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 For 150 years, the medical departments of theU.S. military have provided state-of-the-art anes-thesia within the limitations imposed by the battle-field. From the Mexican War (1846–1848), when thefirst anesthetic was administered during militarysurgery, to the Persian Gulf War (1990–1991),military medicine has adapted civilian advancesin anesthesiology for use in wartime. Those ad-vances included new drugs, new techniques, newmachines, and an expanded role for the anesthesiaprovider. In turn, the civilian practice of anesthesi-ology has benefited from lessons learned on thebattlefield.
 For most of this period, civilian anesthetists coun-seled the military about what to bring and what to
 INTRODUCTION
 leave at home during deployment. Complex andcumbersome machines, logistical priorities, and theneed for simplicity at the front complicated theprovision of modern anesthesia in war. By theVietnam War, however, the military had its ownanesthesia specialists and was no longer dependenton civilian medicine for advice. In the 1960s, thefield of military anesthesia produced intensive carespecialists and a decade later, practitioners of criti-cal care. Critical care medicine led to a naturalalliance of military and civilian anesthesiology inthe treatment of trauma.
 This chapter is intended to be a brief survey, nota comprehensive study, of the events surroundingthe history of military anesthesia.
 EARLY ANALGESICS
 Man has tried to conquer pain since the begin-ning of recorded history. Primitive peoples soughtpain relievers in herbs, roots, seeds, flowers, opium,mandrake, hemlock, the mulberry tree, and eventhe garden lettuce, among other remedies. A seasponge saturated with the juices of soporific plantsbecame the major analgesic of the Middle Ages, al-though drugged wine, “not enough drug to be poison-ous,” but sufficient to put one to sleep, was consid-ered the safest anesthetic. By the middle of the 17thcentury, whiskey, gin, and rum had replaced mostdrugs, considered unsafe since there was no way tostandardize dosage, although occasionally physi-
 cians used opium. The search for a successful anes-thetic continued, but, “in practice, the reduction ofpain depended upon the speed of the surgeon.”1(p44)
 The fear of pain kept patients from committingthemselves to the surgeon’s knife. Many preferredto risk death than to undergo the terrible agony ofan operation while fully conscious. Once strappedto the table, some screamed and struggled, beggingthe surgeon to be quick; some “fell into a trance-likestate,” which made the operation easier but did notbode well for their recovery; some cursed or prayed;some endured bravely and quietly; others wept andfainted (Figure 31-1). All suffered “severe nervous
 Fig. 31-1. Surgery and anesthesia be-fore ether (ca 1800). Photograph:Courtesy of William Clayton Petty,MD, Captain, Medical Corps, USNavy, Bethesda, Md.
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 shock” and afterward a “long period of depres-sion,”2(pp505–506) which interfered with healing anddelayed convalescence. Only recently have scien-tists discovered that severe pain actually produceschemical imbalances in the brain that can causedepression and death. The 19th-century Britishsurgeon Sir Benjamin Richardson wrote:
 I have heard many express that if they had knownbeforehand what the suffering was, and the effectssubsequently endured, they would rather havefaced death than such a fearful struggle for contin-ued existence.2(pp505–506)
 The presence of pain also interfered with the
 development of surgery as a science. Because of thepatient’s fear of pain, and the surgeon’s unwilling-ness to operate except in traumatic amputations oras a last resort, when all else had failed, operationswere few in number. They also were few in kind,because of the necessity of devising operations thatcould be done quickly. In the 18th century, thesewere chiefly confined to the surface of the body,including excision of tumors, amputation of limbs,various plastic operations, cataract removal,lithotomy, and herniotomy. With pain such a bar-rier to good surgery and the saving of life, it is notsurprising that men through the centuries havesought ways to alleviate it.2
 THE EVOLUTION OF ANESTHESIA
 The search for a successful anesthetic receivedgreat impetus with the discovery of gases and theireffects on respiration. In 1772, the EnglishmanJoseph Priestley discovered nitrous oxide gas (Fig-ure 31-2). Twenty-eight years later, Humphry Davydetermined that nitrous oxide destroyed physicalpain and suggested the anesthetic possibilities ofthe agent (Figure 31-3). In 1818, Michael Faradaynoted the soporific effects of sulfuric ether afterbreathing the gas himself and anesthetizing a cat.His achievement received little attention. In 1824,Henry Hill Hickman, another Englishman, success-fully anesthetized animals with carbon dioxide,introducing the principle of anesthesia by inhala-tion. His published results became the first sepa-rate publication on anesthesia. In their day, Davy’s,Faraday’s, and Hickman’s discoveries receivedslight notice.1,3
 Hypnosis as a method of pain relief receivedimpetus from the work of Franz Anton Mesmer(1734–1815) of Vienna, which advocated “animalmagnetism” as a cure for body ailments. Althoughcontemporary physicians and scientists thought ofhim as a quack, Mesmer had followers in Britain,the United States, and India who claimed to haveperformed operations under mesmerism. Apostlesof somnambulism, a development of mesmerism,became convinced of its ability to relieve pain dur-ing surgical procedures. Also, James Braid ofManchester believed that hypnotism could eithermoderate the pain or produce a state whereby thepatient was unaware of the pain. Although otherpractitioners of surgery failed to produce painlessoperations with this method, their attempts helpedto establish a mind-set for the possibility and accep-tance of surgery without pain.1,3
 Pain continued to dominate surgery and inter-fere with its advancement as a science. Then thediscovery of ether anesthetic changed everything.
 The Discovery
 The search for painless surgery has many precur-sors, but four names will always be linked with itsdiscovery, each vying for the honor of being thediscoverer of anesthesia and each with his ownpartisans. Crawford W. Long (Figure 31-4), a Geor-gia physician, in 1842 excised two tumors from apatient under ether but delayed publication of theevent and lost the worldwide recognition he mighthave received.
 Horace Wells, a dentist from Hartford, Connecti-cut, used nitrous oxide (laughing gas) in his prac-tice in 1844 but was unable to stage a successfulpublic demonstration of the gas in surgery in Bos-ton, Massachusetts. Although ridiculed after hisfailure, he continued to use nitrous oxide on hisown patients. William T. G. Morton, a Boston den-tist, used ether to extract a patient’s abscessed tooth(Figure 31-5). Morton had witnessed Wells’s ex-periments with nitrous oxide and had followed thesuggestion of Charles Thomas Jackson, a chemist,to use pure ether instead of laughing gas.
 On 16 October 1846, a little more than a fortnightafter the painless tooth extraction, Morton success-fully demonstrated ether anesthesia in a surgicaloperation at Massachusetts General Hospital. Thisstaging of the first successful demonstration of etheranesthesia resulted in a gradual acceptance and gradedapplication of this method for painless surgery. Jack-son claimed the triumph for himself because of hissuggestion to use ether instead of nitrous oxide.
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 Fig. 31-3. (a) Sir Humphry Davy (1778–1829) was the first to describe the analgesic properties of nitrous oxide. Thissteel engraving was made from a portrait by Thomas Phillips, which was painted in 1826 when Davy was Presidentof the Royal Society. (b) In 1800, at the age of 22, Davy published his first major contribution in what became amagnificently productive career. Photograph (a): Reprinted with permission from Nuland SB. The Origins ofAnesthesia. Birmingham, Alabama: The Classics of Medicine Library, Gryphon Editions, Ltd; 1983: 190. Photograph(b): Reprinted with permission from the American Society of Anesthesiologists, Park Ridge, Ill.
 a
 Fig. 31-2. Joseph Priestley (1733–1804) is the man most responsible for introducing modern chemical and physicalstudies of gases. A politically controversial, nonconformist minister, he produced and described nitrous oxide in 1772.Photograph: Reprinted with permission from Thomas KB. The Development of Anaesthetic Apparatus. Oxford, England:Association of Anaesthetists of Great Britain and Ireland, Blackwell Scientific Publications; 1975: 106.
 b
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 Fig. 31-5. (a) This famous painting by artist Robert Hinckley (1853–1941), “The First Operation With Ether,” showsWilliam Thomas Green Morton (1819–1868) first publicly administering sulfuric ether to a surgical patient on 16October 1846 in the Massachusetts General Hospital surgical amphitheater. (b) Morton’s ether inhaler (1846). This isa replica of the apparatus used in the first successful public demonstration of ether anesthesia. Photograph (a):Reprinted with permission from John Knowles, MD, and Henry R. Viets, MD, Boston, Mass. In: JAMA. 1965;194(2):cover.Photograph (b): Reprinted with permission from the Charles King Collection of Historic Anaesthetic Apparatus(Colour Slide Collection), Association of Anaesthetists of Great Britain and Ireland, London, England.
 b
 a
 Fig. 31-4. Crawford Williamson Long administered etherfor a surgical procedure 4 years before the public demon-stration of ether anesthesia by William T. G. Morton. Thisphotograph, one of the few known of Long (1815–1878),from Jefferson, Georgia, was probably taken between1854 and 1861. It depicts a staged demonstration of anamputation under ether anesthesia. Long is believed torepresent the “surgeon”; his brother, the “anesthetist,”holds an ether-impregnated cloth over the mouth andnose of the “patient.” Photograph: Reprinted with permis-sion from Special Collections, Briscoe Library of The Uni-versity of Texas Health Science Center, San Antonio, Tex.
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 Like so many other discoveries, ether anesthesiawas the culmination of many hours of research anddiscovery, and to many belong the credit. Regard-less of who gets the honor, ether anesthesia remainsone of the most important discoveries in the historyof medicine and an essential element in the devel-opment of the art of surgery.1,4
 Improvements in ether administration beganappearing from the time of its discovery. The origi-nal method of dropping ether on cloths and inhal-ing it from them gave way to ether administrationby means of an inhaler apparatus, which producedmore uniformly successful results. The first etherinhaler, designed by William Morton and used byhim from the first, consisted of a glass globe con-taining an air hole, a glass tube, and a mouthpiecewith valves that permitted the patient to inhale amixture of ether and air into his lungs and exhalethe breathed vapor into the room.
 By the spring of 1847, nasal inhalation—breath-ing ether through the nose—was in use. A simplesea sponge shaped to fit the face and then saturatedwith ether replaced Morton’s cumbersome glassvessel. Meanwhile, Morton patented his inventionand tried unsuccessfully to sell it to the U.S. govern-ment for use on the Mexican front.1,5
 The Mexican War
 Military anesthesia received its baptism of fireduring the Mexican War (1846–1848), when a U.S.Army contract physician directed the use of diethylether to an accidentally injured teamster in GeneralWinfield Scott’s command. In the spring of 1847,using an ether-dispensing apparatus that he hadbrought with him to Veracruz, Edward H. Barton,surgeon of the Third Dragoons, Cavalry Brigade,Twiggs’ Division, successfully anesthetized thepatient before the amputation of both legs. Aneyewitness to the surgery proclaimed:
 The unfortunate man was soon rendered completelyinsensible to all pain, and indeed, to everythingelse, and the limb was removed without the quiverof a muscle.6(p30)
 The first military use of anesthesia was a resound-ing success.
 Despite this triumph, a number of surgeons re-mained skeptical of the new discovery, complain-ing of its dangerous side effects. U.S. Army surgeonJohn B. Porter attributed severe hemorrhage duringan amputation in summer, 1847,
 to the pernicious influence of the ether. [He re-marked that] anesthetics poison the blood and de-press the nervous system, and, in consequence,hemorrhage is more apt to occur, and union byadhesion is prevented.7(p18)
 He considered anesthetic agents to be unnecessaryand even injurious in the treatment of gunshotwounds and, at the end of the war, decided never touse them again. Future anesthesiologists wouldknow that ether evaporates more quickly at warmertemperatures; that soldiers in pain, shock (ie,hypovolemia), and hemorrhage respond differentlyto the anesthetic; and that a low cardiac outputincreases sensitivity to the depressant action ofanesthetics.7–9
 Porter also believed painless surgery to be anunnecessary interference in the soldier’s develop-ment of healthy, masculine endurance, a view heldby military surgeons on both sides of the Atlantic.“Heroic manly fortitude, heightened by the ‘excite-ment’ of battle, rendered soldiers insensitive to thepain of ‘almost any operation,’”10(p150) declared Britishmilitary surgeon Rutherford Alcock. At this time,most military surgeons scoffed at surgical anesthesiaas a product “of misguided effeminate sentimental-ism.”10(p146) In 1847, this viewpoint, plus fear of theunfamiliar, prejudice, and staunch opposition tochange, blinded army surgeons to the value of ether.As a result, they used anesthesia sparingly during theMexican War and forfeited an opportunity to contrib-ute significantly to the growth of the new science.1,10
 In 1849, however, the almost universal accep-tance of ether anesthesia prompted the U.S. Armyto order an allowance of 2 lb of sulfuric ether forevery 100 men, officially sanctioning the drug’suse. The army added chloroform, discovered in1847, to its list of regular drugs for the purpose oftesting its advantages in surgical operations. Al-though occasional sudden convulsions and deathswere attributed to chloroform, the drug had certainadvantages over ether: small doses of chloroformwould put the patient to sleep quickly and peace-fully; and the drug was neither flammable, a matterof considerable concern during the days of opera-tions by candlelight, nor odorous like ether. There-fore, chloroform was more pleasant to take.
 The administration was made easier by English-man John Snow’s development of a chloroforminhaler (Figure 31-6). This device, composed en-tirely of metal, a conductor of heat, and placed incontact with water to regulate temperature, en-abled the anesthetist to control the strength of the
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 Fig. 31-6. (a) The Englishman John Snow (1813–1858) was the first physician to specialize in anesthesia. (b) Heproduced this chloroform inhaler in February 1848. Snow devoted his life to making the art of anesthesiology a science;he also made lasting contributions to epidemiology. Photographs: Reprinted with permission from Shephard DAE.History of anaesthesia: John Snow and research. Can J Anaesth. 1989;36(2):224, 230.
 vaporized air. Chloroform became the drug ofchoice for British surgeons. U.S. surgeons usedchloroform for eye surgery but preferred ether forother operations, considering its odor the only sig-nificant drawback. Military surgeons used bothanesthetics.7,11,12
 During the War in the Crimea (1853–1856), theBritish army used chloroform almost exclusively,and the French employed the agent often. GeorgeH. B. Macleod, a British surgeon, became convincedof chloroform’s attributes as a result of his experi-ences during the war. The Crimean War
 has shown that chloroform, both directly and indi-rectly saves life; that it abates a vast amount ofsuffering; that its use is as plainly indicated ingunshot as in other wounds; that if administeredwith equal care, it matters not whether the opera-tion about to be performed be necessitated by agunshot wound, or by any of the accidents whichoccur in civil life.13(p126)
 Although sulfuric ether and chloroform becamethe two most popular anesthetics before the Ameri-
 can Civil War, civilian physicians tried other agents.Surgeons at the Massachusetts General Hospitalpreferred chloric ether, which is chloroform dis-solved in alcohol in assorted ratios, to regular chlo-roform or ether. Other products cited in the litera-ture of the time included morphine, cocaine,ethylene, amylene, and a method called “the vaporof Benzid.” Some very conservative surgeons usednone of the anesthetic agents then on the market,relying instead on the old standbys of alcohol andopium. One surgeon declared: “[I]f my patientswill have an anesthetic agent [I] will give them asmuch good whiskey as they will drink.”7(p19) Somesurgeons believed that opium prevented inflamma-tion by lowering irritability.7
 Between the Mexican War and the AmericanCivil War, most surgeons practiced anesthesia con-servatively and selectively, using it only some ofthe time and only on people meeting certain crite-ria. The Massachusetts General Hospital perform-ed one of three “potentially painful” operationswithout anesthesia in 1847 and 1848.10(p190) Thepatient’s age, gender, condition, and the type of
 a b
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 operation to be performed influenced the surgeon’sdecision about whether to anesthetize. Childrenreceived anesthesia more than anyone else. Womenreceived anesthesia in 69% of minor operations, andmen in 50%.10(p191) Surgeons made the judgment thatmen did not need anesthesia as much as women andchildren.
