




Fundamentals 

of 

ANESTHESIA 
AN OUTLINE 

By 

SUBCOMMITTEE ON ANESTHESIA OF 

1942 

AMERICAN MEDICAL ASSOCIATION 

CHICAGO 

·· ... ··' 

.... ~. 



WOOD LIBRARY qMUSEUM 

wo 
() 

l 

COPYRIGHT 1942, BY 

AMERICAN MEDICAL ASSOCIATION 

535 N. DEARBORN STREET 

CHICAGO, ILL 

~\:- ~ ••c 

-t·~-'t'- .~ _:f· ... ~~\~} !' ~ 

~..,>,">\ ,---*'"-:~~ 

j .?~··"' ·~ 



CONTENTS 

PREFACE 
PAGE 

1 

I. RECORDS: Clinical Practice. Military Practice. . . . . . . . . . 3 

II. PHYSIOLOGIC CO~SIDERATrONS: The Transport System; 
\Vant of Oxygen and Excess of Carbon Dioxide; Treatment 
of Hespiratory Obstruction; Artificial Airways (Oro-
pharyngeal, Nasopharyngeal, Orotracheal, Nasotracheal).. 9 

III. PHARMACOLOGIC CONSIDEHATIONS: Opium Derivatives; 
Barbiturie Acid Derivatives; Tables of Anesthetic Drugs; 
Physical Signs; Stages of Anesthesia.. . . . . . . . . . . . . . . . . . . 31 

IV. RELIEF OF PAIN: General Anesthesia; Oral and Subcu
taneous Administration; Hecht! Instillation; Intravenous 
Instillation; Inhalation (Apparatus and Methods of Admin
istration) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 

V. LOCAL A~ESTHESIA: Procaine Hydrochloride Used as a 
:Vlodel. Symptoms and Signs of Toxicity; Prophylaxis 
and Treatment of Heactions; Technics. . . . . . . . . . . . . . . . . . 85 

VI. SPECIAL TECHNICS: Analgesia by Inhalation; Anesthesia 
for Operations \Vithin and About the Respiratory Tract, 
Within the Cranial Cavity, Within the Peritoneal Cavity, 
Within the Pleural Cavity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 

VIL \.OMPLICATIONS: Prophylaxis and Treatment for: Oper
ative Complications~Apprehension, Coughing, Vomiting, 
Struggling, Excessive Mucus, Obstructed Airway, Laryn
geal Spasm, Hespiratory Arrest, Blood Pressure Fall in 
Spinal Anesthesia, Cyanosis, Shock, Autonomic Reflexes, 
Cardiac Arrhythmia, Changes in Pulse Rate, Hypertension 
and Hypotension, Cardiac Arrest. ...................... 142 

Postoperative Complications--Failure to Recover Con
sciousness, Atelectasis, Prolonged Vomiting, Postoperative 
Shock, Parotitis, Sore Throat, Ether Burns. . . . . . . . . . . . . . 148 

VIII. SPECIAL CONSIDERATIONS: Hespiratory Emergencies; 
Inhalation Therapy; Circulatory Emergencies; Heat Con
trol; Convulsions and Excitement; Coma; Poisoning; Haz-
ards; Comfort and Transport of the Wounded ........... 151 

APPENDIX I. Compressed Gases ............................. 196 

APPENDIX II. Tables of Equivalents and Constants ............ 200 

INDEX ...................................................... 203 



LIST OF ILLUSTRATIONS 

FIG. 

1. Anesthesia record: The obverse ............... . 

The reverse .............. ~ . 
2A. Hollerith puncl1 card ......................... . 
2B. Record for resuscitation and gas therapy ....... . 

:1. Ideal transport ............................... . 
4. Transport obstructed ......................... . 

D. Restoration of gas exchange ................... . 
G. Foreign body in airway ....................... . 
7. Depression of laryngeal sensitivity ............. . 
8. Protection by gravity .... , .................... . 
9. Embarrassment of transport: External ........ . 

10. Internal ....... . 
11. Further internal. . 
12. Record of hypoxia ........................... . 

13. Record of excess carbon dioxide ............... . 
14. Oropharyngeal airway ........................ . 

PAGE 

4 

5 
6 

7 
10 
11 

12 
13 
14 
15 
16 
17 
18 
20 

22 
')_;) 

15. Nasopharyngeal airway. . . . . . . . . . . . . . . . . . . . . . . . 26 
lG. Endotracheal airway.......................... 27 
17. Oro tracheal airway... . . . . . . . . . . . . . . . . . . . . . . . . . 28 
18. Nasotracheal airway.... . . . . . . . . . . . . . . . . . . . . . . . 29 
19. Formula <Jf morphine. . . . . . . . . . . . . . . . . . . . . . . . . . 32 

20. Formula of barbituric acid. . . . . . . . . . . . . . . . . . . . . 38 
21. Signs of anesthesia. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 7 
22. Patient made comfortable .... , . . . . . . . . . . . . . . . . . 53 
23. Hectal anesthesia.... . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
24. Veins available for venipuncture .... , . . . . . . . . . . . 62 
25. Method of dilating veins. . . . . . . . . . . . . . . . . . . . . . . 63 
2(i. Local anesthesia: Skin. . . . . . . . . . . . . . . . . . . . . . . . . 64 
27. Local anesthesia: Vein.. . . . . . . . . . . . . . . . . . . . . . . . 64 
28. Puncture of vein. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
29. Routes taken by anesthetic. . . . . . . . . . . . . . . . . . . . . 67 
30. Open drop ether: The dripper. . . . . . . . . . . . . . . . . 69 
31. The drip. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
32. The 1nask. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
33. The vapor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 
34. Air source of oxygen. . . . . . . . . . . . . . . . . . . . . . . . . . 73 
35. Action of anesthetic vapor. . . . . . . . . . . . . . . . . . . . . 73 



LIST OF ILLUSTRATIONS-Continued 

FIG. PAGE 

3G. Gas machines.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 
:n. Intermittent flow. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 
38. :\1eters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
3!). Vaporizers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 

40. A. No rebreathing. B. Partial rebreathing....... 79 
41. Absorption technic............................ 81 
42. Intradermal -vvheal........ . . . . . . . . . . . . . . . . . . . . 89 
43. Continuous intradermal wheal. . . . . . . . . . . . . . . . . . 90 
44. Position for adminislralion of spinal anestht>tic. . 91 
45. Field block of scalp..... . . . . . . . . . . . . . . . . . . . . . . 93 
4G. Cervical plexus block. . . . . . . . . . . . . . . . . . . . . . . . . . 94 
47. Brachial plexus.... . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 
48. Brachial plexus, clavicle, subclavian artery. . . . . . 96 
49. Brachial plexus block... . . . . . . . . . . . . . . . . . . . . . . 97 
50. Block of median, radial and ulnar nerves. . . . . . . . 99 
51. Block of the hand .............................. 101 
52. Block of leg and foot. . . . . . . . . . . . . . . . . . . . . . . . . . 101 
53. Block of somatic nerves ........................ 102 
54. Abdominal field block. . . . . . . . . . . . . . . . . . . . . . . . . 103 
55. Cross section of abdominal wall ................ 104 
5G. Block for hernia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 
57. Block for lower lateral abdominal wall .......... 106 
58. Position for transsacral block. . . . . . . . . . . . . . . . . . 107 
59. Left hand in transsacral block. . . . . . . . . . . . . . . . . . 108 
GO. Transsacral block. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 
Gl. Field block for upper part of thigh. . . . . . . . . . . . . . 110 
G2. Block of greater sciatic nerve. . . . . . . . . . . . . . . . . . . 111 
63. Block of femoral nerve ........................ 112 
G4. Block of external femoral cutaneous nerve ....... 113 
G5. Block of leg and foot. ......................... 114 

GG. Anesthesia for old fractures. . . . . . . . . . . . . . . . . . . . 115 
G7. Injection of sympathetic ganglions .............. 11G 

GS. Nitrous oxide inhalation for analgesia ........... 123 
G9. Manipulation of breathing bag .................. 135 
70. Position for operation on chest. ................ 140 
71. Insuffiation of oxygen .......................... 158 
72. Pressure regulator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199 





Preface 

A STATE OF EMERGENCY prevails in the world. In an 
effort to meet it, this country is undertaking a great 

expansion in the personnel of its armed forces. Many medical 
men will find themselves confronted with the task of adminis
tering anesthetics and of treating respiratory and circulatory 
emergencies, as well as of applying the principles of resusci
tation and gaseous therapy. 

The National Research Council has appointed committees 
to serve in an advisory capacity to the armed forces.· The 
Subcommittee on Anesthesia has sponsored the appearance of 
this manual, which has a dual function. It is primarily 
intended to serve as a basis for the instruction of medical 
officers as anesthetists. Since its einphasis is on the principles 
governing safety in the administration of depressant drugs 
and the care of patients in a state of respiratory or circulatory 
depression, it is hoped that it may prove useful to a wider 
range of readers: surgeons, medical oflicers, wardmasters and 
others. 

The material has been drawn from a wide range of sources. 
:\Inch of it was issued in pamphlet form by the American 
Medical Association at their meetings in Atlantic City (1937), 
San Francisco (19:38) and St. Louis (1939). Further material 
has been contributed by the members of the Subcommittee on 
Anesthesia, who have been assisted in this task by their asso
ciates, assistants and students. The American Medical Asso
ciation has contributed by placing its publishing and printing 
facilities at the disposal of the Subcommittee. 

The necessary brevity of such a manual perforce makes it 
appear dogmatic. An effort has, however, been made to dwell 
on principles at the expense of detail. The Subcommittee 
recognizes that there can be no such thing as "routine" in the 
treatment of individual patients, for each case is a problem 
in itself. It realizes that the choice of drugs is secondary to 
their judicious and skilled use, and that the appropriate dose 
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can be ascertained clinically only by the effect on each 
particular patient. 

The following pages therefore attempt to set forth: (1) 
the simple principles of physiology, pharmacology, chemistry 
and physics on which the sound practices of anesthesiology 
are based, (2) the technical procedures necessary to apply 
these principles effectively in relieving surgical pain and (3) 
the application of these principles to the management of 
patients suffering from injury, illness, operation or the effects 
of depressant drugs in the hospital or in the field. 

Illustrations have been taken from various sources, and 
individual credit to the author and to the publisher has been 
omitted. A list of the original publishers so far as known is 
appended. 

American Medical Association Anesthesia Pamphlets 
Figures 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 19, 20, 22, 
28, 24, 25, 2G, 27, 28, 29, 80, 81, 82, 88, 84, 85, 36, 87, :~s. 89, 
40, 41, 42, 48, 44, 45, 51, 52, GO. 

W. B: Saunders Company, Philadelphia 
Figures 49, 50, 54, 55, 56, 57. 

American .T ournal of Surgery 
Figures 46 (modified), 47, 48. 

The :VIayo Clinic 
I<'1gures 58, 59. 

Current Researches in Anesthesia and Analgesia 
Figures 17, 18. 

Anesthesiology 
Figure 2A. 

F. A. Davis Company, Philadelphia 
Figure 58A. 

Lancet, London 
Figure 67. 

Royal Society of :Vfedicine 
Figure 70. (This illustration is reprinted from the Proceeding.~ 
of the Royal Society of 2'rledicine [3<1:479, 1941] by permission 
of the Honorary Editors.) 

:\Iartin, S. J., and :\Iakel, H. P.: Organization of a Section on Resusci
tation and Oxygen Therapy, Army }L Bull., to be published. 
Figure 2B. 
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Records 

I MPROVEMENT in clinical practice, teaching and statistical 
study must be based on an adequate record. The main

tenance of such a record promotes more careful attention to 
the patient. 

The record sheet contains on the obverse a detailed record 
of the technic of administration of the anesthetic and observa
tions on the patient's blood pressure, pulse rate and respiratory 
rate; the reverse is divided between the preoperative and the 
postoperative condition of each system of the body. 

In the course of rounds before operation, the condition of 
each system is evaluated from the history and the results of 
the physical examination and special investigations. The 
appropriate preoperative medication is then prescribed. Dur
ing the administration of the anesthetic itself, the obverse of 
the chart is filled in. After operation, any postoperative com
plications are noted on the reverse of the chart. 

Data collected on the record sheet are available for com
parison with data in similar cases, for teaching purposes and 
for the information of the surgeon or the hospital manage
ment. 

For purposes of statistical analysis, the facts recorded on 
the chart may be transferred in code to a Hollerith punch 
canl.I These when punched can be rapidly sorted by mechan
ical means. 

1. For further information as to this method, readers are referred 
lo the mimeographed pamphlet of the Committ!'e on Records and 
Statistics of the American Society of Anesthetists, ·which is available 
for one dollar at room 1503, 745 Fifth Avenue, New York. 
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----------------------
Surgeons .• _ --- ........ O.R ... _ 

~~:;~~~~i~~~~~JWJfE::::::: ------------ .. --- --- ---- ...... _ ::~~~t-r~:::: ...... . 
~p"n;::,·(,./) Nl>edle ( ) Courrts,·hpd;e·ibylnstr N. ____ ...... ·-----···········---

In~trument. ( ) Circul. N .......... . 

®"~FileR C s, M 

POSITION 

RPflexinO. R. Yes .... No •...• 

Retch .•.... R€'sp.obstr .•.•... 
Emesis .•.... CO,-Air ••• 

Excit: M.S. Otlter~ 

Fig. l.~Anesthesia record blank as filled out in a case of thyroid
ectomy for nontoxic nodular goiter: The obverse. 



RECORDS 

PREOPERATIVE RESPIRATORY POSTOPERATIVE 
-~orLaryng, _____ Br.orTr ....•.• 

wanL .. __ Hicc .. _ ... Otitis media._ ••.•• 
Rhinitis .. _ .F.R.L ....... A. R. C.. . ... NONE_ 
Br.eorTr._. ---~- ..... Hicc.. ___ Emphysema .. 

Br.a~thma___ .... Pl(•urisy .... __ Ralesbase ....... . . Mass ..... ___ Pulmonaryedema .. 

Pneumonia ____ .. Lungabsrcs~-- __ Empyema .. .Empyema ___ .. Aspiration. 

Thc: .. Act._ ______ Bilat. .. _____ Arre~t .. ____ Qbstr._ Pneum . ....... Bron._ .... LobaL.--- .The .. . 

~;~:~r~tJfitll~~ljrMdft:::::: ~~;:'~ OpsJ.JR· ~t·_.-.'-'bY5rti~llc..':".~~·:•: 
Ht.dl~.: .. ~}~~en.ora.gcl~r ........ Lu~tic~-----~~~~-~~-LA~- _Tachycard .... Bradycard ..... Arrhyth ..... Fibri\1 •. 
Rheum ...... Thyrotox ....• Congen.. . ... Gen.a.-scler.. Hem.: _Moder ...... Sev ______ MarkedB.P.fai\ ______ Shock-.. 
Fun c. Cap: __ I ______ IIa _____ lib ..... III ..... Cor. dis ..... _ Cor.emb.Dr thromb ________ Circ. faiture ________ Pericard._ -----. 

