 

gas exchange after a meconium aspiration14. In an 

animal study of induced respiratory distress14, sheep 

insufflated with cotton smoke were randomized to 

receive lavage with either saline or perfluorocarbons. 

That study found that perfluorocarbons reduced 

transient hypoxemia associated with saline 

bronchoscopic lavage and further noted PFC lavage can 

be considered safe for patients with acute lung injury. It 

was found that installation of Perflubron into the lungs 

diminishes oxidative damage to injury-prone tissues13. 

Gas exchange during lung lavage was studied27 in an 

animal model with Oleic acid infusion and saline whole 

lung wash, and it was concluded that Perfluorocarbon 

lavage removed pulmonary edema fluids and improved 

gas exchange after severe lung injury. Bronchioalveolar 

lavage with PFCs can be performed safely during 

conventional mechanical ventilation15. Robust long- 

term data on the effects of Perflubron lavage does not 

exist, though existing case reports of patients evaluated 

9–12 years following treatment make no mention of 

any detrimental impact.6 
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2.1.3 Surfactant. Although the irritating action of 

saline in the lungs may assist in removing pulmonary 

debris, it has also been shown to remove pulmonary 

surfactant20. In a study of PFCs instilled directly in the 

lungs, it was determined that PFC did not affect 

spontaneous surfactant secretion21. The same 

conclusion was reached in an experimental model of 

meconium aspiration in adult guinea pigs19. 

In a study of liquid absorption during Perflubron 

installation into the lungs13, it was found that 

Perflubron did not remove natural surfactant, which 

was beneficial in reducing pulmonary edema. In a 

direct study of the effects of PFCs on phospholipid 

production in the lung18, it was concluded that 

Perflubron in the alveolar space does not have a 

negative impact on endogenous surfactant production. 

In conclusion, lung lavage with perfluorocarbons is at 

least as safe as lavage with saline. 

2.2 Efficacy 

As mentioned above, Perflubron has many 

advantages as a lavage medium. It has excellent oxygen 

and carbon dioxide carrying capacity compared to 

saline and allows for homogeneous ventilation and 

improved recruitment of injured lungs. It is insoluble in 

all biologically known media and does not wash out 

surfactant in the process of ventilation28. Perflubron’s 

surface tension and spreading coefficient make it 

favorable to restore the lining of the alveoli for stable 

inflation. The density, viscosity, and surface tension of 

Perflubron allow it to descend into the dependent, 

consolidated areas of the lungs, allowing toxic, 

damaging exudates, as well as infectious material, to 

float the top of the Perflubron, where it can be removed 

via suctioning3. With saline lavage, aspirated liquids 

are even more problematic. Saline can only dilute 

aspirated liquids, not displace them, and repeated 

flushing is used to attempt dilution and removal. 

Activated charcoal is frequently used in absorbing 

ingested toxins, and is sometimes accidentally aspirated 

by patients. Activated charcoal is extremely difficult to 

remove with saline lavage, and when allowed to remain 

in the lungs, can develop into chronic lung disease 23, 24. 

Charcoal aspiration remains a life-threatening problem 

in managing pediatric patients 23, 24. However, the 

density of Perflubron (2.0 g/ml) is much greater than 

the density of charcoal (0.2 g/ml) or even some soils 

(1.6 g/ml). These substances will float on top of the 

Perflubron meniscus, making them easy to suction off. 

Unlike exogenous surfactant, PFCs exposed to 

plasma proteins in the lungs do not lose their surface 

tension-reducing abilities18, making their function as a 

lavage agent more uniform. 

2.3 Biocompatibility 

As a class, PFCs are inert both chemically and 

biochemically. Their non-reactivity in biological 

systems precludes the potential for direct cytotoxicity, 

antigenicity, or genotoxicity, all of which promote high 

biocompatibility. The long-term effects of Perflubron in 

humans have been the subject of many detailed follow- 

up studies over the last 20 years 14, 18 and have 

demonstrated no negative effects33. In addition to those 

results from use in the lungs, the use of 

perfluorocarbons in the circulatory and digestive 

systems further underscores its biocompatibility. 

2.3.1 Blood Studies. Perflubron has been carefully 

studied in clinical trials in the circulatory and 

respiratory systems for more than 20 years. There have 

been no long-term ill effects reported in any of the 

clinical studies of its use in the respiratory or 

circulatory systems26. In an extensive study of the 

effect of perfluorocarbons directly infused into the 

blood22, Perflubron emulsions did not affect 

coagulation function in healthy volunteers. 