 Both military and civilian surgeons performedsurgical anesthesia for amputations more than forany other type of operation, considering it morehumane. Many mid–19th-century surgeons believedthat surgical anesthesia killed about 5% more pa-tients than operations without anesthetics.10(p220)
 Contemporary statistics retrieved later proved thisconclusion incorrect: infection from industrial inju-ries probably caused deaths that were originallyattributed to the anesthetic in operations on seri-ously injured persons. Still, in the 19th century,surgeons practiced selective anesthetization. Theywished “to balance life saving and painkilling, theneed to reconcile a universal science with humanvariability.”10(p238)
 The American Civil War
 Mid–19th-century attitudes about anestheticsinfluenced who received anesthesia early in theAmerican Civil War (1861–1865). Soldiers were atthe mercy of military surgeons, who, as in the Mexi-can War, had almost total control over anestheticpolicy.10 By late 1862, however, the Union armyattempted to standardize and centralize anestheti-zation policy as part of an overall reorganization ofthe medical service aimed at regulating treatmentregimens in general. On 30 October 1862, JonathanLetterman, Medical Director of the Army of thePotomac, issued a circular letter that embodied ahospital reorganization plan that recommended thateach of the 18 division hospitals appoint an assis-tant surgeon in charge of anesthesia. The circularletter specified who would make the decisions butnot what those decisions would be. The individualdoctor could still use his own discretion aboutanesthetization, “[b]ut the degree of centralizationinstituted by Letterman almost certainly did serveto minimize the extreme variations in military anes-thetic use.”10(p183)
 Letterman’s concern was propitious, consider-ing the widespread use of anesthetics during theCivil War. The army medical service reported em-ploying surgical anesthesia in no fewer than 80,000cases. Surgeons preferred chloroform 76%14(p887) ofthe time, although a mixture of ether and chloro-form, or ether alone, were popular in general hospi-
 tals. The average insensibility time for chloroformwas 9 minutes, compared with 17 minutes for etherand chloroform and 16 minutes for ether alone.14(p896)
 Because of its ease of induction and the smallamounts required, chloroform was the anesthetic ofchoice for field surgeons, who were surrounded bywounded soldiers in need of rapid relief.
 Medical officers also liked the drug’s nonflam-mability, its sweet smell, and its tendency to pro-duce less vomiting and excitability among patients.Aware of its dangers—on occasion, patients inhal-ing the drug became convulsive and suffered car-diac arrest and sometimes liver damage—surgeonswere careful to place time limits on the administra-tion of chloroform and to ensure that the patientinhaled adequate amounts of air along with theanesthetic. In cases of exhaustion resulting fromlong-established injuries, when chloroform wasconsidered too dangerous to use, ether became thepreferred anesthetic agent.7,14,15
 Despite the overwhelming use of anesthetics, theNorth reported, for cases studied, only 37 deathsdue to the administration of chloroform; the Southreported 2. One Confederate doctor exclaimed:“The safety of the substance was remarkable whenyou consider how loosely it was used!”15(p95) TheArmy Medical Department cited only 2 deaths fromether and 2 from chloroform and ether. The practiceof cautious administration of anesthetics by sur-geons of both armies may account for the goodsafety record. However, that chloroform anesthesiacaused so few deaths in an era of little patientmonitoring is difficult to believe. Many anesthesiadeaths may have gone unrecorded or were incor-rectly attributed to wounds. In March 1865, Sur-geon General Joseph K. Barnes was sufficientlytroubled by anesthesia deaths that he ordered U.S.Army surgeons to report on their experiences withthese agents.7,14,15
 The mode of administration of ether, chloroform,or a mixture of both remained quite simple duringthe Civil War. In a technique known as the openmethod, a liquid-soaked sponge, cloth, or handker-chief was placed over the patient’s nose and mouth.For many operations in the open air, a funnel servedas an inhaler to prevent excessive evaporation.Although less complicated than the elaborate sys-tems used in modern gas anesthesia, the openmethod was an effective and relatively safe mode ofachieving anesthesia on the battlefield.14,15
 To prevent the waste of chloroform, a scarcecommodity in the South, Confederate surgeon J. J.Chisolm employed a short, flattened cylinder witha plate on its broadest side and two nosepieces
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 connected to the cover. Chloroform dripped throughthe plate of the Chisolm inhaler onto a sponge orfolded cloth, which offered a broad area for evapo-ration, inside the cylinder. The patient’s limpness,a rough but nevertheless quite reliable signal, letthe surgeon know that the anesthetic was workingand surgery could commence. Often the soldierreceived a premedication of whiskey to calm hisnerves and desensitize him, which also reduced theamount of anesthetic needed.14,15 A few fearlesssouls, who probably considered it cowardly to usean anesthetic, “would simply lean back and let thebloody operator saw away, telling the anesthetist tosave his sweet-smelling potion for those who camein screaming.”15(p96)
 For the alleviation of pain, army surgeons alsoused analgesics such as alcohol and opiates. Thewidespread use of alcohol to relax a patient beforethe administration of an anesthetic caused somemedical officers to worry about the masking ofsymptoms, but that problem never became signifi-cant during the Civil War. However, the possibleoveruse of opiates, especially opium in the treat-ment of diarrhea, was blamed for the many cases ofdrug addiction reported after the war. To reducepain, army physicians also administered morphineand, on occasion, cannabis for tetanus and headinjuries.7
 The supply of anesthetic agents during the warremained more than adequate for the North butjust marginal for the South. The drug manufacturerE. R. Squibb, the North’s chief supplier, had per-fected the method of mass production of drugs atBrooklyn’s U.S. Naval Hospital laboratory a fewyears before the war started. Capturing medicalsupplies also augmented stocks. Supply trains ofboth sides got bogged down in mud or fell victim toenemy raiding parties. For example, StonewallJackson’s men ran off with thousands of cases ofchloroform at the Battle of Winchester. The Southoften used this form of supply replenishment.15
 Anesthesia came into its own during the CivilWar. Military surgeons demonstrated its use-fulness beyond doubt and improved its safetythrough the knowledge acquired from thousandsand thousands of administrations of ether andchloroform.15
 Late–19th-Century Advancements
 During the latter part of the 19th century, surgi-cal anesthesia advanced to include new administra-tive techniques, other drugs with special proper-ties, and innovative machines for the delivery of
 anesthetics. Closed inhalers, which had been im-proved since the Morton and Snow devices of the1840s and 1850s, appeared in greater numbers.Noteworthy was the J.T. Clover inhaler, which regu-lated the flow of the anesthetic with air or withanother anesthetic (Figure 31-7). Gardner Q. Coltonpopularized the use of pure nitrous oxide in dentaloperations in 1863. A mixture of nitrous oxide andoxygen appeared in anesthetic practice and led tothe development of gas machines for surgical anes-thesia. The latter were hardly used before WorldWar I.1–3
 The development of the hypodermic syringe (Fig-ure 31-8) permitted the use of morphine duringinhalational anesthesia and as a preanesthetic medi-cation. The discovery of the anesthetic properties ofcocaine led to the use of the drug topically in eyesurgery, in nerve block anesthesia, by injection in oraround the spinal canal to reduce pain, and in thefirst spinal anesthesia in man. (Spinal anesthesiabecame generally used in the Vietnam War.) Ethylchloride became a local anesthetic agent late in the19th century.1–3
 William Stewart Halsted discovered conductionanesthesia by injecting the new drug cocaine into anerve in 1885. The discovery’s drawbacks made itcontroversial. Surgeons feared the lowering of bloodpressure, especially in seriously injured patients;the psychic factor of the patient’s being aware of hissurroundings while undergoing surgery; and thepoisonous effect of the drug, which could be habit-forming. With nerve block anesthesia as an option,however, surgeons began to choose the anestheticto fit the patient rather than to select patients whowere fit for anesthesia. The mid–19th-century prac-tice of selective anesthetization was nearly over.10,16
 The greatest influence on the development ofanesthesia as a science was Joseph Lister’s discov-ery of antisepsis during the latter part of the 19thcentury, which drastically reduced infection in sur-gery. Antisepsis and anesthesia together led to theadvancement of surgery by making surgery lessunhygienic and less dangerous. Also contributingto clean surgery at this time was the acceptance ofthe germ theory of disease in 1890, after developinggradually from the 1860s. Rubber gloves and oper-ating coats began to appear in the operating roomabout 1900.17 According to historian Martin S.Pernick:
 The gradual adoption of antiseptic surgery alsohelped end selective anesthetization…. The com-plex rituals of Lister’s technique virtually demand-ed that all patients be immobilized with anes-thesia.10(p238)
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 a
 c
 Fig. 31-7. (a) Joseph Thomas Clover, shown filling thereservoir bag of his chloroform apparatus with an accu-rate mixture of 41⁄2% chloroform in air. (b) Clover’schloroform apparatus (ca 1860); the original is in theWellcome Medical Exhibit, Science Museum London,England. A known quantity of chloroform was injectedwith a syringe onto a warmed metal surface inside thebrass container (right). The concertina bag (left) was thenfilled with air, which was blown into a 7.2-L bag (notshown) with the chloroform. A large-diameter breathinghose and mask were connected to the bag to complete thenonrebreathing circuit. Dr. Clover is said to have given7,000 anesthetics using 41⁄2% chloroform without a death.(c) Clover’s chloroform apparatus (ca 1870); the originalis likewise in the Wellcome Historical Medical Museum.
 The photograph shows the carrying case, folded reser-voir bag made of impermeable material, hand bellows,chloroform vaporizing chamber with graduated glasssyringe for injecting liquid chloroform, and connectingtube reinforced with a wire coil to prevent kinking. In theforeground, Clover’s facepiece with an inflatable rubberrim, a feature that came into use with nitrous oxideanesthesia (ca 1870), and the metal junction, which hasbecome detached from the filling tube and reservoir bag.Photograph (a): Reprinted with permission from SykesWS. Essays on the First Hundred Years of Anaesthesia. Vol 3.Edinburgh, Scotland: Churchill Livingstone; 1982: 133.Sources for (b): (1) Sanson AE. Chloroform, Its Action andAdministration. London, England: Churchill; 1865: 187.(2) Macintosh R, Mushin WW, Epstein HG. Physics for theAnaesthetist. 3rd ed. Oxford, England: Blackwell Scien-tific Publishers; 1963. Photograph (b): Reprinted withpermission from Wellcome Trends in Anesthesiology.1944;12(1):5. Photograph (c): Reprinted with permissionfrom Duncum BM. The Development of InhalationAnaesthesia With Special Reference to the Years 1846–1900.London, England: Oxford University Press, The WellcomeHistorical Medical Museum; 1947: 246.
 b
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 Fig. 31-8. Alexander Wood’s syringe, which is displayed in the Royal College of Physicians in Edinburgh, Scotland.Intravenous anesthesia could not have been developed without the syringe, although Wood himself used his syringeto deliver anesthetic locally, not intravenously. His 1855 paper was titled A New Method of Treating Painful Neuralgiasby the Direct Application of Opiates to Painful Points. Photograph: Reprinted with permission from Dundee JW, WyantGM. Intravenous Anaesthesia. Edinburgh, Scotland: Churchill Livingstone; 1988: 1.
 beneficial that after the war, in 1901, they wereorganized into a female nurse corps under formercontract nurse Dita H. Kinney.19–21
 For surgical patients not seriously enfeebled bydisease, chloroform administered by the dropmethod was the anesthetic of choice. (Drop chloro-form was also used extensively during the Boer War[1899–1901] and the Russo-Japanese War [1904].)Soldiers considerably weakened by tropical ailmentsreceived ether, which was less potent and slower inonset of action than chloroform and therefore pre-sumably less dangerous in the sick patient. Duringoperations to incise and drain abscesses, surgeonspreferred to work without an anesthetic, using onlywhiskey to relax the patient.19
 Surgical procedures that posed great danger tothe patient were avoided whenever possible. Bul-lets were allowed to remain in the body undis-turbed unless they could readily be removed with-out additional risk. Some patients with penetratingwounds of the chest and abdomen did well withoutsurgery. Conversely, to save the lives of patientssuffering from empyema, surgeons opened chestcavities and extracted pus. A day or two before theoperation, they aspirated the patient’s pleural spaceto achieve partial pulmonary expansion before ad-mitting air into the pleural cavity. They preferredto perform the surgery under partial anesthesia,using strychnia and alcohol to minimize the dan-gers of the anesthetic. In most cases of surgery forempyema, the patients completely recovered.19
 Surgeons supervised other medical officers andcorpsmen in the administration of anesthesia, as thediscipline was relatively young and had few spe-cialists. Antisepsis and conservatism helped tomake surgery successful during the Spanish–Ameri-can War.19
 Although by the turn of the century individualpractitioners with special skills were specializing,particularly in the new aseptic surgery—even navalhospitals at this time had the post of supervising
 The almost universal practice of painless surgeryeliminated objections to women becoming surgeonsand operating room nurses. In the 1880s, increasingnumbers of female personnel began administeringanesthetics, under the guidance of surgeons. In thefollowing decade, the U.S. Army had no objection tofemale nurses working alongside military surgeonsin the care of the wounded.10
 By 1902, both the army and the navy openedgraduate schools of military medicine, where mili-tary surgeons studied the new science of bacteriol-ogy and sanitation mainly for public health work.Graduate medical education outside of the militaryat this time focused on learning specialized fields,such as antiseptic and aseptic surgery. Moderninternship programs were just beginning in themajor hospitals in Britain.18
 The Spanish–American War
 Antisepsis, of course, played an important role inthe Spanish–American War, which was fought inthe Caribbean and the Philippines at the end of the19th century. During this conflict, antisepsis re-duced the four greatest enemies of the woundedsoldier: hospital gangrene, secondary hemorrhage,pyemia, and erysipelas. If the wounded survivedthe immediate effects of the injury—the explosiveforce of the small-caliber bullet had been greatlyoverestimated—the prospects of recovery weregood.19
 Actually, military surgeons performed feweroperations and administered less anesthesia percapita during the war with Spain than during theAmerican Civil War. There were no stacks of ampu-tated limbs as there had been during the Civil War.Tropical diseases, such as malaria and yellow fever,were the great killers during the Spanish–AmericanWar. To assist an inadequate number of skilled andtrained medical officers, the medical departmenthired female contract nurses. Their help proved so
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 surgeon—no formal courses existed in anesthesia.Anesthesia providers were usually medical stu-dents, interns, or nurses in metropolitan hospitals,and family practitioners in rural hospitals. Theylearned to administer anesthesia through observa-tion or from gas machine manufacturers, who wouldteach the art to anyone who would buy a machine.18,22
 On the eve of World War I, however, severalhospitals in the United States offered to physicians6 months of postgraduate courses in anesthesia,including instruction in anatomy, physiology of therespiratory tract, pharmacology of anesthetic agents,and training in the administration of the commonlyused drugs. For nurses, several hospitals offeredcourses in the administration of anesthetics, lec-tures by physicians, and work on cadavers, includ-ing the passing of laryngeal tubes.18,22 Hospitalcurricula reflected the growing interest in anesthe-siology as it was about to enter an important era ofits development.