Tachycard.. _ .. Bradycard _______ Arrhyth ... _____ Fibril\.______ Cerebral em b. or thromb._ . __ .EmhDli _____ misc .. -----

~~~:_-_-_-_-_-_·_- H yp~ten._ _ _ ~ ._I_r ~-p_e:~:~~---___ -_-_-___ --~~ ~~ ~ ~~~=~---~~~ ~~~----_-___ 1_-~ -d-~y~ _-_-_ -4--~ -~~~~---_ ~ --~~~ ~~~---.---_3:~-~-~~~ ~ ~ 
CENTRAl. NERV~'STE~I 

~{ead~ _______ :-.lervou~nrs~ ______ IrraL ..... NONE.;------ ~: ____ Headache __ ... Hev.rlache,post-L.P ...... Irrat, ____ _ 

PareAhesia ..... Par;~]ygi~.. ~----Psychosis__ Paresthesia ...... Para!ysi5 ...... Psychosi5 ...... Meningitis ......• 
('_ N. S. Lues . __ .. Br. tumor.. ____ Cd. tumor _____ Epilep~y.. Time; __ Qp. day .... l-3days .... 4-7 days_ ... 2nd wk .... 8rd wk ... _ 

Other.~-------------------- --- ----------------- Others._ ----------------------------------------------------
GASTRO-INTESTINAL 

~-t~~~~bstr : __ -p~~:.·_d~~~~~ -~~~-~~~ ~~;~~~~s -----~ ~;~ ~ ... _ ~~~~--------~~~::~;·~~--~~~~:~~--------~-b~t~:-(d~;::;~~;~S7B_·_~ ~~ 
Inf~ect. viscus. _____ Perf. viscus__ ------- Time: .. Op.day_/ __ l-3days ____ 4-7days .... 2nrlwk ..... 3rdwk .••• 
OthPrs_________ ------------------------ OtherS _________________________________ . _____________________ _ 

GENITO-URINARY 
Retention ...... __ .In<lwell. ('ath ___ ··---~------------- ~----HetentiDn ..... Indwell. eath ____ Lowkid.!unc ....•.•• 
CYl't._ _____ pypJ ----- ___ Tbc. di01 .... __ .Low kid. fun c. Cyst. ______ Pyel.. ..... Hematuria _____ Uremia ...... Anuria ____ _ 

N!'phr. __ Ac ...... C'hr .... Urrmia ____ Oliguria ____ Anuriil ____ Time:._Op.day .... l-3days ... A-7days ____ 2ndwk .... .'3rdwk. __ _ 

Others ... _ Othern 

METABOJ,JSltl._ 
Diabetes ______ Diab.G~.- ___ f~nd.di~func .. NONE. ______ ~-----.Diabeticdisturb .. _.Cachexia .• ___ Dehydr .. 
..\{eno au~.syn. ______ ~ ______ Wt.loss ___ Dehydr.. Th)7oid<'ri~is .. ______ Tetany ........ Acid.... .Alk ... . 

h-roi1 Hyper .. __ Hypo.---~--- A('id ... Alk. ________ Time:._Op.day ___ l-3days ___ 4-7days ___ 2nd wk. .8rdwk 

Others ------- Others ________ _ 

OHSTETRICAL & GYNECOLOGICAL 

.Prrmat. .... _NO:-\E__ NONE .... Baby .. Good .... Poor .... Sti!I ...•.. Twins .. 
Twins ____ .Toxetnia. _ .Abort:. Infrd. _____ Non-infc<'t Art. re~l\. .. _Spont. resp .. Pain reliPf: .. Good .... Fair .... PoDr _ 

Tub.Preg _____ Di.'lpropor. ____ O.A .... _O.P ..... Drrrch Post-partum hem._ __Post-part. tox ....... -.• Sepsis 

G.C. _______ Salpingitis .. ___ t;terint>lH'm ....• Time: .. Op. day .... 1-3 days ___ .4-7 days .• _ .2nd wk ... _ .3r<:l wk .••• 

Others...... ---------······ Others ...•..... --------·------------·------------------------
i\IISCELLANEOUS 

Malig,____ __Anrmia __ s __ p __ Lrukem NONE 

En!arg.Tbymus ..... Lues ____ Senil._ ---~--
NONE. _______ Tech. Comps .• --------·---···--··-·-

Mi.s('{>!lanrolls.. _ ----------··-·--------
Inc.Cran.Press ___ .DrugAdd --~- __ Ale.. ___ Anoxb .. 

Oxyg.Ther ..•.. W.B.C .... FE'V(·r ____ Pain .... lnf.Ac.Chr .. 

Others ~~::~~:~~'~ii::~;"~~41:~~;;~;;]:~.:: 
~:~~:~-~ithi~ ·;4· ~r-.~ (;}~ ~~ ~~~~~~ ~ ~~~ ~;;;_·~~~~:~~ ~~~: :~~:~ 
Subsequent Vi~its. ____ ..... ________ .. __ .... "*' ______ .• __ ••• __ 

-------- -------- . Immed.cau!!edeath&time: _______________ _ 

sc"MARY MUCJ:t .. SOft f.It!fiQr\T ................ DJD. WELL .................................. . 
.. . ...... ... WJitL nt>l'liOll.lA ....................... . 

Fig. 1.-The reverse. 

5 
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RECORDS IN MILITARY PRACTICE 

By use of the code recommended by the educational com
mittee of the American Society of Anesthetists, such a case 
record may he directly entered on the Hollerith punch card 
(3% by 7)/p, in.). The application of such a technic in military 
practice has been reported. This combination chart and 
record card appears in figure 2A. 

FMNT OF PUNCHED CI.RD 

BACt OT PUNCHED CARD 

Fig. 2A.-Front and back of Hollerith punch card as filled out and 
punched in military practice. 



RECORDS 7 

CO:XSL'LTATION RECORD 

Hesuscitation and Oxygen Therapy Section 

Date: ........................... . 

r. NAME OF PATIENT: ........................... GRADE: .... Age: .... Ward: .. . 

Consultation requested by ........ Med: .... Dent: .... Surg: .... Pre: .... Po stop: .. 
Beason for Consultation:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . 
Diagnosis: 

IT. RESt:SCITATION: 

A. :Maintenance of Resuscitation: \ 
1. Airways: Natural. .. Artif: oral. .. nasal. .. endotr .... 
2. :Wanual: Sylvester .... , Schaefer .... 

TIME 
Begin .... End ... 

3. Inflation of chest: Closed C02 absorption technique .... 
4. Drinker-Collins Respirator- "Iron Lung~' 

B. Maintenance of Cardiovascular S~·stem 
1. Drugs used: ............................................................ . 
2. Intravenous fluids: Infusions ............. . Transfusions .. ............. . 

TIL OXYGEN THERAPY: 

A. ;\Iethod Employed 
1. BLB nasal mask ............... . 
2. Catheter: nasal . .... :, oral .. ... . 
:J. Endotracheal .................. . 
4. Others 

IV. OTHER GASES 

A. Helium - Method used: ........... . 

B. C02 Method used: ........... . 

V. St::\ll\IARY 

A. Evaluation of treatment 

Flow/min. TL\IE 
Begin .... End ... 

TI;\IE 

Begin .... End .... 

1. Recovery ........... 2. Partially effective ...... . :1. No effect. ......... . 

B. Reason for failure ......................................................... . 

C. Recommendations 

Anesthetist ...................... . 

Fig. 2B.-Record form for resuscitation and gas therapy used in an 
Army general hospital. 



8 Fl '.\ 'DA.l!EXTA LS OF A.\'ESTIIES/ .1 

HEI'EUE;\CF.\ 

1. Lundy, .I. S.: Keeping Anes thetic Record!> and \\'h at They Show. 
Am. J. Surg. 38 : 1(j anrl 25 (Jan.) 192-l . 

2. Ton~ ll . B.~!.. and Dunn, H. L. : Anes thes ia Stud~ Heco rds, Anesth. 
& Analg. U: :H-41 ( .Jan.-Feb.) 1 !)32. 

3. " 'a ngeman. C. P.: An Experiment in I he Hcco•·ding of Surgical 
and Anesth e ti c Dnta in ~Iililary Servi ct.•, Anest hes iology 2:179-185 
(l\larch ) 194 1. 

4. :\[arlin , S . .T., and :\'Jakel , H. P.: Org;~niz;1tion of a Sectio n on 
Hesuseilation and Oxygen The rapy, Army l\1. Bull. , to be publi shed. 

1\0TES 



II 

Physiologic Considerations 

THE TRANSPOHT SYSTEM 

THE EXTENT of the knowledge of physiologic processes 
possessed hy the anesthetist and by all persons dealing with 

acute disturbances of respiration and circulation will largely 
determine the value of their service to patients. An attempt 
has been rnade herein to simplify such knowledge and to con
fine consideration to the grosser aspects of the system of 
transport for oxygen, carbon dioxide and the drugs and fluids 
used to produce anesthesia and relieve pain or to counteract 
(if that he possible) the depressant and harmful efl'ects of 
illness, injury and drug action. A thorough understanding of 
the transport systern is essential to the care of patients. If 
the anesthetist is to prevent or to recognize and treat success
fully many of lhe changes occurring in the physiologic activity 
of his patients, he must become familiar with the ·more 
intimate aspeets of physiology in addition to those which 
follow. It is hoped that such a text as that of Best and Taylor 
(see reference, p. 22) may he available to physicians using 
this manual. :\Iany of the detaiis of biochemistry and of the 
autonomic nervous system and its reflex pathways are perti
nent to the effective care and treatment of patients subjected 
to anesthesia and surgical procedure or to injury and mness. 

In addition to the elementary exposition of the transport 
system presented in the following illustrations and comments, 
a further consideration of the two great components of this 
system, respiration and circulation, will be found under 
"Hespiratory Emergencies," page 151, and "Circulatory 
Emergencies," page 161. 
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Normal 
Normal lun<;~: 
normal exchange 
between alveoli 
and capillaries ~.----~J 

Normal blood 
P,ressure and 
hemoglobin 

Ton<;iue in 
norrr'r'al position 

Normal O, and C02 
level in tissues 

with biochemical 
balance 

Fig. 3.-Idcal transport of oxygen, carbon dioxide and drug. 

Of all substances required for life, oxygen is the most vital, 
yet the least possible to store in the body. Food can be with
held for days and water for hours, but complete lack of 
oxygen for more than a few minutes will be fatal or severely 
damaging to the organism. Likewise, feces may be retained 
for days and urine for hours, but total blockage of the excre
tion of carbon dioxide will be fatal in a very short time. 

A normal heart and vessels, normal ·blood and normal 
lungs and air passages are the body's means of transporting 
oxygen to the tissues and carbon dioxide to the outside air. 
Any disturbance of the mechanism controlling transport, by 
drug or disease, or any interference with the air and blood 
channels, will disrupt the vital functions of the body's cells. 
The severity and rapidity of the cell damage will vary with the 
severity and rapidity of the interference with gas transport. 

HELP NATCRE TO MAINTAIN A NORMAL TRANSPORT SYSTEM. 
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BLOCK OF AIRWAY BY THE TONGUE 
Anesthetic a<(ent enter~ 
and leaves with difficulty 

Relaxation- tonc<ue 
falls back to block pharynx 

Respiratory o bst rue t ion 

Low 0< and hiJh Cq in tissues 

Physiolo~ic chlnqes [may be irreversible] 

Fig. 4.~Gas transport obstructed by fallen tongue. 

Derangement of several vital functions is a feature of 
depression from any cause, whether drug effect, disease or 
physiologic injury. 

The respiratory and circulatory centers in the brain assume 
lowered levels of activity, there is lessened effort by the 
respiratory tract to rid itself of mucus and foreign bodies, 
and the laryngeal "watchdog" 1 becomes drowsy and may 
admit foreign material to the trachea. 

The commonest danger of all lies in a lessening of muscle 
tone. The flaccidity of the tongue muscles in normal sleep· 
causes partial obstruction, which is called snoring; in disease 
or during the action of any sleep-producing drug the more 
profound relaxation may result in severe or complete respira
tory obstruction. 

1. Chevalier Jackson coined this term to describe the system of' 
reflexes in the upper respiratory passages which prevent contamination 
of the lower. 
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RETURN TO NORMAL BY USE OF A 
PHARYNGEAL AIRWAY 

Anesthetic aqent 
enters and leaves easily 

Airway keeps tonque 
out of pharynx 

Normal exchan~e 

02 can tnter co} can leave 

Fig. 5.--Restoration' of gas exchange by means of an inserted 
p lwryngeal airway. 

\Yhen circumstances allow, the tongue may be repl'aced in 
a nearly normal position by turning the patient so that the 
tongue falls forward against the teeth. 

Barring this, the tongue can be lifted forward by its attach
ments to the mandible, by lifting the latter upvvard at the 
angles of the jaw. 

Sometimes an artificial pharyngeal airway is necessary to 
restore normal relationships and open up a free passage for air. 

(See also under "General Anesthesia," p. 25.) 

NOISY BREATHING IS OBSTRUCTED BREATHING, BUT 
OBSTRUCTED BREATHING MAY NOT BE NOISY. 
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ANY FOREIGN BODY CAN BLOCK THE 
AIRWAY 

Mucus, blood 
or vomitus 

Tissue. 
Oz can't --+anoxia 

enter 

! 
[may be irreversible] 
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Fig. 6.~0bstruction due to spasmodic reaction to irritating foreign 
body in airway. 

Simple obstruction of the air passages by a foreign sub
stance is common. More frequently obstruction occurs because 
the half-awake laryngeal "watchdog," excited hy the intruder, 
springs into overactivity, with mild, severe or complete laryn
gospasm as the result. The spasm may he all out of proportion 
to the stimulus applied. The lodging of a small tooth on the 
cords may not of itself block the glottis, but the laryngospasm 
may be complete and fatal. 

BE GENTLE I~ REl\IOVING FOREIGN MATERIAL 
FROM THE LARY~X. 
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A LITTLE VOMITUS IS A DANGEROUS THING 

Gravity takes 
vomitus 

to the lun~s 

Fluid in the 
stomach-life 

Protective reflexes are 
depressed by anesthesia 

Sw<?llowin~ after 
anesthesia means that 
protective reflexes 

have returned 

Fig. 7.-Anesthetic depression of laryngeal sensitivity allows. 
vomitus to be drawn by gravity into the lungs. 

During induction of anesthesia, or whenever anesthesia is 
lightened, a little regurgitation may occur which can pass 
unnoticed. vYhen the laryngeal "watchdog" is inactivated by 
deeper anesthesia, this vomitus may freely enter the trachea 
and bronchi without exciting the usual laryngeal outcry and 
attempt at closing the entrance to the trachea. 

This silent aspiration of vomitus (or blood) can be detected 
only by observation of the chest movement and of the color of 
the skin. 

UNRECOGNIZED VmiiTING MAY PROVE FATAL. 
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GRAVITY CAN KEEP VOMITUS OUT OF THE LUNGS 

Often pneumonia 
i'lfter operation may 
be avoided by kee pin\{ 
the head down. 

Ebven if reflexes are 
a sent vomitus can 
not reach the lun~s 

Fig. 8.-This position keeps vomitus out of lungs. 

In deep anesthesia (and all depressed states} 
no warning 'laryngospasm or noisy respiratiott 
remove foreign substances. 

\Vhen possible, the patient should be kept on 
the laryngeal "watchdog" can take over the gu 
the air passages. This may be hours after the administration 
of the anesthetic stops. There must be supervision till the dan
ger is past. Suction drainage is useful. 

"CSE GR.\VITY TO HELP, ~OT HINDER, YOU. 
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Factors inhibitin,S normal chest expansion 
A retractor and 
pack may hinder 
the diaphra_srn 

A dilated 
stomach 

can embarrass 
respiration __ _,__ 

A tired assistant. 
is a dead wei_ght 

CO< can't 
_get out 

Anesthetic a~ent 
is hard to ~et in; 
once in is nard to 

o~ can't 
get 1n 

_slet out 

The wei.'(rt o,f the viscera.in steep T~endelenburq 
pos1t1on Interferes w1th resp1rat1on. 

Fig. 9.-External factors the anesthetist must watch for. 

Every one has some appreciation of the increasing paralysis 
o the respiratory muscles that accompanies increasing depth 

anesthesia. .Morphine, the barbiturates and lil<ie agents \Vill 

e just as much effect as inhaled anesthetics in comparable 
\Vhen the pleural cavity is opened during operation 
a wound), the normal negative pressure surrounding 

ungs is lost. The lungs tend to collapse. The remedy is 
artificial exchange. 

The sketch points out several other inhibitors of effective 
lung expansion. Often they are all acting at once, but any 
one can he a danger. 

THE GOOD AXESTHETIST OBSERVES THE \VHOLE 
PATIEXT, :\TOT .JCST THE HEAD. 
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FACTORS IN THE LOWER RESPIRATORY 
TRACT AFFECTING THE TRANSPORT 

OF 04 , COl AND DRUGS 
Lun<;~ chanc.;es as 
Edema, Fibrosis 
Empysema, 
Asthma 

Low pulmonary obstruction: 
Forei~n body, Ca, etc. 
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Blood low in oxy~en 
and hi~h in co~ 

~ 
Physiologic chan~es 

which may be irreversible 

It is .diFficult to qet th 
a~ent to the cellj once 
tflere it is difficult to 
remove it.Overd osa~e 
can occur 

Fig. 10.~Internal sources of danger. 

The obvious causes of obstruction in the lower respiratory 
tract arc the commonest, but the obscure ones can be more 
dangerous. 

\Vhen it is unusually difficult to get the anesthetic agent 
in, look for more trouble in getting it out. Such a condition 
may he the only evidence of pulmonary fibrosis, emphysema, 
incipient asthma or pulmonary edema. 

OBSTRUCTION AT THE ALVEOLAR MEMBRANE MAY REQUIRE 
PROLONGED AHTIFICIAL HESPIRATION. 
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CIRCULATORY FACTORS AFFECTING 
THE TRANSPORT OF Oz, COz AND DRUGS 

Cardiac weakness: 
Valve detects, 
Myocardial 
chan~es 

Low 
blood pressure Anemia 

Low carrvin~t power 
for 0, and cq 

~ 
Physiolo~?ic chan.~es 

which may be 1rrevers1ble 

It is diffhicult lo ~etth 
agent to t e c~ll; once 
tnere it is difticult to 
remove '1t.Overdosaqe 
can occur. 

Fig. 11.-Further internal sources of danger. 

The circulatory system is the vital link in the transport 
system beyond the alveolar membrane. 

Myocardial or valvular defects and low blood pressure have 
the same net effect on the movement of oxygen and carbon 
dioxide as have depression of respiratory function and 
obstruction of respiratory passages. 

Severe anemia may be particularly dangerous, as there 
must be at least 5 Gm. of reducible hemoglobin per. hundred 
cubic centimeters of blood for visible cyanosis. Other signs, 
e. g., pulse changes, must be relied on to warn of oxygen want 
in such patients. 'With inefficient circulation, the same diffi
culty with "getting the agent in," and with the elimination of 
it, will be experienced as when there is obstruction at the 
a.lveolar membrane. 

THE ANESTHETIST 1\iliST BE A SKILFUL DIAGNOSTICIAN 
AS \YELL AS A CLEYER TECHNICIAN. 
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\YA~T OF OXYGEN AND EXCESS OF CARBON 
DIOXIDE 

The common causes of these two conditions may he sum
marized as follows: 

1. An increase in carbon dioxide or a deficiency in oxygen 
in the inspired atmosphere. 

2. Respiratory obstruction from any cause. 
:t Any mechanical interference with respiratory exchange. 

such as abdominal packs, intercostal paralysis, etc. 
4. A decrease in functional alveolar surface. 
;). Anemia. 
fi. Poisons, such as carbon monoxide. 
7. Heart failure. 
R. Excessive use of depressant drugs, with resultant 

decreased minute volume respiratory exchange, or 
obstruction of the respiratory tract. 

9. Circulatory depression, such as shock. 

. TABLE 1.---.4n Outline of Symptoms and Signs of Oxygen Want 
in Order of Increasing Severity 

:\fn.o )lODERA'TE SEVERE 

Psychic Overconfidence In1paired vision Dizziness \Yeakness Con1a 
Impaired judgment Anxiety .. Air hunger llelirimn 

Gastrointestinal ~au sea Hetching Vo1niting 

Sensory Headache Precordial pain 

r Rate Periodic l\Iarkcd increase (Apnea after Depression Arrest 

Respiration t oxygen is 
restored) 

Depth Irregular Slight increase Depression Arrest 

mood 
Slight rise or fall Acute rise Disappearance Pressure 

Increased Slow, full, hounding 
Pulse Rate 

Sometimes arrhythmia Cessation 

Musculature 
Incoordination Spasms of muscle groups Relaxation 

Twitching Convulsions 

Color Cyanosis depends 
circulation 

on lu·mogloh in, type of skin and peripheral 

Pupils Dilatation and fixation 
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Fig. 12.~Hecord of changes accompanying acute oxygen want. 
Blood pressure V-V. Pulse rate o~ o. Hespiratory rate o~o. Tidal 
volume x--~x. The column of figures on the extreme left represents 
tidal volume in cubic centimeters. The second column of figures repre
sents blood pressure in millimeters of mercury, and pulse and respira
tory rates per minute. 

A womap. 25 years old, after she had been under nitrous oxide 
anesthesia for a minor pelvic operation for thirty-five minutes, was 
caused to inhale pure nitrous oxide through an endotracheal airway 
from a recording spirometer for approximately five minutes (A-D). 
At B the pulse was weak and the color only slightly cyanotic. At C the 
blood pressures could not be read. At D respiration had almost ceased. 
The chest was then inflated twice with pure oxygen. After the period 
of apnea lasting thirty seconds, note the rise in blood pressures and 
tidal volume and the decrease in pulse rate. Premedication (morphine 
sulfate Ys grain [8.1 mg.]; scopolamine hydrobromide, ~00 grain [1.3 
mg.], and paraldehyde, 1 ounce [31 Gm.] in this case) frequently thus 
modifies the typical "oxygen crisis" seen in laboratory animals sub
jected to acute oxygen want. 

Figure 12 represents the evidence of severe oxygen want, 
but lesser degrees are common, and are easily recognized if 
color, pulse and blood pressure are under constant observa
tion. 

Oxygen want of every degree is harmful to the patient
correct it at once. Oxygen is a patient's most vital need. 
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TABLE 2.-An Outline of Symptoms and Signs of Carbon Dio:ride 
E:rcess in Order of Increasing Severity 

:\fiLD i\'fODERATE SEVERE 

Psychic Discomfort Dizziness Lnconsciousness 

Sensory Local irritation to upper part of respiratOry tract 

\Rate Slight or no increase Depressed Arrested 
Respiration / 

Devth :\Inrkedly increased Depressed Arrested 

Blood 1 Systolic Increased Increased mackedly Fall 

Pressure f Diastolic Increased Increased moderately Fall 

Pulse Rate l\Iodernte increase 

:\Iusculature Twitching Spasn1s of n1uscle groups Convulsions 
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Color Pink due to peripheml dilatation unless oxygen 'vant is added 

Pupils Variable 

Changes in pulse, respiration and blood pressure, even 
more marked than those shO\vn in figure 13, may be seen in the 
course of what seems to be normal anesthesia. If oxygen 
lack can be ruled out, do not fail to rectify conditions which 
may be causing carbon dioxide excess. 

All too commonly it is not recognized that oxygen want 
and carbon dioxide excess occur independently as well as 
together. In obstruction or depression of either the respira
tory or the circulatory transport system, the two occur as 
features of asphyxia. 

\Vhen pure oxygen is being added to the anesthetic mix
ture, it is easy to overlook the accumulation of carbon dioxide, 
as in the use of semiclosed anesthetic systems. 

Again, when carbon dioxide is being efficiently removed by 
an absorbent, oxygen want may be acting alone. 

CARBON DIOXIDE IS A WASTE PRODUCT. DO XOT HINDEH 

ITS EXCHETION "WITHOUT A PURPOSE I~ DOING SO. 

DEPLETION OF CARBON DIOXIDE DOES NOT CAl:SE SHOCK. 
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Fig. 13.-- Heeord of changes occurring during the inhalation of 
excess carbon dioxide. Blood pressure V ~ V. Pulse rate e~e. Respira
tory rate o~o. Tidal volume x--x. The column of figures on the 
extreme left represents tidal volume in cubic centimeters. The secon<l 
column of figures represents blood pressure in millimeters of mercury, 
and pulse and respiratory rates per minute. 

A woman 26 years old, after seventy minutes of nitrous oxide anes
thesia for arthrodesis of the ankle, was caused to rebreathe a nitrous 
oxide-oxygen mixture through an endotracheal airway from a record
ing spirometer without soda lime for a period of approximately twenty
four minutes (A-C). At B some oxygen was added, somewhat reducing 
the carbon dioxide eoncentration which had accumulated. At C 
the rebreathing was discontinued and the patient allowed to breathe 
air. No spirometer record was obtained from this point. At D the 
patient was awakening. Note the rise in systolic blood pressure and 
pulse rate, and the extreme rise in tidal volume while the respiratory 
rate was only slightly increased. The beginning depression char
acteristic of increasingly high carbon dioxide concentrations is seen 
in the fall in tidal volume at the end. The premedication in this ease 
was morphine sulfate, % grain [ 0.016 Gm.], and scopolamine hydro
bromide, V!oo grain [0.65 mg.]. 
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THEAT:\IENT OF RESPIRATORY OBSTHUCTION 

Obstructed breathing is the beginning of trouble for the 
anesthetist and his patient. No other single complication is 
so frequently encountered during depressed states. Respira
tory obstruction is recognized by one's ears and eyes
diagnostic tools so simple as to make it seem ridiculous to 
speak of "learning" the technic of diagnosis. And yet the 
young anesthetist cannot do better than to study the breathing 
of-

1. Normal persons, himself included. 
2. Every anesthetized patient he encounters. 
3. Patients who have received depressant drugs. 
4. Patients with diseases of the throat and chest. 
5. Patients with diseases of the central nervous system. 
6. Patients ·who have been injured. 

By careful observation of all these, the anesthetist ought to 
strive for a sixth sense-an instinctive and immediate recog
nition of minor degrees of interference with the rhythmic 
passage of air to and from the lungs. He will observe that 
normal breathing at rest is almost inaudible and that respira
tory movements of the chest and abdomen are perfectly 
symmetric and synchronous. Any variations from normal, 
he must learn to interpret in terms of possible obstruction. 

:\1any types of abnormal breathing and even some types 
of obstruction are not subject to immediate relief. However, 
the abnormalities usually encountered by the anesthetist may 
he relieved by proper technical maneuvers. 

Tracheotomy has long been employed for the relief of 
respiratory obstruction. In the case of a new growth invading 
the upper air passages, it is still a life-saving measure. In 
the majority of instances, however, early recognition and 
prompt treatment of a simpler sort will restore an adequate 
air passage. Delay adds difficulty in treatment and creates 
increasing disturbance of physiologic functions. 

FREE BREATHING IS ESSENTIAL TO NORMAL LIFE 
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SIMPLE MANEUVERS FOR THE RELIEF OF OBSTRUCTION 

1. Place the patient in a semiprone and head low position. 

2. Try alterations of position that may help. This includes moving 
the head from side to side, as well as flexion and extension. 

3. With the flexed index fingers behind the angles of the patient's 
mandible, slide the lower jaw forward (and with it the tongue) 
on the upper teeth as far as possible and hold it in this position 
by light upward pressure under the chin. 

4. ·with a towel or other fabric, grasp the tongue directly between 
thumb and finger and bring it forward. 

5. ·when depression results in diminution or absence of pharyngeal 
or laryngeal reflexes, an artificial airway may be needed. 

NOTES 
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ARTIFICIAL AIR\V A YS 

It will be found easier to maintain a free airway and quiet 
respiration when the head bears its normal relation to the 
trunk. Most persons carry the head a little forward; pillows 
maintain this forward position during sleep or general anes
thesia. It is unnatural to have the head tilted sharply back
ward, as is often seen when too flat a pillow, or none at all, 
is uset;l. 

OROPHARYNGEAL AIRWAY 

Figure 14 shows the oropharyngeal airway in place with 
the flange outside the lips, the portion between the lips and 

•: .... . . 
'' ..... . ... ...... . .. 

.. • "!'- ••• .. .. .......... · 

Fig. 14.-0ropharyngeal tube in place. 

the teeth straight, the remainder curved up and back, follow
ing the curve of the palate and tongue, changing the original 
direction a full 80 to 90 degrees .. It may he of corn position 
metal or heavy wire as long as the curve is correct. 
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NASOPHARYNGEAL Amw AYS 

To make a satisfactory breathing tube to pass through one 
nostril into the lower part of the oropharynx, and so below 
the base of the tongue, one need only cut a Magill tracheal tube 
to the desired length. 

Fig. 15.-Nasopharyngeal airway made from rubber tubing such 
as that used for fountain syringes. 

If a tracheal tube is not available, one can usually find a length of 
commercial rubber tubing such as is used with fountain syringes. If 
it has been rolled in a coil a foot in diameter, so much the better. 
Select and cut off a foot (30 em.) of such tubing. As it lies curved 
on the table, cut a long fcnestrum in the upper wall midway of its 
length, removing one-half the diameter. Then kink the tubing at the 
fencstrum so that the hvo halves lie parallel, curved alike and held 
together by a thin piece of the tube wall opposite where the opening 
was cut. Now cut off the two free ends at an angle to produce a bevel 
and at a length to reach from the external nares to the desired point 
in the pharynx. This is ,iust above the glottis in a patient whose 
reflexes are abolished; otherwise it is less deeply placed. Now 
lubricate both ends thoroughly and insert gently through the nostrils 
with the concavity of the curve down. Such a double airway, if of 
proper length, provides adequate breathing space (fig. 15). 
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E:NDOTHACHEAL AIH\YA y 

The passage of a tube into the trachea insures a perfect 
airway if certain precautions are observed. This procedure 
is useful during resuscitation. The endotracheal tube is also 
employed as a means of administering drugs by inhalation . 

. . . 

Fig. 16.~Endotracheal ainvay in place. 

It is used to provide a free airway during the profound depres
sion induced by nonvolatile drugs, because: 

1. In operations on the head and neck, the anesthetist and his 
apparatus are removed from the surgical field. This frees the 
surgeon from interference and makes asepsis possible. It has 
revolutionized operating conditions in the upper air passages. 

2. Foreign substances can be prevented from entering the trachea. 
3. Pus, blood, mucus or vomitus may be removed from the trachea 

by passing a suction catheter through the tube. 
4. Intubation makes for better relaxation during abdominal opera

tions. 
5. Intubation facilitates the control of the intrapulmonary pressure; 

pneumothorax can be prevented, and atelectasis can he remedied. 
6. Obstruction from spasm of the glottis can be prevented by 

intubation. 

Such tubes can be made of spiral metal coils, sernirigid 
compositions, mineralized rubber or ordinary rubber tubing. 
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0HOTHACITEAL l::s'TCBATIO~ 

Intubation through the mouth is usually performed by 
direct laryngoscopy. There must be full relaxation of the 
mandible and suppression of the pharyngeal and laryngeal 
reflexes. Such conditions are often present in the candidate 
for resuscitation. 

' ESOPHAGUS-J 

Fig. 17.---Placing lhe orotracheal airway. 

The laryngoscope is passed down the dorsum of the tongue until 
its beak is under the epiglottis. Then the instrument is lifted in the 
direction of the arrows to expose the glottis. The tube, lubricated with 
petrolatum or a soluble jelly, is passed in. 

l:'se as wide a tube as will pass without force. 
Lay it alongside the patient's head beforehand and make sure that 

when it is passed, its end will not lie below a point midway between 
the cricoid and the second costal cartilage. 

\Vhen the tube is in place, insert a roll of gauze or a wooden spool 
between the teeth to prevent it from being bitten. 

If a gas-tight setup is required, an inflatable cuff should he used on 
the tube or a length of gauze should he packed around it in the 
pharynx. In the treatment of extensive wounds about the face and air 
passages, such a tube and pack may prove life saving not only in 
providing free breathing but also in permitting adequate packing to 
stop hemorrhage. 

A safety pin through the distal end of the tube or a metal fitting 
prevents it slipping out of reach. 
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;.JA.SOTRACHEAL bnt:BATION 

Intubation through the nose is performed with a curved 
rubber ::VIagill tube, as large as will pass through a nostril 
without the use of force. Cocaine or other anesthetic solution 
may first be sprayed through the nostrils during inspiration. 
This diminishes reflex activity and shrinks the mucous mem
branes, thus increasing available space. 

r-EPI<YLOTTIS 

,--TRACHEA 

Fig. 18.---Placing the nasotracheal tube. 

Intubation by Direct Vision.~Laryngoscopy is performed. The 
tube is passed through the nose into the field of vision and inserted 
into the glottis. If this cannot be done otherwise, it is permissible to 
place the tube in the glottic opening with forceps. 

Intubation by the "Blind" Technic.~A curved tube (an arc of 
proper length of a circle~8-15 inches [20-38 em.] in diameter) is 
passed into the pharynx through the nose. The anesthetist listens to 
the breath sounds through it, and folluws them until the tube enters 
the glottic opening. Changing the degree of flexion or extension of 
the head modifies the relation of the tube to the glottis antero
posteriorly. Rolling the tube between thumb and finger modifies 
relation laterally. If the tube is long enough to reach from the nose 
through the glottis, it must be in the trachea if when passed to its full 
length breathing still takes place through it. When laryngoscopy 
cannot be performed, a patient can be intubated in this way. 

NOISY BREATHING IS OBSTRCCTED BREATHIXG, BUT 
OBSTRCCTED BREATHING l\IAY NOT BE NOISY. 
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1Varnings 

Don't use the nasal route if there is nasal distortion or 
sepsis. 

Think before you choose the route of intubation. 
Hemember that even laryngeal tubes can kink and become 

obstructed. 
X ever fail to observe respiration and circulation, even if 

the patient is intubated. 
Never leave a patient after removing a tube, until you are 

sure that normal, unobstructed respiration has been 
reestablished. A pharyngeal airway may be necessary 
for a short period following extubation. If reflexes are 
active, laryngospasm may occur as a result of extuba
tion. Oxygen may he helpful. 
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SUBTLETY AND NOT FORCE IS THE KEY TO 
IXTUBATION. 



III 

Pharmacologic Considerations 

BECAUSE of the importance of the derivatives of opium 
and barbituric acid to the anesthetist, a detailed considera

tion of these agents is reprinted in full as it appeared in the 
pamphlet of the American Medical Association Exhibit for 
1938. 

For the sake of brevity, the pharmacology of other drugs 
used to produce comfort and to promote safety has been 
presented in tabular form. This has been done with a full 
realization of the inadequacy of such a method. The table 
of volatile and gaseous agents is copied without important 
changes from the American Medical Association pamphlet of 
1938. The tables of nonvolatile drugs list a majority of the 
agents that. are used by the anesthetist and, in addition, carbon 
dioxide, which was omitted in the exhibit table. To each drug 
has been assigned a customary range of dosage by a stated 
route of administration for the average patient. The poten
tially hazardous results of dogmatic tabulation are appreci
ated. Complete individualization of choice of drug and dosage 
is the only path to safety. 

In any event, the outstanding desirable effects of each drug 
are mentioned later in connection with the technics of drug 
administration, while under "Complications" (p. 142) the 
physician is warned of the more important undesirable 
by-effects to be expected. It is hoped that the text of Gilman 
and Goodman (see references, p. 46) or a similar reference 
book may be available to those who use this manual. 



32 FUNDAMENTALS OF ANESTHESIA 

OPIUM DERIVATIVES 

H 

Fig. 19.-The structural formula of morphine. Below is a com
parison of morphine with certain derived alkaloids, showing how they 
differ in chemical structure. The numbers that head the columns in 
the table below refer to the numhers that designate position in the 
structura1 formula. 

Position 
' 

3 6 7 8 

Morphine ................................... . OH OH H H 

Dihydromorphinone (dilaudid) .............. . OH =0 H2 H2 

Ethylmorphine ( dionin) ....... , ............. . OC2H5 OH H H 

Methylmorphine (codeine) ................... . OCHa OH H H 

Apomorphine (morphine -H,O): a rearrangement of the morphine molecule: ether 
linkage eliminated, -OH groups in positions :J-·1. N-containing ring shifts to 
position 8. 

Pantopon (Omnopon), N.N.R. 1930 (omitted from 1931 on): a mixture of the hydro
chlorides of all natural alkaloids (about 20) of opium, comprising about 20 per 
cent of the crude drug; contains 50 per cent morphine. One-third grain of pan
topon contains only %5 grain less morphine (base) than w grain of morphine 
sulfate. 

ALKALOIDAL SALTS 

All the water-soluble salts (hydrochlorides, sulfates, phos
phates, acetates, etc.) of the basic alkaloids are formed by the 
addition of the acid radical to N in the R 1 and R 2 positions. 

SoLUBILITIES 

Alkaloids (bases). Practically insoluble in water; soluble 
m lipoid solvents. 

Salts. Soluble in water; insoluble in lipoid solvents. 
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ADMINISTRATION 

Enteral. These derivatives are absorbed by all mucous 
surfaces, including buccal mucosa (also abraded skin surface). 

Subcutaneous. Codeine and apomorphine are rnost rapidly 
absorbed after subcutaneous administration; morphine and 
dilaudid, less rapidly. (Codeine salts are painful if con
centrated.) 

Intrauenolls. The injection must he slow (two to three 
minutes) to avoid circulatory· collapse or respiratory arrest. 

FATE AND ELIMINATION 

Morphine. Morphine is stored primarily in muscles, from 
which it is slowly liberated. 

(a) Elimination: From 80 to 90 per cent is excreted in 
urine, both as free morphine and in "combined" forms. It is 
generally believed that 5 to 10 per cent is eliminated in feces. 
Only traces are excreted into the stomach after hypodermic 
administration; therefore repeated gastric lavage following 
poisoning by parenteral administration is of no value. Saliva 
shows a trace and milk a trace ( ?) . 

(b) Destruction: In view of newer evidence relating to 
elimination, no definite statements regarding the destruction 
of this narcotic can he made. 

Codeine. Eighty per cent is eliminated in urine; traces, 
m feces; the remainder cannot be recovered. 

NARCOSIS 

The objective and subjective depression obtained with mor
phine, dilaudid and codeine is not identical with, and does 
not parallel entirely, the analgesic action of these derivatives. 

The duration of narcotic action shows such individual vari
ation as to make definite statements unreliable. If the drug 
is administered intravenously, slowly, the maximum subjective 
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narcosis is reached in about three minutes; subsequently the 
efl'ect is similar to that obtained sixty minutes after subcu
taneous administration. 

TABLE 3.--0rder of Decreasinu )/arcotic .lction, with Subcutaneous 
Doses Which Will Produce Equivalent Analgesia 

1. ~lorphine, 0.010 Gm. (J,f, grain) 
Pantopon, 0.015 GJn. (%_ grain) ..... 

2. Dilaudid, 0.001-0.002 Gm. (~frwV:l2 grain) ... . 
:J. Codeine, O.OG-1 Gm. ( 1 grain) ............... . 

::\faximum :Xarcotic Action 
Play continue at same level) 

:lO-tlO min. after injection 
~W-GO 1nin. after injection 
15-45 1nin. nfter injection 

Apomorphine hydrochloride 0.001-0.002 Gm. (){, 4 to n2 

grain) (subemetic) almost equals morphine in narcotic action, 
although probably less analgesia is obtained. In the dosage 
indicated, it is of particular value in combating Lhe delirium 
occasionally caused by scopolamine. 

EPPHORIA 

A pleasurable subjective sensation and desire for repetition 
1s present in decreasing order wilh: 

1. Morphine 
2. Dilaudid 
3. Codeine 

-
The tendency to addiction following repeated administra-

tion is in the same order. 

AX ALGESIA 

If the ordinary clinical doses of the opium derivatives are 
administered, the order of decreasing analgesic efilciency is: 

1. Dilaudid . . . . . . . . . 0.002-0.003 Gm. (7fl 2-% 0 grain.) 
2. ;\/Iorphine . . . . . . . . 0.010-0.020 Gm. (%-n grain). 
3. Codeine . . . . . . . . . . 0.032-0.0fi! Gm. (%-1 grain). 

If these drugs are administered intravenously in the same 
dosages, the peak of analgesic action is reached in fifteen 
minutes with all drugs, and the duration of analgesic action 
is shorter. 



PHARJTACOJ~O(;JC CO"A'SIDERA.TIOXS 35 -------

Pantopon differs from morphine only in that it is more 
effective in relieving pain due to smooth muscle spasm. (!so
quinoline alkaloids antagonize this spasm.) 

TABLE 4.-A.ppro::cimate Equivalent Doses to Obtain Same Degree 
of' llnalgesia 

~Iorphine, 0.010 Grn. (1,'6 grain) .. 
Codeine, O.Otl4 Gm. (1 grain) .... 
Dilaudid, 0.001-0.!)()2 Gm. 

(l/e4-Y:l2 grain) ............... . 

RESPIRATION 

::\Iaxiinum Analgesia 

o0-90 min. after injection 
~l0-130 n1in. aftrr injection 

90 min. after injection 

Duration of Analgesic 
Action (Diminishing 

after Inaxinnnn 
is reached) 

3 -5 hr. 
1%-2 hr. 

2~'2-3 hr. 

All derivatives of opium reduce the minute volume of 
respitation, owing principally to decrease of respiratory rate, 
although tidal volume is diminished with larger doses. 

The respiratory mechanism is rendered less sensitive to 
both chemical (carbon dioxide, acids) and nervous (reflex) 
stimuli. 

A rise in alveolar and blood carbon dioxide follows ordi
nary doses. \Vith large doses an uncompensated carbon 
dioxide excess develops. 

Asphyxia occurs in proportion to reduction in the minute 
volume. 

The order of decreasing depressant activity on respiration 
and the cough reflex (ordinary clinical doses) is as follows: 

1. Morphine 
2. Dilaudid 
3. Codeine 

CmccLATIO~ 

1"}/orphine (Subcutaneous Administration). 

(a) Heart Hate: A normal heart rate is usually increased 
(reflexly); it may he decreased later. 



:w FUXDAJ!JEXTALS OF ANESTHESLt 

A fast heart rate is usually reduced. This may be due to 
central vagal stimulation and diminished metabolism. 

(b) Blood Pressure: This is unchanged by ordinary doses, 
hut may be reduced by large doses owing to depression of 
the vasomotor center, asphyxia or reduced musele tonus. 

(c) Peripheral Vessels: These vessels are dilated, per
mitting an increased flow of blood. 

(d) Splanchnic Vessels (Intestine, Spleen, Kidney, etc.): 
These vessels are constricted by ordinary doses. 

(e) Cerebral Vessels: A dilatation of meningeal vessels is 
the rule, with or without an associated increase in intracranial 
pressure, depending on the volume flow of hlood and other 
factors. 

(f) Coronary Vessels: There is an increased coronary 
blood flow. 

Other Derivatives. The effects do not differ particularly 
from those described for morphine. Codeine, if given intrave
nously, is apt to produce an anaphylactoid reaction (low blood 
pressure, etc.). 

GASTROI~TESTI~AL EFFECT 

All these derivatives have a constipating effect (morphine 
may double the time required for the passage of a meal 
through the gastrointestinal tract). Any one of them may 
produce nausea and vomiting. 

In order of decreasing activity on the intestine and pro
duction of side actions, the derivatives stand as follows (ordi
nary clinical doses) : 

1. Morphine 
2. Pantopon 
3. Dilaudid 
4. Codeine 

(Pantopon has a questionable superiority over morphine.) 
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ADJUVANTS 

Scopolamine, if given in conjunction with morphine in the 
ratio of 1 :25, antagonizes almost completely the respiratory 
depressant effect of morphine in the adult. 

Atropine is less effective than scopolamine for this purpose, 
and ordinary doses are too small. 

The respiratory depression produced by opium derivatives 
is greatly accentuated by small doses of barbiturates which 
in themselves give little evidence of a depressant action. 

TREATMENT OF POISONING (ACUTE) 

1. Provide an adequate airway (p. 25). 

2. Augment respiratory exchange artificially (p. 153). (A 
mechanical respirator is desirable.) 

3. Provide fluids and nourishment (dextrose intrave-
nously). 

4. Catheterize when necessary. 

5. Cleanse the respiratory tract when necessary (p. 152). 

6. Stimulants, such as coramine (a 25 per cent solution of 
pyridine betacarboxylic acid diethylamide), may be 
tried. They may be added to the fluids given intra
venously. 
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BARBITURIC ACID DERIVATIVES 

H--N (1)---(G) C==O 

I - I Rt 
0==C (2) (5) C 

I I R. 
H--N (3) (4) C==O 

Fig. 20.-The structural formula of barbituric acid. Following is 
a comparison of certain barbituric acid derivatives, showing how they 
differ in chemical structure. The barbituric acid derivatives are listed 
in the order of decreasing duration of action. The numbers which 
head the columns in the table below refer to the numbers that designate 
position in the structural formula. 

(5) (1) (21 

:; 
~-------- R2) 

z Phenobarbital (luminal) .... U.S.P. ethyl phenyl 