2.3.2 Clearance from the Body. In the lungs, PFC 

liquids are absorbed minimally by the respiratory 

epithelium and eliminated by evaporation through the 

lungs25 at an initial rate of 13.6 +/- 4.5 mL/h.1 

Radiographic evidence of Perflubron elimination 

appeared to plateau at approximately 48 h following 

administration of the last dose1. A similar evaluation of 

radiographs reports that two-thirds of the Perflubron is 

eliminated by 7 days after administration of the last 

dose of Perflubron and minimal Perflubron remains 

after 21 days. However, an exact quantification of 

residual Perflubron would be difficult to obtain1. There 

is demonstrated evidence of residual Perflubron in the 

lung, thorax, mediastinum, and retroperitoneum33. 

In a comprehensive double-blind study of clearance 

of perfluorocarbon from the circulatory system22, it was 

concluded that Perflubron compounds were not 

associated with any systemic inflammatory response. 

There were no differences in cell-mediated immune 

responses, hematology complement levels, or cytokine 

levels between groups receiving Perflubron and saline. 

They further noted that the clearance of Perflubron 

from the circulation appeared to consist of two phases: 

the rapid first phase where clearance is dominated by 
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the mononuclear phagocyte system, and the slow 

second phase consisting of expiration from the lungs. 

There has been no evidence of any adverse events 

associated with a subsequent slower phase of 

Perflubron clearance from the circulation. 

 

 
3. ABOUT ORIGEN BIOMEDICAL 

3.1 Liquivent 

OriGen Biomedical supplies a pharmaceutical-grade 

Perflubron, which is radiopaque (opaque on x-ray) and 

meant for single use only. The filling of the solution 

into vials is done aseptically in a validated process and 

the final product is tested for sterility. Vials are Type 1 

borosilicate assembled with butyl stoppers and crimped 

aluminum caps. Each lavage solution is accompanied 

by product labeling indicating the device should be 

used by or under the direction of a licensed and 

qualified healthcare professional. 

The Liquivent product line has been tested for 

stability and sterilization to meet its shelf-life 

requirements as a raw material and final product. 

Liquivent solution has been evaluated at 3 years with 

no chemical alteration. There is no chemical alteration 

that occurs in the OriGen process and the containers 

and packaging have been fully evaluated. Sterilization 

is performed via sterilizing filtration and filling into a 

sterile final product container by aseptic processing per 

ISO 13408. All materials in the fluid path after the 

sterilizing filter are sterilized before use. End-of-lot 

sterility testing is performed on every lot. Liquivent is 

tested at batch release for endotoxin and sterility per 

USP <85> and sterility per USP <71>. All raw 

materials, in the fluid path and after the sterilizing 

filter, undergo regular monitoring for their pyrogen and 

bioburden levels. 

Liquivent is CE marked and available for research 

use only in the USA. 

3.2 Company Information & History 

OriGen Biomedical, Inc. is a leading producer of 

cryopreservation, cell culture, and intensive respiratory 

care products. OriGen has a range of products that 

support the treatment of cancer, genetic conditions, and 

other life-threatening diseases. Founded in 1997, our 

first product was a dual lumen ECMO catheter. It was 

originally made of polyurethane in pediatric sizes and 

OriGen was the only supplier of ECMO catheters in the 

United States for many years. Insertion techniques for 

cutdown and percutaneous placement were developed. 

A wire-wrapped reinforced catheter for use in pediatric 

through adult sizes was introduced in 2008. 

In 2005, OriGen began investigating the use of 

Perflubron for removing meconium in ECMO patients. 

Research continued into the adult population, and CE- 

mark approval was granted in 2007 for use in lung 

lavage procedures. Our products are designed with the 

patient and user in mind. We strive to maintain 

excellent customer service to ensure that patient care is 

our priority. Quality is the foundation of all product 

designs at OriGen, and each product is produced with 

the intention that it will improve patient health. 

Founded in 1997 and headquartered in Austin, Texas, 

OriGen is certified annually to ISO 13485 standards 

and regularly inspected by the FDA, MDSAP, ISO 

certification organizations, and our customers. To learn 

more, please visit www.origen.com. 