 World War I
 While still an uncertain science, anesthesiol-ogy was forced prematurely into service in WorldWar I (1914–1918). Military anesthesiologistsFrederick Courington and Roderick Calverley de-scribed the state of the art of anesthesiology in 1914:
 Anesthesia machines were new and hardly widelyaccepted. There was no standardization of equip-ment; nothing fit together. Bottled gases were avail-able but miserably cumbersome. Continuous-flowanesthesia with quantification of gas flow wasscarce. Wire screen vaporizers, with names likeSchimmelbusch, were simple, available, cheap, and“good enough.” There were other vaporizers, butmost were little improved since the time of JosephT. Clover, 50 years before the war. Airways weresometimes available, but endotracheal intubationmeant that a small, cuffless tube was inserted intothe trachea through the glottis for insufflation ofether. Oxygen enrichment of air was uncommon.Nitrous oxide, known in England as “gas” andalmost unknown in Europe, was frequently givenin various pseudoscientific asphyxial mixtures.There were no muscle relaxants, nor was there anunderstanding of controlled ventilation or of theneed for it. Venipuncture was a surgical cutdown.Rational fluid therapy would not become routinefor decades, while blood transfusion was a nearperfunctory act, rarely used. Trauma and shock,the unavoidable ingredients of war, were not un-derstood, and therefore not effectively treated. SirFrederick Hewitt had published a major text ofanesthesia in England by 1893, and Dr. James Tayloe
 Gwathmey, a prominent New York anesthetist,published the first comprehensive American anes-thesia text in 1914.23(pp642–643)
 The American Journal of Surgery produced the firstQuarterly Supplement of Anesthesia and Analgesia inOctober 1914, 2 months after the war in Europestarted.23
 Personnel
 At the start of hostilities in 1914, few anesthesiaproviders were available to serve on the westernfront, and anesthesia was often left in the handsof inexperienced people. Early in the war, non-specialty-trained medical officers in the British ca-sualty clearing stations, located at least 7 milesbehind the front line and where initial surgery tookplace, administered anesthesia, often unsuccess-fully. One British anesthesiologist remarked: “Thebulk of preventable deaths at a casualty clearingstation was due to improper anesthesia, giving thewrong anesthetic or giving the right anestheticwrongly.”24(p103)
 To keep anesthesia out of inexpert hands, theBritish army appointed anesthesiologists to clear-ing station staffs in 1916. Even those proved too fewto handle the casualties of an enemy push or offen-sive. After the Battle of the Somme in September1916, one clearing station received 17,000 stretchercases and experienced 700 deaths. A Canadiananesthetist lamented the lack of trained anesthetistsat this battle:
 In a severe action, a [casualty clearing station] isvery busy and I cannot imagine any place where theservices of a skilled anesthetist would be moreuseful. A [casualty clearing station] cannot, how-ever, afford to have too much cumbersome appara-tus as when the army moves, it moves too. We hadfour operating tables going simultaneously. Oneday we had over 70 operations. A few days beforewe had admitted 760 wounded within 24 hours.There were a great many severe chest wounds.23(p644)
 Responsibility for anesthesiology during theGreat War rested mainly with reserve officers (bothAllied and American) who came from civilian medi-cine into the armed forces for the duration of thewar. Men like George Crile, a surgeon from theCleveland (Ohio) Lakeside Unit, who volunteeredto help the British Expeditionary Forces in Francebefore the United States entered the war. He estab-lished an American Ambulance Hospital in Neuilly,bringing his own supplies and trained civilian nurse
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 anesthetists with him. He and most of his staffserved in the U.S. Army once the United Statesentered the war in April 1917. Dr. Crile helpedshape the practice of surgery and anesthesiologyduring World War I.
 In anticipation of the United States’ entry into thewar, the U.S. Army and the U.S. Navy appointedtheir first anesthesiologists (physician anesthetists)to the Medical Corps in 1916, with the rank oflieutenant. In April 1917, the army drafted dentistsfor anesthetic service, contracted for women physi-cian anesthetists, and brought in nurse anesthetiststo serve at base hospitals in England and France.They joined nurse anesthetists at American Ambu-lance Hospitals, such as the one run by Dr. Crile atNeuilly. Those women inspired the British army totrain over 200 nursing sisters in anesthesia for ser-vice in France in 1918. The U.S. Army sent its ownnurses to schools of anesthesia that had developedin the United States in response to the demands ofwar. After training, they returned to their bases toinstruct others in anesthesia. (No records are avail-able on the number of nurse anesthetists in the armyduring the war. On 11 November 1918, the U.S.Army Nurse Corps reached 21,480 nurses: 3,524were regular nurses and 17,956 were reservenurses.22(pp22–23)) To provide more anesthetists, Dr.Arthur Guedel, a physician anesthetist in charge ofanesthesia for the U.S. Army, made daily rounds tobase hospitals in the war zone, giving instruction inanesthesia. He administered open-drop ether atfield hospitals, commuting between them by mo-torcycle. Guedel wrote a fundamental guide toinhalational anesthesia in 1937.22,23,25,26
 To produce skilled combat surgeons, in 1918 theU.S. Army Medical Department’s Division of Sur-gery arranged with some of the nation’s finest medi-cal schools to have medical officers receive inten-sive instruction in war surgery, including thetreatment of wounds and the administration of an-esthetics. Schools in New York; Boston, Massachu-setts; Philadelphia and Pittsburgh, Pennsylvania;Chicago, Illinois; Cleveland, Ohio; New Orleans,Louisiana; and Rochester, Minnesota, participatedin the program. On their return to army camps, themedical officers who took the courses instructedothers in war surgery and anesthesia.27
 Despite those efforts, there were never enoughexperienced anesthesia providers at the front. Anurse anesthetist, who administered anesthesia fromJune to November 1918, at a U.S. Army mobilehospital in the Chateau-Thierry area of France, re-called:
 How many anesthetics I gave during the WorldWar, I cannot determine, except that when the bigdrives were on, lasting from a week to ten days, Iaveraged twenty-five to thirty a day…. During thedrives patients came in so fast that all the surgeonscould do was to remove bullets and shrapnel, stophemorrhages and put iodoform packs in the woundand bandage it. As soon as they were throughoperating on one patient, I would have to have thenext patient anesthetized.22(p24)
 Another anesthetist, who treated 34 cases in 1 day,recalled: “While one patient was being operated on,another was being prepared for surgery, as thedressing was being applied to the third.”23(p645) Theoperations during those drives were of necessityquick, deft, and light.
 Equipment
 Anesthesia providers needed to bring to the frontsupplies that were mobile and adequate for masscasualties. They also wanted to give the best anes-thesia possible. Those wishes were usually contra-dictory, because the best anesthesia machines wereoften cumbersome and not easily transportable,and required experts to operate. Additionally, earlyin the war, certain machines, anesthetic equipment,and agents, as well as skilled anesthetists, were inshort supply. For example, in 1917, the army’s listof anesthesia supplies included ether, chloroform,and ethyl chloride only—but no anesthetic equip-ment.23 World War I anesthetists, like medical menin every war, had to “make do,” given the logisticalconstraints and the newness of the specialty.
 The first anesthetists to feel the pinch were thoseof the British armed forces, who had been fightingsince 1914. At the outbreak of war, these men hadonly chloroform and simple wire vaporizers knownas the Schimmelbusch mask (Figure 31-9). Within afew months, ether became available, which theyadministered by the open method. In 1915, a Cana-dian medical team brought to England the newOhio Monovalve anesthesia apparatus, which, un-like British machines, provided a steady flow of gasat a uniform pressure (Figure 31-10).23,28
 In 1916, the new Shipway ether/chloroform ap-paratus, although not as advanced as the devicefrom North America, became available. The ma-chine of Dr. Francis Shipway, a British anesthetist,consisted of two bottles, one for chloroform and onefor ether, and a three-way tap, which allowed air tobe blown through one bottle at a time or throughboth in varying proportions as one wished. A tube
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 from the device passed through a lint mask ordirectly into the patient’s mouth or nose. TheShipway apparatus provided even and light ad-ministration of the anesthetic and was superior tothe drop method. With the advent of the Shipwaymachine, warm ether vapor became the British an-esthetic of choice when nitrous oxide and expert gasadministrators were unavailable.23,28 Shipway’s ni-trous oxide/oxygen/ether apparatus became avail-able in 1920 (Figure 31-11).
 For American anesthetists, the U.S. Army adoptedthe American Red Cross’ nitrous oxide–oxygenmachine, perfected by Captain James T. Gwathmey,an anesthetist from New York and a reserve officerwho served on the western front (Figure 31-12).Gwathmey’s machine provided an airtight maskthat fitted closely to the face, an escape valve, amixing bag close to the inhaler, and a rough gaugefor measuring the proportion of the gases. Like theBritish army, the U.S. Army on the western fronthad gas machines but little nitrous oxide until anitrous oxide plant from Cleveland, Ohio, openedin France in mid-1918, just a few months before thewar ended. Dr. Crile, a great advocate of the use ofgas, had, of course, brought his own supply withhim to France. When nitrous oxide was unavail-able, the Americans used ether, chloroform, or ethylchloride, in that order.29 Logistics became a deter-minant in the delivery of combat anesthesia.
 Anesthetic and Delivery Method of Choice
 Since Halsted’s discovery of conduction anesthesiain the 1880s, surgeons had begun selecting the anes-thetic agent and method of delivery that suited thepatient’s condition and the type of surgery he needed.This reasoning prevailed at the second session of theInter-Allied Surgical Conference, held in Paris in 1917.
 Fig. 31-10. The Ohio Monovalve anesthesia machine, anadvanced apparatus from North America, with its con-tinuous flow, multiple gases, and heated vaporizers, alsobecame popular in Europe early in World War I. Photo-graph: Reprinted from Gwathmey JT. Anesthesia. NewYork, NY: Appleton; 1914.
 Fig. 31-9. The Schimmelbusch wire frame mask (ca 1890),the most widely known of all wire frame masks, wasdeveloped by Carl Schimmelbusch (1860–1895), a sur-geon in Berlin, Germany. The lower rim of the mask,which collected surplus anesthetic liquid, is curved toallow air to be drawn under it during chloroform admin-istration. With padding, this wire mask could be used forether administration. Source: Thomas KB. The Develop-ment of Anaesthetic Apparatus. Oxford, England: BlackwellScientific Publications; 1975: 252. Photograph: Reprintedwith permission from the Charles King Collection ofHistoric Anaesthetic Apparatus (Colour Slide Collec-tion), Association of Anaesthetists of Great Britain andIreland, London, England.
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 Fig. 31-12. Gwathmey’s nitrous oxide/oxygen/ether ap-paratus (1913). This early apparatus utilized, for the firsttime in anesthesia, the water-sight flowmeter manufac-tured by Cotton and Boothby in 1912. The ether bottle ismissing in this example of the apparatus, which showsonly the flowmeter and cylinder yokes. Source: ThomasKB. The Development of Anaesthetic Apparatus. Oxford,England: Blackwell Scientific Publications; 1975: 139–142. Photograph: Reprinted with permission from theCharles King Collection of Historic Anaesthetic Appara-tus (Colour Slide Collection), Association of Anaesthetistsof Great Britain and Ireland, London, England.
 Fig. 31-11. Shipway’s nitrous oxide/oxygen/ether appa-ratus (1920), a modification of earlier equipment, couldbe used in the draw-over mode if gases were unavailableby means of extra inlets into the ether jar and a complexcontrol tap. Source: Thomas KB. The Development ofAnaesthetic Apparatus. Oxford, England: Blackwell Scien-tific Publications; 1975: 152–153. Photograph: Reprintedwith permission from the Charles King Collection ofHistoric Anaesthetic Apparatus (Colour Slide Collec-tion), Association of Anaesthetists of Great Britain andIreland, London, England.
 The conference’s conclusions about choice of anes-thetic and treatment for war injuries confirmed thevalue of nitrous oxide in military surgery:
 • Treatment of gaseous gangrene. Anesthesia bymeans of nitrous oxide with oxygen is consid-ered the best; when this is not to be had, ethermay be substituted.
 • Traumatic shock. Local anesthesia combined withgeneral anesthesia by means of nitrous oxide isthe best. Next to this ether appears to be the leastharmful. Spinal injections have produced vary-ing results according to the surgeons employingthem, especially in amputations of the lowerlimbs. The use of chloroform is dangerous.
 • Amputations. In the case of serious shock, the useof nitrous oxide and oxygen is desirable; ether isthe next best anesthetic. Only in the case ofcerebral wounds is any other anesthetic methodadvised.
 • Cerebral wounds. Local anesthesia is preferredfor the operation. The sitting posture tends todiminish hemorrhage and is easily maintainedin secondary or delayed operations.29(p166)
 Allied armies, in general, followed the conclusionsof the Paris conference of 1917.
 Although healthy men with light wounds couldreceive any of a number of anesthetics, militarysurgeons in World War I preferred the advantagesof nitrous oxide mixed with oxygen, when theycould get it. The British considered the mixture,
 in experienced hands,…the ideal anesthetic for suchpatients, since it fulfilled the three essential condi-tions—safety, speed, and a rapid recovery. [Thelast permitted] immediate evacuation by ambu-lance and train.28(p182)
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 But the ideal method was often unrealistic. Al-though the gas was beginning to become popular, itwas not manufactured in great quantities. Hence,the short supply of nitrous oxide and of skilledadministrators until late in the war led the British touse warm ether vapor more than any other anes-thetic. For lightly wounded men, the French pre-ferred ethyl chloride because of their “need to in-duce quickly, perform minimal surgery andtransport [patients] sitting up in ambulances.”23(p650)
 A vehicle could transport more casualties who weresitting rather than lying down. When the agent ofchoice was unavailable, the anesthetist made ajudicious substitution of another drug andmethod.23,28
 For chest surgery, U.S. Army anesthetists chose alight nitrous oxide–oxygen analgesia combined withlocal anesthesia. Using the results of animal experi-mentation and accounts from surgical teams at thefront, Captain Gwathmey, working out of the U.S.Army’s medical research laboratory in France, de-vised an effective anesthesia for chest surgery. Usinga full preoperative dose of morphine to produceanalgesia, he gradually
 administered 3:1 nitrous oxide and oxygen under5–7 mm continuous positive pressure with a mask,adding light ether as required.23(pp649–650)
 . . . .