0 

Barbital (medina!; verona!). U.S.P. ethyl ethyl .... 
" "' "' " ... 

Dial. ...................... N.N.R. allyl allyl " >l 
H ,Iii Ipral ....................... N.N.R. ethyl is-opropyl p:<E-< 

ii;:i"'l Calcium 
E-< ..... Sodium ZCl 

z ~~ A! urate ...................•. N.N.R. allyl isopropyl 
0 Neor1al ..................... N.N.R. ethyl n-butyl 
E-< 
..;: 

Nostal. .................... N.N.R. bromallyl isopropyl >'< 
;;J Amytal. ........... ........ N.N.R. ethyl isoamyl 
Cl E-< 

>'< Sandoptal. ................. N.N.R. allyl isobutyl 
0 Pernoston .................. N.N.R. bromallyl Betabutyl 
p:: 

Pentobarbital (Nembutal) ... N.N.R. ethyl l-methylbutyl f/1 

~ Phanodorn ................. N.N.R. ethyl cyclohexenyl 

"' Ortal-sodium ..............• N.N.R. ethyl n-bexyl " ... 
" " Cl "'lE'-< 

>'<>« Evipal ..................... methyl ·cyclohexenyl methyl 
E-<0 

Pentothal sodium ........... N.N.R. ethyl 1-methylbutyl thio '"'P:: ;;Jf/1 
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bmiVIDl:AL DIFFEREXCES 

1. Phenobarbital causes depression of the motor cortex 
and occasionally a dermatitis. 

2. Barbital inhibits cardiac irregularities caused by 
ephedrine. 

3. Certain X-alkyl derivatives occasionally produce clonic 
stimulation. 

Gnocr DIFFEHENCES 

1. The Iaten t period, or interval between administration 
and sedative effect, is shorter with the shorter-acting 
drugs. 

2. The sedative effect obtained from the same closes given 
orally to different patients is apt to be more uniform 
with the long-acting drugs. 

3. The ratio of intravenous to oral doses is greatest with 
the drugs of shortest action. Therefore doses for intra
venous use cannot he determined fron1 accepted oral 
doses. 

4. Elimination 

(a) Eighty per cent of barbital and 30 per cent of pheno
barbital are eliminated in the urine. 

(b) Others are almost entirely destroyed in the body. 

(c) \Vith massive doses, most barbiturates will "spill 
over" into the urine. 

5. Contraindications 

(a) Short-acting barbiturates are probably contraindi
cated in the presence of poor liver function. 

(b) Long-acting barbiturates are probably contraindi
cated in the presence of poor kidney function. 
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AcTIO~ 

Type: Barbituric acid derivatives are sedative and hypnotie 
(not analgesic). They are anesthetic only in large doses 
(50 to 70 per eent of the lethal dose). 

Degree: The degree of sedation for any one barbiturate, 
as for any depressant, is dependent on the dose. 

Duration: From the standpoint of the clinician, bar
biturates are best classified on the basis of duration of 
action (long, intermediate, short and ultrashort). 

\Vhen a fixed percentage of the minimal lethal dose is 
administered intravenously, the compounds show differ
ences in duration of action, as indicated in the legend 
to figure 20. 

\Vith oral administration, it is frequently impossible to 
differentiate clinically between the lengths of action of 
barbiturates occurring near together in the list. Thus 
a physician really requires not more than one bar
biturate from each of the four groups. 

The duration of action depends to a certain extent on the 
dose; thus the short-acting barbiturates when taken 
orally in massive doses have comparatively long action. 

ADMINISTRATION 

Oral 
Form: Either the acid (relatively insoluble) or the 
sodium salt of the acid (water soluble). 
Drugs: Primarily those of short, intermediate and 
long action. (Present indications are that those of 
ultrashort action are not suitable for oral adminis
tration.) 

Intravenous 

Form: Sodium salt, in 1 to 5 per cent solution. 
Drugs: Primarily those of short and ultrashort action. 
Use: For emergency use only. 
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CLINICAL l~DICATIOXS 

Anesthesia: Pse a barbiturate only if the administrator 
is experienced in the use of these drugs. Use only the 
ultrashort-acting barbiturates. 

Convulsions (as from strychnine, etc.): Give a short-acting 
barbiturate by vein in a dose suflicient to control the 
convulsions. 

Eclampsia: Pse a barbiturate of short or intermediate 
action. 

Epilepsy: Use the long-acting drug phenobarbital. 

Ordinary Neruolls Insomnia: Use those of short or inter
mediate action. 

Preanesthetic Depression: Use a short-acting barbiturate 
(an intermediate or long-acting barbiturate may be 
given the night before). 

Prophylaxis Ayainst Toxic Effects of Cocaine or Infiltra
tion Anesthetics: Give a barbiturate of short or inter
mediate action on an empty stomach about one hour 
before the administration of the local anesthetic. 

TREATMENT FOR 0YERDOSE 

1. \Vash out stomach. 

2. Give artificial respiration. Make sure the airway is 
clear. Aspirate mucus from the respiratory tract if 
necessary. 

3. Give oxygen and stimulants-picrotoxin or metrazol, to 
be given symptomatically. 

4. Maintain normal body temperature. 

::>. Change patient's position frequently. 

6. Combat cerebral and pulmonary edema and acidosis 
when necessary. 



Trade nan1e 

Chemical name 

Structural formula 

Boiling point 

Specific gravHy 
(Air) 

Stability 

lnllammahility and 
explosihility 

Pleasantness of 
induction 

Muscular relaxation 
with adequate 
oxygen 

TABLE 5.-Pllysical and Pllarmacologic Properties of' Inllalalion 
Anesthetic Ageats 

Nitrous oxide 

I 
Ethylene 

I 
Ether 

I 
Chloroform 

I 
Ethyl chloride Vinethene 

U.S.P. U.S.P. U.S.P. U.S.P. U.S.P. N.N.H. 

Nitrous oxide I Ethylene Di-ethyl rtlwr Trichlormethane I Ethyl chloride Divinyl ether 

H H 
I j 1-I H 

H-C--C-H I I 
H H I I Cl H H II--C==C 
I I H 0 I I I I 

N--0--N C==C 1-1 Cl-C-1-I H-C--C--Cl 0 
I 

I
1
I t l I I I I 

II H-C--L-I-I Cl H H H--C==C 
I I I I 

II H H II 
' 

Gas,-89A C. Gas, -102.7 C. :J4.fj c. {jj c. 12.2 c. 

' 

28 c. 

1.S2 0.97 2.5() '1.10 I 2.2:; 2.-12 
' -

Stable in steel Stahle in steel Ht•latively stable Stable in colored Unstable after 
cylinders cylinders Satisfactory I bottles. Satisfac- Stahle in containt'l' opening 

I tmy 
Not1in1lannuablc, 

INFLAJ\I~fABLE I:'\ FLAi\UIABLE 1:'\ FLA :\!MABLE 1:'\FLAM:\IABLE supports coinlJus- Nonin1lanu11ahle 
tion EXPLOSIVE EXPLOSIVE I EXPLOSIVE EXPLOSIVE 

' 
Pleasant Unpleasant odul' Irritating, Mildly unpleasant Mildly unpleasant ~Iildly unpleasant unpleasant 

~one, liinited to Poor, lirnited to 
plane 1 of stage Ill planes 1 and 2 Excellent Excellent Fair Good 

I Cyclopropane 

Trimethylene 

H H II 

H-<~-J:-l-n 
I TIT I 
I I 

fias, -:H.H C. 

lAo 

Stable in metal 
containers 

ll'<FLAl\l~fAHLE 
EXPLOSIVE 

Pleasant 

Good 



I 
::\'1 ucous secretions ~1inimal Minimal 

Marked increase in 
induction and 
light anesthesia 

I I !
.Marked increase in l\Iodct·ate iHCI't•ase 

Increased during Iucrcascd during during induction 
, induction induction • !11;1<~.~f1~.~~Y::~tndlight and light atws-

1 I thPsia 
------1-------1-----1-------,------------1------------

1 :\'linlrual "'ith Local efrect on the 
respiratory tract 

Etrect on 
respiration 

Hespiratory arrest 

Cardiac arrest 

Etr ec t on cardiac 
rhythm 

Liver dantage 

Hate of recovery 

~one None 

Slight stlinulation, Sanu~ as 
no depression with nitrous <"xjde 
adequate oxygen 

!
Caused by acute oxy-

gen want. In11ni- Sarne as 
nent danger to nitrous oxide 

1 
lH'art and brain 

i 

Caused by acute 
oxygen want 

Caused by acute 
oxygen ·want 

Mini.mal.. Arrhyth- Same as 
rnla '''Ith oxy- nitrous oxide 
gen \vant 

~one \Vithout oxygen ~one without 
want oxygen want 

/Rapid 

Irritatio11 1.:\Ioderate irritation ::\Ioderate irritation Moderate irritation ~~~l;~~thetic 1uix-

SthnulatioH eat'ly; 
depression "·ith 
deep anesthesia 

Due to deep anes
thesia. Danger 
increased if oxy
gen "\\'ant is 
permitted 

Saine as ether Satne as ether 

Dur to deep anes
thesia. Danger 
of cardiac toxicity Sarue as chloroforn1 
and oxygen ·want 

Saine as ether 

Due to deep anes
thesia. Cardiac 
toxicity undeter
nlined. Danger 
increased hy 
oxygpn want 

Hare in the absence 
of oxygen "'ant 

Csually from 
overdose. Light 
anesthesia be-
;!;~[r~c~l;~'fio~·ril- Same as chlorofonn Ca~~~~~;i1~1\~:~~ 

Occasional arrhy
tlnnia, not of 
serious nature 

lation 

Arrhytlnnia 
coinmon 

1son1c degree cout
~lininml \Vith proper n1on. l\.fay he se-

oxygenation vere \Vith oxygen 
want or preexi~t-

Similar to 
chloroform 

--------

Cndelcrmined 

i ___________________ 1 ___ i_n_g_c_l,_n_n_la_g_e _______ 1 

tissues are sat- ether I Slow after the body ['More rapid than Rapl·d 

I urated 

IL:ndetermined 

1:\Iininull with ad(•
quatc oxygen and 
short <-llu·ation 

Rapid 

No sthnulaUon; de
pression increases 
with depth of 
ntwsthesia 

Uue to de~~p aHt's
thesia. Danger of 
c::u·diac toxicitv 
a11d oxygen w:.lnt 

:\lay be caused hy 
sudden overdose, 
otherwise docs not 
precede respira
tory arrest 

Bradycardia. Sud
den tachycardia or 
arrhyt1unia \vith 

high coneentrations 

Noll<' with ade<IUatc 
oxygen 

/

Variable. Usually 
rapid even after 
tissue saturation 



TABLE G.-Drugs for Topical, Regional' and Spinal Anesthesia 

Spinal Anesthesia 

:Maximunl 

I 
Specific Gravity I 

Ratio of Topical Regional Concentration Compared with 

1 

Avel·age 
Drug Effectiveness* Anesthesia Anesthesia Gsed Solution Spinal Fluid Dose 

Procaine 1.0 No value O.:ill%-300 cc. 5t:;{J I Cerebrospinal Heavier 

I 
50-200 1ng. 

hydrochloride 0.75%-150 cc. fluid 
1.0% -100 cc. 
1.5 o/o - 75 cc. 
2.0% -50 cc. 

Cocaine :i.O 1 to 10% ;'\ot recorn-
hydrochloride mended 

~Ietycaine 1.25 ;)o/o paste 0.5% -:150 cc. 5o/o Cerebrospinal Heavier 50-~00 rug, 
1.0% -200 cc. fluid 

Pontocaine 10.0 1 to 21}6 Not recom- 17o Cerebrospinal Varies with 8-18 1ng. 
hydrochloride mended fluid-dextrose spinal lluid 

Nupercaine 7.0 1 s~ paste Not recon1- 0.075% 1: 1500 Lighter 10-18 cc. 
mended (I: 1500) cornmercially 

prepared 

Butyn sulfate 4.0 1 to 2c;-;; ~ot recon1- Not recom-
1% paste mended mended 

lliothanc .025 1% solution Not recom- Not recom-
hydrochloride 1% paste rnended mended 

• Comparative toxicity cannot be stated accurntt'ly since it depends on: (1) quantity of drug; (2) strength of solution; 
(3) rapidity of application; (4) rate of absorption (vascularity, vasoconstriction, etc.). 



TABLE 7.-Adjuuants Used by Anesthetists 

Drug 

Alcohol 

Atropine 

Houte 

Injection 

Oral 

SubcutanPous 

Avertin with amy- Reetal 
lene hydrate 

nroinide Om I 

Carbon dioxide Inhalatiou 

Chloral hydrate Oral 

Metrazol Subcutaneous 

Picrotoxin Int1·nvenous 

Paraldehyde Oral 

ScopolaininP Suhcutnneous 

Effects on* 

Dose 

~ 
'" :0 ~ :.. 

'" 
-:;; ::: " ] ..c: 0. 

..:! -:;; a ~ ~ 
" '§. ~ s .;:: '3 

" ~ -g 
'-< "0 a '-< ::: '5 0 Gastrointestinal 0 " ... " '" ...., 
u "" v; ;:., ;;. ;:., :::l Tract 

2-10 cc. 0 0 0 0 0 Secretions 
increased 

14.5 to 29.5 cc. 0 0 Secn•tions 
increased 

0.2tl-0.8tlmg. + + 0 + - 0 Secretions and 
motility reduced 

iill-100 mg. 0 + :\Iotility reduced 
per Kg.·;· 

O.!l7-1.9·l Gm. 0 0 0 II II 

0 + + 0 + + 0 

11.97-1.94 Gm. - (I IJ + 0 0 0 Irritative effect 

0.1-0.:l Gm. + + 0 0 + 0 0 0 

G-20 mg. + + + 0 + + 0 

:1.8-17.5 Gn1. IJ 0 () 0 0 0 Irritative effect 

0.1:1-0.GJ n1g. 

I 
- (I + (I () Secretions 

motility reduced 

* In this l'Olumn + signiiles stimulation; ~. depression, and 0, uo ell'ect. 
t Dose in milligrams of tribromethanol (avert in). 

Detoxification 

Liver 

Liver 

Liver 

Liver 

Excreted 
uttchanged 

0 

Liver 

Liver 

L'nkno,vn 

Liver 

LiYPl' 

Method of 
Elhnination 

Oxidation 

Oxidation 

Hydrolysis 

Conjugation 

Excretion 
in urine 

Exhalation 

Conjugation 

Conjugation 

L'nkno\vn 

Destroyed 

Hydrolysis 

Signs of Toxicity 

Fibrosis or sloughing 

I 
Drunkeness, cyanosis, death fnnn 

respiratory failure 
Dry, ilushed skin, fever, pupillary 

disturbance, tachycardia, ataxia, 
ballucinations · 

Hespiratory depression 

Derrrwtitis, lacrirnation~ gastrointes
tinal upsets, Illt"ntal etl'ects 

Inct·ease in Ininute volun1e, loss of 
consciousness, clonic convulsions, 
respiratory failure 

Stupor, drop in blood pressure, vasodi
J~ltation, cyanosis, fall in teinperaturC" 

Tonic and clonic convulsions, anox
f'Juia. respiratory paralysis 

1 Confusion, convulsions 

Same as chloral hydrate 

Sn1ue as atropine 
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TABLE B.---Sympathomimetic Drugs Used in Combination with Anesthetic Agents 

Drug 
Solution 

Epinephrine 
hydrochloride 
1: 1000 

Topical 
Anesthesia 

:\[axinnun, 1 cc. 

Block 
Anesthesia 

0.1-1 mg. to 100 cc. 
of 1% sol. of pro
caine hydrochlor
ide or Inetycaine 

Spinal 
Anesthesia 

Eplwdrine hydro- Xot recon11nended Xot rccoinrnended 15-73 1ng. intra
Inuscularly for 
all agents 

chloride or sul-
fate 50 mg. 
per cc. 

X co-Synephrin 
hydrochloride 
100 Jng. per cc. 

~-5 mg. to 100 cc. 
of 1% sol. of pro
caine hydrochlor
ide or n1etycaine 

HEFERENCES 

~~--5 rng. to 100 cc. 3-5 Jng. intrainus-
of 1% sol. of pro- cularly for all 
caine hydrochlor- agents 
ide or n1etycaine 

Toxic 
Effects 

Vertigo, palpitation, 
headache, tachy
cardia, drop in 
blood pressure 

Same as 
epinephrine 

Slightly less toxic 
than epinephrine 
or ephedrine 

1. Adriani, J.: The Pharmacology of Anesthetic Drugs, eel. 2, 
Springfield, Ill., Charles C. Thomas, Publisher, 1941'. 

2. Gilman, L., and Goodman, A.: The Pharmacological Basis of 
Therapeutics, New York, The Macmillan Company, 1941. 

3. Hirschfelder, A. D., and Bieter, R. N.: Local Anesthetics, Physiol. 
Hev. 12:190-282 (April) 1932. 

4. Seevers, :\I. H., and Waters, H. :\I.: The Pharmacology of the 
Anesthetic Gases, Physiol. Rev. 18:447-449 (July) 1938. 
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The physical signs accompanying varying degrees of nar
cosis are made unreliable and often masked completely by 
disturbances of respiratory function. A defic.ieney of oxygen 
or an excess of carbon dioxide in the central nervous system 
may be manifested in signs similar to, although independent 
of, those from drug effect. The air passages must be free and 
unobstructed, and respiratory exchange must be adequate. 
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STAGES OF ANESTHESIA 

STAGE I (ANALGESIA) 

This stage extends from the beginning of the admin
istration of the anesthetic to the loss of consciousness. 

The patient is conscious and cooperative, but there is 
progressive loss of pain sensation. In this stage, minor 
surgical operations or the second stage of parturition may 
he accomplished; the patient will be aware of what is 
happening but if warned usually tolerates procedures that 
\Vould be distinctly painful without analgesia. Unfortu
nately, there is no objective sign indicative of the transition 
to stage II, in which these stimuli may cause the patient to 
react violently. 

STAGE II (DELIRit:~f~--BREATH HoLDING-STRt:GGLING) 

This stage extends from the loss of consciousness to the 
onset of regular automatic breathing. 

Xo patient should he stimulated in any way during this 
stage. The higher cortical centers are paralyzed; sensa
lions are misinterpreted; excitement may occur even with
out external stimuli, especially if the patient has been 
apprehensive. Some sensations persist after others have 
ceased. Hearing, the last to be abolished, may he exagger
ated and distorted. A nightmare may lead to violent reac
tions. During this stage, respiration may be irregular in 
any way, and the pupil is often dilated but reacts to light. 
Vomiting may occur. 

STAGE III (SCRGICAL ANESTHESIA) 

The entry into the third stage is characterized by the 
onset of regular automatic breathing. 

For more accurate estimation of depth, this stage is sub
divided into four parts. :Muscular relaxation increases as 
anesthesia deepens. 

Plane 1 

This plane is entered when the eyelid reflex is abol
ished. Respiration again becomes regular. The eyeball 
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usually oscillates but may become eccentrically station
ary. The swallowing reflex is abolished in this plane. 

Plane 2 
This plane is entered when the eyeball movement is 

abolished and the eyeballs become concentric. Respira
tion is still regular and deep. Under ether anesthesia 
the pupils may begin to dilate. 

Plane 3 
This plane is entered when the intercostal activity 

begins to decrease or is delayed (intercostal contribution 
to inspiration hegins after diaphragmatic). Depth of 
respiration is reduced. Pupillary dilatation increases. 

Plane 4 
This plane is entered when intercostal activity is 

completely paralyzed. 'With progressive decrease in 
diaphragmatic activity, respiratory exchange is greatly 
reduced. Passive retraction of the chest on inspiration 
may occur, giving a false impression of intercostal 
activity unless the time relationship is carefully 
observed. Prolonged depression in this plane may lead 
to circulatory collapse. \Vith some anesthetic agents 
the pupils are widely dilated. 

STAGE IV (RESPIRATORY ARREST) 

This stage is entered when the diaphragm is paralyzed. 
This condition should he treated by artificial respiration 
and elimination of the anesthetic agent. 

During recovery the patient goes through the same 
planes and stages in the reverse order. 

As is true of other clinical signs, the signs of anesthesia 
are not infallible. Individual variations may occur, and in 
estimating the depth of anesthesia the anesthetist should con
sicler the whole picture as it is presented to him. For example, 
in a few eases it has been observed that eyeball movement 
has persisted until very deep anesthesia was produced. 

Although the points at which the various reflexes disappear 
vary in different persons, as signs of the plane of anesthesia 
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in a particular patient they are valuable and trustworthy. It 
must be remembered, however, that there is a time element 
involved in the accomplishment of tissue saturation. Do not 
expect all physical signs to develop with equal rapidity during 
induction. 

\YAIT FOil THE STGXS TO CATCH CP WITH THE AGEXT. 

It is the primary duty of an anesthetist to insure the 
patient's safety 'vhile providing the surgeon with the best 
possible conditions for operation. The necessary depth of 
anesthesia varies with the individual patient, the surgeon and 
the particular operation. The ideal is to obtain perfect con
ditions with the lightest possible anesthesia. 

REFERENCE 

1. Guedel, A. E.: Inhalation Anesthesia, New York, The ~facmillan 
Company, "1937. 
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Relief of Pain 

THE RELIEF OF PAIX is one of the chief functions of a 
physician and certainly of an anesthetist. 

Considerations: 

1. :\Iedication ·with depressant drugs is not the only method of 
relieving pain. The proper type of bed and a comfortable 
position supported by pillows may provide as much relief as 
a qual'ter grain of morphine. 

2. Freedom from worry and apprehension will go a long way 
toward bringing comfort. 

3. The dose of a pain-relieving drug is "enough," hut only within 
the realm of safety. This attitude can he assumed only if the 
physician is ·willing to assume responsibility for proper protec
tion of patients so medicated. 

4. Some faetors influencing the choice and dosage of pain-relieving 
drugs are: (a) Age: During a normal life span the metabolic 
activity varies according to the body functions predominating 
at that period. At birth the metabolic actiYity is relatively low; 
it then gradually increases so that it reaches a peak at about 6 
to 8 years. There is a slight decrease thereafter until about the 
age of 10, when puberty begins to exert an influence, mid a new 
peak is reached at 12 to 15 years. Following puberty there is 
a moderate decline of metabolic aetivity to about 20 years. From 
this age the decline is gradual until old age. This means ihat, ihe 
factors indicated in table \l being normal, the Yery young antl 
the old will require smaller doses of depressant drugs, whereas 
those in the more active period of life will tolerate correspond
ingly larger doses. (b) Those in the center column of table 9. 
Any patient in ·whom the factors listed at the left in table 9 pre-
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dominate will tolerate a larger dose of depressant medication, 
while one in ·whom the factors at the right predominate will 
require a correspondingly smaller dose. 

TABLE 9.-Factors Influencing Patients' Tolerance 
of Pain-Relieving Depressant Drugs 

Hypel'sthenia 
~Strength 

Hyposthenia 
Healthy 

i 
Debilitating illness 

Stl'ong I Burns 
Active ) Chronic infections 

Acute fevel' Temperature Hypopyrexia-long 
exhaustive fever 

Fear 
~Emotional state 

( Pleasant disposition Anger 

i Coopemtive attitude ll'dtability Lethal'gic behavior vYorry 

Pain l "Bliss" (bodily state TJncomfortable 
feeling fro1n just befot·e rising) 
ilnpure air J Bodily comfol't Tdealnursing care 
Hunger Perfeet hospital 
Full bladder environn1ent 

Hyperthyroidism Endocrine activity Hypothyroidism 

If complete comfort is secured for all patients, some in 
whom extreme depression has occurred will he encountered. 
The anesthetist must recognize this fact and he on guard. 
Depression from drug action is a frequent cause of death, yet 
death rarely need occur from such a cause if adequate 
respiratory exchange is maintained with airways (p. 25) and 
artificial respiration (p. 153). 
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GEXEHAL AXES THESIA 

General anesthesia involves supplying to the brain by way 
of the blood stream a narcotizing agent in su!llcient concen
tration to produce loss of consciousness. The agent may be 
introduced into the blood stream by one of the following 
routes: 

1. Mouth (Oral Administration). 
2. Skin (Subcu tan eo us Administration). 
3. Hectum (Hectal Instillation). 
4. Vein (Intravenous Instillation). 
5. Hespiratory tract (Inhalation Method). 

Before the patient is anesthetized, the following condi
tions should he provided: 

1. The identity of the patient and the nature and the site of the 
proposed operation should be established. 

2. 'Vritten permission to perform the operation must have been 
signed by the patient or by his legal representative. (This may 
not apply under military conditions.) 

3. A third person, preferably of the same sex as the patient, should 
be in the room and remain in attendance. 

4. Avoid psychic trauma by preliminary medication. 
5. Administer scopolamine hydrobromide or atropine sulfate to 

minimize secretions. 
G. The patient should be made as comfortable as possible on the 

operating table. For example, if he is in the supine position, he 
should have a large pillow under his head, another under his 
knees, and possibly one under the lumbar curve. Care should be 
taken to have the extremities supported so that there ·will be no 
undue local pressures with possible sequelae. 

7. There should be no foreign body in the mouth which might cause 
obstruction. 

8. There should be no unnecessary mechanical interference with 
respiration (loose clothing and dressings). 

Fig. 22.-The patient is made as comfortable as possible before 
anesthetization. 
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ORAL ADlVIIXISTHATIO~ 

Such drugs as aleohol, paraldehyde, the barbiturates and 
the opiates when introduced into the gastrointestinal tract and 
ahsorhed by the blood may produce a sufliciently profound 
state of analgesia to allow minor surgical intervention. Anes
thesia of this type does not provide profound relaxation. 

Some degree of respiratory depression may accompany 
such narcosis. The recovery period may be long. 

Individualization of dosage and specialized attention, 
particularly to respiration, are required. 

For example, in 1918 Gwathmey and Karsner recommended: 

Peppermint water 
Ether 
Liquid petrolatum 

5 minims (0.3 cc.) 
4 fluid drachms (14.5 cc.) 
4 fluid ounces (118 cc.) 

This mixture was administered by mouth fifteen to twenty minutes 
before painful dressings, as a "sandvvich" between sips of port wine. 

:\Iarshall modified the formula as follcnvs: 

Ether 
Chloroform 
Liquid petrolatum sufficient to make 

1¥2 ounces (44 cc.) 
20 minims ( 1.2 cc.) 

4 ounces ( 118 cc.) 

This mixture was used ~1s lhe first one vYas. Recovery was reported 
as prompt, without nausea. 

Other formulas and other drugs deserYe trial m oral 
administration. 

For drugs and their effects, see pp. 31 to 50. 

For management of respiration, see pp. 25 and 1;)2. 
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SCBCDTAXEOUS ADl\IIXISTRA TIO~ 

The subcutaneous administration of anesthetic drugs 
requires specialized attention because of the need for 
individualization of the dosage over a period of time, careful 
choice of agents and supervision of respiratory depression. 

For example, anesthesia has been accomplished by repeated hypo
dermic injections of a solution of morphine sulfate and scopolamine 
hydrobromicle. One-fourth grain (0.015 Gm.) to three-fourths grain 
(0.045 Gm.) of morphine sulfate combined with one twenty-fifth as 
much scopolamine hydrobromide is a usual initial dose. After one 
hour lhe patient is observed as to (1) general depression, (2) size of 
pupils, (3) change in cardiac or in respiratory rate and other effects. 
A second injection is then made, the two drugs being usually in the 
same proportion. The amounts of the second and successive doses 
"should be based on the progress of the general depression toward loss 
of consciousness. The rate of respiration and lhe size of the pupils 
are the guides. If the respiratory rate is slow and the pupil the size 
of a pinpoint, later doses should contain more scopolamine at the 
expense of morphine. If the respiratory rate is fast and the pupil 
large, less scopolamine should be used, or this drug should be omitted, 
in later doses. \Vith two to four or five injections over a period of 
two and a half hours, a condition permitting major surgical procedures 
may be produced. 

Pharyngeal airways (pp. 12, 25 and 26) are necessary, and 
oxygen-enriched atmosphere is desirable. 

Overdosage of nonvolatile sedative or narcotic agents need 
never be fatal if adequate respiratory function is maintained. 
On the other hand, patients who are neglected after such 
medication occasionally present complications or die. 
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RECTAL I~STILLATIO~ 

A 

B 

Fig. 23.--In A. a urethral catheter is inserted beyond the anal 
sphincter. A strip of adhesive tape at least 18 inches (45.5 em.) long 
is firmly attached and held to the skin of one buttock and pulled 
across to the opposite side, passing below the protruding catheter. It 
is secured only after forcing the buttocks together. 

In B a second strip is attached to one buttock, crossing the first 
and passing above the catheter in the midline, again crossing the first 
while pressure is applied to the other bt)ttock. The second strip always. 
gains better approximation of the buttocks in the midline than a 
single one. 

The catheter may be inserted with the patient in Sims' position 
instead of on his back as shown here. 

This method is applicable to the administration of certain 
anesthetic agents. In addition, it may be used for the adminis
tration of supportive fluids during or following operation. 
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By means of an attached funnel or a large syringe, the 
indicated amount of fluid, at body temperature, is instilled at 
once. The catheter may then he removed or clamped in place 
for a later instillation, hut the adhesive strips should continue 
to hold the buttocks in close apposition until the fluid is 
absorbed. Quantities of fluid up to 1 quart (945 cc.) are thus 
retained without evacuation. 

Anesthesia induced by rectal instillation requires (a) con
stant nursing care until the patient is conscious, (b) main
tenance of a free air·way and (c) oxygen therapy until respira
tory depression has disappeared. 

AGEc·;'TS 

A few of the most commonly used rectal anesthetic agents 
and technics are listed here: 

ETHER I~ OIL 

ltgent.-A 65 per cent solution of ether in oli\'e oil (cottonseect oil, 
neat's foot oil or Hussian liquid petrolatum may also he used). A 
newer preparation vvhich has been suggested is colloidal lathesia, 
which is a solution of ether in a purified coagulum of the latex tree. 
One ounce (29.5 cc.) of lathesia consists of 1 fluid ounce of ether plus 
40 grains (2.5 Gm.) of coagulum. 

Dose.-The dose of the 65 per cent solution of ether in oil is 1 
ounce per 20 pounds (29.5 cc. per 9 Kg.) of body weight, but the total 
dose is ne\'er to exceed 8 ounces (185 cc.) of solution regardless of the 
weight of the patient. In children and in weak anemic adults, a 65 
per cent or even a 50 per cent solution may be used. 

The dose of lathesia for full anesthesia of the average arlult is 5 
ounces (155.5 Gm.). \Vhen lathesia is used for basal narcosis,fhe dose 
is 2 to 3 ounces (62 to 93 Gm.) 

Duration.--If the maximum dose of ether in oil (65 per cent 
solution) is given, anesthesia should last for hvo and a half to three 
hours. 

Preparation of Patient and Technic 

1. Give warm water enemas in the morning at intervals of one 
hour until the return is clear. 

2. Allow a two to three hour perioct of rest. 
:~. Apply a seaweed or tragacanth lubricating jelly about the 

anus. 
4. Instill rectally 2 to 4 rlrachms (7.5 to 15.5 cc.) of paralctehycte 

in an equal amount of olive oil one hour before the operation. 
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5. Give a hypodermic injection of a solution of morphine sulfate 
(% to ;-12 grain [O.OHi-0.005 Gm.]) and atropine sulfate 
(;1oo to %Jo grain [0.65-0.32 mg.J) one half hour before 
operation. 

G. If the dose given rectally proves insufficient, it can be sup
plemented either by allowing the patient to rcbreathe the 
ether excreted by his lungs or by administering additional 
ether by inhalation. 

7. Administer oxygen through a pharyngeal airway or a face 
mask. 

8. For overdosage, use carbon dioxide 5 per cent and oxygen 
95 per cent to hyperventilate the patient and extract the 
ether by way of the lungs (no rebreathing). 

Technic in Obstetrics 

1. With onset of labor pains, give soluble pentobarbital (pento
barbital sodium), 3 grains (0.19 Gm.) by mouth. 

2. ·when pains next become severe, give soluble pentobarbital 
(pentobarbital sodium), llh grains (0.09 Gm.), plus morphine 
sulfate, % to ){J grain (0.01 (i to 0.010 Gm.), hypodermically. 

3. Instill rectally: 

Ether .................... 21h ounces (59 cc.) 
Paraldehyde ............... 2 drachms (7 cc.) 
Olive oil suflieient to make .. 4 ounces (118 cc.) 

Here one must usc the same precaution of applying a pro
tective jelly about the anus, and one must insert the catheter 
into the rectum (i to 8 inches (15 to 20 em.) to be sure that 
it is past the presenting part. On instillation, the patient 
should be told to breathe deeply through the mouth and to 
try to tense the muscles as if to keep from expelling gas. 

4. Hepcat instillation every two and a half hours for as long as 
is necessary. 

5. During actual delivery, supplement the agents given by this 
procedure with nitrous oxide or with ether by inhalation. 

PARALDEHYDE 

.4genl.~A 10 per cent solution of paraldehyde in oil or saline 
solution. 

Dose.--Approxirnatcly G.3 cc. of the 10 per cent solution per kilo
gram of body weight, the total dose never to exceed 320 cc., regardless 
of the weight of the patient. 

Time.~ The solution is to be instilled forty-five minutes before 
operation. 
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AVEHTIN WITH AMYLENE HYDHATE (1()() per cent tribromethanol in 
amylene hydrate) 

Agent.-A 3 per cent solution of avertin with amylene hydrate in 
distilled water warmed to 40 C. It must be freshly made for each case; 
it must be well shaken to be sure the tribromethanol is dissolved; it 
must not be allowed to cool much below 40 C. as the tribromethanol 
may crystallize out. It must be tested with congo red dye. ff the solu
tion has a tendency to turn blue, it should be discarded, as this 
indicates the presence of decomposition products that are irritating 
to the rectal mucosa (dibromacetaldehyde). (For dosage, see p. 45.) 

PENTOTHAL SODIUM 

Agent.--The powder is dissolved in 20 or 30 cc. of distilled water. 
(Evipal sodium l the sodium salt of ~-methyi-C-C-cyelohexamylmethyl 
barbituric acid] is also given in the same dose and manner.) 

Dose.-This is 0.1 Gm. per year of age, with a maximum dose of 
2 Gm. (mainly used in children). 

Time.-The patient is anesthetized in fifteen minutes, and the effect 
lasts about thirty minutes. 

SUPPORTIVE AGENTS 

Supportive liquids that can be given rectally include ·water, 
physiologic solution of sodium chloride, dextrose in saline solution or 
in water (usually a 5 per cent solution), Ringer's solution, Hartmann's 
solution, Bourne's solution, alcohol in the form of wine, etc. Alcohol 
is usually given as port ·wine--1 00 to 300 cc. before, and 500 cc. after, 
operation. 

Bourne's stock solution is: 100 Gm. of potassium bicarbonate plus 
358 Gm. of disodium phosphate crystals in 2 liters of distilled water. 
An ounce of the stock solution is added to a pint of distilled :water for 
every 50 pounds (22.5 Kg.) of body weight-~-not more than a quart 
being given at one time. 

REFERENCES 

I. Bourne, W.: On an Attempt to Alleviate the Acidosis of Anaes
thesia, Proc. Roy. Soc. Med. (Sect. Anaesth.) 19:49-51, 1926. 

2. Gwathmey, J. T.: Oil-Ether Colonic Anesthesia, .J. A.M. A. 93:447-
452 (Aug. 10) 1929. 

3. Wood, P. M., and Bickley, R. S.: Observations on the Cse of 
Tribromethanol (Avertin), Am . .J. Sur g. 34:598-605 (Dec.) 1936. 
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INTRA VE~OUS INSTILLATION 

Barbiturates may be injected intravenously to produce 
sleep and a state resembling anesthesia. Pentothal sodium 
will be used here as an example. Ultrashort-acting drugs are 
usually preferable for intravenous use (p. 38). 

Two persons are required to conduct intravenous anes
thesia properly--an anesthetist and an assistant. The duties 
of each are 

Assistant: 

1. Prepares and injects sterile solution. 
2. Avoids extravascular injection. 
3. Administers drug symptomatically, slowly or inter

mittently. 
4. Uses dilute solutions to avoid toxic effects and tissue 

irritation. 

Anesthetist: 

1. Carefully observes rate and depth of respiration, pulse rate 
and blood pressure. 

2. Maintains a free airway. 
3. Treats any immediate toxic effects. 
4. Administers oxygen. 
5. Inserts airway if indicated (p. 25). 
(i. Administers artificial respiration if indicated (p. 153). 

Intravenous anesthesia should never be employed unless 
the anesthetist is prepared and equipped to perform efficient 
artificial respiration. 

EQt:IP::VIENT 

A medium-sized syringe with small graduations and venipuncture 
needles of the usual size are necessary equipment. 

Caution: It must be remembered that intravenous anesthesia is a 
form of general anesthesia. Complications which may accompany 
other forms of general anesthesia can occur with intravenous anes
thesia, so one must he prepared to meet them. The most dangerous of 
these arc respiratory obstruction and respiratory depression with the 
accompanying oxygen want; therefore one must he prepared to 
administer oxygen under pressure (p. 193) and to insert an artificial 
airway (p. 25). 
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PI\EPARATIO:'< OF TilE SOLUTION 

A 2.5 per cent solution of the barbiturate is less dangerous. This 
is prepared by dissolving a 1 Gm. ampule of the agent in 40 cc. of 
sterile distilled water. 

1. Usc surgically aseptic technic in preparing the solution. 
2. Be sure the powder is thoroughly dissolved. Discard a cloudy 

solution or one containing a precipitate or other foreign material. 
3. Use a fresh solution. \\1hen light and air are excluded, the solu

tion ·will remain stable for several hours. 

Anterior 

( 
~~ 

·v jugu1o:ris exte-rn."~.' 
v. j 1J5Ll1dri.5 inter;:~~ I 7C 

V. saphena magna. 
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=s-
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Fig. 24.-A schematic representation of the superficial veins of the 
body which are available for venipuncture. 
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PnELDII~AHY :\'IEI>ICATION 

The amount of preliminary medication ·will vary with the age and 
general condition of the patient (pp. 31-50). For some it will have to 
he increased, and for others, decreased. Usually it is advisable, though 
not necessary, to give morphine nnd scopolamine one and one-half 
hours before operation. 

Fig. 25.--In order to make the veins more prominent and easy to 
identify apply hot wet towels surrounded by waterproof fabric for 
one half hour. The diagram shows correct and incorrect sites of 
application. 
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STEPS INVOLVED IN INTRAVENOCS INSTILLATION 

A skin wheal is raised over the vein 'vith a 0.5 per cent solution of 
procaine hydrochloride. 

STEP I 

---"'"'-. 

CL_-~~~)i_~~~~~ 
SKIN WHEAL RAISED 

OVER VEIN 

Fig. 26 

After shifting this wheal the needle is thrust into the tissue at the 
side of the vein. 

TOP 
VIEW 

I 
STEP '\ 

LATERAL 
VIEW 

,~,--- ----------
'I 

\,: ~:--J!/ ,...._ ____ ~::..~~-----
~~:-> 

SKIN WHEAL MOVED 
LATERALLY Fig. 27 

The needle point and wheal arc then returned to a position directly 
over the vein and the puncture made. The illustration shows the 
importance of holding the bevel parallel to the wall of the vein to avoid 
having the bevel lie partially in and partially outside the lumen of a 
small or collapsed vein. 

LARGE 

/EIN 

STEP"\ 

SMALL 
VEIN 

Fig. 28 

AN INTRA VENOUS NEEDLE, WITH STYLET, PLACED TN A 
VEIN BEFOHE OPEHA TTON DOES NO HARM. WHEN 

THE NEED ARISES, REMOVE THE STYLET 
AND CONNECT THE HUBBEH Tl:BING. 
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INDUCTION OF ANESTHESIA 

1. Inject the solution slowly, carefully watching its effect on the 
patient. Stop when the depth of anesthesia is judged sufficient 
for that operation. 

2. When anesthesia has been induced, a piece of cleansing tissue 
with adhesive may be placed over the patient's mouth and 
nostrils to act as an indicator of the respiratory activity. 

3. It is advised that oxygen be administered during intravenous 
anesthesia. 

MAINTENANCE OF ANESTHESIA 

1. For maintenance, administer small fractional doses intermit
tently. 

2. As anesthesia lightens (evidenced by increased depth of respira
tion, movement or straining), administer further solution. 

3. During a long operation, reduce the size and frequency of the 
doses of pentothal sodium as the operation progresses. 

4. As the operation nears completion, lighten the anesthesia as much 
as possible. 

N. B.-Patients vary widely in their tolerance for barbiturates. 
Therefore effective doses will vary in different patients. 

SIGNS AND EFFECTS OF ANESTHESIA 

The signs for other forms of anesthesia are true for this type except 
that the ocular and respiratory signs do not match reflex obtundation. 
Fourth plane respiration accompanies flrst plane reflex obtundation 
as a rule (see pp. 47-50). 

DANGERS 

1. Respiratory arrest--due to (a) large doses or (b) rapid injection. 
2. Hespiratory depression resulting in inadequate exchange of 

oxygen and carbon dioxide. 
3. Hespiratory obstruction. 

PRECAUTIONS 

1. Free airway. 
2. Small fractional doses. 
3. Slow rate of injection. 
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4. Administration of oxygen throughout the operation. 
5. Avoidance of extravascular injection. 
li. Supplementation by another method when satisfactory anes

thesia cannot he safely accomplished or when large doses must 
be administered. 

7. Avoidance of intra-arterial injection. It is dangerous. 

NoTE.~-Tntravenous anesthesia may he used for certain major opera
tions by combining it with spinal, regional or local anesthesia and 
administering oxygen or oxygen and nitrous oxide. 

CONTRAINDICATIOXS 

1. Impaired liver function. 
2. Cardiac disease with associated dyspnea or \Yith anemia. 
3. Diseases of the veins. 
4. Any disease of the lungs resulting in marked decrease in alveolar 

surface. 
5. Obstructing lesions of the gastrointestinal tract. 
!i. Operations about the upper respiratory passages associated with 

severe bleeding. 
7. Hespiratory obstruction. 

Paraldehyde when properly prepared may be administered 
intravenously in doses of 5 to 10 cc. It produces anesthesia for 
several minutes and sleep for a variable period. 

Morphine when given intravenously will produce com
parable narcosis in slightly smaller doses and in less time than 
when given subcutaneously. For this reason it is valuable for 
quick premedication. Scopolamine or atropine may be com
bined with it in the usual ratio (see pp. :32-:37). 
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INHALATION METHODS 

Inhalation is the method by which an anesthetic agent 
enters the body through the respiratory tract. 

In the presence of anatomically and physiologically normal 
respiratory and circulatory systems the transport of anesthetie 
gases and vapors, of oxygen and of carbon dioxide will depend 
on the following factors: 

1. Partial pressure of the anesthetic agent, oxygen or carbon 
dioxide. The higher the partial pressure, the greater the 
diffusion. 

2. Efficiency of ventilation. The better the Yentilation, the quicker 
the gas or vapor will get in or out. 

3. Permeability of the diffusion surfaces. Since in a normal subject 
this does not change, it will allow free transport across the 
alveolar membranes. In diseased states it may be markedly 
altered. 

4. Blood flow through lungs. This is usually constant. l\lany 
factors will influence the transport of gases in diseased states. 
These have been discussed on pages 9 to 18. 

Fig. 29.-Routes taken by the anesthetic. 

The anesthetic passes from the lungs to the blood stream, 
which transports it (1) to the brain, which becomes saturated 
quickly, and (2) to fats and other tissues, which become satu
rated slowly. 

A high concentration is required in induction. 
During maintenance the fats, etc., gradually become satu

rated, and consequently the rate of administration may gradu
ally be decreased, without change in the depth of anesthesia. 
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Changes in surgical requirements call for varying depths 
of anesthesia. Such variations should be brought about 
smoothly without sudden changes in the concentration admin
istered. 

\Yhen administration ceases, the rate of recovery depends 
partly on the amount of anesthetic agent dissolved in the 
body tissues. Recovery from a short but deep anesthesia will 
be more rapid than from a long anesthesia in which greater 
saturation of tissue has occurred. 

OPEN DHOP AD:\fTNISTHATTO~ IS THE :\lOST \YIDELY 

ABCSED OF ALL :\:IETHODS. 
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OPEN DROP ADlVII~ISTHATIO;..J 

(Applicable to all volatile agents) 

()9 

"Open drop" administration of the volatile agents will 
probably remain popular because of its simplicity and con
trollability. It is an excellent method to use in teaching 
students the technic of obtaining general anesthesia, since it 
requires more precise technical management than other 
methods if perfect results are to he obtained .. 

4 

TnE DRIPPER 

(!I simple type) 

Fig. 30.-1, the container of the anesthetic liquid; 2, the cork with 
two notches-one small (A) and one large (B); 3, the "\vick-a strip 
of gauze or cotton long enough to reach to the bottom of the container, 
and coming to a fine point at the outer end; 4, arrangement for con
Yenience in maintaining a constant drip-~the dripper may he fixed 
above the mask to a gooseneck support or to a screen by means of a 
hull's horn forceps. 
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THE DRIP 

Smoothness of administration is the keynote of the drop 
methods. This is most ·important during induction. Skilfully 
managed, induction with open drop ether can be as pleasant 
to the patient as induction with a gas. Irregularity at the 
start, with sudden increases in concentration, can make it 
very unpleasant. 

Almost any one can be taught to pollr ether-only the really 
skilful administrator can give it well. 