 

 

4. CONCLUSION 

Based on review of the literature, Perflubron is safe and 

effective to use for lung lavage. Data suggests that it is 

bioinert and therefore biocompatible with successful 

use in human lungs for over 30 years. Long-term data 

on the effects of perfluorocarbon lavage do not 

currently exist, but case reports of patients evaluated 9- 

12 years following treatment make no mention of any 

harmful effects6. Studies have shown that it does not 

interrupt oxygen transfer during lavage, does not 

remove surfactant, and does not elicit a cough reflex. 

Perflubron is a dense, clear liquid with a low viscosity 

that can be instilled into the lungs and can more easily 

achieve debris removal through buoyancy than saline. 

After treatment, it can be removed from the lung 

through suctioning or allowed to evaporate. These 

features suggest that Perflubron could provide an 

improved standard of care for lung lavage than saline. 

 

 
REFERENCES 

1. Reickert C, Praniko T, Overbeck M, Kazerooni E, Massey K, 

Bartlett R, Hirschl R. "The Pulmonary And Systemic 

Distribution And Elimination Of Perflubron From Adult 

Patients Treated With Partial Liquid Ventilation" Chest. 2001 

Feb; 119(2):515-522. < 

https://pubmed.ncbi.nlm.nih.gov/11171732/> 

 
2. Broaddus, V. C., Ernst, J. D., King, T. E., Lazarus, S. C., 

Sarmiento, K. F., Schnapp, L. M., Stapleton, R. D., &; Gotway, 

M. B. (2022). Murray & Nadel's textbook of Respiratory 

Medicine (7th ed.). Elsevier. 

http://www.origen.com/
http://www.origen.com/
https://pubmed.ncbi.nlm.nih.gov/11171732/


OriGen Biomedical www.origen.com 

6 

 

 

 

 

3. Farnham, RRT, Bill. “An American Perspective.” RT Magazine, 

7 Feb. 2007, https://rtmagazine.com/disorders-diseases/critical- 

care/ards/an-american-perspective/. 

 
4. Hou S, Ding H, Lv Q, Yin X, Song J, et al. (2014) Therapeutic 

Effect of Intravenous Infusion of Perfluorocarbon Emulsion on 

LPS-Induced Acute Lung Injury in Rats. PLOS ONE 9(1): 

e87826. https://doi.org/10.1371/journal.pone.0087826 

 
5. Castro CI, Briceno JC. Perfluorocarbon-based oxygen carriers: 

review of products and trials. Artif Organs. 2010 

Aug;34(8):622-34. doi: 10.1111/j.1525-1594.2009.00944.x. 

PMID: 20698841. 

 
6. Christopher M. Horvat, Joseph A. Carcillo, and Cameron 

Dezfulian, ‘Liquid Fluorocarbon Lavage to Clear Thrombus 

from the Distal Airways after Severe Pulmonary Hemorrhage 

Requiring Extracorporeal Life Support (ECLS)’, Respiratory 

Medicine Case Reports, 15 (2015), 7 

<https://doi.org/10.1016/J.RMCR.2015.02.010>. 

 
7. Shaffer TH, Wolfson MR, Clark LC Jr. Liquid ventilation. 

Pediatr Pulmonol. 1992 Oct;14(2):102-9. doi: 

10.1002/ppul.1950140208. PMID: 1437347. 

<https://pubmed.ncbi.nlm.nih.gov/1437347/>. 

 
8. Hill SE. Perfluorocarbons: Knowledge Gained from Clinical 

Trials. Shock. 2019 Oct;52(1S Suppl 1):60-64. doi: 

10.1097/SHK.0000000000001045. PMID: 29087985. 

<https://pubmed.ncbi.nlm.nih.gov/29087985/> 

 
9. Patankar, Nikhil; Al-Ibrahim, Omar 716, Critical Care Medicine: 

December 2015 - Volume 43 - Issue 12 - p 180. doi: 

10.1097/01.mlm.0000474544.58195.50. 

 
10. Adolf J, Bartels H, Feussner H, Wittmann J. Die fiberoptische 

Bronchoskopie in der Intensivmedizin--funktionelle 

Wirksamkeit und methodische Nebenwirkung [Fiberoptic 

bronchoscopy in intensive care medicine--functional efficacy 

and methodological side effects]. Langenbecks Arch Chir. 

1985;365(1):37-46. German. doi: 10.1007/BF01261211. PMID: 

4021669. 