 During the operation, the proportions of the gas–oxygen mixture and the pressure transmitted to thetrachea were varied to meet conditions.29(p179)
 The Gwathmey method permitted intrathoracicsurgery “without necessitating deep anesthesia forthe introduction of intratracheal or endopharyn-geal tubes.”29(p179) Although greatly improved anes-thesia permitted lifesaving thoracic surgery duringWorld War I, chest surgery remained hazardous forall patients and, in general, “…anesthesia contrib-uted significantly to surgical mortality.”23(pp649–650)
 For thoracic surgery, British anesthetists, in mostcases, used chloroform or ether and oxygen with theShipway apparatus. If the patient was of a placidtemperament and sufficiently under the influenceof morphia or omnopon, a few surgeons used “localinfiltration combined with the administration ofgas and oxygen.”28(p183)
 For abdominal operations, both American andBritish military surgeons established that regionalanesthesia with novocaine to relax the abdominalmuscles followed by general anesthesia with ni-trous oxide–oxygen produced the best results. Warm
 ether vapor was the accepted substitute for nitrousoxide in those operations.28,29
 Military surgeons also found nitrous oxide–oxy-gen, if properly administered, to be the best anes-thetic for major amputations. When the gas was notavailable, surgeons substituted low spinal anesthe-sia, sometimes with a blood transfusion to over-come the anesthetic’s tendency to lower the bloodpressure.28,29
 For operations on the severely wounded in shock,expert anesthetists, including many from the U.S.Army Nurse Corps, administered nitrous oxide–oxygen in the ratio of not more than 3 parts gas toone part oxygen to avoid deep anesthesia andcyanosis. (Future anesthetists would consider eventhis ratio too dangerous.) A higher ratio might havecaused as great a fall in pressure as was producedby ether. When nitrous oxide was unavailable andether was substituted, sometimes a blood transfu-sion or a gradual infusion of a gum–salt solution (“6to 7 percent of gum acacia in 0.9 percent sodiumchloride”30(p194)) accompanied ether administrationfor patients in shock to maintain or even raise thehead of arterial pressure. Intravenous fluids orblood plasma did not receive widespread use, how-ever, and physicians considered some hypovolemicpatients simply inoperable.28,30
 For gassed patients, anesthesia providers pre-ferred nitrous oxide–oxygen. But if the anestheticwas not available, medical personnel used local,regional, or spinal anesthesia. Ether irritated therespiratory tracts of patients exposed to chlorineand other gases and was seldom used. Both Britishand American armies found that patients who hadbeen gassed gave no special problem on the operat-ing table.28,29
 The Allies had differing opinions about the valueof spinal anesthesia during World War I. Dr. Crilethought that spinal anesthesia was of value in allbut rush periods, provided that the psychic factor ofthe wide-awake patient was eliminated by partialanesthesia, either morphine or light nitrous oxide,and that the fall in blood pressure was prevented bya blood transfusion. Most British surgeons did notfavor spinal anesthesia because of its danger tohypovolemic or hemorrhaging patients. One Frenchsurgeon strongly advocated spinal anesthesia forall surgery below the 10th thoracic nerve. Mostsurgeons agreed that spinal and local anesthesiawere preferred methods when respiratory diseasemade inhalational anesthesia difficult.23,28,29
 Regarding local anesthesia, a survey of base hos-pitals in France by the American Red Cross, which
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 was in charge of medical research for the AmericanArmy, revealed that anesthesia providers recom-mended local anesthesia in combination with mor-phine whenever possible. The technique suited thedemands of war surgery, especially during “rushperiods at the front”29(p175) when nitrous oxide–oxy-gen was unavailable and little time existed for theprolonged induction and recovery periods that nor-mally followed the administration of ether or chlo-roform. Infiltration with novocaine was in commonuse alone or in combination with nitrous oxide–oxygen.28,29
 Blood Transfusions and Other Treatments for Shock
 Although the condition of shock had been knownto military surgeons for 300 years, its causes, onset,and development remained a mystery. DuringWorld War I, British medical officers in the field, inconjunction with members of the Wound ShockCommittee of the Medical Research Committee,studied the problem. American scientists, underthe auspices of the National Research Council andthe U.S. Army Surgical Research Laboratories, in-vestigated shock during the war. Walter B. Cannon,U.S. Army Reserve officer and physiologist fromHarvard University, studied shock and resuscita-tion with American and British forces in France andEngland and became a member of the British ShockCommittee in 1917. He and allied scientists sharedresearch findings and results in investigating themysteries of shock.31
 Cannon focused on treatments for shock when hebecame the director of a center for surgical researchat the Central Medical Department Laboratory ofthe Army Expeditionary Force at Dijon, France, in1918. He maintained a close relationship betweenthe laboratory and the proving ground by establish-ing a network of resuscitation teams to treat sol-diers in shock on or near the battlefield.
 From May to November 1918, medical officersreceived instruction at weekly classes in Dijon onthe nature of shock, onset theories, clinical symp-toms, development circumstances, and treatmentbeliefs. They mastered methods of matching bloodand giving blood transfusions. These officers wentfrom the classroom to the shock wards at U.S. Armyhospitals, where the seriously wounded receivedblood transfusions and other treatments in prepara-tion for surgery later.22,30–32
 The importance of blood volume in the treatmentof shock was revealed during World War I. Medicalofficers had reported that “in cases of profound
 shock accompanied by loss of blood, excellent re-sults are obtained from direct blood trans-fusion.”33(p42) Because of the difficulties of givingtransfusions at clearing stations during an attack,Captain (later Major) Oswald H. Robertson, U.S.Army, favored the collection, storage, and preser-vation of whole blood.34 At his suggestion, smallquantities of liquid blood had actually been pre-served and transported considerable distances upto regimental aid posts. The addition of new redblood cells were, in Robertson’s opinion, “the onlymeans available of increasing the oxygen-carryingpower of the blood….[T]his constitutes the uniquevalue of blood transfusion.”33(p42)
 Robertson was a pioneer in establishing the con-cept of the world’s first blood bank. He joinedCannon at the surgical research laboratory in Dijon,France, in August 1918, where he helped untanglethe problem of “the efficacy of using gum acacia inthe treatment of shock.”31(p243) He concluded thatthere was an absence of convincing data as to gumacacia’s usefulness in the treatment of shock.
 At the end of World War I, William M. Bayliss, adistinguished British physiologist who had servedon the Wound Shock Committee of the MedicalResearch Committee during the war, regretted “thatso little positive evidence is forthcoming as to thesuperiority of blood transfusions. Statements aremade on the basis of general impressions, ratherthan on convincing proof….”33(p347) Without con-vincing data, medical authorities might underesti-mate the importance of blood transfusions in thetreatment of shock after the war.33
 Also, the World War I Shock Committee’s at-tempts to study shock were generally unsuccessfuland led to fallacies. For example, the Committeehad concluded at the end of the war “that theabsorption of toxins from injured tissues was theprimary cause of traumatic shock.”35(p29) That beliefled to misconceptions about the relationship ofmuscle injury to shock in the postwar years. Littleprogress was made on the relation of anesthesia tothe development of shock. The Committee’s greatachievement, however, was in giving recognition tothe complex problem of wound shock.
 Other treatments for shock during World War Iincluded restoration of lost body heat by surround-ing the patient with blankets; injection of morphiato reduce pain and restlessness; and the return ofblood from the large veins of the abdomen to theheart by raising the foot of the bed, a practice usedfor years in civilian hospitals, to permit gravity toaid the blood’s return. Shock ward officers re-
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 ported that the technique had no marked effect oneither systolic or diastolic pressure. They also ob-served that the use of vasoconstrictor drugs to im-prove circulation in shock was futile, as clinical andexperimental observations showed that the heartwas not primarily affected in shock.30
 Aftercare in World War I shock wards includedmonitoring of the patient’s blood volume until it wasrestored to the normal level, a difficult procedureunder field conditions, and the provision of fluids byeither mouth or rectum until the urinary outputequaled the water intake. Although military physi-cians stressed the need to watch for unfavorable de-velopments and to treat them accordingly, postopera-tive care was not well developed in World War I.30
 Despite its limitations, treatment of the seriouslywounded during the war produced valuable les-sons about shock and resuscitation. Cannon ob-served30 that
 • shock wards required two resuscitationteams, each consisting of a medical officer,a nurse, and an orderly;
 • withdrawing 500 to 750 mL of blood did theslightly wounded man no harm, and savedthe life of a soldier suffering from shock orsevere hemorrhage;
 • in preparation for shock cases, resuscita-tion officers needed to provide heating ar-rangements, transfusion equipment, andblood donors (and to determine their bloodgrouping); and
 • resuscitation officers needed to perform ordirect transfusions, give the surgeon theirjudgment of the optimum time for surgery,and do clinical work for the surgeon—solong as this work did not interfere with theresuscitation officer’s important duties inthe shock ward.
 After a rocky start, military anesthesia greatlydeveloped during the war to the benefit of thepatient, the surgeon, and the war effort. For the first2 years of the conflict, military anesthesia sorelylacked trained providers, advanced equipment, andsupplies of nitrous oxide. Many soldiers’ livesmight have been saved had this not been the case.During the last 2 years of the war, the availability ofimproved apparatus, the employment of expertanesthetists, and the administration of warm ethervapor or nitrous oxide–oxygen instead of chloro-form, whose potency could become dangerous,undoubtedly saved many lives.
 Reserve officers from civilian medicine, whoserved as consultants to the armed forces, preferrednitrous oxide–oxygen anesthetic for most opera-tions. The realization that this anesthetic requiredexpert administration emphasized the need fortrained anesthetists in the armed forces. As a result,the armed forces sent officers to study war surgeryand anesthesia at medical schools throughout thecountry and nurses to schools of anesthesia thathad developed in the United States in response tothe demands of war. However, most of those stu-dents never made it overseas, as the war endedshortly after the buildup of American hospitals hadbegun.
 Valuable information on the treatment of shockand resuscitation was produced during World WarI, but the complex problem of shock remainedshrouded in mystery. Nevertheless, the recogni-tion of anesthesiology as a special field increased, asdid the recognition of the anesthesia provider as aspecialist rather than a technician. In 4 years, thestate of the art of anesthesiology had vastly im-proved.29 However, although anesthetists, like otherspecialists, found a home in the armed forces, de-cades would pass before the institution of residencyprograms in the U.S. Army.
 After World War I, Dr. Crile wrote the chapter onanesthesiology for the official medical history of thewar. His knowledge about anesthesia during thewar led him to conclude29 that
 • nitrous oxide–oxygen, a light anesthetic,was the preferred anesthetic for the patientin shock; its administration required experthandling;
 • in cases of profound exhaustion, spinalanesthesia would cause no serious fall inblood pressure if the patient first receivedan ordinary transfusion of blood;
 • the psychic factor of being aware of theoperating room and staff might be over-come by morphine or very light nitrousoxide anesthesia, or by light partial etheranesthesia; and
 • ether, on the other hand, caused pneumo-nia in abdominal cases during the winter,was unsuitable in infections, and had atendency to cause a fall in blood pressureafter the operation; hence, ether should notbe used in cases of shock.
 Whether 20th-century medicine would substanti-ate these revelations remained to be seen.
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 Between the World Wars
 The experiences of anesthesia providers in theGreat War helped shape the revolution in anesthe-siology that occurred during the 1920s and 1930s.As a result of the contribution of nurse anesthetistsduring the war, nurse anesthetist programs grewin number in both civilian and military medi-cine. Veteran physician anesthetists used their or-ganizational skills and medical expertise to con-vince hospital personnel, mainly surgeons, acrossthe country to establish divisions of anesthesia. Asa result, departments of anesthesiology with resi-dency programs began to appear. In 1939, themedical department of the U.S. Army began formaltraining of physicians in anesthesiology, one officerat a time, while increasing internships and post-graduate education in specialties in general. On theclinical side, transfusions, fluid therapy, intrave-nous anesthesia (revolutionized by the appearanceof the barbiturates, especially pentothal, which isnow known as sodium thiopental), and rebreath-ing anesthesia machines became more common (Fig-ure 31-13).1–3,22,36,37
 Anesthesiology grew as a profession during thisperiod. Physician anesthetists founded the Ameri-can Board of Anesthesiology in 1937 as an affiliateof the Board of Surgery and as an independentboard to pass on the qualifications of trained anes-thetists in 1941. The American Society of Anesthe-tists, a physician organization, grew out of theNew York Society of Anesthetists and later becamethe American Society of Anesthesiologists. TheAmerican Association of Nurse Anesthetists,founded in 1931 to help guide the education ofnurses in anesthesia, enhanced its power and helpedcement the rivalry between nurse anesthetistsand physician anesthetists, which had begun in the1920s. Shortages of physician anesthetists meantthat nurse anesthetists dominated most medicaldepartments. New journals and books on anesthe-sia appeared in Europe and the United States,and an exhibit on anesthesia opened at the 1939New York World’s Fair. The roots of modern anes-thesia were firmly planted between World War Iand World War II.36,37
 Other developments during this period includednew techniques and agents. The improvement ofthe soft metal needle made continuous spinal anes-thesia possible by permitting the use of very smalldoses and eliminating concern over the wearing offof the anesthetic. The endotracheal catheter, devel-oped by British plastic surgeons Ivan Whiteside
 Fig. 31-13. This rebreathing anesthesia machine, made in1918, was offered to the US Army in June 1918. Photo-graph: Reprinted with permission from Jackson DE. An-esthesia equipment from 1914 to 1954 and experimentsleading to its development. Anesthesiology. 1955;16:962.
 Magill and Edgar Stanley Rowbotham for use onwounded World War I veterans, gave anesthetists“direct control of the respiratory tract and itscontents”1(p286) and provided the surgeon a quietfield in which to work. The combination of the newtechnique with the new anesthetic cyclopropaneenabled the anesthetist to “synchronize the move-ments of the lung with the work of the surgeon.”1(p286)
 In the search for the ideal anesthetic, divinyloxide, a cross of ether and ethylene (an anestheticthat was fast in action but weak), appeared. Byproducing a rapid and brief anesthesia, divinyloxide, later replaced by sodium thiopental, put thepatient to sleep before the ether was administered,rendering ether more pleasant. New anestheticslike Nembutal and the barbiturates—evipan andsodium thiopental—administered by the intrave-nous route came rapidly into favor. Man improved
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 or produced machines for the administration of avariety of anesthetics. Those developments bodedwell for the future of anesthesia.
 The development of the carbon dioxide–absorp-tion technique made possible modern and efficientgas anesthesia machines (Figure 31-14). Thistechnique permitted the patient to receive mea-sured amounts of anesthetic gases and oxygen byadding ether to the mixture in small doses until thedesired level of anesthesia was achieved. Expiredgases passed through a soda lime canister that ab-sorbed carbon dioxide before the gases entered arebreathing bag, and the patient, on impulse,breathed in a warm blend of vapor and oxygen or ofgases and oxygen. The containment of all gases ina closed circuit greatly reduced the chance of fire aswell as the cost of anesthesia, since enclosed agentswere not likely to escape. This technique also en-abled the anesthetist to manage the patient’s breath-ing and to maintain periodic positive-pressure an-esthesia. This procedure was a boon to theanesthetist on the eve of World War II.38
 Shock therapy, however, which is best studied inwar, with its numerous casualties and major inju-ries, was an area that showed little improvement inthe interwar years. After World War I, shock studytook place in “experimental laboratories, in whichattempts were made to [analyze shock] by physi-ologic and chemical techniques under a wide vari-ety of experimentally induced conditions.”35(p29)
 Developments in shock therapy were understand-ably slow. The theory of toxemic shock persisteduntil the late 1920s, when A. Blalock, E. Parsons,and D. E. Phemister “demonstrated that shock pro-
 duced by trauma to the limbs is not the result oftoxemia but of a local loss of blood and fluid and ofcirculating blood volume.”35(p29)
 N. E. Freeman and his associates concluded fromtheir observations “that the blood volume is a morereliable index of shock than the blood pressure,” butthe misconception persisted that “true shock [is] ageneralized increase in capillary permeability.”35(p30)
 Other fallacies also persisted, notably, that bloodplasma is as effective as whole blood in the treat-ment of shock. Also, no practical way of determin-ing blood volume under field conditions was devel-oped during the years between World War I andWorld War II.
 By 1940, the military, which had few medicalspecialists of any kind, depended largely on civilianmedicine for specialized training of medical per-sonnel and fulfillment of mobilization goals. Re-serve medical officers and nurses entered the mili-tary in increasing numbers during the emergencybuildup of 1940 and 1941. Specialists like HenrySwartley Ruth of the Philadelphia General Hospitaltaught young military physicians the values, con-cerns, and ideas of civilian medicine. The militarystarted to respect specialization, accepting a civil-ian tenet that the “best care” for their patients“meant specialized care.”18(pp7–8) The army took spe-cialization into account when making assignmentsduring the war. The navy established residencytraining in naval hospitals in 1944. Specializationwas fast becoming an important factor in militarymedicine.18
 World War II
 Personnel
 Even in World War II (1939–1945), however, therewere never enough trained anesthetists to meet theneeds of the military. At army hospitals in theUnited States, nurses gave inhalational anesthesia,while surgeons administered spinal, local, and re-gional anesthetics. At overseas theaters of opera-tions, the military overcame shortages of skilledpersonnel and provided assistants for periods ofpeak loads by the continual training of nurse anes-thetists, dentists, medical officers pressed into ser-vice, and corpsmen within the theater. Some dentalofficers learned drop ether and spinal anesthesia.Because surgery in forward-area hospitals taxedintelligence, judgment, resourcefulness, and tech-nical ability, the army made every effort to assignits best-trained anesthesia providers to the combatzone. Anesthetists rendered great service in the
 Fig. 31-14. The To-and-Fro Absorber was introduced byRalph Waters, MD, in 1923 at the University of Wiscon-sin. Carbon dioxide–absorbent granules were placed inthe canister; the patient was allowed to breathe “to andfro” through the canister. The device was accepted rap-idly because it was simple and practical. Photograph:Courtesy of Ohmeda, Inc., Madison, Wis.