~~~~~~ 
I I I I 

I I 
j 

I 
I 
I 

I I 

~ j\_ fl fl j\_Jl 
Fig. 31.--During induction the drip should be accelerated slowly, 

steadily and as rapidly as the patient will tolerate, never exceeding 
the amount that will vaporize on the mask. Throughout the adminis
tration the drip should be continuous-the rate varying as changes in 
depth of anesthesia are required. 

THE MASK 

Since one purpose of the mask is to confine the agent in 
anesthetic concentrations at the nose and mouth, it should 
fit closely enough to prevent the vapors which are heavier 
than air from escaping around the. edges. 

The second purpose of the mask is to provide a site of 
vaporization. This is well enough served by 6 to 12 single 
layers of gauze. The use of more layers or of thicker fabrics 
is a definite hazard, because of the inevitable oxygen want 
and damming back of carbon dioxide. 

THE VAPOR 

Differences in potency and rapidity of action between 
different agents must be allowed for. Roughly, the order 
of amount needed during induction is as follo·ws, with the 
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Fig. 32.--The mask consists of a wire frame C{) over which arc 
Jilted several layers of gauze (B). From 6 to 12 layers suflicc-if too 
li tllc, the agent drips through-if too much, respiration is obstructed. 
The mask should fit the face snugly so that (a) all air breathed in passes 
through the gauze and (b) vapor does not leak out around the mask. 
Therefore the mask should not be too large. 

A towel or a cotton pad with a hole in its center may be used to 
(u) cover eyes and (b) improve fit of mask to face. A t<l\vel should 
not be misused to (a) build up dead space or (b) cover the mask and 
obstruct respiration. 

Fig. 33.-The vapor concentration depends on: (a) the temperature 
and the barometric pressure; (b) the rate of flow of air through the 
gauze, i. e., the minute volume of respiration; (c) the amount of agent 
on the gauze, and (d) the volatility of the agent. The vapor of all 
volatile agents is heavier than air and falls downward. 

IT IS OPEN DROP TECHNIC ONLY AS LONG AS THE :MASK 

IS TRULY OPEN. 
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greatest first: diethyl ether, ethyl chloride, divinyl ether, 
chloroform. 

\Veather may make a difference. On a damp day the 
patient's exhaled water vapor will quickly saturate the gauze 
and make vaporization of the agent too slow to he effective. 
In very hot dry weather such an agent as divinyl ether may 
vaporize and be dissipated about the room so rapidly that 
effective concentrations in the mask cannot he reached. 

\Vhen respirations are depressed, as from drugs given 
before administration of the anesthetic, the shallow respira
tions may not carry in enough vapor to raise the alveolar 
concentration to effective levels. It is best to avoid full pre
medication before the administration of one of the volatile 
agents by the open drop technic. 

TnE REsT OF THE ATMOSPHERE 

Though the method is called open, it is quite possible for 
oxygen lack or an excess of carbon dioxide to occur. If more 
than a minimum amount of gauze covering is used, or if towels 
or layers of gauze are wrapped about the mask, an open 
system no longer exists. 

The mere addition of pure oxygen under the mask will not 
correct the carbon dioxide excess unless the oxygen flow is 
great enough to blow away the anesthetic vapor as well as the 
carbon dioxide. 

The so-called ether convulsions occurring with the open 
technic have most often been seen when there was a definite 
possibility of oxygen lack and carbon dioxide excess, because 
of too much dead space and obstruction in large masks heavily 
covered with gauze and towels (see p. 174). 

THE RESPIRATORY MccosA 

Though some volatile agents irritate the respiratory mucosa 
and so preclude overdosage during induction, others, like 
chloroform, do not irritate, and must be administered very 
cautiously. 

All bring about local analgesia of the mucosa during induc
tion; hence overdosage is eventually possible with all, without 
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Air Air depleted 
of 02 

C02 

73 

Fig. 34.-Air should gain free ingress, as it is the source of oxygen. 
Air loaded with carbon dioxide and depleted of oxygen comes from 
the lungs and should have free egress. Dead space (c. g., with too 
large a mask or a towel around the mask) causes: (a) increased carbon 
dioxide-usually a danger; (b) decreased oxygen-always a danger, 
and (c) increased concentration of the agent-sometimes an advantage. 

Fig. 35:-Anesthctic vapor causes: (a) Irritation with consequent 
resistance, excitement, hypersecretion and laryngospasm; (b) local 
analgesia counteracting these effects and causing tolerance. The 
increase in concentration should he so gradual that (b) precludes (a). 

During induction: (a) Fit mask snugly to the patient's face. Then, 
with the mask in place, start the drip very slowly. (b) Patient should 
breathe naturally as when taking a nap (no deep breathing). 
(c) Increase drip gradually. Pause if the patient holds breath or 
objects. 
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warning resistance against irritants from the normal mucosal 
defenses. 

Voluntary deep breathing during induction may lead to 
respiratory arrest when consciousness is lost, from the effects 
of the sudden heavy concentration of the agent and the blow
ing off of carbon dioxide. 

* * * * * 
ORAL OR PnARY~GEAL INSUFFLATION 

It is sometimes convenient to maintain anesthesia by insuf
flating anesthetic vapors or gases into the mouth or the 
pharynx in operations on the head or.ncek. The liquid agents 
can be vaporized by passing through them air or oxygen under 
pressure or by dropping the agents into the gases. Either the 
liquid or the gaseous agents can then he blown into the moulh 
or the pharynx through a metal hook in the side of the cheek 
or a rubber tube passed into the pharynx through a nostriL 
Such a method eliminates the need for a mask wilh the 
resultant increase in dead space. Obviously it is an expensive 
method of administration. 

The necessary apparatus consists of an approved motor-driven 
pump, or a hand or a foot belluws, ~which can force air under pressure 
through a vaporizer containing a liquid agent and so rleliver vapor to 
the patient. Similarly, compressed anesthetic gases and oxygen or 
compressed air may be released through or over the liquid agent to 
vaporize it. If a motor operates a positive pressure pump, it _may also 
operate a negative pressure pump to lH'Ovide suction for the aspiration 
of blood and other fluids from the field of operation. Motors on such 
apparatus must be of "explosion proof" construction and inspected and 
repaired frequently by an electrician so that ignition of ether vapor 
is impossible. Heating units have been included in such apparatus to 
promote more rapid vaporization of ether. These may be dangerous 
because of the possibility of igniting ether Yapor as well as decom
posing it into toxic bv-nroducts. 
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THE GAS MACHINE 

In general, gaseous and volatile agents are most efiiciently 
administered with some form of apparatus usually termed a 
gas machine. 

ANES. o~.. 

Fig. 36.--Simplest form nf gas machine. 

The common types of apparatus have the following char
acteristics: 

1. Connections (or yokes) to which cylinders of com
pressed gases or tubes from a central supply can be 
attached in a leak-proof manner. 

2. Fine control valves to regulate the flow of gases. 
:t Meters to indicate the volume flow or the pressure of 

each gas. 
4. Tubing to link valves and meters to a common mixing 

chamber and thence to the outflow tube. 
5. A vaporizer to volatilize liquid agents as required. 
6. Linked by tubing to the common outflow is some type 

of apparatus in direct connection with the patient's 
respiratory tract. This may take the form of a face 
mask, a nose mask, a mouth hook, a pharyngeal air
way, or an endotracheal tube. Freely communicating 
with the mask, tube, etc., there is usually a breathing 
hag big enough to accommodate at least the maximum 
tidal volume of respiration. 
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COMPONENTS OF GAS lVL\CHINES 

Those familiar with any gas machine will doubtless recog
nize these oversimplified sketches of the various parts. The 
drawings may he of assistance in understanding the mechanics 
of the apparatus. Such knowledge is essential, so that the 
anesthetist is master of the machine and not at its mercy. 

Automatic Flow Control 

TO PATIENT 

Fig. 37.-Intermittent flow control. Gas entering at A inflates the 
rubber bag, which causes valve V to close. Deflation of the bag by 
the patient's inspiration reopens the Yalve as shown, and allows the 
gas to flow again. 

The rate of flow of a gas through a narrow orifice is 
dependent on its pressure. The flow meters shown in figure 38 
indicate the rate of flow on a calibrated scale, by measuring 
this pressure. 

At the left is the float type. Gas passing fron; A to R elevates !he 
float in the tapered tube. Next is the Venturi type. As gas passes 
from H (high pressure) through orifice 0 to J, (low pressure) \Vater 
is depressed on the high p1·essure side. At the right, as gas passes from 
H through 0 to L, it increases pressure in the expansible drum B. 
By a system of levers connected to C. a needle moyes on dial D. 
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Meters for Constant Flow of Gases 

0 

.-1--------

,_ ---
~ 

:.: WATER 

-
Fig. 38.-Types of meters. 

Vaporizers 

- 1-

Fig. 39.-Types of vaporizers. 

In figure 39, the vaporizer at the left shows a tube projecting into 
the volatile agent. By a shunt valve (not shown) gases may pass 
through or over the liquid, or may be by-passed completely. The 
middle sketch shows evaporation of the volatile agent enhanced by a 
wick. A shunt valve (not shown) passes the desired propbrtion of 
the gases through this chamber. At the right, note the visible, con
trollable drip of the volatile agent onto the plate in the course of the 
flowing gases. 
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ADlVIIKISTRATIO~ OF GASEOUS AXD 
VOLATILIZED AGEXTS 

The principles of induction are the same in all inhalation 
anesthesia, whatever the drug and whatever the method. 

The anesthetic agent gradually washes out and replaces 
the nitrogen from the apparatus, lungs, blood and other tissues. 

For the weaker anesthetic agents (e. g., nitrous oxide and 
ethylene) the nitrogen must be thoroughly flushed out; other
wise it will interfere with anesthetization or oxygenation or 
both. This requires a rapid flow (5 liters or more per minute 
for five minutes), followed during the first hour by a slow 
flow and occasional emptying and refilling of the hag. 

For the stronger agents the nitrogen need not he flushed out. 
The drawings, with their explanatory legends, show the 

principles of induction and maintenance of anesthesia with 
gases and volatilized liquids, with and without the building 
up of abnormal levels of carbon dioxide in the patient's body. 

lVLuxmNANCE BY CoNSTANT (on INTERMITTENT) FLow ANn 

ESC.\PE 

In A in figure 40 the flow of gas equals or exceeds the 
respiratory volume. All exhaled gas passes out through the 
escape valve. A large flow of gas flushes out the carbon 
dioxide. This results in minimal disturbance of blood carbon 
dioxide. But it is expensive, and with inflammable ag~nts it 
may produce a distinct fire hazard (explosion) because of the 
dryness of the gases (even though }mbbled through water) 
and their escape into the room. 

In B the flow of gas is less than the respiratory volume. 
Part of the exhaled carbon dioxide-laden gas passes out 
through the escape valve, and part returns to the bag and is 
reinhaled. Partial rebreathing saves gas and thus reduces 
cost, hut it causes carbon dioxide to build up in the blood. 
This is undesirable in itself and may trouble the surgeon by 
increasing the depth of breathing. 



A 

Anesthetic+ 02 

Arterial 5ystem: Anesthetic +02+C02 

Fig. 40.-A, rapid !low with no rebreathing. B, moderate flow with partial rcbreathing 
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CARBO::\T DIOXIDE ABSOHPTION TECH="IC 

The systems sho,vn in figure ·11 allow no escape of gas. 
Carbon dioxide is removed by soda lime or some other 
chemical absorber. The oxygen consumed by the patient is 
replaced hy slow flow from the cylinder. Both the fire hazard 
and the expense are greatly reduced. 

From the standpoint of military medicine, however, the 
most important advantage of the absorption technic is the 
reduction in the hulk and weight of containers for gases and 
ether and the simplicity and small size of the apparatus 
necessary. \Vith both the English and the Australian expe
ditionary forces, anesthetists have reported (Hl41) on the 
usefulness of gas anesthesia for the seriously wounded and the 
imperative need for carbon dioxide absorption equipment to 
conserve supplies. The to and fro arrangement is preferred 
because of its simplicity. 

The essential equipment is shown in figure 41. For brief 
administration in connection with minor operations, the 
meters and the vaporizer are not necessary. However, for 
general use, small meters (diagram on left, p. 77) for the 
accurate measurement of oxygen, nitrous oxide and cyclo
propane can be constructed. A vaporizer similar to that 
illustrated in the diagram to the right on page 77, in which 
abundant volatilization of liquid agents is secured, can he 
inserted between the breathing bag and the canister. 

Essentials in the application of the technic are: 

1. Unobstructed breathing in (a) upper respiratory tract and (b) 
apparatus. 

2. Absence of leaks (a) in apparatus and (b) between apparatus 
and patient. 

3. Minimization of dead space by the use of (a) small masks and 
(b) short connections with artificial airways. 

4. Use of a satisfactory alkali to absorb carbon dioxide. 

The Absorber.-Soda lime or an equivalent especially made for the 
purpose is essential. The size of the granules and the size and shape 
of the container must be correlated so that (a) adequate contact for 
carbon dioxide absorption takes place and (b) resistance to breathing 
is minimal. Five hundred grams of suitable_ soda lime properly 
arranged in a respiratory system and "rested" between administrations 



Fig. 41.-.4, "to and fro" method. B, circuit method. 
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will absorb a major portion of the carbon dioxide produced by the 
average adult patient during eight to ten hours of anesthesia. Its 
exhaustion is determined by the clinical signs of an excess of carbon 
dioxide. These are: a marked increase of respiratory volume, a slight 
increase in the respiratory and pulse rates, an increase in systolic and 
pulse pressures or slight evidence of a beginning convulsion. Remem
ber that drug depression may mask these signs of an excess of carbon 
dioxide. vVhen in doubt, insert a fresh canister of alkali. 

Pillows.-A frequent difficulty encountered by those unfamiliar 
with the to and fro absorption technic is in maintaining an air-tight 
contact of the mask with the patient's face. To overcome this difficulty, 
when the patient is in the dorsal position, place a large soft pillow 
under the head but not under the shoulders (a round-shouldered 
patient may require more than one pillow). Turn the patient's head 
to the right, fluff the pillow at its right end and allow the distal end 
of the canister to rest on the pillow while the mask rests on the face. 
To adjust the contact of the mask with the face, rotate the patient's 
head slightly toward the right or the left until all leaks are eliminated 
(see fig. G9, p. 135). With the patient in an awkward position other than 
the dorsal, it may be necessary to use a very short, large diameter, flexi
ble tube between the mask and the canister. Such a connection must 
add only a minimum of dead space and must not be allowed to kink. 
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EXCESS OF CARBON DIOXIDE, NOT DEPLETION, IS THE 
DANGER DUH.ING THE USE OF THE CARBON 

DIOXIDE ABSORPTION TECHNH:. 
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AGENTS 

Chloroform.-This agent ean be given by open mask, vapor, semi
closed or closed technics. 'Vith it one can procure rapid induction 
of anesthesia and relaxation in robust patients without preliminary 
administration of depressive drugs. It should be used with caution 
because of its potency. 

In the open technic, the mask should consist of not more than six 
layers of gauze or one of flannel. The eyes must be well protected; 
there should be no other covering of face or mask. 

'Vith semiclosed or absorption methods, chloroform is often used 
as an adjuvant to nitrous oxide. Its administration is also used as an 
induction to ether anesthesia. 

Respiration is quiet and depressed. 
:\:Iixtures with ether must be regarded as dilute chloroform and 

not as fortified ether. 
'Vhen chloroform is used for induction only, the change to ether 

should be made as soon as surgical anesthesia is reached, and a change 
to a fresh mask is made at that time. 
Inflammable agents can always ignite; only rarely does chlorof'orm kill. 

Ethyl Chloride.-This anesthetic can be used by open, semiclosed 
and closed methods. It is almost as potent as chloroform and must 
be used with caution. It easily produces muscular spasm if any lack 
of oxygen occurs. It is useful chiefly for induction before the use of 
ether and for short procedures. :\faintenance of the anesthesia for over 
fifteen minutes is not advisable. 

Divinyl Ether.-It can be used by open, semiclosed and closed 
methods. It is intermediate in potency between ethyl chloride and 
diethyl ether. It easily produces muscular phenomena. It is useful 
chiefly for short operations or as an adjuvant to nitrous oxide. 
:\Inintenance of the anesthesia for over thirty minutes is not advisable. 

Diethyl Ether.-This drug can be used with open, vapor, semiclosed 
m· closed methods. Though an agent of full potency, it is slow in action 
and less potent than the aforenamed agents. It serYes as a respiratory 
stimulant and irritant in light anesthesia. The secret of success in its 
administration is slow progressive concentration of the vapor in the 
presence of a perfect airway until the desired plane is reached. 

Cyclopropane.-This agent can be used by all methods, but the 
absorption technic is desirable for safety and economy. The drug is 
Yery rapid in action. It is not an irritant to the respiratory mucosa. 
It is not a respiratory stimulant in light anesthesia; therefore respira
tion may fail before suppression of reflexes and relaxation are reached. 
The usual practice is to fill a closed system partially with air containing 
an excess of oxygen and then admit the gas progressively and slowly 
until the desired plane is reached. 

Ethylene and Nitrous Oxide.-Either of these drugs may be given 
by means of semiclosed or closed systems. The two agents are of 
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marginal potency and rapid action. Deep anesthesia cannot be 
achieved. Attempts to deepen the anesthesia usually result in oxygen 
lack. 

For efficient anesthesia, the agent must replace the nitrogen in the 
tissues of the body, and the nitrogen must be eliminated from the 
apparatus. 

Ethylene is explosive, and is better administered by the absorption 
technic. When the absorption technic is in use, the bag must be 
periodically emptied and refilled with the agent. Air must not be 
allowed to leak in and dilute the mixture. 

If adequate anesthesia cannot be obtained with these agents, it is 
wiser to supplement them with a more potent agent than to reduce the 
oxygen content of the mixture. The scope of these agents may be 
widened by the use of ether with them. 
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Local Anesthesia 

pROCAINE HYDROCHLOHIDE is an old and well estab
lished agent for producing local anesthesia. It will be 

emphasized in the following discussion. Other drugs useful 
for this purpose are referred to in table 6 (p. 44). 