 
11. Konrad F, Deller A, Diatzko J, Schmitz JE, Kilian J. paO2- 

Abfall nach intratrachealer Applikation von Lokalanaesthetika 

und 0.9%iger Natriumchloridlösung. Eine prospektive 

Untersuchung zur Anwendung der Fiberbronchoskopie bei 

beatmeten Patienten in Lokalanaesthesie [Decrease in paO2 

following intratracheal application of a local anesthetic and a 

0.9% sodium chloride solution. A prospective study on the use 

of fiberoptic bronchoscopy in ventilated patients during local 

anesthesia]. Anaesthesist. 1989 Apr;38(4):174-9. German. 

PMID: 2729537. 

 
12. Ackerman MH. The effect of saline lavage prior to suctioning. 

Am J Crit Care. 1993 Jul;2(4):326-30. PMID: 8358479. 

 
13. Rotta A., et al. Perflubron protects against fatty acid oxidation 

in non-biologic in vitro model. Pediatric Research 45(4): 44a; 

1999. 

 
14. Cindrick L.L., et al. Bronchoscopic lavage with perfluorocarbon 

decreases post-procedure hypoxemia in an ovine model of 

smoke inhalation. Journal of Trauma. 46(1): 129-35; 1999. 

15. Lindemann, R. Bronchial LBO are lavage with 

perfluorochemical liquid during conventional ventilation. 

Pediatr Crit Care Med 2007 Vol 8 No. 5 

 
16. Dargaville PA, Mills JF, Headley BM, Chan Y, Coleman L, 

Loughnan PM, Morley CJ. Therapeutic lung lavage in the piglet 

model of meconium aspiration syndrome. Am J Respir Crit 

Care Med. 2003 Aug 15;168(4):456-63. doi: 

10.1164/rmlm.200301-121OC. Epub 2003 Apr 24. PMID: 

12714351. 

 
17. Marraro G., et al. Perfluorocarbon bronco-alveolar lavage and 

liquid ventilation versus saline bronco alveolar lavage in adult 

guinea pig experimental model of meconium inhalation. 

Intensive Care Medicine 24(5): 501-8; 1998. 

 
18. Steinhorn, D., Partial liquid ventilation enhances surfactant 

phospholipid production. Critical Care Medicine 24(7): 1252- 

56; 1996. 

 
19. Marraro G, Bonati M, Ferrari A, Barzaghi MM, Pagani C, 

Bortolotti A, Galbiati A, Luchetti M, Croce A. Perfluorocarbon 

broncho-alveolar lavage and liquid ventilation versus saline 

broncho-alveolar lavage in adult guinea pig experimental model 

of meconium inhalation. Intensive Care Med. 1998 

May;24(5):501-8. doi: 10.1007/s001340050603. PMID: 

9660268. 

 
20. Steinhorn, David M. MD; Leach, Corinne L. MD PhD; 

Fuhrman, Bradley P. MD FMLM; Holm, Bruce A. PhD. Partial 

liquid ventilation enhances surfactant phospholipid production. 

Critical Care Medicine: July 1996 - Volume 24 - Issue 7 - p 

1252-1256. 

 
21. Schlösser R, L, Veldman A, Fischer D, Funk B, Brand J, von 

Loewenich V: Comparison of Effects of Perflubron and 

Surfactant Lung Lavage on Pulmonary Gas Exchange in a 

Piglet Model of Meconium Aspiration. Biol Neonate 

2002;81:126-131. doi: 10.1159/000047197. 

 
22. Noveck R. Randomized safety studies of intravenous perflubron 

emulsion II; Effect on immune function in healthy volunteers. 

Anesthesia and Analgesia 91: 812-22; 2000. 

 
23. Graff GR, et al. Chronic lung disease after activated charcoal 

aspiration. Pediatrics 109(5):959-61; 2002. 

 
24. Golej, J, et al. Severe respiratory failure following charcoal 

aspiration in toddlers. Resuscitation 49(3): 315-8; 2001. 

 
25. Zobel, G., Rödl, S., Grubbauer, H.M., Trop, M. (2001). What’s 

New in Acute Respiratory Distress Syndrome in Infants and 

Children. In: Gullo, A. (eds) Anaesthesia, Pain, Intensive Care 

and Emergency Medicine — A.P.I.C.E.. Springer, Milano. 

https://doi.org/10.1007/978-88-470-2903-3_60. 