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 forward areas of the North African Theater of Op-erations, where shortages of trained and experi-enced anesthesiologists persisted through 1943. By1944, two skilled anesthesiologists served in eachfield and evacuation hospital sent to Europe, andone on each auxiliary surgical team on the front line(Figure 31-15).38–41
 Anesthetics and Equipment
 Shipping priorities and the need for simplicity atthe front limited the choice of anesthetics and ma-chines that accompanied frontline medics overseas,despite a wide range of agents and devices avail-able at the start of the war. Combat anesthetistsneeded to have agents that could be hand carriedand administered by improvised techniques andequipment. A scarcity of trained personnel nar-rowed the choice of drugs to those that people withlimited experience could administer. Scarce ship-ping space and the need for forward-area hospitalsto move quickly prohibited the employment of cum-bersome equipment. The complex anesthesia appa-ratus, such as delicately adjusted gas machines, ranthe risks of leakage and loss of serviceability due torough handling during movement on short notice.38
 There was a need for portable gas machines in eachplatoon of the highly mobile (300-bed) field hospi-
 b
 a
 Fig. 31-16. Portable anesthesia apparatus, McKessonmodel 675, (a) packed in its carrying case and (b) as-sembled. Photographs: Reprinted from Anesthesia Appa-ratus, Portable (Item 9350000). Washington, DC: War De-partment; 1945: 4–5. Technical Manual 8-623.
 Fig. 31-15. Anesthesia as it was administered duringWorld War II. Photograph: Courtesy of National Libraryof Medicine, Medical History Section, Bethesda, Md.
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 tal or small (750- or 400-bed) evacuation hospital,“where intermittent positive pressure was essentialfor adequate care of nontransportables.”40(p600)
 The army issued four types of portable machinesin World War II—the Ohio, McKesson, and
 Heidbrink (affectionately known as the “pig”),which were standard in civilian hospitals (Figures31-16 and 31-17), and the Beecher machine, de-signed especially for active combat by Henry K.Beecher, reserve medical officer and Anesthesia
 b
 Fig. 31-17. Portable anesthesia apparatus, Heidbrinkmilitary model 685. (a) Upper half of storage case, (b)lower half of storage case, and (c) unit assembled. Photo-graphs: Reprinted from Anesthesia Apparatus, Portable(Item 9350000). Washington, DC: War Department; 1945:12, 13. Technical Manual 8-623.
 c
 a
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 Consultant to the North African–MediterraneanTheaters of Operation (October 1943–August 1945).
 Light, compact, and easily hand carried, theBeecher machine could develop positive pressurein the airway without depending on tanks of oxy-gen, which were often unavailable at the front. Footbellows were dispensed with when oxygen was onhand. The maintenance of a constant flow of roomair through the apparatus allowed the system tocontinually flush, making the use of soda lime–carbon dioxide absorbent unnecessary. The devicewas encased in a compact container with enoughcapacity to hold a laryngoscope; intratracheal tubes;an aspiration bulb and catheter for emptying thebronchi; a packet of an induction agent, normallysodium thiopental; and two cans of ether, eachweighing 1 lb. A fully loaded container weighed 25 lb.
 Although designed specifically to make thoracicsurgery possible without compressed air, theBeecher machine proved useful in combat for inha-lational anesthesia, the administration of oxygen,and artifical respiration. This simplified machinebecame the apparatus that anesthetists used mostoften in World War II after mid-1944 and the buildupfor Normandy. Before then, portable machineswere in short supply, particularly in the NorthAfrican theater. In the absence of portable ma-chines, anesthetists relied on agents and methodsthat did not require movable devices, risking thelives of some patients.25,38,39
 U.S. Army anesthetists had a wide variety ofagents to choose from, including ether, chloroform,ethyl chloride, nitrous oxide, sodium thiopental,procaine, tetracaine hydrochloride, and cocaine.Cyclopropane and ethylene also were on hand, butmilitary anesthesia machines were not equipped tohandle those flammable bottled gases under pres-sure in cylinders. Hence, they were not used incombat.38
 When machines were available, the choice ofanesthetic usually depended on the experience ofthe anesthetist, the preference of the surgeon, andthe problems of surgery. Ether anesthesia com-bined with oxygen, following induction with ni-trous oxide, became popular because of its simplic-ity of administration, ready availability, easytolerance by patients, and general safety. Ether’sdisadvantages, “irritat[ion] to the mucous mem-branes of the respiratory tract...[and] disturbance ofmetabolism, the blood sugar frequently being ele-vated from 100 to 200 percent,”42(p69) were out-weighed by its advantages, particularly its marginof safety, since anesthetists were not equally trained,experienced, and capable.
 Ether became the preferred anesthetic for casual-ties who were seriously wounded or in shock, whichcompletely reversed the practice of World War I. By1941, physicians knew that an impaired circulatorysystem took prolonged ether anesthesia well andthat, according to Beecher, a man in shock toleratedether far better than an animal in shock. Sincetrauma patients could take ether, then men lessbadly off could also take ether. In the Mediterra-nean Theater of Operations, where U.S. troops hadbeen engaged in combat since November 1942, etherwas the preferred anesthetic in more than 90% ofcases.25(p182) In the European theater, inhalationalanesthesia was used 86.2% of the time in SeventhU.S. Army field hospitals, compared to only 23.2%of the time in their evacuation hospitals, wherefewer trauma cases were seen, and intravenousanesthesia with sodium thiopental became the pre-ferred method.39(p549)
 Nevertheless, the scarcity of portable machines,but more importantly, of fully experienced anesthe-siologists, led to inexpert choices of agent andmethod for patients in critical condition. In theNorth African theater in 1943, for example, in theinterest of time, inexpert anesthesiologists usedspinal anesthesia or intravenous anesthesia withsodium thiopental when the poor condition of thepatient dictated inhalational anesthesia. This trendwas increased by the shortage of anesthesiologiststrained in inhalational anesthesia using “carbondioxide absorption and intermittent positive pres-sure administered through an endotrachealtube.”40(p603) Shortfalls of machines and skilled per-sonnel led to substandard combat anesthesia.
 Sodium thiopental, a popular anesthetic, provedvaluable as an induction agent preceding ether an-esthesia of men in good condition, sometimes as anadjunct to spinal anesthesia, and as a sole agent forprocedures of short duration. If the operation lastedlonger than 30 to 45 minutes, the anesthesia pro-vider switched to ether. Sodium thiopental had theadvantages of being readily available; simply andcompactly designed; easily and smoothly induced,even by inexperienced physicians; and with fewundesirable aftereffects, all of which made it a gooddrug under combat conditions.
 Medical personnel would not use sodiumthiopental on patients suffering from shock, an im-paired intake of oxygen, severe hemorrhage, in-flammation “in the region of the carotid body orcarotid sinus,”38(p72) gas gangrene, severe burns,when the operative position interfered with theairway or complicated artificial respiration, orwhen intracranial surgery was required. Bad-risk
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 patients tolerated full barbiturate anesthesia poorly.Hence, sodium thiopental was used more often atevacuation hospitals, further back along the evacu-ation chain than in field hospitals, where moreshock cases were observed. In Seventh U.S. Armyhospitals, for example, intravenous anesthesiawith sodium thiopental was used 53.1% of the timein evacuation hospitals and only 2.8% of the time infield hospitals.39(p549) Surgical problems influencedthe anesthesia method chosen by combat med-ics.25,38,39
 The medical department learned the hard wayabout the danger of using sodium thiopental onpatients in shock. During the aftermath of theattack on Pearl Harbor on 7 December 1941, a num-ber of patients suffering from traumatic shock andacute loss of blood experienced respiratory failureand died as a result of sodium thiopental anesthesiaused intravenously. Those patients also did notreceive a transfusion of blood or gum-salt solution,as the lessons of World War I regarding volumeresuscitation were lost to medical practice betweenthe wars. As a consequence of those deaths, anes-thetists switched to open-drop ether, which provedsafer for patients in shock. Casualties attended tolater in Europe and the Pacific benefited from thisnew appreciation of the risks of sodium thiopentalanesthesia on hypovolemic patients.43
 A number of the other drugs supplied to thearmy received limited use. Since civilian practicediscredited chloroform because of its intensely de-pressing effect on the circulatory system, it madelittle sense to use chloroform on wounded mensuffering circulatory damage. Nitrous oxide be-came a routine induction agent but never the soleanesthetic. Oxygen concentrations of 21% or 30% ormore always accompanied the gas. Ethyl chloridebecame a satisfactory induction agent if adminis-tered cautiously. In World War II, unlike in WorldWar I, physicians understood the acceptability orunsuitability of most anesthetic agents.25,38
 Methods of Choice
 Medical officers considered the best method ofanesthetic administration for military surgery to beclosed-circuit anesthesia, either the closed-circleflow absorption method of the Heidbrink andMcKesson machines, or the closed to-and-fro ab-sorption technique of the Beecher machine. Thissystem conserved body heat and moisture, main-tained a high oxygen level while controlling thecarbon dioxide volume in the blood, preserved de-sired degrees of anesthesia, regulated respiration,
 and maintained positive pressure. There was anincreasing use of the closed-system technique as thewar progressed.25
 Although spinal anesthesia became an accept-able practice in World War I for wounds of theextremities and pulmonary trauma, the method wasconsidered undesirable in World War II militarysurgery for a number of reasons: the techniquecaused a lowering of blood pressure in badlywounded men suffering from trauma and loss ofblood, it made surgery lengthy and variable whenother casualties were waiting for attention, and itallowed the undesirability of full consciousness inan apprehensive casualty fresh from the battlefield.Of 3,154 cases of abdominal injuries in the Mediter-ranean theater, anesthesia providers used spinalanesthesia on 3 patients only, each one in goodcondition and with minimal wounds.25(p185) Its lim-ited use in combat reflected the belief that spinalanesthesia was a poor choice for badly woundedmen at the front.25,38
 Other regional or local anesthesia had limiteduse in combat. Early in the war, the English foundthat seriously wounded men tolerated poorly themoderate discomfort and psychological trauma ofbeing conscious of their surroundings. The Alliestherefore used local anesthesia for minor surgeryon “easy-going” patients, who had exhibited a tol-erance for occasional discomfort and other inconve-nience. Local and regional block, normally withprocaine, proved useful in certain neurosurgicaland maxillofacial operations, but, in general, themethod was not practical because of the multiplic-ity of wounds in each patient.38,44 One anesthesiolo-gist regretted not fully testing the combination oflocal anesthesia with a light inhalational anesthetic,which, he thought, might have had excellent poten-tialities in military surgery.25(p185)
 Medical personnel performed topical anesthesiawith tetracaine hydrochloride or cocaine. Theyused cocaine also for bronchoscopy or to ease adifficult intubation. Endotracheal intubation oc-curred routinely in intracranial, maxillofacial, andabdominal operations performed under generalanesthesia; in all thoracic operations in which thepleura was involved; and in operations of morethan 1 hour.25,38
 Shock Therapy and Resuscitation
 The anesthesia provider played an integral partin preoperative management, necessitating a knowl-edge of shock therapy and preanesthetic medica-tion. Lessons of World War I regarding shock
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 therapy and resuscitation were relearned, modi-fied, and practiced in the North African theater byApril 1943. When the flow of casualties was heavyand a shock team was unavailable, both anesthetistsand surgeons worked in the resuscitation ward.Here patients received whole blood, pooled plasma,and 5% dextrose and water. If time allowed, theanesthetist conducted an examination of the patientbefore determining his presurgical medication. Theanesthetist routinely used atropine (gr 1/100,equivalent to 0.6 mg), often in combination withmorphine, given intravenously. The application ofanesthetic care to trauma developed greatly duringWorld War II, when evacuation from the front lineto definitive care took 4 to 6 hours.25
 Evacuation began shortly after an aid man gavethe conscious casualty morphine and called for alitter squad. Depending on the wound, the medicadministered plasma; dressed the wound; and filledout an emergency medical tag indicating the man’sname, serial number from his dog tag, and thenature of the wound. The battalion aid station littersquad carried the wounded man back to the aidstation, where he was examined for the first time bya medical officer, the battalion surgeon. The sur-geon could administer more plasma and morphineand send the casualty to the collecting station fortransfer by ambulance or litter bearer to the divi-sion clearing station, located 5 to 10 miles behindthe front. Here, surgeons assigned to auxiliaryteams performed acute surgical care, and, in theEuropean and Mediterranean theaters, shock teams,including an anesthetist, saw the patient for the firsttime. When the patient was strong enough to bemoved again, medical personnel transported himanother 8 to 12 miles to an evacuation hospital, stillunder canvas and still in the combat zone. After theprovision of definitive care, hospital authoritieseither evacuated the casualty to the rear or, if he wasfully recovered, sent him forward for return toduty.45
 Shock wards of field or evacuation hospitals werecrucial to a patient’s recovery during evacuation.Shock wards were headed by medical officers cho-sen from the internists or junior surgeons on thestaff, or led by anesthetists and surgeons when theflow of casualties was heavy. Ideally, specific sur-gical or shock teams were assigned to the patientand stayed with him throughout his surgery toprovide continuous care.42
 The shock teams appraised the wounded man’stherapy needs to enable him to tolerate surgery orevacuation to a rear hospital. A patient in shock didnot remain in the same condition for any length of
 time. The team assessed the man’s trends in bothpulse rate and blood pressure (their quality andupward or downward trends were most important)to check the adverse forces at work. His degree ofthirst and mental status, both of which medicalofficers paid little attention to in World War I, werefound to be useful in evaluating the degree of shock.It was important to prevent a regression in thepatient’s condition in preparation for surgery.42
 The anesthetist continued management of thehypovolemic patient in the operating room, admin-istering high concentrations of oxygen to reestab-lish normal metabolism; anesthesia to abolish pain;blood transfusions to restore and maintain bloodvolume; dextrose and saline to rehydrate patients;and artificial respiration, if conditions indicated.The anesthesia providers did all they could to main-tain a viable patient, while the surgeons worked asquickly as possible in light of the patient’s needs.42
 Casualties in shock or who had been in shockwere usually easy to anesthetize, probably as aresult of the resuscitation process practiced by mili-tary anesthetists. Military patients seldom experi-enced severe excitement—in contrast to patients inshock in civilian practice. Military anesthetists gavecasualties in shock a light anesthesia compatiblewith their surgery because such patients tolerateddeep anesthesia for brief periods only. Sometimesanesthetists authorized to administer curare usedthe agent as a muscle relaxant to facilitate intraperi-toneal manipulations during periods of light anes-thesia. Patients in shock, suffering thoracoabdom-inal wounds, or both, received nitrous oxide–etheranesthesia by the closed endotracheal techniqueand curare in various dosages and at various timesduring the operation. None of those cases sufferedpostoperative complications or deaths that could beattributed to the use of curare. Anesthesia provid-ers stressed the importance of employing the endo-tracheal technique when using curare. Militaryanesthetists greatly expanded the role of the anes-thesia provider in the care of the trauma patientduring World War II.42
 Volume resuscitation was pivotal in the treat-ment of patients in shock during the war. Early inthe conflict, physicians relied on blood plasma be-cause of the limited supply of whole blood, whichresulted from general unpreparedness for war, anda myriad of theories about shock. Some expertsconsidered blood plasma as effective as whole bloodin the treatment of shock, easier to preserve andtransport than whole blood and without the re-quirement of matching and typing. Shortages ofblood for volume replacement, despite the use of
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 blood donors in the field, meant a delay in surgeryuntil the patient was stabilized. In February 1943,patients received treatment for shock in clearingstations for up to 24 hours before surgical therapywas even attempted. Medical officers did notgive blood postoperatively to overcome anemiaand promote wound healing or, for that matter,oxygen to improve circulation during this earlyperiod.33,42
 The readier availability of whole blood in 1944,which followed the establishment of blood procure-ment centers in U.S. cities and refrigerated bloodbanks in rear combat hospitals, led to a change inthe concept of stabilizing the casualty first, in favorof rapid preparation for surgery and a reduction inthe time lag as compared with 1943. The concept ofprompt operation required an understanding ofwhat could be achieved by resuscitative measuresand what was impossible. Medical officers came torealize that all that was needed was to make thepatient safe for surgery. Since a seriously woundedman could slip back into shock once he had beenbrought out of it, surgery should not be delayedonce he was resuscitated from shock. World War IIanesthesiologist Lieutenant Colonel Henry K.Beecher stated that
 all military surgeons, no matter what their originalpoint of view, eventually realized the importanceof operating as soon as the patient had been broughtto optimum status within a minimum period oftime.42(p21)
 The recognition of the essential unity of resuscita-tion and operation was an important surgical ad-vance late in the war. The lessons learned aboutvolume resuscitation in World War I had to berelearned in World War II.