TOXICITY OF ANESTHETIC SOLUTIONS 

Symptoms 

1. Syncope, faintness, dizziness or sudden severe headache. 

2. Apprehension. 

3. Shortness of breath or suffocation. 

4. Nausea. 

5. Palpitation. 

G. Precordial pain. 

Signs 

1. Pallor. 

2. Cyanosis. 

3. Diaphoresis. 

4. Vomiting. 

5. Extreme change of the pulse rate-usually slower but some-

times more rapid. 

G. Change of blood pressure. 

7. Talkativeness, excitation and convulsions. 

8. Unusual skin wheal. 

9. Air hunger. 



1!6 FUNDAJlENTALS OF ANESTHESIA. 

Prophylaxis 

1. Inject the solution of procaine hydrochloride slowly. 
2. Aspirate frequently to avoid intravascular injection. 
3. Combine the solution of procaine hydrochloride with a vaso

constrictor so as to decrease the rate of absorption. 
4. Give barbiturates to prevent possible convulsions (see "Bar

bituric Acid Derivatives," pp. 38-41). 
5. Vse the weakest effective solution. It has been suggested by 

some anesthetists that the toxicity increases in geometric 
progression with the concentration. 

G. Abandon the injection at signs of idiosyncrasy. 

Treatment of Reactions 

Jlild: 

1. Interrupt the injection. 
2. Give continuous inhalation of oxygen. (~lake sure of an 

efficient respiratory exchange.) 

Seuere: 

1. Interrupt the injection. 
2. Do immediate effective artificial respiration, preferably ·with 

oxygen and positive pressure. (:\fake sure of an efficient 
respiratory exchange.) 

3. Lower the head of the patient. 
4. Have the assistant give a barbiturate intravenously. 
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TECHNIC FOR LOCAL AND BLOCK ANESTHESIA 

The Following Principles of Technic Relate to the Injection 
of Procaine Hydrochloride 

1. Avoid intravascular injection by carefully introducing 
needles into the tissue and by carefully aspirating in two 
planes with the plunger of the syringe before injecting pro
caine hydrochloride to produce local anesthesia. 

2. Avoid injection close to very vascular regions, such as 
the site of a hemangioma. 

3. Test all needles for imperfections in order to avoid 
breakage when they are introduced into the tissues. 

4. Preliminary medication is very valuable because it 
relieves fear and anxiety and reduces pain. Some of the 
more commonly used drugs are morphine, scopolamine and 
several derivatives of barbituric acid. The barbiturates 
are used chiefly to decrease nervousness and to counteract the 
tendency of toxic doses to produce convulsions. They have no 
prophylactic effect on circulatory reactions. Too much pre
liminary sedation makes for depressed respiration, restlessness 
and lack of cooperation. The latter may interfere with satis
factory tests for anesthesia .. 

5. Procaine hydrochloride is usually used in 0.5 per cent, 
1.0 per cent or 2.0 per cent solution, the last concentration 
being used least extensively. Physiologic solution of sodium 
chloride is the diluent commonly employed. Healthy adults 
will usually tolerate 175 to 225 cc. of a 0.5 per cent solution 
of procaine hydrochloride or 100 to 125 cc. of a 1.0 per cent 
solution and 25 to 50 cc. of a 2.0 per cent solution. Patients 
who are cachectic or debilitated 'vill not tolerate the same 
amounts, and the doses must be reduced by at least 30 or ·10 
per cent. 

6. Procaine hydrochloride solution should be warmed to 
body temperature, because if it is cold the onset of anesthesia 
will be delayed. 

7. Vasoconstrictors such as epinephrine, cobefrin ( corbasil) 
and neo-synephrin are incorporated frequently in solutions of 
procaine hydrochloride in order (a) to prevent too rapid 
absorption of ·the local anesthetic, thereby prolonging anes
thesia and reducing toxic effects, and (b) to promote hemo-
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stasis. However, for local anesthetizing procedures on the 
fingers and toes and in cases of coronary disease and hyper
thyroidism, vasoconstrictors are usually omitted. 

8. Toxic reaction from local anesthetics, characterized by 
a drop in blood pressure, pallor, sweating, weak pulse and 
occasionally by nausea and vomiting, may be of two types: 
(a) circulatory or (b) neurologic, characterized by talkative
ness, excitation and convulsions. 

9. Circulatory reactions from local anesthetics should be 
treated by administering oxygen and certain analeptic agents, 
such as ephedrine or epinephrine. In neurologic reactions 
oxygen should he administered, by intermittent inflation if 
necessary, and a soluble barbiturate, such as sodium amytal 
or pentothal sodium, should be administered intravenously 
until the reaction is controlled. 

10. Patients who allege that they are sensitive to local anes
thetics shpuld be given a preliminary intradermal test. Briefly 
this consists in making three intradermal wheals on a suitable 
cutaneous surface, using a control wheal of physiologic solu
tion of sodium chloride; adjacent to this, an intradermal wheal 
is made with a 1 per cent solution of procaine hydrochloride, 
and closely adjacent to the latter wheal a third intradermal 
injection is made with a vasoconstrictor, such as epinephrine 
or cohefrin. After five minutes the intradermal wheals are 
examined, and if there is any redness about the procaine 
hydrochloride wheal, one is justified in assuming that the 
patient is probably sensitive to the agent. The intradermal 
wheal made with a vasoconstrictor will naturally be blanched 
for some time, but if the patient reacts unfavorably to the 
vasoconstrictor, the objective signs of tremor, pallor and ner
vousness will be easily detected, and the patient will complain 
of such subjective sensations as faintness, palpitation and 
dyspnea. 

ll. The anesthetist should watch the patient throughout 
the operation. A record of blood pressure, pulse rate and 
respiratory rate should he kept throughout the period of 
injection and drug effect. A gas machine should he available 
for the administration of oxygen, for artificial respiration or 
for the induction and maintenance of general anesthesia 
should the occasion demand it. 
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il-!ethod of Raising Intradermal "Vheal 

Fig. 42.-The intradermal wheal is made less painfully if the bevel 
of the needle is held against the skin. Firm pressure on the plunger 
is maintained while the needle is advanced to and into the skin. 



FIELD BLOCK 

The field block is a more satisfactory method to patient ana 
surgeon than infiltration anesthesia. It can he done in nearly 
all anatomic situations. 

Fig. 43.-~The method of making a continuous intradermal wheal. 
Through a primary skin wheal, a long needle is extended, with the 
bevel up, along the subcutaneous layer of tissue to a point where the 
distal intradermal wheal is to be made. Here the point of the needle 
is brought to bear against the external skin by pressure of the finger 
or by skin tension, and is introduced into the subcuticular layer, 
where lhe solution is deposited. (For the intent of this procedure, 
solution deposited in the subcutaneous layer is valueless.) As the 
needle is withdrawn, a series of coalescing wheals is made in the 
same manner, producing the orange-peel appearance of the skin. To 
complete the block, walls of anesthetic solution must be deposited in 
deeper tissues, extending from the row of skin wheals to a point 
sufficient to cut off all deep innervation. 

AN ADEQlJATE FIELD BLOCK SATISFIES BOTH SUHGEON 
AND PA TTEXT. 
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SPINAL A~ESTHESIA 

Fig. 44.~~~-Position of the patient for administration of a spinal 
anesthetic. A line drawn between the highest points on the iliac crests 
(:rosses the spine of the fourth lumbar vertebra. 

:;\Iany technics and many agents are used for producing 
spinal anesthesia. Meticulous attention to detail is most impor
tant. ~ever try to combine a detail of one technic with 
another technic without due consideration. Variations in the 
length of action, toxicity and specific gravity of solutions of 
the several drugs make imperative an individual technic for 
each agent. 

l!sE OF PROCAI~E HYDROCHLORIDE 

Dosage.-Average is 1 mg. per pound of body weight (total 
dose should never exceed 200 mg.). Factors modifying dosage: 

1. Old and debilitated patients often require less. 
2. Young and vigorous ones may require more. 
;). The longer the operation the larger the dose. 
4. The higher the operation the larger the dose. 

Site of Injection.-One of the lumbar interspaces should 
be used to avoid possible injury to the spinal cord by the 
needle. For operations in: 

1. Upper abdomen--1st lumbar space (solution may he 
injected with bevel of the needle directed upward). 

2. Lower ahdomen-2d lumbar space. 
:~. Perineum and below--3d lumbar space (solution may 

be injected with the bevel of the needle directed down
'vard). 
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Rate of Injection.-~The diffusion of the solution of pro
caine hydrochloride in the spinal fluid is influenced by the 
rate of injection-the faster the injection the further the solu
tion diffuses. 

Vohzme.-Concentrated solutions result in (1) longer anes
thesia, (2) greater relaxation and (3) possible permanent dam
age to nerve tissue (a solution of procaine hydrochloride 
stronger than 10 per cent must not be used). 

Dilute solutions result in (1) shorter anesthesia, (2) less 
relaxation and (3) less damage to nerve tissue. 

The larger the volume injected the greater the distribution 
in the spinal fluid. 

TABLE 10.-Dosage and Dilution of Pl'oraine Hydl'ochlol'ide 
in Spinal Anesthesia * 

Lurnhar Vertc- Dose of Total Dilution in 
brae Behveen Procaine Physiologic Solution 

Operation 
\Yhich Injection Hydrochloride of Sodium Chloride 

Is ~Made 1:\Ig.) and Spinal Fluid 

Hetnorrhoidectoiny ........ . 3 and 4 :;o to 100 2.5 cc 

Perineal prostntectmny ..... . :1 and 4 80 to 120 2.5 cc 

Herniorrhaphy ............ . 2 and 3 120 to 150 3.5 cc. 

,\ ppendectomy ............ . 2 and 3 120 to 150 4.0 cc. 

Operation for ruptured 
duodenal ulcer ...... . 1 and 2 120to175 6.0 cc. 

Cholecystectomy ...... . 1 and 2 E>O to 200 6.0 cc. 

* A spinal needle, gage 20 to 22~ is used. The raV~ of injection is 0.50 cc. each 
st~cond. 

Continuous spinal anesthesia has proved to be a useful 
technic since its introduction in 1910. It embodies the 
principle of producing spinal anesthesia by the periodic 
administration of the drug as needed. A flexible needle is left 
in place and connected to a syringe by small caliber rubber 
tubing. Special equipment, including a special mattress, must 
be used. 

REFERE~CE 

1. Lemmon, ,V. T.: A Method for Continuous Spinal Anesthesia, 
Ann. Surg. 111:141-144 (.Jan.) 1940. 
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NERVE BLOCKS 

The specific nerve blocks described in this section have 
been chosen because of their simplicity and usefulness. The 
blocks used in maxillofacial surgical procedures have not been 
considered, as they are usually amply described in conjunction 
with the description of the surgical technic. All the peripheral 
nerves as well as the cranial nerves are subject to blocking 
with anesthetic solutions. The technics not described in the 
following pages may be found in the references on page 119. 

Block Anesthesia of Half of Scalp 

Fig. 45.~The three arrows above the auricle of the ear show the 
method of injecting the solution into the temporal fossa in addition 
to the rest of the field block. The inserts, a, b and c illustrate the 
intradermal, intramuscular and pericranial infiltration, respectively. 
All three layers must be infiltrated to produce satisfactory anesthesia. 
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Cervical Plexus Block 

Fig. 4G.~The landmarks for a cervical plexus block by the lateral 
route arc sho\vn. Site 1 is 1 cm. posterim· and caudad to the mastoid 
process. Site 2 is Chassaignac's tubercle, which is easily felt in a 
majority of subjects. Project a straight line (a) between sites 1 and 2. 
Locate the upper border of the thyroid cartilage and project a line (b) 
posteriorly until it cuts line a. This point of intersection marks the 
transverse process of the fifth cervical vertebra. Divide the distance 
between site 1 and this process into three equal parts, raising a skin 
wheal with a solution of procaine hydrochloride at each division point 
(l, :~ and 4). These points mark the location of the transverse 
processes of the second, third and fourth cervical vertebrae. Inject 
fi cc. of a 1 per cent solution of procaine hydrochloride as the needle is 
held lightly in contact with the transverse process of each of the last
named three vertebr~lC. Allow 3 ce. of the solution to be injected as 
the needle is withdrawn. The block is not complete unless the super
ficial nerves are blocked. This is done by depositing about 15 cc. of 
the solution subcutaneously and subfascially along the posterior margin 
of the sternocleidomastoid muscle. 

BLOOD VESSELS IN THE NECK ARE LARGE AND NUl\IEROl:S. 
I~.JECTIONS IN THIS REGIO:\' SHOL'LD BE DONE BY AN EXPEHT. 
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Block Anesthesia of' Upper E.rfremity-
Brachial Ple.-r.·us Block 

IF'__._\,__ ( ( (M 

Phrenic n. /~. 

Fig. 47.~Brachial plexus. 
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The injeetioi1 to afl'ect the brachial plexus must he made in 
a vaseular area, near large blood vessels and irnportant nerve 
trunks, including those whieh innervate the muscles that con
trol the delicate movements of the hands and fingers. The 
pleura is near the site of injection. The needle must deposit 
solutions between two fascial layers which are in close prox
imity. Failure of the block is therefore possible. 

The shoulder and upper arm are not included in the block. 
To extend insensibility to these areas, aceessory injeetions must 
he given. 

Brachial plexus hlock is best used (1) when the patient's 
cooperation is needed for identifieation of severed tendons and 
(2) ·when inhalation anesthesia is contraindicated. 

Labat recommended that the patient lie on his back '\vith the head 
turned toward the side opposite the site of injection. The arm on the 
side on whieh the injection is to be made should he held close to the 
side of the body so as to depress the clavicle as much as possible. 
After the middle point of the clavicle has been ascertained, a wheal 
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should be raised 1.5 em. above it by injecting a 0.5 per cent solution 
of procaine hydrochloride. (Sec figs. 47 and 48.) A 50 mm. needle of 
20 or 21 gage, unattached to a syringe, should then be gently intro
duced downward, backward and inward (fig. 48). The patient should 
be instructed to tell the operator as soon as he feels any paresthesias 
in his arm and hand, because when these are elicited 20 cc. of a 2 per 
cent solution of procaine hydrochloride with epinephrine hydro
chloride 1 :2,GOO should be injected without deflecting the point of the 

, needle. Figure 49 shows the areas of anesthesia. 

Fig. 48.-Hclationship of the brachial plexus and the claYicle and 
subclaYian artery. In a the x marks the midpoint of the clavicle and 
the dot the site of injection; b shows the relationship of the flrst rib 
to the site of injection. 

If paresthesias arc not obtained after the needle has been inserted 
2.5 to 3 em., the needle ·will ordinarily contact the upper surface of 
the llrst rib, unless the general direction has been missed enlirely. If 
the needle rests on the first rib and no paresthesias haYe been obtained, 
it is possible that the needle has passed between the branches of the 
brachial plexus without contacting them; it should be ·withdrawn and 
the direction slightly changed before reintroduction. The usual error 
is that the needle has been placed too far laterally from the subclavian 
artery and clavicle in an effort to avoid the vessel. By compressing 
the subclavian artery ·with the index finger of the opposite hand and 
directing the needle closer to the clavicle, parcsthesias will usually he 
obtained before contacting the rib again. In the absence of parcsthesias 
it is unwise to attempt multiple blind punctures in this region, because 
of the danger of trauma to the blood vessels. Labat has suggested a 
technic that may be used when paresthesias cannot be obtained. This 
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consists of injecting 10 cc. of a 2 per cent solution of procaine hydro
chloride beneath the fascia overlying the brachial plexus in the 
direction of the first rib, and supplementing this by injecting 5 cc. of 
the same solution at the lateral margin of the first rib and 5 cc. toward 
the transverse process of the sixth cervical vertebra. The supra
clavicular region is then massaged gently for a few minutes in order 
to hasten diffusion. 

A bracelet of skin wheals proximal to the area of operation (see 
fig. 52. p. 101) may he needed to supplement the brachial plexus block. 

Fig. 49.~Braehial plexus block by the supraclavicular route: dark 
area, the resulting zone of anesthesia; gray area, hypesthesia. 
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Nerve Block at Elbow 

Tro.pez.iu~ m -- _ 

Fig. 50.~ The sites of injection of solution of procaine hydro
chloride for blocking the median, radial and .ulnar nerves at the elbo'.Y 
arc shown. This is satisfactory when anesthesia of the hand is desired 
and a brachial plexus block is contraindicated, and the block at the 
\\Tisl is too close to the vvnund or operative field. 
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Block Anesthesia of Hands and Feet 

Fig. 51.-Sites of injection for blocking the three main nerves 
which supply the hand: (a) For anesthesia of the distal phalanx. 
(b) For anesthesia of the middle and distal phalanges. (c) For anes
thesia of the whole flnger including the metacarpophalangeal joint. 
(d) For anesthesia of the four fingers of the hand. One injects from 
the skin of the dorsal surface to the skin of the palmar surface directly 
through the hand, as shown in lhe insert. (e) If one desires to 
anesthetize the entire hand distal to the wrist, a bracelet-like injection 
is accomplished. The intradermal and suhcutaneous part of the injec
tion encircles the \\Tis!, while the deep part of the injection includes 
the radial, median and ulnar nerves. One per cent solution of procaine 
hydrochloride is used for the deep part of the injection, the sites for 
which are indicated, and 0.5 per cent solution of procaine hydro
chloride is used for the superficial part of the injection. 
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Fig. 52.-Site of injection of the anterior and posterior tibial nerves 
and (a) the type of block used for bunion operations. 
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Segmental Nerve Blocks 

B 

7 

Fig. 53.-A, points along the course of a spinal nerve at which 
anesthesia may be produced by various methods: 1, intradural or 
spinal; 2, peridural; 3, paravertebral; 4, intercostal block at costal 
angle; 5, intercostal block at the rnidaxillary line; 6, abdominal block; 
7, infiltration. B, sagittal view of a rib ·with the vessels and intercostal 
nerve, sh(rwing the position of the needle for intercostal block. Blocking 
each of the lower six intercostal nerves bilaterally at the midaxillary 
line with 5 cc. of a 1 per cent solution of procaine hydrochloride, when 
carefully done, ,causes paralysis of the transversalis abdominis muscle 
and of the muscles of the abdominal wall, thus providing relaxation of 
the peritoneum. 

For fractured ribs the injection just described may be made at a 
considerable distance posterior to the site of fracture. :VIarked and 
prolonged comfort may thus be secured. 
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Abdominal 1Vall Block 

Fig. 54.--Abdominal field block. 

With the patient lying in the supine position, wheals (1 to ii) are 
n1ised with a 0.5 per cent solution of procaine hydrochloride ~tlong the 
costal margin and the lateral margins of the rectus abdominis muscles: 
one at the tip of the xiphoid process; one on each side, at the level of 
the tenth costal cartilage, where the lateral margin of the rectus muscle 
crosses the costal margin; the last two, one on each side, on the lateral 
margin of the rectus muscle, a little higher than the umbilicus (fig. 54). 
For the sake of convenience, more than two wheals may be raised on 
the lateral margin of the rectus, especially in very fat patients. 

The needle is attached to the syringe filled with a 0.5 per cent 
solution and is passed through one of the lowest wheals; it is gently 
advanced in the superficial fascia in a direction slightly inclined 
inward t<nvard the rectus musele. As soon as the needle touches the 
rectus sheath, it is quickly pushed in from 0.5 to 1 em. farther, and 
about 2 cc. of the solution is injected without moving (fig. 55). The 
needle is then drawn back until its point reaches the subcutaneous 
tissue, and is reintroduced several times, more and more obliquely 
upward, then downward, with a small quantity of the solution being 
injected each time within the reclus sheath. The needle is withdrawn 
and passed through the other wheals and the solution distributed fan-. 
wise higher up and in the muscle layer along the costal margin. 'When 
!he d(•ep injections have been completed, the solution is distributed 
subcutaneously along the lines, Joining all the wheals together except 
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the last two, and the region lightly massaged to sprea(l the solution 
within the tissues. Not more than 100 cc. of the 0.5 per cent solution 
is necessary for an abdominal field block. 

The rectus sheath offers to the point of the needle a resistance which, 
must be felt before the needle is advanced any farther. This contact 
is, besides, always noticed by the patient as a sharp prick. 

Fig. 55.-Cross section of a part of the abdominal wall, showing the 
method of making deep injections within the rectus sheath. 
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Block Anesthesia for Inguinal Hernia 

Fig. 56.---Field block for unilateral reducible hernia. On one side 
the technic is illustrated; on the other, the nerve supply. 1, parailiac 
wheal; 2, pubic wheal; 8, subinguinal ·wheal; x anterior superior iliac 
spine. 

With the patient lying in the dorsal decubitus position, three wheals 
arc raised at 1, 2 and 3 (fig. 56). \\'heal 1, called the "parailiac ·wheal,'' 
is placed about 2.5 em. above and medial to the anterior superior spine 
of the ilium; wheal 2, called the "pubic wheal," lies just above the 
pubic spine; wheal 3, called the "subinguinal wheal,'' is raised just 
bellrw Poupart's ligament and lateral to the femoral artery. 

The needle is passed through the parailiac wheal (no. 1), and a 1 
per cent solution of procaine hydrochloride is distributed fanwise 
within the muscle layers down to the fascia of the transversalis 
abdominis muscle in a plane perpendicular to the surface of the skin 
and extending from the crest of the ilium toward the umbilicus, the 
last injections being made within the rectus sheath at a short distance 
from the umbilicus (ilg. 57). A subcutaneous infiltration made along 
this plane completes the wall of anesthesia which blocks the iliohypo
gastric, ilioinguinal and the two lower thoracic nerves. From 30 to 
40 cc. of the 1 per cent solution is used in this injection in the average 
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case. The needle is then passed through the pubic wheal (no. 2), an1I 
deep injections are made, with about 8 cc. of the same solution, along 
the horizontal ramus of the pubis, on each side of the spermatic cord, 
into lhe pubic attachment of the rectus muscle and extending a little 
beyond lhe midline. Through the same site of puncture subcutaneous 
injections are then made along the horizontal ramus of the pubis to a 
point 3 to 4 em. beyond the midline, using about 5 cc. of the same 
solution for each of these injections. The needle is next inserted 
through the subinguinal wheal (no. ;~) and deep injections are made 
beneath Poupart's ligament, followed by subcutaneous injections 
parallel with and along this ligament. About 10 cc. of the 1 per cent 
solution is needed for this. 

The spermatic cord is then grasped between the thumb and ihe 
index finger at the level of the external inguinal ring, or at the point 
where it crosses the pubis, and the needle is inserted through the 
pubic wheal (no. 2). The position of the operator for the injection 
of the cord depends on the side to he injected, the injection being best 
made from the pubic spine upward. The cord structures are thus 

Fig. 57.~Section passing through the parailiac wheal and the 
umbilicus. The arrows indicate the directions of the needle during 
the injections through the parailiac wheal. 
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transfixed in an upward direction and injected with about 5 cc. of 
the 1 per cent solution, care being exercised not to traumatize these 
structures by multiple punctures. Never try to inject the cord in 
irreducible hernia. 

The last injections arc macle at the margins of the internal ring. 
They surround the neck of the sac and arc intended to block the 
genitocrural nerve. If the internal ring can be easily defined by 
palpation, the needle is attached to the syringe filled with the 1 per 
cent solution, is passed through the pubic wheal (no. 2) and advanced 
subcutaneously to a point just medial to the margin of the ri1~g. The 
fascia is then pierced at this point and a small quantity of the solution 
injected beneath it. Similar injections are made lateral to and above 
the margins of the ring, using from 5 to 10 cc. of the 1 per cent solution. 

* * * * * 

Transsacral Block 

(Continued on p. 108) 

Fig. 58.-Proper position of the patient on the table for the per
formance of sacral block. (a) The position, of the syringe when the 
initial skin wheal is raised prior to the injection of the anesthetic 
solution into the caudal canal. 
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Transsacral Block 

-------b 

Fig. 59.-Position of the left hand in performance of sacral block: 
(e) position of the index finger in relation to the sacral cornua, and 
(b) introduction of a 50 mm. needle through the skin, subcutaneous 
!issue and sacrococcygeal ligament. 
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Transsacral Block 

Fig. GO.~Transsacral block anesthesia. The drawing shows the soft 
tissue of the buttocks and the bony skeleton of the pelvis, with needles 
introduced into the sacral foramens and a larger needle introduced 
into the caudal canal (If I). The average amounts of 1 per cent 
procaine hydrochloride solution used for this block are also illustrated. 
The injection is made while the patient lies prone with the pelvis 
elevated (see fig. 58). The foramen of the second sacral nerve is 
found about 1 fingerbreadth caudad, and an equal distance medial to, 
the posterior superior spine of the ilium. The third and fourth 
foramens are in line ~with the second, 1 fingerbreadth caudad. The 
first foramen is 1 fingerbreadth cephalad, and an equal distance medial 
to, the posterior superior spine. The caudal foramen is found hy 
palpating the cornua of the sacrum with the index and middle fingers 
of one hand and palpating for the foramen between the cornua with 
the index finger of the other hand. 
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Block lor Repair of Femoral Hernia or for Ligation of the 
Greater Saphenous Vein 

Lateral 
fe-mora1 
C<..'.i.aneous 

Ant.. cu-taneous fibers 
of femoral n. 

Fig. 61.-~The sensory innervation of the anterior surface of the 
uppet· part of the thigh and the type of field block used for operations 
in this region, such as the repair of femoral hernia or the ligation of 
the greater saphenous vein. The injection is made as indicated by 
the direction of the arrows; that is, a to b, a to c and b to d. In a few 
instances it is necessary to inject between c and d. At the point marked 
:r, 5 cc. of a 1 per cent solution of the anesthetic agent is deposited 
directly over the femoral artery and vein. 
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Sciatic Nerve Block 

Fig. G2.-Procaine block of the greater sciatic nerve may be used 
for therapeutic purposes or diagnostically before the injection of other 
solutions in the treatment of sciatica. 

With the patient in the lateral position and the side to be injected 
uppermost, the thigh is flexed as indicated. The axis of the femur then 
passes through the posterior superior iliac spine. A line is drawn from 
the upper end of the greater trochanter to the posterior superior iliac 
spine. From its midpoint a perpendicular line is now drawn down
ward and inward, and the point selected for injection is located on 
this line about 3 em. from its origin. An intradermal ·wheal is produced 
with a solution of procaine hydrochloride. A 10 em. needle is then 
placed on the syringe and introduced vertically. It is advanced gently 
until it impinges· on the nerve, which lies from 5 to 8 em. beneath the 
skin, causing paresthesia. If the first attempt fails, the needle is 
alternately withdrawn and advanced at slightly different angles, a 
procedure in which its point will generally strike the nerve. From 
5 to 10 cc. of a 2 per cent solution of procaine hydrochloride is injected 
slowly, and ten minutes is allowed for anesthesia to develop. 
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Femoral Nerve Block 

Fig. 63.-~The femoral nerve arises from the lumbar plexus and 
emerges on the thigh beneath Ponpart's ligament, medial to the 
external cutaneous nerve and just lateral to the large vessels of the 
thigh. It supplies the anterior medial aspect of the thigh, while its 
ultimate branches are distributed to a large area of skin on the knee 
and leg (insert). Just below Poupart's ligament the nerve lies beneath 
the deep fascia or, often, somewhat deeper in the iliac muscle"~ 

In blocking this nerve, the femoral artery is first identiiihl by 
palpation, and a wheal is raised wilh a 2 per cent solution of procaine 
hydrochloride just external to the course of the artery. The femoral 
artery is gently pressed mesially with the index finger of the free hand 
and kept in this position throughout the procedure. The needle is 
passed vertically through the "Wheal as the solution is injected, and 
the operator can recognize the piercing of the iliac fascia. Paresthesia 
is experienced by the patient when the nerve, which lies about 
1 em. deeper than the fascia, is struck. \\'hen this occurs 5 cc. 
of the anesthetic solution is injected without moving the needle. If 
paresthesia cannot be elicited ~1fter two or three attempts, anesthesia 
may generally be produced by injecting about 25 ce. of the solution 
fanwise into the muscle beneath the fascia and waiting a few minutes. 

The insert shows the cutaneous distribution of the femoral nerve. 
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External Femoral Cutaneous N erue Block· 

Fig. 64.-The external femoral cutaneous nerve emerges from the 
iliac fossa beneath Poupart's ligament onto the thigh and supplies, in 
addition to other tissues, the integument on the external aspect of the 
thigh (insert). This is the usual location from which to obtain skin 
grafts and fascial transplants. 

In blocking this nerve, an intracutaneous wheal is first made .. with 
a 1 per cent solution of procaine hydrochloride 2 em. below and mes•ial 
to the anterior superior iliac spine. The needle is introduced vertically 
and advanced downward gradually, injecting the anesthetic solution 
continuously, until its point strikes the iliac bone, ·where about 10 cc. 
of solution is deposited. The needle is then partially withdrawn and 
advanced several times, its point being directed alternately externally 
and internally as the solution is introduced. Thus a series of fanlike 
injections are made along Poupart's ligament, extending about 5 em. 
from the anterior superior iliac spine. 

The insert shows the cutaneous distribution of the external femoral 
cutaneous nerve. 



tt_::_4 ____ ____::_F__:_UND,U1ENT ALS OF £1NESTHESIA 

Block Anesthesia of Leg and Foot 

Fig. 65.-The leg from the knee down may be quickly and 
effectively anesthetized for most surgical procedures by blocking the 
internal and external popliteal nerves and producing a subcutaneous 
ring of anesthesia. .. 

A shows the technic for blocking the internal and external popliteal 
nerves. 1. Internal popliteal nerve: \Vith the patient in the prone 
position and the legs extended, the hamstring muscles stand out and 
arc easily visualized. The angle formed by the biceps and semi
membranous muscles at the upper end of the popliteal space is palpated 
and marked on the skin. On an imaginary line bisecting the angle a 
wheal is raised about 7 em. above the bend of the knee. A 7 em. needle 
is then passed through the wheal perpendicular to the plane of the 
skin. After perceiving the characteristic sensation as the needle point 
pierces the deep fascia, the operator proceeds gently, as the nerve lies 
about 1 to 1.5 em. deeper. On striking the nerve, paresthesia is elicited, 
and 5 cc. of a 2 per cent solution of procaine hydrochloride is injected. 
Should the first attempt be unsuccessful, the needle may be partially 
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withdrawn and introduced at slightly different angles, but caution 
should be exercised to prevent puncture of the popliteal vein, which 
lies medial and deep to the nerve. If the nerve cannot be struck, from 
10 to 20 cc. of the anesthetic solution may be deposited in its vieinity,. 
and anesthesia will generally develop within ten minutes. 