 
26. Kim HW, Greenburg AG. Artificial oxygen carriers as red 

blood cell substitutes: a selected review and current status. Artif 

Organs. 2004 Sep;28(9):813-28. doi: 10.1111/j.1525- 

1594.2004.07345.x. PMID: 15320945. 

http://www.origen.com/
https://rtmagazine.com/disorders-diseases/critical-care/ards/an-american-perspective/
https://rtmagazine.com/disorders-diseases/critical-care/ards/an-american-perspective/
https://doi.org/10.1371/journal.pone.0087826
https://doi.org/10.1007/978-88-470-2903-3_60


OriGen Biomedical www.origen.com 

7 

 

 

 

27. Richman PS, Wolfson MR, Shaffer TH. Lung lavage with 

oxygenated perfluorochemical liquid in acute lung injury. Crit 

Care Med. 1993 May;21(5):768-74. doi: 10.1097/00003246- 

199305000-00022. PMID: 8482099. 

 
 

28. Tsai, W.C., Lewis, D., Nasr, S.Z. and Hirschl, R.B. (1998), 

Liquid ventilation in an infant with pulmonary alveolar 

proteinosis. Pediatr. Pulmonol., 26: 283-286. 

https://doi.org/10.1002/(SICI)1099- 

0496(199810)26:4<283::AID-PPUL8>3.0.CO;2-6. 

 
29. Khan F, Singh K, Friedman MT. Artificial Blood: The History 

and Current Perspectives of Blood Substitutes. Discoveries 

(Craiova). 2020 Mar 18;8(1):e104. doi: 10.15190/d.2020.1. 

PMID: 32309621; PMCID: PMC7086064. 

 
30. Greenspan JS, Wolfson MR, Shaffer TH. Liquid ventilation: 

clinical experiences. Biomed Instrum Technol. 1999 May- 

Jun;33(3):253-9. PMID: 10360215. 

 
31. Winternitz, M. C., and G. H. Smith. "Preliminary studies in 

intratracheal therapy." Pathology of War Gas Poisoning (1920): 

145-60. 

 
32. Shaffer T. H., Wolfson M. R. (2011). “Liquid Ventilation,” in 

Fetal and Neonatal Physiology. Editors Polin R., Fox W. W., 

Abman S.. 4th Edition (Philadelphia, PA: WB Saunders; ), 

1063–1081. 10.1016/b978-1-4160-3479-7.10098-9. 

 
33. Alapati, Deepthi, and Thomas H. Shaffer. “Administration of 

Drugs/Gene Products to the Respiratory System: A Historical 

Perspective of the Use of Inert Liquids.” Frontiers in 

Physiology, vol. 13, 2022, 

https://doi.org/10.3389/fphys.2022.871893. 

 
34. Henrichsen T, Lindenskov PH, Shaffer TH, Loekke RJ, 

Fugelseth D, Lindemann R. Perfluorodecalin lavage of a 

longstanding lung atelectasis in a child with spinal muscle 

atrophy. Pediatr Pulmonol. 2012 Apr;47(4):415-9. doi: 

10.1002/ppul.21565. Epub 2011 Oct 17. PMID: 22006656. 

 
35. Degnan, Andrew J., et al. “Partial Liquid Ventilation for 

Bronchopulmonary Dysplasia: Visualizing Ventilation Patterns 

on Chest Radiographs.” Pediatrics &amp; Neonatology, vol. 60, 

no. 5, 2019, pp. 587–588., 

https://doi.org/10.1016/j.pedneo.2018.10.004. 

OriGen Biomedical, Inc. 

 
Richard Martin is the Founder and 

Chairman of the Board at OriGen Biomedical. 

He has extensive knowledge of medical 

devices, especially in the respiratory realm, 

from his years of experience in the ECMO 

community and OriGen’s ECMO catheters. 

Kirsten Krupps is the Product Marketing 

Manager at OriGen Biomedical. Liquivent® is 

a registered trademark of OriGen Biomedical, 

Inc. 

 

 
Mission Statement: We create innovative 

medical products that improve people’s lives. 

 

 
Head Office 

7000 Burleson Rd, Bldg D 

Austin, Texas, USA 78744-3202 

Phone: +1-512-474-7278 

Toll Free: +1-800-233-9014 

 
European Contact Information 

Phone: +49-7475-915591 

Fax: +49-7475-914718 

 

 
sales.europe@origenbio.com 

 
www.origen.com 

 

 
WP2208.02 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

http://www.origen.com/
https://doi.org/10.3389/fphys.2022.871893
https://doi.org/10.1016/j.pedneo.2018.10.004
mailto:sales.europe@origenbio.com
http://www.origen.com/