 Military surgeons also changed their minds aboutblood plasma’s usefulness in the treatment of shock.The consideration of plasma as the ideal substitutefor whole blood in the emergency treatment ofshock and hemorrhage in war wounds was so en-trenched early in the war that it handicapped thedevelopment of more effective measures for the man-agement of shock. As the war progressed, however,experience proved the effects of plasma to be tran-sient. Plasma brought men out of shock and main-tained blood volume during transportation to thehospital, where a blood transfusion could be started.Plasma became a lifesaving stopgap measure onlyuntil the patient could receive whole blood.42
 British anesthesiologists had concluded similarlyabout the transient nature of blood plasma. Of the
 10% of all patients requiring resuscitation beforesurgery in British forward hospitals in March 1943,one out of five required whole blood.
 If treated with plasma alone, [remarked a medicalofficer of No. 1 Casualty Clearing Station in south-ern Tunisia,] the blood pressure [could] be broughtback but [fell] again with operation and [did] notcome back a second time. Patients treated withplasma remain[ed] pale, the pulse [was] rapid andthe labile blood pressure [was] very sensitive tofurther operative procedures.33(p36)
 In general, wounded American soldiers receivedone additional unit of plasma to three units ofwhole blood at the hospital. About two thirds ofpatients received another 500 mL of blood each,and about one third received 1,000 mL of bloodeach. Patients were considered ready for surgerywhen the systolic blood pressure was 80 mm Hgand tending upward, when the pulse volume wasgood and the rate tending downward, and whenthe skin was warm and the color good. Sometimesalbumin, which was expensive in terms of thequantities of blood needed to prepare it but hadsmall bulk (corpsmen could line their pockets withit), was used to elevate a low blood pressure insituations in which space and weight were at apremium.42
 To establish effective resuscitation proceduresbased on scientific evidence, the medical depart-ment set up stationary research laboratories in theMediterranean theater in late 1943 and early 1944“to study by formal biochemic [sic] methods certainaspects of shock, hemorrhage, and dehydra-tion,”33(p348) and a mobile laboratory in September1944, called the Board for the Study of the SeverelyWounded in the Mediterranean Theater of Opera-tions, “to observe shock on a big scale”33(p353) and getinsights into its nature. In the opinion of the Medi-cal Research Committee of the theater,
 [i]t was essential…that the so-called impressionsderived from experience be documented by hard,cold facts about the condition of a freshly woundedman…. The collection of data needed to be ex-tended to a sufficient number of casualties to makethe findings conclusive.33(p349)
 The loss of lessons learned from World War I due tothe absence of convincing data and the confusionover shock therapy early in World War II were thecatalysts for this effort at documentation by scien-tific evidence of effective resuscitation proceduresexperienced during World War II.
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 Data collected from studies of thousands of badlywounded soldiers during the Italian campaignproved that the liberal use of whole blood transfu-sion was necessary for the success of reparativewound surgery. Extensive laboratory tests on atleast 37 of those patients confirmed the absence ofhemoconcentration in shock. The mobile researchteam, headed by Colonel Beecher, studied the physi-ological effects of blood loss in 186 severely woundedpatients, concluding, in the broadest sense, that“wound surgery [was] inseparable from the man-agement of wound shock.”46(p13) Surgery becamepart of the continuous process of resuscitation. Theteam also determined that plasma, whole blood,penicillin, and sulfa drugs were not harmful to thekidneys, a question of concern in treating the se-verely wounded. Studies of wounded patients im-mediately after admission to forward hospitalshelped to formulate procedure for the clinical man-agement of the seriously impaired.33,46
 Other resuscitative measures used in World WarII included
 • relief of physical and mental pain by seda-tion (barbiturate, usually sodium amytal)and administration of morphine,
 • management of the local wound throughcontrol of hemorrhage and the applicationof splints,
 • conservation of body heat,• emptying of the stomach before anesthesia
 to avoid the risk of aspiration, and• administration of oxygen to produce a low-
 ered pulse rate and a better coloration ofthe blood.
 Medical officers administered oxygen by nasal tubeafter it had been humidified by being bubbledthrough a water column. Patients usually toleratedwell a gas flow of 4 to 5 L/min of 100% oxygen. Aclosed system with carbon dioxide absorption, usu-ally by the Beecher machine, provided higher con-centrations of oxygen, if needed. Vasoconstrictorand stimulating drugs were of no value in the man-agement of battle casualties and were almost neverused.33
 Auxiliary Surgical Groups
 To assure quality anesthesia and surgery, spe-cialty consultants from Auxiliary Surgical Groups,each consisting of four surgical teams that per-formed frontline surgery in the absence of hospi-
 tals, visited forward units to check on patient super-vision. Those consultants addressed relevant prob-lems and recommended solutions.47
 Statistics
 Statistics from the Mediterranean theater reveala record of safety in the prevention of anesthesiadeaths. Surveys conducted in the Mediterraneantheater in September 1943 and September 1944 showonly 12 deaths attributed to anesthesia in 27,564administrations of anesthetic agents.38(p78) SeventhU.S. Army hospitals attributed 11 deaths in 44,630cases wholly or in part to anesthetic administrationbetween 1 November 1944 and 30 April 1945.39(p550)
 One World War II anesthesiologist credited thissafe record to more standardized methods and in-creased experience,38(p78) which made anesthesiasafer for the seriously wounded man.38 Statistics forWorld War II are sadly lacking, however, regardingnumbers of physician and nurse anesthetists, anes-thesia deaths in other theaters, and the frequencyand place of employment of specific agents andtechniques.
 World War II Experience in Summary
 World War II (1939–1945), like most wars, beganwith shortages of almost everything, including an-esthesia providers. Continual training in anesthe-sia at home and overseas helped to provide thearmed forces with skilled people, but never in thenumbers needed. Although a variety of anestheticswere on hand during the war, ether’s availability,ease of administration, and margin of safety madethe agent most popular. Sodium thiopental givenintravenously proved invaluable for preliminaryanesthesia or as a sole agent. Sodium thiopental’scompactness and ease of induction made it an idealanesthetic for the good-risk patient under combatconditions.
 Closed-circuit anesthesia with the simple Beechermachine gradually gained wide acceptance as asatisfactory method at forward area hospitals, whereportable machines were needed. The apparatusproved useful in combat for inhalational anesthe-sia, the administration of oxygen, and artificial res-piration.
 The availability of whole blood in theaters ofoperation and the development of shock wardsimproved treatment and resuscitation of the patientin shock. Finally, medical departments in WorldWar II officially recognized the administration of
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 anesthetics as a highly skilled occupation and theanesthetist as a specialist.
 Postwar Recruitment
 After demobilization, the U.S. Army had to findways to attract qualified physicians into militaryservice. The army’s acceptance of specialization,which resulted in the establishment of residencyprograms in 1947, helped. The army, like the navy,however, still depended on civilian reserve officersto serve as consultants to those programs. In 1948,to obtain specialists, the army began commission-ing residents in civilian hospitals for service in thearmy. Most volunteers for this program had re-ceived some financial support from one of the mili-tary services during their medical school training.With specialization so popular and widespread inthe country, the army began to develop graduateeducation programs that would maintain militarymedical standards while attracting and retainingskilled physicians in the service. By 1950, thoseprograms were well on their way.18
 The Korean War
 Graduate medical education programs helpedmeet the needs of mobilization for the Korean War(1951–1953), which began with North Korea’s inva-sion of South Korea in summer, 1950. The armedforces took young physicians who had recentlyfinished residency programs in military hospitalsand sent them to Korea. According to Howard D.Fading, Consultant in Neurology to The U.S. ArmySurgeon General, the army’s residency program“saved the bacon in the Korean War, and if it cannever demonstrate another value, this alone provedits worth.”18(p12)
 When the numbers of medical officers were in-sufficient to meet the armed forces’ needs, theybegan to draft young physicians from civilian hos-pitals and graduate education programs. The doc-tor draft in January 1951 helped relieve the criticalshortage of medical officers, and courses given atgeneral hospitals helped relieve the shortfall ofnurse anesthetists, but specialists, including anes-thesiologists, were in short supply throughout thewar.18
 At first notice, the treatment of the battle casualtyin Korea seemed almost ideal. Personnel, equip-ment, and supplies, in most respects, were adequate.There were ample amounts of whole blood andprompt evacuation of the wounded from Korea.Casualty buildup did not pose a problem. Nor were
 new data gathered on the anesthetic managementof the wounded during the Korean War.48
 But this picture was deceiving. Casualty care inKorea was far from ideal. Frontline evacuationswere less effective in Korea than in World War II.Korea’s mountainous terrain meant a long evacua-tion from the front to the aid station and fromthe aid station to the mobile army surgical hos-pital (MASH). The helicopter helped, but therewere never enough. At a meeting of the ArmedForces Medical Policy Council on 18 June 1951,Brigadier General Crawford F. Sams, head of SCAP’s(Supreme Commander for the Allied Powers) Pub-lic Health and Welfare Section, said he did notdoubt
 the quality of the front-line hospitals and the pro-fessional care available in them. [But, he lamented,]our death rate…is far higher than the last warbecause many do not reach the hospitals…. Myimpression is about 4,000 men [who have died]should be alive.49(p189)
 Senior U.S. Army medical officers linked defec-tive evacuation directly to medical specializationand professional development within the army tothe detriment of military training. As army medi-cine became more professional, more expert, andmore in line with civilian medicine, the army ne-glected to prepare physicians for field service. Thearmy plucked young physicians straight from armyhospitals and sent them to Korea without havinghad field medical experience. To meet immediateneeds early in the war, medical officers in the civil-ian internship program also found themselves onthe Korean front with no military training, and theysuffered. Afteraction reports revealed that “somewere captured, some were killed, [and] many per-formed ineffectively as officers.”18(p11)
 Additionally, the budget cuts of 1949 and 1950had left the armed forces deficient in men, supplies,and training. Financial constraints had produced apaucity of medical personnel and hospital beds,with which a peacetime army could deal, but whichbecame a problem once war began. The U.S. Armynever had as many medical units in Korea as itneeded; ambulance companies numbered about halfof what was required, and the 750-bed evacuationhospital, which served as the backup unit to the 400-bed evacuation hospital and field and surgical fa-cilities, was absent from Korea. Evacuation hospi-tals could not absorb sudden heavy casualty loads.Only U.S. air superiority and the presence of U.S.Army hospitals in Japan helped prevent a backlogof casualties awaiting evacuation from Korea. The
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 MASH worked well, and the blood program andcombat psychiatry repeated the successes of WorldWar II. But combat medics had to learn basic mili-tary surgical procedures “like wound debridementand delayed closure.”49(p363),50
 The lessons of World War II regarding anesthesiawere also mostly forgotten. The limitation on theamount of anesthetic equipment and supplies thatcould be brought to the front made a variety ofagents and techniques unavailable. Qualified anes-thesiologists were scarce in forward units, such assurgical hospitals, where judgment and experiencewere highly necessary. Little standardization ofanesthesia equipment made interchanges difficultamong U.S. models, and among U.S. machines andthose of other countries. There were national differ-ences in terminology, electric current, and the col-oring of gas cylinders. For example, a green U.S.cylinder contained oxygen and a green British cyl-inder contained carbon dioxide. Such practices ledto letters of complaint to members of the U.S. Con-gress about the dismal anesthesia conditions in thewar zone.26
 Anesthesiology, like other medical specialties,was in a time of transition. The machines availableto the armed forces were the World War II variety:the pig, the Foregger and McKesson machines, andthe Beecher device. Some reserve officers broughttheir own anesthetic machines from civilian prac-tice to Korea. An anesthesiologist from Massachu-setts General Hospital, sent to the Far East Com-mand to investigate anesthesia problems, broughtwith him a new compact anesthesia machine as wellas methadone, a morphine substitute then undergo-ing clinical trials in the United States.26,49
 The preferred agent and machine depended onthe anesthetist’s orientation and training. Somereceived training in sodium thiopental for the seri-ously wounded; others in nitrous oxide with ad-equate amounts of oxygen. One anesthesiologistreported using 50% to 60% nitrous oxide in oxygen(most likely with a relaxant and a narcotic) on theseverely wounded patient, with satisfactory results.He wanted to spare the hypovolemic patient theconsequences of a more potent depressant. With-out definitive data to prove one agent or techniquebetter than another, Robert D. Dripps, Civilian Con-sultant in Anesthesia to The U.S. Army SurgeonGeneral, remarked, “[I]t seemed wise to permitanesthetists to apply those methods with whichthey [were] most familiar.”48(p119) Regardless ofwhich agent or machine was used, Dr. Dripps con-tinued, the patient’s susceptibility had to be kept inmind and his dosage carefully watched.48
 Anesthesia providers reported using cyclopro-pane for the hypovolemic patient, and with goodresults. They also prepared a 0.5% solution ofprocaine for infiltration anesthesia and a 1% solu-tion for nerve block. The muscle relaxant drugs,especially tubocurarine chloride and succinylcho-line, proved useful in allowing rapid intubation ofthe trachea and providing muscular relaxation forvarying periods of time. Patients in shock some-times reacted to succinylcholine with exaggeratedmotor activity, resembling clonic convulsions. Oneanesthesiologist suggested that this represented adiminished amount of plasma cholinesterase. Dur-ing the Korean War, anesthesiologists thought thatshock exaggerated the motor activity associatedwith succinylcholine. Future anesthesia providerswould know that motor activity resembling convul-sions was a normal response to succinylcholine andnot exaggerated by hypovolemia. For preoperativemedication, anesthetists in Korea used morphine orsodium thiopental intravenously, as had been donein World War II.48
 The lessons of World War II regarding resuscita-tion were retained for the Korean War, except thatin Korea more information was available about theproblem of homologous serum jaundice in untreatedplasma. After World War II, plasma was subjectedto ultraviolet sterilization as part of its processingto prevent serum hepatitis. But complete steriliza-tion was never achieved, and hepatitis continued tofollow the use of plasma no matter how it wastreated. During the Korean War, the armed forceshad to take the calculated risk of using plasma, eventhough it might cause hepatitis, because they neededan agent for resuscitation until the casualty couldreach an installation and receive a transfusion of wholeblood. The risk was considerable. Late in 1951, theincidence of hepatitis after plasma transfusion reached21%, in sharp contrast to the reported World War IIincidence of 7.5%. Part of the explanation was thatmuch of the plasma used in Korea in the first monthsof the war had not been treated at all. Moreover,different diagnostic criteria were used in the twowars. In World War II, the diagnosis was chieflyclinical. In the Korean War, any elevation of theserum bilirubin was considered an indication ofhepatitis. On 20 August 1953, Circular No. 73,Department of the Army, directed that because ofthe risk of serum hepatitis, the higher cost, and theneed to use it for the production of specific globu-lins, plasma would not be used “to support bloodvolume” unless dextran was not available.35
 The Korean War experience provided lessons forthe future regarding equipment, organization, edu-
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 cation, and training. Among the recommendationsmade were the following48:
 • the standardization of equipment, fittings,and electrical current;
 • the inclusion of equipment for infants andchildren in anesthesia kits (one seventh ofthe South Korean population were refu-gees at some time during the war);
 • the provision of a field anesthesia recordthat would fit into the emergency medicaltag jacket and accompany the casualty; and
 • increases in numbers and varieties of drugs.