2. External popliteal nerve: The external popliteal nerve erosses 
the fibula from 2 to 3 em. below the latter's head and may be readily 
blocked at this point. The nerve is located by palpation >vith a finger 
of the free hand and is injeeted as it slips from beneath the finger, the 
needle point being passed through previously anesthetized skin. About 
.'i ce. of a 2 per eent solution of proeaine hydroehloride is suffieient. 

B shows the teehnie for garter infiltration. A subeutaneous injeetion 
of a solution of proeaine hydrochloride whieh eompletely eneircles the 
leg is made just below the bend of the knee, thus eompleting the 
anesthesia. 

Block Anesthesia for Reduction of Fracture of a Long Bone 

a 
Fig. 66.-:vl:ethod of obtaining !neal anesthesia for the treatment of 

old fr:1etures. 

For reduetion of a fraeture, anesthesia may be produeed and 
relax:1tion may he obtained by infiltrating the region of the periosteum 
proximal to the fraeture and the soft tissues adjaecnt to the fraeture 
with a I per eent solution of proeaine hydroehloride with eobefrin 
( eorbasil) or epinephrine hydroehloride. In many instanees, injection 
into the hematoma of 2% to 3% drachms (10 to 15 ee.) of the solution 
is suflieient for the purpose. If the line of fraeture ean be loeated 
without too mueh diflieulty, injection between the fragments is advised. 
Strietest asepsis is neeessary. 

The anesthesia thus obtained is exeellent as a first aid measure 
preliminary to transportation of the patient to a hospital. It is 
preferable to inhalation ariestlwsia if the patient has eaten a meal 
immediately before suffering the injury. The employment of the 
method is indieated when the patient's general eondition renders 
undesirable the administration of an anesthetic. agent produeing general 
n nesthesi a. 
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Lumbar Sympathetic Block 

Fig. G1.--Diagram shovving the mode of injection of lumbar sym
pathetic ganglions. The needle is first (.4) insertetl vertical to the skin 
until it strikes the transverse process, and is then (B) withdrawn 
slightly and slid past the process until it strikes the side of the vertebra, 
which is the site of injection. 

The injection of the lumbar sympathetic ganglions is performed 
while the patient lies in the lateral position with the thighs and head 
flexed on the trunk. After the skin over the lumbar vertebrae has 
been prepared, wheals are made in the skin by intracutaneous 
injections of a 1 per cent solution of procaine hydrochloride at points 
approximately 2% fingerbreadths (5 em.) lateral to the interspaces 
of the first, second, third and fourth lumbar vertebrae. These points 
of the skin lie immediately over the transverse processes of the next 
vertebrae caudad. A 20 or 22 gage needle 8 to 10 em. in length is 
inserted at a right angle to the skin through each wheal until the 
transverse process of the vertebra is reached, usually a distance of 
about 4 to 5 em. (position ;1, fig. ()7). The needle is then slightly 
shifted so that it can project beyond and cephalad to the process and 
is pointed slightly toward the body of the vertebra. It is now inserted 
for another 2% fingerbreadths until its bevel slides off the belly of the 
vertebra to the anterolateral surface in the retroperitoneal space 
(position B, fig. G7). Through each of the needles 5 cc. of a 1 per cent 
solution of procaine hydrochloride is injected. Before injecti011, 
aspiration should be done in order to avoid the injection of the solution 
into a blood vessel. ·within a few minutes after satisfactory injection, 
the extremity on that side becomes warm and dry, and the superflcial 
veins become very prominent. 
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TOPICAL APPLICATIO~ OF ANESTHETIC DRUGS 

Topicaf anesthesia of a mucosal surface or of an area of the 
skin of the body is useful in many circumstances--for instance, 
before and during tracheal intubation and before and during 
bronchoscopic procedures carried out for diagnostic and 
therapeutic purposes. Most authorities agree that cocaine is 
the agent of choice for such anesthesia; therefore its use will 
be emphasized in this section. The recommended strength 
of the cocaine solution is 1 to 10 per cent. However, for the 
throat, Magill has recommended a 20 per cent solution, feeling 
that the greater degree of vasoconstriction obtained permits 
less absorption and therefore makes this solution safer than 
less concentrated ones. Other agents (table 6, p. 4'1) are pre
ferred by some, as substitutes for cocaine. Ho\vever, some 
believe those agents more toxic and less effective. Deaths and 
to.x:ic reactions are quite as frequent following the topical 
application of anesthetic drugs as following the injection of 
these druys. The reader is referred to page 8.5 for a considera
tion of prf!plzyla.Tis and treatment. 

PTTAHYXX AKD LARYNX 

Sprays.---Ancsthesia of the mucosa of the pharynx and larynx may 
be producccl by means of a cocaine spray. The atomizer should he 
of a convenient size to be held in and operated by one hand. This 
procedure is chiefly useful as a preliminary to tracheal intubation or 
a bronchoscopic examination. The spray may he introduced into the 
pharynx and larynx under direct vision with a laryngoscope or it may 
be applied first to the larynx and vocal cords and then through an 
endotracheal tube after the latter has been passe(] into the larynx. 
The pharynx may also be sprayed by way of the nose while the patient 
inhales deeply. In a patient ·whose "gag" reflex is not too sensitive, 
the application of the anesthetic solution on a cotton svvab to each 
pyramidal fossa is satisfactory. The swab should be squeezed dry 
of the cocaine solution to prevent drainage of the anesthetic down the 
esophagus. 

Oinlmenls.-For the lubrication of airways and drainage tubes 
which must remain in contact with mucous surfaces, pastes, jellies 
or ointments containing cocaine or other agents may be utilized. 

Brennan's nupercaine paste is useful for this purpose: paraffin, 1.0; 
white wax, 2.0; petrolatum, 30.0; nupercaine hydrochloride, 3.3. 

Diothane hydrochloride ointment containing diothane hydro
chloride in the concentration of 1 per cent has been used as a lubricant 
for endotracheal tubes. 
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Troches and Lozenges.-Agents vvhieh are effective on mucous 
membranes may be incorporated in suitable vehicles to dissolve in the 
normal secretions of the mouth. If the patient holds an anesthetic 
tablet on the tongue while lying down, the tablet dissolves and the 
solution gravilates to the base of the tongue, the pharynx and the larynx 
and may produce sufllcient anesthesia to permit the passage of an 
endotracheal airway. In any ease, such a procedure serves as an 
excellent preliminary for intubation by other aids. Troches containing 
;) mg. of pontocaine hydrochloride have been used for this purpose. 

:-.JosE 

Cocaine sprays or packs will produce satisfactory anesthesia of the 
lining membrane of the nose. The packs are usually made of absorbent 
cotton and are inserted with bayonet forceps so that the cotton, from 
which any excess of solution has been squeezed out, makes contact with 
the mucous membrane. 

EYE 

The instillation of a surface anesthetic agent is most frequently 
applied to the eye. The conjunctival sac vdll hold 1 or 2 drops of 
solution at a time. The instillation of a 4 per cent solution of a cocaine 
salt or the equivalent of another agent needs to be repeated several 
times in order to obtain the maximal efl'ect. 

CnETHTIA 

A 2 per cent solution of a cocaine salt may be used for anesthetizing 
the normal urethra for such procedures as a cystoscopic examination. 
The amount of solution required is 5 ce., and it should be freshly 
prepared for each patient. For anesthetizing the most distal portion of 
lhe urethra, a small cotton swab is prepared by winding cotton almost 
the full length of a toothpick and dipping it into a 10 per cent solution 
of a cocaine salt. After thorough lubrication of the urethra, th'e swab 
is fully inserted. \Vith either male or female, ten minutes should be 
allowed for the anesthetic to take full effect. If the patient's urine is 
markedly alkaline, a preliminary lavage of the urethra with diluted 
acetic acid (1 :1000) enhances the anesthetic properties of the drug 
by preventing precipitation of the anesthetic in the solution. In the 
ease of a female patient, 15 ee. of solution may be injected into the 
bladder with a glass bulb syringe and the urethra plugged with a 
cotton swab. 

Death from the injection of a local anesthetic agent into a 
traumatized urethra is not uncommon. Urethral stricture or any open, 
bleeding lesion of the bladder or the urethra eontraindicates the use 
of cocaine. Tf local anesthesia must be produced in a traumatized 
urethra, the force with which the agent is injected should be minimal. 
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HECTUl\I 

One per cent diothane hydrochloride, 5 per cent metycainc or 1 per 
cent nupercaine in tragacanth jelly have been used for application in 
painful conrlitions of the rectum. 

DE;'\'UDED St'RFACES AND 0PEX \YOUNDS 

Various ointments and jellies have been made with local anesthetic 
agents, such as butyn sulfate, metycaine and intracaine (bctadiethyl
aminoethylparaethoxybenzoate hydrochloride). These agents have been 
dissolYed in petrolatum and in tragacanth jelly. The principal usc of 
ointments, such as 5 per cent metycaine base and white petrolatum, 
is to allay the pain of open wounds. The latter ointment may be made 
by precipitating out the base. Such precipitation can be effected by 
putting a measured quantity of metycaine (which is a mixture of 
hydrochlorides) in a beaker and covering it with an excess of sodium 
hydroxide solution. The oily base that appears is the precipitate. 
The measured amount of white petrolatum. should be melted and the 
base adrled to it. The mixture should be stirred thoroughly and then 
allowed to cool. This ointment when applied to open wounds where 
nerve endings are exposed gives relief almost immediately, and the 
relief will last for at least twenty hours. Antiseptic agents, especially 
the vital dyes, ma~· be incorporated in the base without harm to the 
local anesthetie substance. \Vith such a preparation, wounds may well 
be dressed so as to relieve pain as well as protect the wound. The 
need for opiates may thus be obviated or their dosage greatly reduced. 
The percentages of other local anesthetic agents dissolved in white 
petrolatum or other vehicle should be comparable to that suggested for 
metycaine. However, concentrations as low as 2 per cent of metycaine 
in petrolatum are not satisfactory. 

HEFEREXCES 

1. Bartlett, H. W.: Bilateral Intercostal ~erve Block for Fpper 
Abdominal Surgery, Sur g., (~ynec. & Obst. 71:194 (Aug.) 1940. 

2. Brann, H.: Local Anesthesia: Its Scientific Basis and Practical 
Cse, ed. 2, Philadelphia, Lea & Febiger, 1924. 

3 Labat, G.: Regional Anesthesia: Its Technique and Clinical 
Application, ell. 2, Philadelphia, W. B. Saunders Company, 1928. 

4. Tovell, R. M.: Hegional Anesthesia, in Piersol, G. M., and Bortz, 
E. L., Cyclopedia of Medicine, Surgery and Specialties, Philadelphia, 
F. A. Davis Company, 1939, vol. 1, pp. 531-560. Hegional Anesthesia 
for Operations on the Neck, Am. J. Surg. 34:531-538 (Dec.) 1936. 

All the foregoing works except that of Labat are available. 
Unfortunately, the text by Labat is out of print. 'Where available, it 
is an excellent source. 
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VI 

Special Technics 

CERT AI~ OPERATIONS are exceptionally exacting from 
the anesthetist's point of view, either because of the con

dition of the patient or because of the nature of the surgical 
procedure. This chapter is concerned only with technical con
siderations applicable to anesthesia for such operations. (For 
anesthetic technics in general, see chapters IV and V.) Several 
methods far from easy for the novice will he referred to in 
subsequent pages. It is hoped that the beginner may have the 
opportunity to perfect his performance of these less familiar 
technics during administrations to "good risk" patients for 
simple operations. Thus he may acquire confidence in his 
ability to perform them ·with less risk to the patient. For 
instance, controlled respiration is commonly used with the to 
and fro carbon dioxide absorption method after intubation. 
Cyclopropane is often used as an agent for the purpose. It 
would be ridiculous for the anesthetist who lacked experience 
\vith all of these to try to apply any one of them for the first 
time in a difficult case in one of the groups discussed in this 
chapter. 

For example, the order of mastery might he-

1st Learn the to and fro absorption technic with nitrous oxide 
and ether for simple operations on easily anesthetized 
patients. 

2<1 Learn to perform intubation under deep ether anesthesia 
during simple operations when intubation is not essential. 

3d Learn to do controlled respiration with nitrous oxide and 
ether by the to and fro absorption technic and intubation 
when the latter procedure is not essential. 

4th Xow try to apply the combination of to and fro absorption 
technic with nitrous oxide and ether and intubation in 
special eases in which the latter procedure will benefit the 
surgeon. 

5th Lastly, begin, if you wish, to substitute other agents (cyclo
propane, chloroform) for ether. 
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ANALGESIA BY INHALATIO'N 

Analgesia implies obtundation of pain without loss of 
consciousness. Success or failure in its use depends entirely 
on the cooperation and mental complacency of the patient. 

Certain minor operative procedures do not demand a 
degree of sensory obtundation necessitating unconsciousness; 
first stage anesthesia sufllces (p. 48). Examples arc: 

1. Painful dressings. 
2. Preparation of a painful dental cavity. 
3. Incision and drainage of an abscess. 
4. Reduction of a fracture not requiring muscle relaxation. 
5. First and often second stage parturition. 

Certain patients who are candidates for such operations 
are of the type who: 

1. Undergo a stage of extreme excitement during induction of 
and recovery from general anesthesia (soldiers recently in 
action; persons subject to dreams). 

2. Cannot safely haYe local anesthesia because of infections. 
3. Can aid the surgeon greatly during operation by their 

cooperation. 

Analgesia may be produced by the inhalation of several 
agents in concentrations short of those producing second stage 
effects. 

TECII)\IC OF PArN HELIEF \VrTHOt:T Loss OF CoNscrovsNEss 

Mental Preparation of Palient.~Premedication is not necessary. 

1. Explain to the patient that he 'Will not lose consciousness, will 
not feel pain hut will feel pressure and motion. 

2. Check the degree of analgesia with a sharp instrument before 
the incision is made. 

A.dministration.-(a) Self Administration: This is more satisfactory 
if done with an automatic machine 'Which when pressure is exerted 
on a hand-operated trigger mechanism (rubber bulb or pistol grip) 
delivers a flxed quantity of nitrous oxide to be mixed ·with air in a 
mask. The patient operates the trigger by both contraction and 
relaxation of muscles. He judges his own need for gas. He should 
squeeze the bulb frequently to relieve pain, less frequently to maintain 
analgesia without unconsciousness. Cnconsciousness is reflected in 
loss of ability to both contract and relax; hence no nitrous oxide is 
inhaled and there is a return to first stage anesthesia. 
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Fig. GS. --Principle of self-controlled nitrous oxide inhalation for 
analgesia. 

(b) Administration by Anesthetist: 

1. Usc nitrous oxide-oxygen (50-50). This is to be adminis
tered by an expert only. 

2. Maintain constant mental contact with the patient by 
observing his response to commands to open and close 
his eyes, raise and lower a hand, or acknowledge the 
presence or absence of pain. 

a. Vary the concentration of each gas according to the 
response of the patient~increase oxygen '-'Yhen patient 
does not cooperate; increase nitrous oxide for pain. 

4. Avoid the reactionary stage which immediately follows 
the analgesic stage. (For stages of anesthesia, sec p. 48.) 

HESPONSIBIUTY FOH PHODUCT~G PAIN HEL!EF WHILE 
:\IATNTAI:\TING CONSCIOUSNESS MCST BE PLACED 

ON THE PATIENT, SINCE PHYSICAL SIG:\'S 
OF THE FIRST STAGE AHE LACKING. 
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AXESTHESIA FOR OPERATIONS \YITHI~ AND 

ABOUT THE HESPIRATORY TRACT 

It is essential that the surgeon and the anesthetist jointly 
discuss the case and decide what is the wisest way in which 
to deal with it. The choice of technic and the arrangement 
of apparatus will vary with each patient. There may be 
bleeding into the upper respiratory tract. There may he facial 
defects that complicate induction.. Some of these may he 
painful. The defect may make induction with a mask ditlicult 
or impossible because of leakage of the gases. Anatomic 
defects and abnormalities, as \veil as recent injuries, may 
complicate intubation. The operations may he lengthy. 
:\Iany but not all of these ditliculties may be overcome with 
endotracheal anesthesia (p. 27). 

The difficulty encountered by the surgeon in securing 
satisfactory assistance from the anesthetist for this group of 
operations has led him in many cases to depend on various 
technics of local anesthesia administered by himself. The 
failure of the anesthetist's service in this field is by way of 
being rectified. In some institutions, the department of 
anesthesia has been assigned the duty of providing anesthesia 
for all the speeialties concerned with the head. Such a plan 
should resu 1t in a less prejudiced and routine use of anesthetic 
agents and technics. 

Loc:AL ANESTHESIA 

Certain advantages are evident to the surgeon who himself 
administers local anesthetics for operations in and about the 
air passages. 

1. He knows intimately the expected extent of the trauma and 
the demand for anesthesia. 

2. He is peculiarly familiar with the anatomy and in a position 
to place agents properly to produce anesthesia. 

3. Cooperation of the patient is retained, permitting clearing 
the air passages of blood and debris by coughing, blowing and 
spitting. 
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The disadvantages are: 

1. There is inadequate comfort and tranquillity for the patient. 
2. Extra time is required for operation. 
3. The facilities for the proper accomplishment of some surgical 

procedures arc limited. 
4. Interruptions and danger may arise from toxic or undesirable 

drug effects. 
5. The respiratory exchange in a heavily narcotized patient 

becomes inadequate. 
6. The abolition of reflexes of the throat may permit unrecog

nized contamination of the trachea. 

Technical procedures for blocking the Yarious cranial 
nerves have not been described in this book. References to 
accepted practices for other nerYe blocks will be found on 
pages 93 to 116, and the technic of topical application of 
anesthetics to mucous membranes is described on page 117. 
For management of drug toxicity, see page 85. 

A~,\LGESIA 

By Administration of Nonvolatile Drugs.~Attempts have 
been made to maintain analgesia by oral or subcutaneous 
administration of drugs with or without local anesthesia. To 
guess the dose of a nonvolatile agent which will produce this 
stage in a given patient is difficult and the result uncertain. 

THE AD:\IIINISTHATION OF AGENTS OTHEH THAN BY INHA
LATION FOH OPERATIONS IN AND ABOUT THE GPPEH AIH 
PASSAGES MUST BE ACCOMPANIED BY THE SAME METTCCLOUS 
SUPEHVISION OF HESPIHATOHY FUNCTION (FHEE AIRWAY AND 
VENTILATION) AS FOR SAFETY WITH INHALATION ANESTHESIA. 

By Inhalation (see pp. 122 and 123) .~The dosage must 
be governed as to volume solely by the patient's needs as 
determined by himself, the anesthetist having the responsi
bility of controlling the concentration of the agent (usually 
nitrous oxide) in the atmosphere which is under the patient's 
control. Minor operations, such as the preparation of a tooth 
cavity, the extraction of a single tooth, the incision and 
drainage of an abscess, paracentesis tympani and many others, 
ean he dorte with inhalation analgesia if skilful technic and 
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adequate apparatus are at hand. Either an oral or a nasal 
inhaler must be used. Temporary or instantaneous periods of 
third stage anesthesia can be developed from the inhalation 
technics but involve the risk of second stage complications and 
had better he avoided. 

GENERAL ANESTHESIA 

This type of anesthesia may be approached through oral 
(e. g., barbiturates), hypodermic (e. g., morphine and scopol
amine salts), rectal (e. g., avertin with amylene hydrate) or 
intravenous (e. g., pentothal sodium) administration. The 
anesthesia is better completed and stabilized by inhalation 
technics. \Vith few exceptions, third stage anesthesia for 
major surgical procedures in and about the respiratory tract 
ought to be accompanied by tracheal intubation (pp. 28 and 
2H). Always the anesthetist must he prepared to intubate at 
once if need arises during the operation. 

By /nhalation.-Induction may present grave mechanical 
difficulties. If there has heen loss of tissue of the face such that 
an air-tight fit of the mask cannot be obtained, it may he 
necessary to use a gauze mask and a potent agent, such as 
chloroform, or to give an intravenous injection of pen to thai 
sodium. If the face is tender to pressure, basal narcosis should 
precede induction. It may be necessary to remove blood or 
pus from the pharynx. Intubation of the trachea may be 
extremely difficult for mechanical reasons: Laryngoscopy 
may not he possible, because of trismus, or feasible, because 
of trauma or grafts around the mouth. \Vounds may have 
rendered the nares impassable. Operations of this type call 
for the services of an anesthetist who is a versatile intubator, 
skilled in the use of all the routes and methods. If aseptic 
surgical technic is desirable, it can be only after anesthesia 
and intubation have been established. 

Exceptions.~--For certain very brief operations, intubation 
may be omitted, as in the following examples: 

1. Profound third plane anesthesia may be secured by any method 
and drug and the operation completed during recovery. Drainage 
and protection of the respiratory tract may be secured by changes in 
the patient's position or by suction. 
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2. Nasopharyngeal and oropharyngeal airways have been designed 
to l1t the pharynx in a more or less air-tight manner, thus protecting 
the lower respiratory tract from contamination. The connection of 
such an airway with the anesthetic machine does not interfere ·with 
some operations in this class. 

;{. If an oral operation is not prolonged, a nasal inhaler covering 
a nasopharyngeal airway (p. 2G) may serve. Nitrous oxide-oxygen 
with or without supplement is delivered to the airway under slight 
positive pressure. A gauze or cotton pack placed across the back of 
the mouth serves to prevent oral breathing or the aspiration of blood. 

4. Certain types of brief operation within the larynx (e. g., the 
resection of a benign tumor) demand temporary arrest of respiratory 
movement. For such an operation, the induction of profound third 
stage anesthesia by an inhalation agent in an oxygen-rich atmosphere, 
with brief hyperventilation and operation during the follovving period 
of apnea, is useful. 

5. In the absence of skilled personnel, intubation may be neglected 
in favor of insuffiation of ether or other vapor into the oropharynx 
via either the nostril or the cheek (p. 7 4). With this anesthetic 
technic, the operation had better be done with the patient in a position 
promoting drainage of blood and other contents of the respiratory 
passage away from the glottis by gravity. A vigorous usc of suction 
is an added factor of safety. 

HEFERENCE 

1. Rowbotham, E. S., and Magill, I. W.: Anaesthesia in the Plastic 
Surgery of the Face and Jaws, Proc. Roy. Soc. :\led. (Sect. Anaesth.) 
14:17-27, 1921. 

AFTEH AN OPERATION IN AND ABOUT THE HESPTRATOHY 
TRACT, THE ANESTHETIST :\lUST ALWAYS HOLD HtMSELF 
HESPOl\'SIBLE FOR THE CLEANSING OF THE TRACHEA AND 
RHONCHI (p. 152), INTUBATING ESPECIALLY FOB THAT PUHPOSE 

IF NECESSARY. 



128 FlTNDA.MENT;lLS OF ANESTHESI;l 

ANESTHESIA FOR OPERATIONS '.VITHIN THE 

CHANIAL CAVITY 

Such operations may be time consuming; the patients often 
vomit, their reflexes and respirations may be depressed by 
disorders of the central nervous system, and they are often 
in awkward positions when operated on, positions in which 
control of the airway is difficult. If explosive anesthetic agents 
are used, the frequent use of endothermy must be taken into 
consideration. On the other hand, there is seldom need for 
profound narcosis. Some candidates for cerebral operations 
are already in coma and require no administration of drugs. 
Relaxation of the museles is not needed. Stimulation from 
pain is involved only during the preparation and lifting of 
the flap. Reflex stimulation occurs, as a rule, only at the base 
of the brain and near the medulla. 

PREPARATION 

Since intracranial pressure may he elevated, any addition 
of fluids must have the approval of the surgeon and must be 
discreet. Some drugs arc thought to increase intracranial 
pressure. Opiates are suspected of doing this. Other drugs 
are believed to lower intracranial pressure. If there is no 
preference on the part of the surgical team, the anesthetist 
will probably serve the patient and the surgeon best by 
"moderation in all things." Moderate doses of the usual 
premedican t drugs will ordinarily do no harm. If the induc
tion of anesthesia can be accomplished quietly, even with the 
use of opiates, the disturbance to intracranial pressure may 
be less than that following a stormy induction. One must 
remember, however, that the functions of the cranial nerves 
are frequently disturbed in disease of the central nervous 
system and that disturbances of function seldom fail to follow 
intracranial operations. Therefore, drugs that depress reflexes 
of cranial nerve origin, e. g., the pharyngeal, laryngeal and 
cough reflexes, must he used cautiously (p. 14 and chap. III). 
The fact that respiratory depression or arrest frequently occurs 
before, during and after surgical trauma of the brain is an 
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added reason for carefully individualizing the dosage and the 
administration of anesthetic drugs. 

ADMINISTRATION OF ANESTHETICS 

Local.--A thorough field block of the scalp (p. 93) is often 
adequate. The cases in which local anesthesia is to be used 
should be chosen with great care and after consultation 
between the surgeon and the anesthetist. The problem of 
maintaining a free airway, of controlling uncooperativeness, 
of instituting artificial respiration and of inducing general 
anesthesia is complicated dismayingly and sometimes becomes 
impossible of solution after operation has begun. If the 
need for such procedures is foreseen by the anesthetist, 
general anesthesia ought to be provided before the operation 
is begun. 

General.--Light general anesthesia (stage III, plane 1 [p. 
481) is adequate for surgical requirements. However, suf
ficient obtundation of reflexes to permit tolerance of a 
pharyngeal or a laryngeal airway and to prevent vomiting 
is essential. Local anesthetic agents incorporated in lubrieants 
(p. 117) have proved useful for lubrieating airways. A 
cocaine spray has been used for a similar reason and its use 
repeated during operation. Trihromethanol or this drug in 
amylene hydrate (avertin with amylene hydrate) has been 
thought by some to decrease intracranial pressure. At any 
rate, moderate doses of this agent (up to 100 mg. per kilogram 
of body weight) by rectum (p. 57) followed with nitrous 
oxide-oxygen by inhalation through a tracheal airway (pp. 
27 and 29) will he found satisfactory. Intubation with 
administration of ether or chloroform for deep anesthesia 
offers satisfactory working conditions for the surgeon, as does 
intravenous administration of pentothal sodium. 

The main concerns of the anesthetist must he three: 

1. Smooth induction. 
2. Free and adequate pulmonary ventilation, ·without deficiency 

of oxygen or excess of carbon dioxide, throughout induction 
and maintenance. 

3. Protection of the trachea from contamination with vomitus 
at the completion of operation and from vomitus and food in 
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the postoperative period. Do not hesitate to perform suction 
cleansing \Yhenever inclicatecl (p. 152). Continuous gastric 
drainage may be necessary. 
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ANESTHESIA FOR OPERATIONS \VITHIN THE 

PERITO~EAL CAVITY 

The anesthetist's reputation with his surgeon will he made 
or marred by his success or failure in producing conditions 
adequate for the performance with ease of any and all opera
tions within the abdominal cavity. Since the difficulties are 
more pronounced when operation is to be undertaken in the 
upper part of this cavity, a detailed consideration of the 
anesthetic problems of such operations will follow. 

The difllculties are dependent on five circumstances: 

1. The rectus and transversalis muscles which form the ante
rior wall of the abdomen are accessory muscles of respiration. 
Their tone, therefore, tends to persist in planes of third stage 
anesthesia that are characterized by complete loss of tone in 
the skeletal muscles of the limbs. 2. The posterior fascial 
sheath of these muscles is fused with the parietal peritoneum 
in the upper part of the abdomen. 3. Movements of the 
primary muscles of respiration (intercostal muscles and 
diaphragm) in normal breathing cause movements of the 
abdominal viscera, proportional to the activity of the 
breathing. 4. Often the condition of the patient or the effect of 
the drugs causes distention of the hollow viscera. 5. The inci
dence of postoperative pulmonary complications is high. 

The desiderata, then, are: (1) complete abolition of muscle 
tone in the abdominal wall; (2) prevention of the annoyance 
to the surgeon resulting from respiratory movements; (3) con
traction of the circular muscle fibers of the hollow viscera, 
"ribbon" intestines; (4) minimum insult to the respiratory 
mechanism. 

SPI~AL A~ESTHESIA (pp. 44 and 91) 

Complete interruption of the nerve supply below the fifth 
thoracic segment completely abolishes muscle tone from the 
sixth rib downward and paralyzes the sympathetic system 
from the superior splanchnic nerve downward. 
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Desirable Results: 

1. Abdominal wall flaccid. 

2. Peritoneum lax because the transversus muscle can no longer 
act on the posterior muscle sheath. 

:~. Intestines contracted to "ribbons" since the parasympathetic 
effect is no longer opposed by the sympathetic effect. 

Undesirable Results: 

1. Occasional failure to point the upper level of anesthesia at 
the fifth thoracic segment, resulting either in inadequate 
anesthesia, on the one lumd, or in excessive respiratory 
depression, on the other. 

2. Occasional attacks of vomiting or loss of the patient's 
cooperation. Both events may be secondary to inadequate 
respiratory exchange, to direct depression of the circulatory 
system (both on a hypoxic basis) or to traumatic stimulation 
of parasympathetic nerves~--the only ones not paralyzed by 
adequate spinal anesthesia. 

3. Peripheral nerve paralysis, ·which rarely may follow spinal 
an~s!hesia. 

4. Postoperative atelectasis of a lower lobe and occasional 
pneumonia, as with other methods. 

PEHIPHERAL ~EHVE BLOCK 

A block of the lower seven intercostal nerves in each mid
axillary line (p. 102) or a field block of the abdominal wall 
(p. 103) serves to make the musculature flaccid hut fails of the 
other two desiderata. A combination of intercostal block, 
meticulously done, with well conducted general anesthesia 
at plane 2 of stage III (p. 47) suffices in many instances. The 
agent for inducing general anesthesia in combination with 
nerve block is unimportant. The technics should insure that 
there be no hyperpnea, no coughing, no retching and no 
respiratory obstruction. 

INHALATION ANESTHESIA 

Before the anesthetist can claim recognition, he must he 
able to produce satisfactory anesthesia by inhalation for work 
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in the upper part of the abdomen. This is a method acceptable 
even as a last resort when other methods fail. 

Ether A.dministered by the Open Drop Method.--If an adequate 
ai1·way (pharyngeal, pp. 25 and 26, or laryngeal, p. 27) can be main
tained, narcosis at plane 4 of stage III (p. 4 7) can be secured with 
ether vaporized on a gauze mask. No other drug is necessary, although 
some prefer to add, by hypodermic administration, a small amount 
of an opiate and a member of the atropine group, just sufficient to 
inhibit secretions. Anesthesia at plane 4 of stage III means respiration 
maintained by the diaphragm only and that depressed. Oxygen added 
through a tube under the mask mitigates the damage from hypoxia 
but does not remove the general tendency toward physiologic dis
turbances. The determining factor in the choice of this plane of 
stage III anesthesia will be the speed of operation. Healthy persons 
tolerate well operations in the upper part of the abdomen lasting for 
forty-five minutes to one hour. If secretions in the trachea and bronchi 
are noticed during or at the end of operation, suction cleansing through 
a tracheal airway (pp. 27-28 and 152) should be repeated until cough 
and laryngeal reflexes are recovered. A stir-up regimen (p. 152) 
should follow. 