 Also promoted were the following48:
 • the employment of anesthesia consultantsin forward surgical hospitals, in order forthem to obtain first-hand knowledge of theproblems involved so as to advise and trainothers more authoritatively;
 • the collection of data on techniques usedfor various operations, deaths related toanesthesia, the anesthetics administered,and the physical condition of the patients;
 • the preparation of manuals and trainingfilms for military anesthetists that wouldinclude the basic aspects of resuscitation,pharmacology, and physiology; and
 • the study of problems associated with themanagement of battle casualties and nuclearand chemical warfare.
 Many questions arose from the anesthesia experi-ences of World War II and the Korean War thatrequired investigating.
 Although the importance of anesthesia and com-bat care were appreciated in World War I, WorldWar II, and the Korean War, only in 1954 did theU.S. Army institute a 3-year residency program inanesthesiology, following an internship. Also, afterthe Korean War, the appointment of a senior con-sultant in anesthesia to the Office of The SurgeonGeneral helped initiate the correction of some of theanesthesia problems that had been revealed duringthe Korean War. In civilian medicine, universitydepartments of anesthesiology had begun to breakaway from the surgical departmental structure andto emerge as separate departments.47,48,51
 While anesthesia came into its own in civilianhospitals, the Selective Service Act of 1950 and theCold War of the 1950s and 1960s produced a largepeacetime military establishment. To support thisestablishment and keep pace with the standards of
 medical care provided in civilian life, the medicaldepartment needed to expand and improve itsmethod of recruitment. The appointment of Dr.Frank Berry, a colonel in World War II and a NewYork surgeon, as Assistant Secretary of Defense forHealth and Medicine was an important step in thatdirection. In 1954, the Berry Plan permitted physi-cians to postpone their military obligation underthe draft until they completed their internship andresidency programs: “This allowed for the continu-ous training of doctors (a pedagogical good) whileat the same time providing the military serviceswith completely qualified medical specialists.”18(p13)
 Retention of physicians with only a 2-year militaryobligation under selective service, however, re-mained difficult, and the balance between special-ists and general medical officers suffered.18
 Another way the military acquired specialistswas to make specialist training available to its medi-cal officers. Twenty-four residency training pro-grams in 8 army hospitals in 1959 grew to 28 pro-grams in 17 hospitals a decade later, as the armybuilt up for the Vietnam War. Expanding residencyprograms helped retain physicians through eithermilitary obligation or personal decision. Special-ized training also permitted the military to meet thestandards of civilian care.18
 The new emphasis on specialized training ben-efited military anesthesia, which was fast becomingan important part of the structure of the U.S. ArmyMedical Department. The army acquired skilledanesthetists by offering members of the U.S. ArmyNurse Corps 52 weeks of training in anesthesiologyat six U.S. Army Medical Centers and Hospitals,namely, Brooke Army Medical Center, Walter ReedArmy Medical Center, and Letterman, Fitzsimons,Beaumont, and Madigan Army Hospitals. Nurseanesthetists also attended anesthesia workshops atarmy hospitals. The training of U.S. Army nurseanesthetists met the requirements for certification bythe American Association of Nurse Anesthetists.52
 Besides offering internships and residencies inanesthesia, the U.S. Army Medical Department ar-ranged for Medical Corps officers to take longcourses in anesthesiology at civilian institutions,such as the University of Pennsylvania, and to at-tend review sessions in anesthesiology at LacklandAir Force Base, Texas. With the army’s encourage-ment, military anesthesiologists in increasing num-bers became board certified. No longer was the medi-cal department dependent on civilian medicine foranesthesia consultants; it had its own professors ofanesthesiology, although it still relied on skillednurse anesthetists to augment hospital staffs.52
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 The Vietnam War
 By the mid-1960s and the Vietnam War (1965–1972), military anesthesiologists were making thetough decisions, like what (people, agents, andmachines) to bring to battle and what to leave home,and what level of care to provide. Civilian anesthe-siologists had faced those issues during WorldWar I and World War II. Incorporating lessonslearned from previous wars regarding anesthesiacare and evolving new concepts about critical carein Vietnam, the military
 • deployed anesthesiologists to forwardmedical support hospitals;
 • expanded the role of the anesthesiologist inthe sustainment of life before, during, andafter surgery;
 • advanced the resuscitative process;• introduced new anesthesia machines; and• standardized anesthesia equipment.
 These anesthesiologists also developed in Vietnammany of the ideas, particularly regarding criticalcare, subsequently used in civilian anesthesia in theUnited States. Developments in anesthesiologyduring the Vietnam War years have been well de-scribed elsewhere by Manfred (“Dutch”) Lichtmann,an army anesthesiology professor who served inVietnam and later as Consultant in Anesthesiologyto The Surgeon General.47
 The allocation of anesthesia providers to Viet-nam followed the pattern of the deployment ofregular troops. Early in the war, anesthesia person-nel were sent as advisors and then as members of“K” teams assigned to fixed facilities and rotated toother hospitals according to casualty needs. After themilitary buildup of 1965, anesthesia personnel strengthmultiplied, with nurse anesthetists forming the bulkof the increase. Their numbers from 1968 until thephase-down began were about 65 but reached as highas 95 at one time. To obtain nurse anesthetists, thearmy fostered a move toward nurse anesthesia educa-tion at the master’s degree level and upgraded therequirements for attaining such a degree.47,53
 Anesthesiologists, trained to board-certificationlevels in military residency programs, were firstdeployed to forward surgical hospitals during theVietnam War. Fully trained or board-certified an-esthesiologists, however, were a luxury in Vietnam,as the residency training program, although grow-ing, was still small. Of the 35 anesthesiologistscovering 16 hospitals in 1967 through 1968, only 4were board certified, 16 were fully trained, and 15
 had learned on the job. The latter were sent directlyto Vietnam following an internship and 14 weeks’instruction in anesthesiology. Although the armyhoped that the physician trained on the job wouldwork with another anesthesiologist, sometimes theformer physician was the only anesthesiologist atthe hospital. In those cases, the physician relied onan experienced nurse anesthetist to help and guidehim. Together they formed a solid anesthesia careteam. Lichtmann recalled:
 The severity of casualties, the austerity of the envi-ronment, and the continuous pressure and inten-sity of the care required molded physician andnurse anesthetist into a cohesive anesthesia careteam.47(p1300)
 The anesthesia care team that Lichtmann referredto was an ideal, brought about by the exigencies ofwar. The rivalry between nurse anesthetists andphysician anesthesiologists was put aside to dealwith the problems at hand. While nurse anesthe-tists played an important role in military medi-cine—the armed forces needed them—they playeda less significant role in civilian medicine, wherephysician anesthesiologists reigned supreme.
 This team helped care for many casualties duringthe Vietnam War. The U.S. armed forces suffered46,000 killed in Vietnam and 300,000 wounded.54(p410)
 The wounds were usually multiple and devastat-ing, the result of mine, high-velocity missile, andbooby trap injuries. Yet casualties who would nothave survived in other wars were salvaged here.Crucial to their survival were the immediate avail-ability of whole blood, rapid resuscitation fromshock, and helicopter transfer to hospitals. Thelatter brought the patient to definitive treatmentfaster than in any previous war. The time betweenwounding and effective treatment averaged 10 hoursin World War I, 5 hours in World War II and Korea,and 1 hour in Vietnam. Rapid and effective airevacuation meant recovery for most of the woundedwho reached definitive care.54,55
 Speedy helicopter evacuation from the front inVietnam also allowed continuous resuscitation.Initially the corpsmen, who were trained at theMedical Field Service School by noncommissionedofficers and sometimes physicians, restored breath-ing (usually through mouth-to-mouth resuscitation)and occasionally started infusions of intravenousfluids. Helicopter evacuation medics continued theprocess. At the hospital, medical personnel starteda 14-gauge intravenous line in the basilic or theexternal jugular vein and, under the supervision of
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 or managed by an anesthetist, performed airwaycare, which sometimes required the use of an oropha-ryngeal tube, an endotracheal airway, or atracheostomy. The triage officer selected those ca-sualties who responded to resuscitation for anes-thesia and surgery on the basis of severity of wounds.He informed anesthesia personnel which patientwas next and the patient’s condition. Well-func-tioning operating rooms had good coordinationbetween the triage area and anesthesia providers.47,56
 Anesthesia personnel continued resuscitation inthe operating room and provided anesthesia. Thosecasualties who could not be resuscitated withoutsurgical intervention received slight anesthesia withairway and ventilation control and continued “in-fusions of blood, colloids, and electrolytes.”56(p800)
 While surgical teams operated on the patient torepair wounds, anesthesia personnel used all theirskills to help keep the patient alive. John Jenicek,Consultant in Anesthesiology to The U.S. ArmySurgeon General during the Vietnam War, describedthe expanding role of anesthetists in support ofsurgical procedures during that conflict.47,56
 It [became] the mission of the anesthesia team tosupport the circulating volume, the oxygen de-mand, and the anesthetic needs of the patient aswell as to treat and correct all abnormal physiologi-cal and pharmacological responses of the casualty;all the while providing as near optimal surgicalconditions as possible for the other equally busysurgical teams. It is this new concept of resuscita-tion-anesthesia-surgery, organized and function-ing as a unit [and combined with speedy evacua-tion], which [produced] the highest survival rateseen in any conflict thus far.56(p800)
 This new approach to field medicine—continuousresuscitation combined with speedy evacuation—resulted in lowered hospital mortality: 2.2% in Viet-nam compared with 4.5% in World War II. Signifi-cantly more critically wounded survived to reachbase hospitals in Vietnam than in World War II.Eighty-seven percent of those hospitalized in Viet-nam returned to duty, another wartime record.55
 Preoperative medication and induction tech-niques during the Vietnam War followed civilianpractice. With no standardized policy on premedi-cation established, anesthesia providers based theirdrug selection on their background and training.The most commonly used premedication drugs werethe barbiturates (pentobarbital, secobarbital) andmorphine with atropine or scopolamine. The in-duction agent of choice was sodium thiopental usedwith a relaxant.47
 Problems associated with induction anesthesiaincluded the reduction or elimination of the patient’sprotective responses to hypovolemia caused by toolarge a dose, the increased chance of tracheal aspi-ration of gastric contents because of soldiers eatingimmediately before being wounded, and cardiacarrest on induction of anesthesia by patients whoreceived succinylcholine after suffering muscle in-juries or severe burns. Finally, mismanagement ofthe airway or a short period of apnea during induc-tion sometimes proved lethal. Gale Thompson, thefirst consultant in anesthesiology to be sent to Viet-nam, reported that 76% of patients receiving gen-eral anesthesia received tracheal intubation. Thereare no statistics available for anesthesia deaths.47
 Military anesthesiologists used a variety of agentsand machinery in Vietnam because the war esca-lated slowly, allowing the U.S. Army Medical De-partment to establish in the combat zone large fixedhospitals (unlike in World War II, where mobilehospitals were the norm) with sophisticated equip-ment and skilled staffs. The chief anesthetic agentsused included diethyl ether, halothane, methoxy-flurane, nitrous oxide–oxygen, and spinal anesthet-ics. Of the 282 anesthetic administrations, mainlyon civilians, given at the 8th Field Hospital fromApril 1962 to January 1963, 9% were diethyl ether,15% halothane, and 39% spinal anesthetics, accord-ing to John Chase Daniels, the first U.S. Armyanesthesiologist in Vietnam.47
 Early in the war, halothane, which had wide-spread use in the United States, received limited use“because it caused hypotension and could provelethal in the ‘in-circuit’ vaporizers that were onfield machines,” recalled Lichtmann.47(p1302) Accord-ing to Brian F. Condon, a U.S. Army anesthesiolo-gist in Vietnam and later Consultant in Anesthesiol-ogy to The U.S. Army Surgeon General:
 The “in-circuit” vaporizer or “number 8 jar” al-lowed the concentration of anesthetic to be variedby the pulmonary minute volume as well as the dialsetting. This made prediction of anesthetic agentinspired concentration difficult. Therefore ahypovolemic, low–cardiac-output patient couldeasily be overdosed and hypotension could occurwith little or no warning.57
 After the U.S. Army equipped field machineswith the Fluotec Mark 1 and 2 vaporizers in 1967,halothane replaced ether as the standard field anes-thetic. As a trauma anesthetic, halothane’s advan-tages included nonflammability, rapid recovery af-ter brief operations, less nausea and vomiting thanwith ether, and good urinary production after fluid
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 TABLE 31-1
 ANESTHETIC ADMINISTRATION, U.S. ARMY 67TH EVACUATION HOSPITAL,DECEMBER 1970 TO JULY 1971
 Anesthetic December February April June July PercentageAdministration 1970 1971 1971 1971 1971 Total of Total
 N2O–O2 28 5 4 6 43 4
 N2O–O2-Halothane 86 71 40 34 32 263 26
 N2O–O2-Methoxyflurane 51 74 102 19 11 257 26
 N2O–O2-Meperidine 18 21 25 3 3 70 7
 N2O–O2-Morphine 7 1 23 20 8 59 6
 Axillary 10 2 6 18 2
 Spinal 24 11 6 5 10 56 6
 Caudal 3 1 4 —
 Intravenous 6 49 37 64 40 196 19Ketamine 27 35 52 32 146Innovar 21 2 12 8 43Diazepam 1 1
 Infiltration 17 11 10 38 4
 1,004
 Operative deaths 3 2
 Total number of cases 235 236 247 156 110 984
 N2O: nitrous oxide; O2: oxygenReprinted with permission from Lichtmann MW. Vietnam. In: Grande CM, ed. Textbook of Trauma Anesthesia and Critical Care. St.Louis, Mo: Mosby–Year Book; 1993: 1302.
 resuscitation. The drug, which could be given withoxygen alone, became the most frequently adminis-tered anesthetic from 1968 to 1971.47
 Other anesthetic agents proved highly beneficialin Vietnam. Methoxyflurane served as an analgesicfor short procedures or to augment muscle relax-ation in prolonged abdominal operations. The drugcould function in “large in-circuit vaporizers” andin “low-flow, high-oxygen systems.”47(p1302) From1970 on, nitrous oxide–oxygen with a relaxant, anarcotic, and, at times, a major tranquilizer added,became a popular general anesthetic as the use ofhalothane decreased. The literature of the timereported on hepatic injury due to halothane.Meperidine or morphine and later fentanyl becamethe most frequently used narcotics.
 Innovar, a combination of droperidol, a majortranquilizer, and fentanyl, a synthetic high-potencynarcotic, sold in a fixed ratio of one to the other, wasfound to be difficult to use (too much droperidol)and to cause patients to be sleepy and even catatonicin the recovery room. Anesthetists began using the
 drugs separately, with the droperidol, the longer-lasting drug, given near induction and fentanyl addedas the patient required. This combination became themain anesthetic in the last years of the war.47,57
 Ketamine proved valuable as a primary anes-thetic agent for superficial wounds, “with the incor-rect assumption that patients could protect theirairways under its influence.”47(p1302) Popular relax-ants were succinylcholine used for induction, andcurare used for maintenance. To avoid prominenthypotension, anesthesiologists administered cu-rare in two or three incremental doses. Doses ofneostigmine and atropine reversed the effect ofcompetitive relaxants. Because field hospitals hadno Wright respirometers or blockade monitors, an-esthesia providers estimated reversal by observingthe patient’s cough, hand-grip strength, and heador arm lift.47,57
 Various forms of regional anesthesia proved use-ful, as well. From February 1970 to May 1971,anesthesia providers at the 91st Evacuation Hospi-tal performed spinal anesthesia in 15% of cases.