Carbon Dioxide-Ether-Oxygen.-A very few breaths of a mixtrire 
of 30 per cent carbon dioxide and 70 per cent oxygen will result in 
unconsciousness, excessive hyperpnea, extreme abduction of the vocal 
cords and sensory obtundation of the mucous membranes. If, as soon 
as consciousness is lost, ether vapor is added to the carbon dioxide
oxygen mixture as rapidly as possible, it will reach the alveoli and 
blood stream almost instantly. The exhalation valve may be closed 
during the first few breaths. The rapidity of induction to plane 4 
of stage III under these circumstances is largely dependent on the 
mechanical provision available for rapid vaporization of ether. The 
induction to profound ether anesthesia must be rapid, since such a 
high concentration of carbon dioxide may shortly become toxic and 
depressant as well (pp. 21-22). When induction is well advanced, 
the exhalation valve may be opened and a semiopen technic with 
oxygen-ether instituted. Open drop or any other technic may be 
substituted. 

I~DUCTION WITH A HIGH CONCENTRATI0-:\1 OF CARBON DIOXIDE 

IS BOTH DRASTIC AND DANGEROUS. KNOWINGLY USED, HOW
EVEH, IT MAY BE LESS HAZAHDOUS TN THE HANDS OF THE 
EXPEHT THAN THE INSIDIOUS AND U~HECOGNIZED ACCUMU
LATION OF CAHBON DIOXIDE ACCO:VIPANYING PHOLONGED 
EXCESSIVE REBHEATHrNG IN THE HA~DS OF THE NOVICE. 

I . . ' 
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Nitrous Oxide-Oxygen-Ether and Partial Rebreatlliny (Carbon 
Dioxide).--Pure nitrous oxide is first added to the mask and to 
the bag (p. 78), with a minimal flow of oxygen (350 cc. per minute) 
entering the mask constantly. The exhalation valve is closed tempo
rarily. As uneonsciousness appears, begin the addition of ether vapor 
gradually but progressively, adding more oxygen, either constantly or 
intermittently, making sure that an adequate supply of oxygen and 
a good color of the skin are present at all times. The period of relative 
safety for retention of carbon dioxide in this technic is longer than 
in the carbon dioxide-ether-oxygen teehnic, in which earbon dioxide 
is added from a stock supply. Nevertheless, the signs of severe carbon 
dioxide toxicity (p. 21) have to be kept in mind and an open technic 
instituted or the mask removed at the first muscular twitch, which 
may he the forerunner of a convulsion. 

It is obvious that the fast technics of inducing ether 
anesthesia to plane 4 of stage III are drastic and seldom 
necessary. They ought to be used only by an anesthetist of 
long experience and only when he is "in a jam." Nevertheless, 
it is belieyed that all anesthetists should know about them. 

One more technic for reaching and maintaining the fourth 
plane of the third stage of ether anesthesia is described in the 
following section. It is a less drastic though still more radical 
departure from the beaten path. 

Ether and Controlled Respiration.-If the anesthetist is thoroughly 
familiar with the to and fro carbon dioxide absorption technic (p. 80) 
and with tracheal intubation (pp. 27-29), he is in a position to secure 
fourth plane third stage ether anesthesia easily and to maintain it 
without risk of inadequate ventilation --while preventing respiratory 
movements from interfering with delicate surgical procedures in the 
upper part of the abdomen. 

When ether anesthesia has been established and intubatioif'- per
formed, the breathing bag lying on the pillow at the side of the patient's 
head is squeezed gently during the latter half of each inspiratory phase 
of respiration. If the synchronization of this maneuver is perfect and 
the release of pressure during the expiratory phase is prompt and 
complete, an augmentation of the depth of the breathing (hyper
ventilation) will be maintained. This causes the usual result--a lower 
tension of carbon dioxide that fails to cause impulses initiating con
traction of the respiratory muscles. An experienced anesthetist may 
use this "control of respiration" continuing ventilation by hand. The 
concentration of ether can now be increased or decreased at will. 
During delicate surgical maneuvers, the artificial respiratory move
ments can be timed with the surgical technics so as to cause a minimum 
of interference---less in fact than that which accompanies the very 
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slight diaphragmatic movement of the l<rwest plane of third stage 
anesthesia. 

Controlled respiration provides good ventilation in the presence 
of deep Pther anesthesia and opportunity to hold movements in abey
ance when necessary in the interest of surgical technic. 

Fig. 69.-~l\Tanipulation of the breathing hag. 

Dangers 

1. Overventilation with resulting dc>pletion of the carbon dioxide 
or trauma to lung structurc>s. 

2. Cnrecognized overdosage of ether. 
:~. Temptation to use to and fro carbon dioxide absorption 

technic for this purpose before one has acquired familiarity 
with it by long routine use. 

The hyperventilation which keeps normal breathing in abeyance 
is very slight. The anesthetist should imitate what he believes to be 
the normal exchange for the particular patient. Occasionally he 
should interrupt the intermittent compressing of the breathing bag 
until evidence of beginning contraction of the diaphragm is observed. 
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l\'OTES 

HEMEMBER THAT AXESTHESIA AT PLAXE 4 OF STAGB III IS 
ACCOMPANIED BY l\IAHKED DEPHESSION OF RESPIRATION AND 
CIRCULATION. OXYGEN IN THE TISSUES IS LOW AND CARBON 
DIOXIDE IS IN EXCESS. LHIIT THE TIME OF SUCH ANESTHESIA 
TO THE PERIOD DUHil\'G WHICH IT IS ABSOLUTELY NECESSARY. 

THE TECHNICS DESCHIBED FOR SECURING THE FOUHTH 
PLANE OF THE THIHD STAGE OF ETHER ANESTHESIA Alm 
DHASTIC PROCEDURES DESIGNED FOH USE WITH HYPEH
STHENIC PATIENTS. THEY DEMAND EXACTING ATTENTION TO 
DETAIL. DO NOT EMPLOY THE:VI WITHOUT SPECIAL ll\'DICA
TIONS AND THE NECESSARY SKILL TO PERFOHM THE:\I SAFELY. 
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ANESTHESIA FOR OPERATIO~S \VITHI~ THE 

PLEURAL CAVITY 

PROBLEMS 

Three problems are to be held in view: (a) pneumo
thorax; (b) contamination of the lungs and air passages; 
(c) mechanical effects on the lungs and air passages, the heart 
and great vessels and the autonomic nerves. 

Pneumothorax.-(Read pages 10 and 153 on normal respi
ration.) \Vhen one of the pleural cavities is opened widely 
by injury or operation, the negative pressure surrounding 
the lung is supplanted by atmospheric pressure, the lung 
collapses and the mediastinum and its contents are sucked 
toward the opposite side. \Vhen the cavity is opened less 
widely, air rushes in and out of the cavity during the 
respiratory cycle just as it passes up and down the trachea. 
At the same time, the mediastinum shifts back and forth with 
each ~ycle, disturbing the heart and great vessels. During 
inspiration some air is sucked from the lung on the open side 
to the lung on the sound side, thus decreasing by that amount 
the fresh air entering the sound lung through the trachea 
(paradoxic respiration). The obvious result will be poorly 
aerated blood inefficiently transported to the tissues. 

It is of interest that with intermittent inflation of the 
trachea Vesalius (1543) maintained adequate respiratory 
exchange in the presence of complete bilateral open pneumo
thorax. 

Contamination.--\Vithout pneumothorax, when any part 
of the lungs or air passages contains secretions, pus or blood, 
the problem of anesthesia is complicated. A given portion of 
pulmonary epithelium in constant contact with a foreign 
substance may become insensitive and the cough reflex worn 
out. A shift of such substances to an area with more normal 
mucosa, as from a slight change in breathing or position, may 
initiate severe coughing. In the presence of open pneumo
thorax, cough added to paradoxic breathing may serve to 
spread pus or blood to areas of previously uncontaminated 
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lung. ~osworthy recently referred to this as "vicious circle 
coughing," the sequence of events being as follows: 

Contaminating material moves to sensitive area of mucosa --o> 
cough --o> ineffective breathing (partly paradoxic, perhaps with 
obstruetion)--o> dyspnea --o> more ineffectual breathing --o> death 
from asphyxia. 

Mechanical Effects.--During operation on the organs in the 
chest, the lung or a portion of it must be retracted and com
pressed if adequate working space is made available to the 
surgeon. The bronchus or the trachea may be occluded by 
retraction, by torsion or by direct pressure and kinking. In 
like manner, the great vessels may be constricted or the 
heart's action embarrassed. The thoracic sympathetic chain 
on the posterior wall, the vagus nerve and the sympathetic 
branches in the mediastinum are capable of receiving trauma 
and stimulating reflexes with results varying from a slight 
drop in blood pressure and a change in the rhythm of respi
ration to asystole and apnea. 

PREPARATION FOR 0PERATIO~ 

Patients with Chronic Secretions 

1. Postpone operation until suflieiently late in the day to permit 
the morning "coughing anct raising" which is usually charac
teristic of such patients. 

2. l~n1ploy postural drainage. 
:~. Encourage coughing. 
4. Hesort in some eases to suction drainage through an endo

tracheal airway or bronchoscope. 
5. Produce artificial elosed pneumothorax on the diseased side. 

Patients with Wounds and Bleeding 

1. Keep patient quiet and at rest. 
2. Institute oxygen therapy if indicated. 
3. Administer a sedative. Sedation may become a part of the 

anesthetic procedure. 
4. Give a blood transfusion if indicated . 
• 'i. For patients with bronchocutaneous fistulas, apply an air

tight dressing before induction. 

Pl'emedication.-~ \Vhatever nonvolatile drugs are given previous to 
the induction of anesthesia and operation, the general principles 



referred to in chapter III are applicable. Special considerations of 
importance in dealing ·with intrapleural operations follow: 

1. Autonomic Reflexes: Scopolamine or atropine are knmvn to 
decrease the activity of lhe parasympathetic mechanism. ·whether 
lhe doses of scopolamine hydrobromide or atropine sulfate commonly 
used (Y:Joo-1/wo grain [0.22-0.65 mg.]) are suffieient protection is doubt
ful. Probably the surgeon's usual practice of injecting a local anes
thetic solution (e. g., 10 to 20 cc. of a 1 or 2 per cent solution of 
procaine hydrochloride into the tissues of the hilus) preceding trauma 
to a sensitive region is much more efieclive. 

2. Cough and Expectoration: Stress has already been laid on the 
importance of the patient's ability to clear the air passages of pus, 
blood and secretions. \Vhen block or spinal anesthesia is used, the 
patient must be able to cough and expectorate not only before and 
after but during operation. \Vhen general anesthesia induced by 
inhalation or by intravenous or rectal administration is used, the 
patient must be able to clear the airways before and after operation. 
It is important, therefore, that the anesthetist remove the secretions 
lhat accumulate during operation. 

Present knowledge indicates that all drugs commonly used for 
premedication tend to depress (a) ciliary activity and (b) the cough 
reflex. The use of minimal doses of morphine with minimal doses 
of scopolamine has found favor with some. Others use larger doses, 
accurately limed to lake effect after the preoperative clearing of the 
trachea and bronchi. This may prove satisfactory if the effect will 
have worn off sufficiently at the end of operation to permit eoughing 
and expectoration. The drugs used and the doses chosen will depend 
on the anesthetist's plan for maintaining anesthesia and on his eon
fidenee in his ability to manage bronchial clearance safely. 

IN ANESTHESIA FOR INTHAPLEl:TIAL OPERATIONS, THE EFFECTS 
OF OPEN PNEU:\IOTHORAX :\ICST BE :\IINTMIZED, CONTAMINAT

ING :\IATEHTAL :\Il:ST BE CONTROLLED AND STIMl:LATION OF 
AUTONOMIC HEFLEXES PHEVENTED. 

PATlENTS WITH AN ABNORMALITY OH AN INJl:HY OF THOHACIC 
OHGANS AHE COl\Il\IONLY IN A CHRONIC STATE OF OXYGEN 
DEPLETION. THEY ARE PECVLIAHLY INTOLERANT OF SLIGHT 

TNCHEl\IENTS OF HYPOXIA. 
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CONSIDERATIONS DURING OPERATION 

Position.-The accompanying illustration and legend from Nos
worthy emphasize the importance of the "head low" position from 
lhe standpoint of drainage by gravity when active suction from the 
trachea and bronchi cannot be depended on. In :my case the table 
should be tilted at an angle of 10 to 20 degrees as a prophylactic 
measure in view of the possibility of air embolism. If the position 
for operation is assumed by the patient before the induction of 
anesthesia is begun, and the effect on respiration and circulation noted, 
Yaluable information may be gainPd. 

Fig. 70.-Degree of Trendelenburg position necessary to prevent 
secretion from the left lung running into the right bronchral tree. 
When the endotracheal tube is not fitted with a balloon, sputum will 
not be dammed back near the carina. 

Anesthesia.-Paravertebral (p. 102) as well as spinal block (p. 91) 
may serve. Those with the greatest experience, especially in traumatic 
wounds of the chest, have found general anesthesia preferable for a 
maJority of intrapleural operations. The profound depression 
( 1) weakens the autonomic reflex stimulation from surgical trauma, 
(2) provides conditions suitable for intubation and either suctim1 
clearing of the tracheobronchial tree or intrabronchial isolation of 
contaminated areas, (3) facilitates the technic of controlled respiration 
and (4) eliminates the possibility of the patient's coughing during 
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operation with annoyance to the surgeon and possible spread of con
lamination to noninvolved areas of lung. 

The method favored at this time (1942) by anesthetists who have 
had the greatest experience with anesthesia for intrapleural operations 
may be oullined as follows: 

1. Rapid induction to profound anesthesia without cough or 
struggling. 

2. Early intubation (pp. 27-29). 
3. To and fro carbon dioxide absorption technic (p. 80). 
4. Controlled respiration (p. 134) during the period of open 

pneumothorax. 
5. Frequent or constant suction drainage of foreign substances 

from air passages as indicated (p. 152). (Isolation of an 
area of lung involved by bronchial tamponage and by endo
bronchial intubation has been tried). 

6. Recovery of cough reflex and conscious cooperation as opera
tion is finished. 

Those ·with experience of the technics agree that during main
tenance with controlled respiration, the surgical work inside lhe pleural 
cavity is made easier, since neither the patient's diaphragm nor his 
intercostal muscles contract, while the necessary intermittent distention 
of the lung can be modified to coordinate it with the surgeon's needs. 
From the anesthetist's standpoint, the open chest provides an excellent 
guide, not available in abdominal operations, since he may observe 
directly the extent of the lung's inflation as his hand presses on the 
breathing bag and thus is :;~ssured, on the one hand, of adequate inflation 
and deflation and, on the other, of protection against overdistention. 

Supportive Measures.-A high oxygen tension in the respired atmos
phere is desirable during intrapleural operations. Nosworthy very 
properly calls attention to the importance of carefully recording 
observations of the circulation. He prefers to start a blood transfusion 
early ( pp. HiS-171), maintaining a slow flow until some evidence, such 
as hemorrhage, indicates the need for an increase in the rate. 
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Complications 

THE COMPLICA TIO~S accompanying and following the 
administration of anesthetic and depressant drugs are many 

and varied. Their prevention, amelioration and treatment 
constitute the major effort of the anesthetist. Only training 
and long experience will prepare him to meet each complica
tion promptly and wisely. In the following pages haYe been 
categorically tabula ted the steps in the prophylaxis and 
treatment of many difficulties that may arise. It should be 
remembered that primarily or secondarily nearly every one 
of these complications results ultimately in interference with 
or interruption of the transport system (pp. 9-22)-in other 
words, in an inadequate supply of oxygen to the tissues and 
an inadequate riddance of the tissues of carbon dioxide: 
Consequently, the more thorough the anesthetist's understand
ing of the physiologic mechanisms of transport (p. 2:3) and 
lhe greater his technical skill in protecting, restoring and 
maintaining transport, the better service will he render. 

Regardless of the cornplication which may arise, the 
anesthetist must he prepared to restore instantly (pp. 2:{-30), 
and to maintain artificially if necessary (chap. VIII), adequate 
transport. This is of first importance. Time is thus provided 
for proper consideration, diagnosis and specific treatment 
directed at the cause. 

The complications listed are not confined to anesthetized 
patients. Accidents, the weakness of illness, poisoning, drug 
overdosage, diseases of the nervous system and a host of other 
causes create a demand for the knowledge and skill of the 
anesthetist in the medical and accident wards of the hospital, 
in the street and on the field of hattie. 

THE ANESTHETIST MT.;ST BE A SKILFUL DIAGNOSTICIAN 
AS WELL AS A CLEVER TECHNICIAN. 
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OPEHATIVE CO:VIPLlCATIO:\'S 

Nervousness and Apprehension 

Prophylaxis 

1. Make a proper psychic approach. 
2. Give adequate preliminary sedation. 

Treatment 

1. Induce anesthesia rapidly ·with an agent and a method 
acceptable to the patient. 

Coughing 

Prophylaxis 

1. Encourage the clearance of the air passages before induc
tion. 

2. Administer scopolamine or atropine before operation. 
3. Increase the concentration of irritating anesthetic gases 

or vapors slowly. 

Treatment 

1. Decrease the concentration of anesthetic gases or vapors. 
2. Allow the patient to take a few breaths of air. 
:1. Induce anesthesia rapidly if a nonirritating agent is used. 

Vomiting 

Prophylaxis 

1. Give suitable preliminary sedation. 
2. Empty the stomach if possible. 
3. Avoid use of an airway until the pharyngeal reflexes are 

abolished. 
4. Pass the vomiting stage quickly. 
;), Avoid anoxia. 

Treatment 

1. Remove the face mask. 
2. \Vipe or aspirate vomitus from the pharynx and mouth; 

lower and turn the head to one side. 

REA VY SMOKERS HAVE MUCH TO COUGH UP. 
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Struggling 

Prophylaxis 

1. Give adequate preliminary sedation. 
2. Arrange for a quiet, undisturbed induction. 

Treatment 

1. Pass through the stimulatory stage as quickly as possible. 

Excessive Jlucus 

Prophylaxis 

1. Give adequate mucus-inhibiting medication (scopolamine
or atropine). 

2. Smooth induction. 
3. Avoid use of an airway until the pharyngeal reflexes arc· 

abolished. 
4. Avoid sudden changes in the concentration of the anes

thetic agent. 
5. Avoid too light anesthesia. 

Treatment 

1. Aspirate from the pharynx. 
2. Aspirate from the trachea if necessary. 

3. Hemove the ainvay if pharyngeal reflexes are still present. 
4. Deeper anesthesia. 

Obstructed Airway 

Prophylaxis 

1. Hemove loose dentures. 
2. Hemove other foreign bodies from the month. 
3. Support the jaw so the tongue is forward. 
4. Bear in mind that allergic patients sometimes have 

hronchial spasm with some agents, such as cyclo
propane. 

Treatment 

1. Hemove any foreign body from the air passages. 
2. Move the mandible forward on the maxilla so the tongue 

does not obstruct. 
3. Use a pharyngeal airway. 

4. Use an intratracheal airway. 



Laryngeal Spasm 

Prophylaxis 
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1. Avoid high concentrations of anesthetic agents during 
induction and sudden changes during maintenance. 

2. Do not allow painful stimulation until the patient has 
reached the stage of surgical anesthesia. 

3. Maintain adequate oxygen tension. 
4. Prevent the production of excessive mucus and the 

accumulation of other foreign material. 
5. Spray cocaine on the vocal cords. 
G. Do not allow the airway to come in too close contact with 

the vocal cords. 

Treatment 

1. Stop operation until the condition has been relieved. 
2. Decrease or increase the concentration of the anesthetic 

mixture. 
:~. Increase the oxygen tension. 
4. Hemove excessive mucus from the throat. 
5. Avoid excessive carbon dioxide. 
li. Increase the pressure on the breathing bag. 
7. Inject a solution of an- atropine salt intravenously. 
8. Cse an intratracheal tube. 

Respiratory i!rrest 

Prophylaxis 

1. Avoid hyperpnea. 
2. Avoid high concentrations of anesthetic agents during 

induction. 
3. Avoid fourth stage anesthesia. 
4. Avoid oxygen deprivation. 

Treatment 

1. Provide a patent airway. 
2. Stop administration of anesthetic. 
3. Institute artificial respiration with oxygen. 

Blood Pressure Fall in Spinal Anesthesia 

Treatment 

1. Administer oxygen. 
2. Inject intravenously a solution of an ephedrine salt or of 

neo-synephrin hydrochloride. 
3. Inject fluids intravenously. 
4. Elevate the feet. 
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Cyanosis 

Prophylaxis 

1. Administer oxygen in excess. 
2. Assure a patent airway. 
:1. Maintain normal hlood pressure. 
4. Avoid fourth stage anesthesia. 
5. Avoid use of nitrous oxide or ethylene in unsuitable 

subjects. 

Treatment 

1. Administer oxygen in excess. 

2. Assure a patent ainvay. 
3. Decrease amount of anesthetic. 
4. Maintain normal blood pressure. 
5. Augment respiration or institute m·tificial respiJ·ation if 

necessary. 

Shock'' (p. 161) 

Prophylaxis 

1. Avoid anoxia. 
2. Keep patient ·warm. 

3. Avoid excessively abnormal positions. 
4. Avoid trauma to tissues (autonomic stimulation). 
5. Maintain normal blood pressure by replacing fluid, 

chloride and blood losses. 
6. Maintain normal intraple11ral and intrapulmonary pres

sures. 

Treatment 

1. Administer a high conc-entration of oxygen. 
2. Apply external heat. 

3. Inject fluids-preferably blood-intravenously. 
4. Elevate the feet. 

Autonomic Reflexes (most common are: oculocardiac, carotid sinus, 
visceral traction and laryngeal [cord spasm]) 

Prophylaxis 

1. Be aware of their existence and possible occurrence. 

Treatment 

1. Remove the initiating stimulus. 
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Cardiac Arrhythmia 

Prophylaxis 

1. Avoid the usc of vasoconstrictor drugs in the presence of 
cyclopropane or chloroform anesthesia. 

2. Maintain an excess of oxygen. 
3. Avoid sudden changes in the level of anesthesia. 
4. Avoid very deep anesthesia. 

Treatment 

1. Administer oxygen in excess. 

2. Lighten the level of anesthesia or change the agent. 
3. Institute artificial respiration with oxygen if necessary. 

Hypertension and Hypotension Withollt Changes in Pulse Rate 

Prophylaxis 

1. They can safely be ignored if not different from the pre
operative normal, hut hypotension, if prolonged, can cause 
shock. 

Treatment 

1. Treat the resulting condition. 

Hy[Jertension with Rapid Pulse Rate 

Prophylaxis 

1. Determine the cause of this definitely unphysiologic state 
and correct it. Usually it is due directly to oxygen want 
or to carbon dioxide excess or indirectly to respiratory 
obstruction or to respiratory depression with inadequate 
ventilation resulting in oxygen want or carbon dioxide 
excess. 

Treatment 

1. Administer oxygen. 
2. Provide a patent airway. 
:~. Increase ventilation. 
4. Supply fresh absorbct·. 
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Hypotension with Rapid Pulse Rate 

Prophylaxis 
1. Observe the condition carefully-it is or can become 

"shock." 

Treatment 
1. Treat for shock. 

Cardiac Arrest 

Prophylaxis 

1. Avoid profound anesthesia, especially in the elderly and 
those with cardiac disease. 

2. If respiratory arrest or respiratory obstruction occurs, 
promptly institute artificial respiration with oxygen. 

3. Prevent strong stimuli in the presence of light anesthesia. 

Treatment 

1: Institute artificial respiration with oxygen (high pressure). 
2. Massage the heart. 
3. Administer analeptics intravenously or intracardially. 
4. Use electric stimulation if familiar with the technic. 

POSTOPERATIVE COMPLICA TIOl\'S 

Failure to Recover Consciousness 

Prophylaxis 

1. A void any degree of oxygen want during anesthesiq, 
2. Be sure the patient has had the proper premedication in 

the proper dosage. 
3. Avoid overdosage of anesthetics. 
4. Avoid drugs to which the patient is allergic. 

Treatment 

1. Administer oxygen. 
2. Rule out diabetic coma, insulin shock, increased intra-

cranial pressure, uremic coma, etc. 
3. Maintain blood pressure. 
4. Give diuretics, such as dextrose, intravenously. 
5. Remove mucus from the tracheobronchial tree. 
6. Support with stimulants. 
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Prophylaxis 
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1. Be sure there is no foreign material or mucus in the 
tracheobronchial tree at the end of anesthesia and remove 
promptly any later accumulations. 

2. Encourage the patient to cough. 
3. Turn the patient in bed. 
4. Encourage the patient to take deep breaths. 

This is the , 
"stir up." Do 
once per hour. 

5. A void tight binders. 
6. Give carbon dioxide and air inhalations if cooperation 

of patient in breathing deeply fails. 

Treatment 

1. Insure coughing every fifteen minutes with conscientious 
help. 

2. Turn in bed frequently (every fifteen minutes). 
3. Aspirate the contents of the tracheobronchial tree through 

an endotracheal tube or a bronchoscope. ' 

Prolonged Vomiting 

Prophylaxis 

1. Supply adequate oxygen during the anesthesia. 
2. Maintain a proper fluid and metabolite balance. 

Treatment 
1. Administer oxygen. 
2. Restore the fluid and metabolite balance. 

Postoperative Shock (p. 161) 

Prophylaxis 

1. Administer oxygen. 
2. Maintain blood pressure. 
3. Keep the patient warm. 
4. Replace the fluid lost. 

Treatment 

1. Administer oxygen. 
2. Elevate the foot of the bed. 
3. Inject fluids, preferably blood or plasma, intravenously. 
4. Apply external heat. 
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Parotitis 

Prophylaxis 

1. Avoid trauma from head straps. 
2. Provi cte chc\ving gurn. 

:~. Have !he patient suck a lemon. 

Treatmcn t 

1. Nonspecific-apply heat. 

Sore Throat 

Prophylaxis 

1. A void injury to the lips and teeth. 
2. Avoid trauma from airways, suction tips, laryngoscopcs, 

etc. 

Treatment 

1. Nonspecific-usc warm irrigations. 

Ether Burns 

Prophylaxis 

1. Apply petrolatum around the patient's nares and mouth. 
2. Instill bland oil or ophthalmic ointment in the patient's 

eyes. 
3. Cover the patient's eyes with moist cotton. 

Treatment 

1. Irrigate with water or bland solutions. 
2. Instill mild ophthalmic ointment. 

REFERENCES 
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THE GOOD ANESTHETIST OBSERVES 
PATIENT, NOT JUST THE 
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Special Considerations 

RESPIRATORY EMERGEXCIES 

THE ABU:l\DANT MARGIN of safety maintained bv nature 
for almost every other physiologic function is lacking for 

the transport of oxygen from the atmosphere to the tissues. 
Continuous adequate breathing together with adequate blood 
flow constitutes the transport mechanism. A total failure of 
either respiration or circulation must he extremely brief if the 
patient is to survive. 

The length of time during which interruption of oxygen 
transport may be compatible with complete recovery has heen 
the subject of much speculation. It depends on the condition 
of the cells at the instant of complete interruption of transport 
and varies from a few seconds to nine or ten minutes. A 
patient suffering from severe cardiae decompensation may 
die within fifteen seconds after the initiation of complete 
respiratory obstruction or after three breaths of pure nitrous 
oxide. At the other extreme, a healthy athlete after a period 
during which he breathes pure oxygen may safely stay under 
water for nine or ten minutes. Recovery of the vegetative 
funetions has been reported follo·wing arrests of oxygen trans
port of considerable duration. The more specialized centers 
of the central nervous system tolerate want of oxygen poorly. 
Failure of recovery may be preferable to recovery accom
panied with blindness, loss of memory, idiocy or other defects 
of the higher centers. Methods of resuscitation to be effeetive 
must be instituted promptly and must insure efficient trans
port of oxygen until normal respiratory activity is restored. 
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VE)ITILATION A)ID ITS MAINTENANCE 

There are two essentials: First, there must be a free 
passage between the mouth and nose and the alveolar 
membrane. This is secured by: 

1. Sliding the lower jaw forward on the upper and holding it 
there, or pulling the tongue out of the mouth (pp. 11 and 24). 

2. Using an artificial pharyngeal airway (pp. 25-26). 
:3. Performing endotracheal intubation (pp. 27-30). 
4. Cleansing the lower respiratory tract by the '-'stir up" regimen 

and, if necessary, using suction drainage of the bronchial tree 
to remove any foreign matter which may be obstructing it. 

Second, alternate filling and emptying of the lungs must 
take place in a manner which will assure normal tensions of 
oxygen and carbon dioxide in the blood and tissues. 

Cleansinq the Lower Respiratory Tract.-The presence of fluids or 
foreign substances in the pharynx, trachea or bronchi obstructs 
respiration and cannot be tolerated. Excessive secretions are seen in 
healthy patients as the result of irritation of the respiratory mucosa, 
during thoracic operations or when pulmonary edema occurs. It has 
been suggested that the use of a constant positive pressure of about 
4 mm. of mercury on the respired atmosphere will oppose the tendency 
to pulmonary edema. Fluids in the pharynx can be removed either 
by suction or by wiping with gauze sw:,;:tbs. The patient should be 
prone with the head lowered to assist gravitational drainage and 
prevent aspiration of foreign matter into the trachea. 

(a) The Stir Up Regimen: Patients with excessive secretion, those 
who have aspirated foreign matter or those who are depressed by 
injury, illness or drugs should be subjected to this routine. Once 
every hour the nurse or the physician insists that the patient must: 

1. Change his position radically or be helped to· do so. 

2. Cough vigorously. 

:l. Breathe rleeply several times. 

(b) Tracheobronchial Toilet: If the patient cannot remove fluids 
in the trachea and bronchi, whether aspirated or originating in the 
lungs, the condition demands intubation of the glottis (p. 27). With 
the endotracheal tube in place, a special aspirating catheter or a rubber 
urethral catheter of size 14-18 Freneh which has been well lnbl'icated 
is passed down the tube and suction is applied to this catheter, which 
is moved up and down. The head of the patient or the whole body 
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may be turned from side to side in an attempt to cause the catheter 
to enter and empty either bronchus. Usually, violent coughing results 
and this helps to clear the respiratory tree. This procedure can be 
used in the conscious patient if an effective topical application of 
cocaine to the pharynx and larynx (p. 117) has been made. If the 
services of a bronchoscopist are available, he may perform a similar 
procedure. 

Diagnosis and Treatment of Jitelectasis.~Following crushing 
injuries to the chest or after major operations, particularly in the 
cranial, abdominal or thoracic regions, the anesthetist may have to 
deal ·with atelectasis. This complication is usually a sequel to neglect 
of items a and b preceding. A bronchus is probably occluded, and the 
area of the lung concerned collapses as its gaseous content is absorbed. 