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 TABLE 31-2
 ANESTHETIC ADMINISTRATION IN EIGHT U.S. ARMY HOSPITALS IN JANUARY 1968
 Anesthetic 2nd 7th 8th 12th 24th 45th 67th 85th 93rd PercentageAdministration Surg. Surg. Field Evac. Evac. Surg. Evac. Evac. Evac. Total of Total
 N2O–O2-Halothane 367 27 157 414 301 165 253 259 562 2,505 82
 N2O–O2-Methoxyflurane 4 23 3 3 10 10 18 19 90 3
 N2O–O2-Thiopental 16 1 7 18 4 7 5 7 62 2
 N2O–O2-Ether 1
 O2 5 5
 Regional 1 1 30 20 15 1 10 41 15 134 4
 Spinal 11 10 30 74 67 14 27 19 26 278 9
 3,069
 Infiltration 138 8 85 88 77 11 66 91 66
 Total number of cases 539 90 431 629 501 164 371 431 636
 Personnel
 3115 B 1 1 1
 3115 C 1 2 1
 OJT 1 1 1 1 1 1
 3445 2 3 3 6 6 3 4 2 5
 N2O: nitrous oxide; O2: oxygen; 3115 B: board-certified anesthesiologist; 3115 C: fully trained anesthesiologist; OJT: on the job (ie,physician partially trained in anesthesia); 3445: certified nurse anesthetistReprinted with permission from Lichtmann MW. Vietnam. In: Grande CM, ed. Textbook of Trauma Anesthesia and Critical Care. St.Louis, Mo: Mosby–Year Book; 1993: 1303.
 was used in 25 percent of cases primarily because thatwas the only anesthetic they had available.47(p1302)
 In late 1971 and early 1972, in the 95th EvacuationHospital in Da Nang, regional anesthesia was usedin 23% of total cases done. Axillary and interscalenearm blocks as well as spinal and epidural blockswere popular. A regional anesthetic for an armdebridement in a stable patient would allow theprocedure to be done in the holding area withminimal surgical equipment. This practice kept thepatient from going to the operating room and there-fore saved sterile equipment, drapes, and the timeof skilled personnel for more serious cases. Two tofour regional procedures per day were common atthe 95th Evacuation Hospital.57
 Recovery rooms in Vietnam resembled intensivecare units in major civilian medical centers. Pa-tients who could not be safely extubated immedi-ately after surgery required “ventilatory, nutritional,and hemodynamic care in addition to woundcare,”47(p1302) recalled Lichtmann. Recovery room
 Epidural anesthesia evinced benefits in vascularrepairs and grafts. When the casualty load washeavy, anesthesia personnel reinjected epiduralcatheters between cases in the operating room.Upper-extremity nerve blocks and Bier blocks (re-gional intravenous anesthesia) also proved valu-able. The absence of double tourniquets sometimescaused local anesthetics to leak. Regional, espe-cially spinal, anesthesia was more popular withanesthesia providers in the Vietnam War than inWorld War II. Spinal anesthesia’s simplicity madeit perfect for combat. The method had become morepopular in the civilian sector by this time as well.47
 In his essay on Vietnam titled “Military andBattlefield Anesthesia,” Lichtmann constructed fivetables (Tables 31-1 through 31-5) that
 give some temporal and geographic impressions ofthe anesthetics used. These reports are incompletebut do show trends over several years, as well as theimpact of logistics, as in the case of the 67th Evacua-tion Hospital ([Table 31-1]), where methoxyflurane
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 TABLE 31-3
 ANESTHETIC ADMINISTRATION IN EIGHT U.S. ARMY HOSPITALS IN APRIL 1968
 Anesthetic 2nd 12th 17th 18th 27th 36th 45th 67th 71st 85th 93rd PercentageAdministration Surg. Evac. Field Surg. Surg. Evac. Surg. Evac. Evac. Evac. Evac. Total of Total
 N2O–O2-Halothane 257 409 68 154 180 111 224 294 214 603 2,771 79
 N2O–O2-Methoxyflurane 7 3 3 204 1 31 3 1 13 9 4 286 8
 N2O–O2-Thiopental 16 11 16 7 2 1 3 6 78 2
 O2-Thiopental 1 1
 Thiopental 1 1
 Neurolept analgesia 1 1
 Meperidine-N2O–O2 1 1
 Relaxants
 Curare 22 22
 Succinylcholine drip 10 10
 Regional
 Block 4 4 3 5 6 2 1 14 29 33 107 3
 Spinal 9 27 11 29 6 44 2 23 50 39 2 251 7
 Epidural 2 2
 3,499
 Infiltration 191 46 30 198 135 63 64 237 121 35
 Total number of cases 483 621 151 434 278 358 185 766 608 485 684
 Personnel
 3115 B 1 1
 3115 C 1 1 1 1 1
 OJT 1 1 1 1 1 1
 3445 2 6 2 3 3 4 4 4 4 2 5
 N2O: nitrous oxide; O2: oxygen; 3115 B: board-certified anesthesiologist; 3115 C: fully trained anesthesiologist; OJT: on the job (ie,physician partially trained in anesthesia); 3445: certified nurse anesthetistReprinted with permission from Lichtmann MW. Vietnam. In: Grande CM, ed. Textbook of Trauma Anesthesia and Critical Care. St.Louis, Mo: Mosby–Year Book; 1993: 1303.
 staff, he stated, provided continuous nursing care,using electrocardioscopes, defibrillators, ventila-tors, and other respiratory techniques, often withthe anesthesiologist in attendance.
 Because there was no military occupation spe-cialty for respiratory therapists, a system devel-oped whereby personnel at Walter Reed ArmyMedical Center identified those skilled people asthey came into service and coordinated their as-signments, so that respiratory therapists were dis-tributed throughout the hospitals in Vietnam. Themilitary had plenty of opportunities to practicecritical care medicine in Vietnam.47 DeclaredLichtmann: “The recovery rooms of those large
 field hospitals did not differ greatly from the busyintensive care unit of a large urban hospital….”47(p1302)
 Early in the war, anesthesia equipment wasadequate but antiquated. Anesthesia providersinitially deployed brought with them the WorldWar II–era 0400 and 0430 Heidbrink machines (thepig). These machines had 400-mL metal carbondioxide absorbers but only a closed-circle vapor-izer, which, as was stated above, was not readilyadaptable for use with the newer potent inhala-tional agents such as halothane. In 1967, the armyadopted the Ohio Model 785 Field AnesthesiaMachine, which had undergone several designchanges since production began in 1958, and orThe
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 1970 1971Percentage
 Anesthetic Feb Mar May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar May Total of Total
 TABLE 31-4
 ANESTHETIC ADMINISTRATION AT THE U.S. ARMY 91ST EVACUATION HOSPITAL,FEBRUARY 1970 TO MAY 1971
 Halothane 240 248 311 239 247 235 177 162 163 189 156 165 117 65 2,714 52
 Methoxyflurane 44 40 4 23 9 2 3 4 3 30 12 174 3
 N2O–O2 18 13 26 10 28 62 110 91 68 72 107 147 118 104 974 19
 Blocks 22 36 19 16 8 7 6 10 20 21 16 19 20 31 251 5
 Spinals 93 105 65 44 37 60 68 48 62 58 49 39 47 30 805 15
 Infiltration 22 15 17 7 7 6 12 10 12 15 2 8 6 11 150 3
 Other 2 2 11 1 1 4 2 1 37 28 41 130 2
 Ketamine 29 14 43
 5,198
 Endotracheal 260 221 305 * 251 284 277 230 228 256 244 303 232 167 3,258 63
 Total cases 439 459 444 343 337 373 483 313 329 403 404 428 * 291 5,046
 *Information missingN2O: nitrous oxide; O2: oxygenReprinted with permission from Lichtmann MW. Vietnam. In: Grande CM, ed. Textbook of Trauma Anesthesia and Critical Care. St.Louis, Mo: Mosby–Year Book; 1993: 1304.
 TABLE 31-5
 ACTIVITIES REPORT FOR THE U.S. ARMY 3RD FIELD HOSPITAL, 1967 THROUGH 1968
 Census Year 1967 Census Year 1968 Increase (%)
 Total hospital admissions 6,747 11,382 69
 Surgical procedures 2,857 6,406 124
 Major 1,882 3,296 75
 Minor 975 3,110 219
 Deaths in hospital 148 150 1
 1968 mortality rate for admissions: 1.3%1968 mortality rate for surgical procedures: 2.3%Adapted with permission from Lichtmann MW. Vietnam. In: Grande CM, ed. Textbook of Trauma Anesthesia and Critical Care. St. Louis,Mo: Mosby–Year Book; 1993: 1305. Numbers amended by the original author for this publication, 1995.
 cylinders of nitrous oxide–oxygen; had pressureregulators for those gases, a large in-circuit vapor-izer, a heater rod
 to stabilize vaporization temperatures in allweather, [and was] capable of delivering anestheticmixtures over a temperature range of 4°C to 38°C….The era of administering ether with wet-drapesover the “ether screen” had ended.26(pp66–67)
 dered a number of these machines for issue to allmedical units (Figures 31-18 through 31-21). Thenew anesthesia device weighed less than 95 lb;could be carried by one individual from surgery tovehicle; and could be air-dropped in one package,except for its four gas cylinders or pressuretanks.26,47,57 The machine had a two-canister carbondioxide absorber; was capable of accommodating
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 Fig. 31-18. Military Field Anesthesia Machine Model 785.The ether/chloroform in-circuit vaporizer is seen at bot-tom left. Flowmeters, seen left to right, are for nitrousoxide (blue), cyclopropane (orange), and oxygen (white,the international color for oxygen). A pressure gauge,calibrated in centimeters of water, monitors the pressurein the breathing circuit. Immediately below the pressuregauge is a round button, the oxygen flush valve. Twoone-way valves for the breathing circuit can be seen at thebottom right. The white plug with a small chain attached,seen in the center of the photograph, can be removed andreplaced by the hand-operated concertina bellows (alsosee Figs. 31-19 and 31-21). Photograph: Courtesy of Wil-liam Clayton Petty, MD, Captain, Medical Corps, USNavy, Bethesda, Md.
 Fig. 31-19. Military Field Anesthesia Machine Model 785,with breathing hoses and rebreathing bag attached. Car-bon dioxide–absorbent granules have been placed in thecanisters. The hand-operated concertina bellows is inplace. Photograph: Courtesy of William Clayton Petty,MD, Captain, Medical Corps, US Navy, Bethesda, Md.
 Fig. 31-20. A small, 110-volt cylindrical heater can beinstalled in the vaporizer to heat ether in cold climatesand to stabilize its temperature during induction of anes-thesia. A rapid ether induction can cause the outsidewalls of the vaporizer to coat with ice. The heater willmaintain ether at a stable temperature, eliminating themarked reduction in vaporization of ether during induc-tion. Photograph: Courtesy of William Clayton Petty,MD, Captain, Medical Corps, US Navy, Bethesda, Md.
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 Fig. 31-21. The 1968 Ohio Model 785 Field AnesthesiaMachine. Photograph: Reprinted with permission fromModel 785 anesthesia apparatus, nitrous oxide, oxygen,ether, and cyclopropane, portable, 4-cylinder capacity.Instruction and Service Manual. Madison, Wis: Ohio Chemi-cal and Surgical Equipment Company; Oct 1968: 11.
 well-equipped hospitals with highly trained staff;and (2) the air superiority enjoyed by the UnitedStates facilitated a rapid and effective evacuationsystem to those hospitals for definitive treatment.As a result, medical personnel were able to salvagemost of the wounded who had not been killedoutright on the battlefield.
 The Vietnam War, more than any previous con-flict, gave a new face and a new character to anes-thesia providers. They played a pivotal role inpreserving life before, during, and after surgery,redefining the meaning of intensive care. AMEDD’sestablishment of fixed, well-equipped hospitals,specially staffed with highly trained people, pro-vided trauma treatment to rival that of any civiliantrauma center in the world.
 The Post–Vietnam War Era
 The role of the anesthesiologist continued to ex-pand in the post–Vietnam War era in the realm ofresuscitation and critical care medicine. Advance-ments in anesthesiology as practiced in conflictssince the Vietnam War are well described else-where.58–60 The anesthesiologist diagnosed and al-leviated pain by simple and complex techniques,such as nerve block and intravenous anesthesia. Inthe operating room, the anesthesiologist used mod-ern, sophisticated equipment to administer anes-thesia and monitor blood pressure, central venouspressure, left atrial pressure, and so forth to makesurgery safer for the patient at risk. In the recoveryroom, recalled Jenicek,
 a skilled staff, often trained and instructed by theanesthesiologist, provid[ed] immediate and con-tinuous nursing care to protect the patient as far aspossible from drug-induced respiratory depres-sion, hyper or hypotension and a myriad ofanesthetically or surgically induced occurrencesthat [might] beset the organ systems at [that]time.61(p387)
 They used ventilators, antiarrhythmic drugs, car-diac monitors, or cardiopulmonary resuscitation,often with the anesthesiologist in attendance.61
 The recognition by anesthesiologists, later joinedby cardiologists and other specialists, of the possi-bility of saving patients by aggressive treatment inthe early stages of a debilitating illness or acute traumaled to the discipline of critical care medicine, thesuccessor to intensive care medicine. Enthusiasts ofcritical care designed curricula to enhance the skillsof those wishing to work in this special field.61
 Vietnam War was the first conflict in which anes-thesia providers used equipment standardized towritten specifications. The implements includedendotracheal tubes, laryngoscopes, adapters,venotubes, carbon dioxide absorbents, vasopressors,and new relaxants. The capstone to the moderniza-tion effort was the regulation of a new field anesthesiachest. The chest weighed 110 lb when fully loadedwith over 100 items and a 3-day supply of drugs, andcould be air-dropped. Standardization provided thearmy with high-quality supplies and drugs in a medi-cal specialty “where,” according to John A. Jenicek,former Consultant in Anesthesiology to The U.S.Army Surgeon General, “the margin for error [did]not tolerate a substandard approach.”56(p801)
 Unlike that in any previous war, casualty carein the Vietnam War during the late 1960s andearly 1970s was equal to, and in some respectsbetter than, the treatment provided in the mostsophisticated medical centers in the United States.There were two main reasons: (1) the gradual esca-lation of the war enabled the U.S. Army MedicalDepartment (AMEDD; the acronym became estab-lished during the early 1970s) to establish fixed,
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 The expanded knowledge and role of the anesthe-siologist has led to more research in the field of anes-thesiology and critical care, and increased and en-larged journals of anesthesiology and publications onthe subject in major scientific periodicals. To JohnJenicek, “Anesthesiology is art and science coexistingin the world of modern medicine, in a discipline thatis demanding, exciting, and rewarding.”61(pp388–389)
 Because armed combat equates with trauma,Brian Condon, former Consultant in Anesthesiol-ogy to The U.S. Army Surgeon General, believes itis time for a natural alliance between military anes-thesia and trauma anesthesia in the civilian sphere.57
 The military might help forge that alliance, espe-cially since trauma anesthesia is receiving littlenational attention at present.62
 The military has shared man’s eternal quest toalleviate pain and make possible the humane treat-ment of survivors. Military and civilian anesthesiaproviders have learned from each other strategiesto promote the merciful treatment of the seriouslyimpaired patient. The military has developed its own
 cadre of specialists, capable of independently solvingcomplex medical problems. The military’s vast andvaluable experience in caring for combat casualtieshas advanced the field of critical care medicine andhas led to a natural alliance of military and civiliananesthesiology in the treatment of trauma.
 SUMMARY
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