Physical signs may be noted as follows: There is limitation of 
movement over the area concerned. Observation in a good light from 
several angles \Viii usually reveal the asymmetric breathing. Dyspnea 
is sometimes observed. There is a rise in temperature, pulse rate or 
respiratory rate. Harely are palpation, percussion and auscultation 
of value unless the area of atelectasis is large. Some adventitious 
sounds may be present. Hoentgenograms may confirm the impression 
of congestion and of cardiac displacement. However, the character 
of the chest movements, together with the record of the temperature, 
pulse and respiration, is often sufficient for diagnosis. 

Treatment should be instituted at once and repeated often until the 
chest is elear. Neglect is frequently repaid with pneumonia. 

Artificial Respiralion.~Normal breathing while at rest is 
accomplished by intermittent exaggeration of the subatmos
pheric intrapleural pressure. It is brought about chiefly by 
synchronous contraction of the intercostal muscles and the 
diaphragm. Under stress it is probably a combination of 
active alternate increase and decrease of pleural pressures. 
\Vhen the respiratory muscles cease activity, the lungs are held 
partly filled at atmospheric pressure by the negative pressure 
in the pleural cavities in spite of the elasticity of lung tissue 
which is tending to collapse the lungs and force the contained 
atmosphere out. To maintain rhythmic exchange of the 
atmosphere in the alveoli, three physical changes and combi
nations of these are available: (1) intermittent exaggeration 
of the negative intrapleural pressure, (2) intermittent increase 
of the pressure in the alveolar spaces or (3) intermittent 
decrease of the negative intrapleural pressure. 
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1. Intermittent Exaggeration of the Negative Intrapleural 
Pressure. This is brought about hy: 

(a) The Manual Maneuver of Silvester. With the patient in the 
supine position and a pad under the shoulders, the arms are 
raised over the head, elevating the ribs, the intrapleural 
negative pressure is increased, and air rushes into the lungs. 
\\'hen the arms are returned to the sides, the ribs fall, the 
pleural pressure becomes less negative, and air rushes out of 
the lungs. Silvester recommended that the arms be pressed 
against the ribs as they are returned to the sides, to aid in 
expiration. 

(b) Mechanical respirators, surrounding the trunk or the whole 
body below the neck with an air-tight box in ·which the 
pressure can be intermittently reduced, thus raising the ribs 
and the abdominal wall. 

2. Intermittent Increase of the Pressure in the Alveolar 
Spaces. The intermittent transmission of positive pressure 
to the alVeoli through the air passages is accomplished hy: 

(a) Blowing into the month or nose (always available). 

(b) Intermittent direct inflation of the lungs by hand pressure on 
a rubber breathing bag attached to a face mask or to an 
artificial airway. It is possible to maintain adequate venti
lation satisfactorily in this manner with the chest \Vall open 
during or after injury (see p. ·135). 

These two methods are as efficient and often safer than the 
numerous mechanical devices, activated by gas pressure, 
motors, etc., which have been constructed. 

:t Intermittent Decrease of the Negative Intrapleural Pres
sure. The thoracic cage must be made smaller by depressing 
the ribs or pushing the diaphragm upward, or both. This can 
he done by: 

\ 

(a) The Schafer prone pressure manual method. 

(b) Simple intermittent pressure on the ribs or on the abdominal 
wall. 

(c) Mechanical devices by which the trunk or part of it is inclosed 
in an air-tight rigid container and positive pressure is inter
mittently applied inside the container. 
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The combinations of principles 1, 2 and 3 are many and 
varied. Synchronous application of 1 and 2, alternation of 
2 and ~3 and alternation of 1 and 3 have been advocated. 

In general, it may be said that manual maneuvers and 
direct inflation of the lungs from the operator's ovvn respira
tory tract have the advantage of instant availability and 
intimate personal relation to Lhe effort, resultinu in the likeli
hood that the rescuer will more readily appreciate def'ects in 
the method, such as an obstructed airway and an inadequate 
or on q:cessive exchanue. The adual method of performing 
artificial respiration is relatively immaterial. \Vhen the 
respiratory tract is free of contaminating material, direct 
inflation of the lungs by blowing intermittently through the 
patient's mouth or nose is probably the most readily available. 
The oxygen cylinder, breathing bag and mask ought to be 
available in hospitals and emergency kits. The Silvester 
method is as etlicient as other manual methods. If the tract 
is contaminated by foreign material, as after vomiting or 
drowning, and suction apparatus is not available, the Schafer 
prone pressure maneuver is safer. The instant application 
of some method of intermittent exchange when natural effort 
ceases is all important. 

The mechanical apparatus is constructed partially of 
rubber, which deteriorates, and of intricate machinery, which 
gets out of order. The anesthetist should inspect such appa
ratus frequently to learn how it works and how to keep it in 
repair. 

Two factors more important than the method by which 
exchange is brought about are (o) the promptness with which 
the artificial method is initiated after normal activity has 
ceased and (b) the intelligence and physiologic understanding 
with which the method is applied. 
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OBSTRCCTION AT THE ALVEOLAR MKVIBHANE :VIA Y REQL'IRE 
PHOLONGED AHTIFICIAL RESPIHATrON. 
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INHALATION THERAPY 

Sl1PPLIES AN I) EQl ' IPl\IENT 

0.1·ygen.- "Medicin a l" and "commercia l" oxygen are 
identical ,excep t for the cleanliness of the co nta iner s and the 
price. The oxygen supply of garages for welding and other 
such purposes is sa tisfactory for clinical use and is available 
in almost every community. E fficient reducers and r egulators 
are necessary to bring the dangerously high pressures of 
cylinder containers within safe limits and to regulate and 
control th e flow of gas to the patient. 

Always, before the r egulator is attached , open th e cylinder 
valve sharply and brietly . This blows out a ny particles of 
dirt whkh might otherwise enter the r egulator and insures 
that a n empty cy linder has not been mistake n for a full one. 
All Yalves when no t in use should be tightly closed to prevent 
leaks and Joss. 

A pparalus. The a pparalus ava i Ia ble in d iff c re n I environs 
varies widely. It behooves the anesthetist wh en he arrives 
at a new post to familiarize himself at once with the apparatus 
provided for the administration of inhalation the rapy. If 
proper equipment is lacking, su bs titutes for it can usually be 
improvised if the improvisation is undertake n before the n eed 
arises . (p. 7:'>). Any machine d esigned for th e administra tion 
of gaseous anesthetics can he used for oxygen therapy. A 
s imple assembly of a fac ial or a nasal mask a nd a breathing 
bag ser ves th e purpose. Provision must be m ad e for th e 
elimina tio n of expired carbon dioxide ei ther by discharge 
through a n ex piration valve or· by chemica l a hsorption in a 
canister of sod a lim e (p. 80). 

AD~fi:\'ISTll.\TION OF OXYGEN 

Indica ti o ns for oxygen therapy have frequently been m en
tio ned throughout this work. In addition to th ese, certain 
m edi ca l conditions are treated with high co nce ntrations of 
oxygen. 

\Vhether th e admin.istration of oxygen will he of va lue to 
a patient ca n be d etermined only by direct experiment. The 
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most reliable physical sign is the pulse rate, hut color, 
breathing (dyspnea), temperature, respiratory rate and blood 
pressure may also facilitate the decision. Repeated observa
tion of the pulse rate should precede exposure to a high 
concentration of oxygen; a flow of from() to 8 liters per minute 
is adequate when oropharyngeal methods are in use. The 

Fig. 71.-The oropharyngeal catheter in place. 

maximum fall in p'ulse rate is noted. This figure then becomes 
the criterion by which the further administration is regulated. 
To determine the minimum flow of oxygen which is adequate, 
reduce the flow by half: If the pulse rate does not rise, a 
further similar reduction may he undertaken. Should the 
pulse rate rise after any reduction, the previous higher flow 
should he restored. By this method, waste of oxygen is 
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eliminated, and the point at which the administration may he 
discontinued is automatically determined. 

The oxygen may he passed through water to moisten it or 
not, depending on whether the secretions are scanty and dry 
or plentiful and fluid. 

Introduction of Orophnrynyeal Cntheter.-It is essential that the tip 
of the catheter be accurately placed in the oropharynx. This tip is 
first perforated with a number of small holes by running a red hot 
needle through the terminal one-half inch (1.25 em.) of the catheter. 
The proper depth for the catheter can be roughly ascertained by 
measuring the distance from the ala of the nose to the tragus of the 
car. \Vith the oxygen running at G liters to the minute, the lubricated 
catheter is passed into the nose and pharynx until the patient swallo·ws 
a bolus of oxygen during deglutition. The catheter is then withdrawn 
to a point at which gas is not swallowed. It is then firmly fastened to 
the skin of the nose and that of the forehead or cheek with adhesive 
tape. 

At least every twelve hours the eatheter should be ·withdrawn, 
cleansed and inserted on the opposite side. 

Use of an Oxyyen Tent.---The patient's head is enclosed by a tent 
in whieh the prescribed concentration of oxygen and a comfortable 
degree of temperature and humidity arc maintained. Every oxygen 
tent is accompanied by a set of instructions issued by the manufacturer, 
and these should be carefully read and applied. The atmosphere of 
the lent must be periodically tested to determine the oxygen and the 
earbon dioxide content. 

Use of Carbon Dioxide.---This gas is the normal stimulus to breathing 
and is sometimes added to inspired atmospheres to stimulate a mildly 
depressed respiratory center. It should he remembered that con
centrations may be reached that stimulate the higher eentcrs, such 
as the motor cortex, and that concentrations may even become high 
enough to fail to stimulate, with added depression as a result. 

If deeper breathing is desired, the voluntary effort of a conscious, 
cooperative patient is best. An uneonseious or uneooperative patient 
may be made to hyperventilate if caused to rehreathe from a closed 
container containing oxygen, the expired carbon dioxide being thus 
permitted to accumulate. If carbon dioxide from a cylinder is used, 
the most effective method is to hold the rubber delivery tube so that 
the gas pours down over the patient's face, enriching the inspired 
atmosphere. This is continued only until the desired hyperpnea is 
obtained and then immediately discontinued. 

Carbon monoxide poisoning mny be effectively treated by allo·wing 
the patient to breathe oxygen from a mask and bag with enough carbon 
dioxide added to produce mild respiratory stimulation. The mask 
should be equipped with an open exhalation valve, and the flow of 
oxygen should be adequate to prevent rebreathing. 
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Use of Tlelium.-Helium and oxygen mixtures, used under various 
pressures, are advocated by some as having certain advantages for 
inhalation therapy. The reader is referred to the current literature 
for the rationale and technic. 

REFERENCES 

1. Barach, A. L.: The Therapeutic Uses of Gases, in Barr, D. P.: 
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Wilkins Company, 1940, vol. 1, p. 99. 

THE ANESTHETIST SHOULD CONSIDEH HIMSELF HESPONSIBLE 
FOR KEEPING ALL EQUIPMENT FOH INHALATION THERAPY 
AND HESUSCITATION, AS WELL AS THAT FOR ANESTHESIA, 

IN WORKING OHDEH. 

FIHE HAZARD: THEilE :\It:ST BE NO SMOKING WHEN OXYGEN 
IS BEING USED. FOH LEGAL PHOTECTION, NOT ONLY MUST 
ORAL INSTRUCTIONS BE GIVEN BUT WHITTEN WARNINGS 

MCST BE POSTED. 
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CIRCULATORY EMERGENCIES 

Rapidly developing and extreme depression of that portion . 
of the transport system which depends on the heart and 
blood vessels usually occurs from one of three causes: (1) 
mechanical embarrassment, (2) hemorrhage or loss of fluid 
and (3) disturbances of the autonomic nervous system. In 
any case the resulting changes in the patient eventuate in a 
condition ordinarily referred to as SHOCK. Grossly, the 
diagnosis of shock is made when a patient who has been 

PINK } 
WARM AND 
DHY 

Becomes 
{ 

PALE 
COLD Al\'D 
WET 

Since it is the anesthetist's responsibiUty to observe and 
record the condition of the patient during operation and to 
direct treatment when this is necessary, he is intensely 
interested in all prophylactic measures as well as in any 
reliable means of determining that the patient is undergoing 
circulatory depression before pallor, cold and wetness appear. 
For a promising lead in this direction, the appendix to 
Scudder's book on shock is recommended, as well as an article 
by Drew (see references, p. 171). 

Nevertheless, under the working conditions in the average 
hospital the anesthetist must be able to correlate cause and 
effect, usually without aid from the laboratory. 

:VIECHANICAL EMBARRASSMENT 

The mechanical causes of circulatory embarrassment are 
rather obvious and will receive little attention here. If a 
patient is deficient in vascular tonus or becomes so because 
of the action of drugs, he obviously lacks the power of com
pensation for changes in position in which gravity affects the 
disposition of blood in his body. Again, a tumor within the 
chest, pericardia! effusion, adhesions or other mechanical 
interference with the filling and emptying of the heart and 
great vessels may disturb the circulation. The surgeon's 
manipulations may have a like effect. Finally, changes in 
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the intrapleural pressure resulting from open pneumothorax 
or from obstruction of air passages may either decrease or 
increase the pressure surrounding the heart and vessels, thus 
modifying their effectiveness, 

HEMORRHAGE oR Loss OF Frxm 

Loss of fluid by the anesthetized patient through perspi
ration or in the expired atmosphere is rarely excessive during 
the use of the carbon dioxide absorption technic for inhalation 
anesthesia. Some consider this technic excellent prophylaxis 
against shock. 

\Yhen the surgeon's attention is focused on the technical 
diiliculties of the operation, it behooves the anesthetist to 
watch carefully the amount of blood on the floor and the 
degree of blood saturation of the accumulated gauze in the 
floor basi-.,1. However, let him not use the loss of blood as an 
alibi for his own technical shortcomings or a deficiency of 
knowledge of the fundamentals of anesthesia. 

OISTl'HBA~r.Es OF THE Aeroxo::\nc ~ERVocs SvsTE:\'l 

Anesthetic drugs, technical faults in their administration 
and easily overlooked by-effects of surgical procedure may 
stimulate or depress in a multitude of ways either of the two 
components of the autonomic nervous system referred to as 
the parasympathetic and sympathetic (or the craniosacral and 
thoracolumbar) nerve mechanisms. To the extent thaf·exaet 
knowledge of the influence of each component on all the 
organs of the body is lacking, the anesthetist is left to his own 
resources to determine by clinical observation ·which of the 
factors under his control during anesthesia may be causing 
stimulation or depression of one component or the other, thus 
decreasing eflicient circulation of the blood. The current 
literature must be watched carefully for any experimental 
studies contributing to knowledge of autonomic function. 
The texts of Best and Taylor (see references, p. 22) and Gilman 
and Goodman (see references, p. 46) have already been sug
gested as helpful. 
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Causes.-1. Drugs. It is known that the balance between 
the two elements of the autonomic system is unstable in 
certain persons-even though they may appear normal. 
Hence the effect of drugs on autonomic balance varies widely 
in different patients. Block anesthesia of one component of 
the autonomic system permits the other to become dominant. 
For instance, if a local anesthetic agent is applied only to 
the sympathetic fibers supplying an organ or area of the body, 
the blood vessels in that area may lose their power of con
striction. 

General anesthesia likewise causes depression of autonomic 
activity, the degree of depression depending on the dose of 
the anesthetic. There is some evidence that certain drugs 
have their predominant effect on the craniosacral and others 
on the thoracolumbar component; e. g., experiments have 
been reported indicating that some barbituric acid derivatives 
and ether cause the vascular bed in the spleen to contract 
while others, as cyclopropane, have no such effect. This or 
some other similar effect on the autonomic system may explain 
why it has been suggested that shock after injury may he 
delayed in its onset for hours if the animal is kept under the 
profound influence of either barbiturates or ether. \Vhile 
learning all he can of the effects of drugs on the autonomic 
system from a practical point of view, the anesthetist must 
still depend largely on clinical experience in his choice of 
drugs best suited to prevent shock rather than on pharma
cologic knowledge. Varying the depth of anesthesia duriny 
a particular operation, sometimes upward and sometimes 
downward, will often prove of yreater value in preventing 
shock than will a change of agent. 

2. Position. Certain persons, possessed of some abnor
mality of autonomic balance, may be thrown into a state' of 
circulatory depression solely by sudden changes in position. 
Others, normal when unanesthetized, may respond in an 
exaggerated manner when subjected to marked changes in 
their gravitational relations. 

Changes in the position of deeply anesthetized patients had 
better be made gradually. Avoid e.rtremes. 

Positions required for certain operations may themselves 
directly affect elements of the autonomic system. The 
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"kidney lift" and the "gallbladder lift" are examples. The 
prone position may embarrass the respiratory exchange; in 
addition it sometimes has an apparent effect on the neurologic 
control of circulation. 

3. Trauma. Direct trauma to the anatomic constituents 
of the autonomic system by operation or by injury can cause 
reflex effects on the circulation, ranging from a giddy feeling 
in a conscious person to asystole in a completely anesthetized 
one. Stimuli may pass through such reflexes as the oculo
cardiac or the carotid sinus reflex. A sudden circulatory effect 
originates from trauma to the mediastinum, to the thoraco
lumbar chain, to the portal region of the upper part of the 
abdomen or to the genitalia. 

If the correlation of blood pressure, pulse and respiratory 
changes with trauma indicates that an autonomic stimulus is 
the cause of the circulatory depression, the anesthetist's duty is 
to warn the surgeon and possibly to change the plane of 
anesthesia." If an accident or an injury is the cause, anesthesia 
or dnzg sedation may be indicated. 

,1, Faults of Anesthetic Technic. The systemic effect of 
the local use of anesthetic drugs has been discussed in the 
chapter entitled "Local Anesthesia" (pp. 85 and 88). Often 
the injection or topical application of these drugs may serve 
to block stimuli to the autonomic system from trauma during 
general anesthesia (p. 139). On the other hand, operating 
under local anesthesia in some regions of the body may, if 
the anesthetic injection has not caused a complete block, result 
in autonomic insult, as well as pain, and circulatory depres
sion mav result. 

The ~ft'ects of general anesthesia on the autonomic ne;\'ous 
system are many and varied. Exact knowledge of their 
occurrence is lacking, although further evidence appears in 
the current literature nearly every month. T_Tndcr these 
circumstances the clinical anesthetist when he encounters 
circulatory emergencies or depressions of circulation of 
obscure origin during anesthesia will do well to view with 
suspicion both his drugs and his technic. 

Constant palpation of the pulse should be maintained ·with 
the ring finger lying over the facial artery. This can he done 
handily, when a mask is in use, by the hand that holds the 
mask. Frequent estimations should be made of the systolic 
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and the diastolic blood pressure. A record of these observa
tions should be kept. \Vithout information accumulated 
before an emergency has arisen, the frequently insidious onset 
of circulatory depression will not he recognized. 

The anesthetist should familiarize himself with the 
changes which arc more or less unavoidable and routinely 
characteristic of each drug and technic used in the induction 
of anesthesia. These changes are usually seen during the 
early moments of administration. As maintenance and 
operation progress, the pulse and blood pressure, as a rule, 
become stabilized. 

\Vhenever during the progress of the operation the rhythm 
force or the rate of the pulse changes or the blood pressure 
relations are altered, there is a reason for the change. Find 
it! The possible technical errors which may lead to circulatory 
derangement are many. Several will he mentioned. 

(a) Overdosage. Ventricular fibrillation has resulted from the use 
of chloroform and cye!opropane. Formerly it ·was thought to occur 
when the degree of narcosis >vas inadequate to prevent stimulation 
of the autonomic nervous system. Hecent evidence points to the 
probability that ventricular tachycardia followed by fibrillation occurs 
with extreme dosages. 

Overdosage with ether results in respiratory depression. The 
l'nsuing deprivation of oxygen leads to acute circulatory emergencies. 
Under such circumstances the vascular tone may be abolished and 
the cardiac output affected. Extremely low blood pressures result, 
often accompanied by an increasing pulse rate; in other words, a 
shocklike picture obtains. If the overdosage of ether has been long 
continued, the atmosphere may be enriched with oxygen, or artificial 
respiratory exchange may be instituted. 

If there has been an overdose of nitrous oxide or of ethylene, the 
effect on the circulation is likewise that of oxygen deflcien,cy. 

(b) Excessive Rebreathing. Excessive rebreathing of anesthetic 
atmosphere may result in the building up of carbon dioxide in the 
tissues. Oxygen deprivation may or may not occur, depending on the 
oxygen content of the respired atmospheres. l\Iost types of anesthetic 
apparatus cause some rebreathing. Such respiratory acidosis requires 
biochemical adjustment of the organism, a need which may be success
fully met at the time. However, in the biochemically handicapped 
patient the readjustment to normal atmospheric conditions may result 
in a state of extreme circulatory depression during the period of 
recovery. The exact mechanism of this reaction is not understood. 

(c) Respiratory Obstruction. Finally, respiratory obstruction-the 
commonest technical error-results in respiratory acidosis and oxygen 



1()6 PUXDAJl EXTAJ~S OF ANES . ..:cT_:_:Hc::cE=S-'-'Lc.:c1l _____ _ 

deprivation plus pressure disturbances within the chest cavity. These 
three factors singly or together have the gravest effects on cardiac 
output, vascular tone and autonomic balance. A short bout of severe 
respiratory obstruction or a longer experience '.vith slight obstruction 
during anesthesia in a susceptible patient may result in shock. 

Having considered the causes and common events which 
lead to deficient circulation and shock, and some immediate 
precautions that should he horne in mind, the question of 
what to do about it may he conveniently answered in outline. 

Prophyla.xis.~~In the preoperative period: 

1. Avoid restricting the intake of food or fluid without reason. 
2. Treat pain and worry adequately. 
3. Restore deficiencies due to the patient's condition--electro

lytes, dextrose, oxygen. 

During operation: 

1. In,,sure that the pain relief is adequate for the particular 
operation. 

2. ::\1aintain adequate respiratory function-no respiratory 
obstruction; no respiratory depression unless compensated 
for. 

:i. C:ooperate with the surgeon in promoting the best surgical 
technic. 

4. Recognize and prevent, if possible, stimuli which derange 
autonomic function. 

Treatment.-The patient who is pale, cold and wet demands 
treatment, sometimes immediate and drastic. 

1. If the cause is still active. remove it. 
2. Pt·ovide an oxygen-rich atmosphere up to 100 per cent, with 

artificial aid to respiratory exchange if indicated. , 
3. Insure a free airway (pp. 23-30). 
4. Have the head only slightly lower than the heart. 
5. Give adequate pain relief (chap. IV). 
6. Inject fluids intravenously. (For the technics of venipuneture, 

see p. 64.) 

\Vith respect to intravenous therapy, the following points 
are important: 

(a) Proper, chemically pure substances should be procured from 
a reliable source. 

(b) Pure, sterile water should be employed, and the water must 
be from a satisfactory source. 
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(c) The strength of solution to be use< I depends on the purpose of 
its administration. Hypotonic or markedly hypertonic solutions 
generally should not be administered. An exception to this arises 
when it is desired to obtain the dehydrating effect of a hypertonic 
solution for a specific purpose. 

(d) Clean, sterile apparatus should be used and proper precautions 
should be taken to prevent toxic material from coming in contact with 
the apparatus. 

(e) Both the solution and the apparatus should be thoroughly 
sterilized. 

(f) The rate of injection should be controlled, since this is 
important in connection with the proper physiologic compensations. 
Cnder ordinary circumstances the injection should not exceed a rate 
of from 75 to 100 drops per minute. After accidents, as in the presence 
of active hemorrhage, much faster rates are needed. 

The quantity of blood in the body is usually in a definite 
proportion to the body weight. The weight of blood is 
approximately 7 per cent, or a fourteenth, of the body weight. 
This proportion usually holds except in extreme conditions; 
for instance, (a) when a great amount of blood has been lost, 
(b) when marked dehydration is present, (c) when the 
excretory mechanism has failed and fluid has accumulated 
in the body. 

~ormally it is difficult to increase or to decrease the volume 
of the blood for any length of time because of the body's 
mechanism for interchange of fluid. An excess of fluid is 
rapidly excreted, and conversely deficiencies of fluid are 
rapidly compensated for by filtration of fluids from the tissues 
into the capillary bed. It can he assumed that the blood 
contains approximately 23 per cent of solids, and the solids 
of most importance whieh can be administered parenterally 
at this time are sodium chloride, dextrose, acaci~ and the 
various alkalizing agents which combat acidosis. The solid 
content of the blood, particularly the saline content, is an 
important governing factor in the interchange of fluids between 
the cellular tissues and the blood stream. Intravenous injec
tion of a solution tends to encourage retention of the solution 
in the blood stream, thereby temporarily increasing the blood 
volume, particularly if the blood volume is less than normal. 

It must not be inferred, however, that maintenance of blood 
volume is the only indication for intravenous administration 
of fluid. Under conditions such as circulatory reactions to 
toxemia, shock and systemic infection, this type of therapy is 
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useful. It can also be used preoperatively and postoperatively 
to reduce surgical risk and as a supportive measure following 
surgical procedures. 

Fantus has recorded conclusions regarding intravenous 
administration of dextrose in the course of various clinical 
conditions substantially as follows: 

1. In every instance of a very sick patient one should take care 
of an adequate income of water, sodium chloride and dextrose 
as a routine procedure before, rather than after, a high degree 
of deficiency has occurred. 

2. This, when adequate oral administration is impossible, can 
generally be accomplished best by dextrose phleboclysis, the 
composition of the solution being determined by the individual 
indications present. 

3. To combat dehydration and for relief of thirst, a 5 per cent 
solution of dextrose in distilled water seems preferable. 

4. vVhenever salt starvation is threatened or present, dextrose
saline phleboclysis should be practiced. 

5. vVhenever <;arbohydrate cannot be ingested or digested to a 
sufficient degree, a l 0 per cent dextrose phleboclysis should 
be resorted to. 

G. When there is poisoning with a diffusible poison, the diuretic 
and possible liver-protective action of dextrose phleboclysis 
adds itself to the foregoing therapeutic values. 

7. Concentrated (25 per cent) dextrose solution may be of value 
in counteracting certain internal hemorrhages, inflammatory 
and exudative pulmonary edema, and possibly myocardial 
weakness and in lessening intracranial pressure (unless there 
is cerebral hemorrhage). 

8. During phleboclysis, other remedies may be conveniently . 
infused; e. g., antiserums, epinephrine hydrochloride, insulin, 
iodides, sedatives and stimulants. 

In table 11 are listed various solutions used for intravenous 
therapy and what is considered the number of cubic centi
meters of each solution which may be administered intra
venously to the average person with safety. 

BLOOD TRANSFUSION 

Landsteiner groups 0, A, B and AB are also known as 
groups 4, 2, 8 and 1, respectively, according to the Moss 
classification. The latter grouping is probably the most widely 
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used today, but it is not uncommon to utilize both systems for 
purposes of accuracy and to list the groups as follows: 
1 (AB), 2(A), 3(B) and 4(0). 

The indirect (citrate or other anticoagulant) method of 
transfusion, on account of its flexibility, is usually preferred 
to the direct method. The relative incidence of reactions is 
slightly greater with the indirect method than with the direct 
method, but the practicability of the latter method is not 
sufficient to warrant its routine use when a large number of 
transfusions are performed. 

TABLE 11.-Safe Dosage for the ,4uerage Person of Various Substances 
Used for Intravenous Administration 

Dose in cc. for Patient of Given Age 

Substance 

Bloo<l 

Acacia 6% 
Sodium chloride 

0.9c;;{J * 
Dextrose 5% 

in physiologic 
solution of NaCI 

Dextrose 10% 
in physiologic 
solution of NaCl 

Dextrose 5S~ 
in distilled water 

Dextrose 10% 
in distilled water 

Hartlnann's 
solution 

a l\Io. 
and 6 

Younger Mo. 

75 100 

l 
I 

l!OO 1:)0 

I 

J 
Dextrose 20% } 

in distilled water 
Sucrose 25<;0 75 
Sodiun1 bicar-

bonate, 5o/o 

100 

Dextrose :)0% 
in distilled water 

1 2 5 10 
Yr. Yr. Yr. Yr. 

150 200 250 300 

200 :100 500 

150 200 250 300 

5 10 2:i 50 

15 
Yr. 

400 

750 

100 

7;) 

• This is physiologic solution of sodium chloride ().iaCl). 

20 Yr. 
and 

Older Comment 

500 May repeat 
after 
12 hours 

1,000 

;)00 Give very 
slowly 

100 To reduce 
intracranial 
pressure 

To store blood satisfactorily, the icebox or refrigerator 
must he of reasonable size and one in which the temperature 
can he controlled so as to prevent freezing. The optimal limit 
of time for the utilization of stored blood is two weeks or· 
less after the blood has been put in storage, although refriger
ated blood three weeks old has been administered to patients 
without untoward results. 

The blood should be tested by at least one of the accepted 
procedures used in the detection of syphilis. 
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In the course of many serious operations it may be found 
advantageous to insert into a vein a needle fitted with a stylet 
and to anehor the needle seeurely with adhesive plaster, This 
maneuver will faeilitate intravenous therapy and will obviate 
the difficulties of venipuncture in sudden circulatory collapse. 
If neeessary, the stylet is removed, the needle and the vein 
are irrigated with a small quantity of physiologie solution 
of sodium chloride, and then blood, a solution of acacia or 
any other desired solution is administered. It is worth while 
to remember that a solution of acacia should not be adminis
tered either before or after administration of blood without 
first irrigating the tubing, since the acaeia may cause clotting 
of the blood in the tubing or the needle, or even in the vein. 

Reactions to Indirect Transfusion.---Among the factors 
influencing the incidenee and number of reactions to trans
fusions are the rate of administration, the anticoagulant 
used, the temperature of the blood, the presenee of sub
stances to which the patient is allergic and the quantity of 
blood adm-Inistered. 

The most common signs and symptoms of such a reaction 
are a rise in temperature, a chill and urticaria; less common 
are dyspnea and cyanosis. 

It has been erroneously assumed that a reaction to a trans
fusion cannot oecur if the patient is anesthetized. It should 
he emphasized that a reaction may oecur even though the 
patient is under anesthesia. The reaction may not be so 
obvious as when the patient is not anesthetized, hut the 
symptoms can he detected if the observer is vigilant. It is 
also a false impression that tetanus antitoxin can he given 
with impunity when the patient is anesthetized. A reaction 
may occur also in this instance. 

Many agents have been recommended as anticoagulants, 
such as sodium eitrate, sodium oxalate, saline solution, peptone 
and heparin. Many other agents have been tried, but sodium 
citrate is still the anticoagulant most commonly used in the 
indirect method of transfusion. 

SERCM AND PLAS:\fA TRANSFCSION 

It appears now that either serum or plasma is an effective 
agent in many conditions in which blood would ordinarily 
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be employed, with the exception of those conditions in 'vhich 
there has been an excessive loss of erythrocytes. 

Some advocate serum transfusion rather than plasma 
transfusion and vice versa. There is no great difference 
between the hvo, since plasma is serum plus fibrinogen, 
thrombin and a diluent in the form of an anticoagulant such 
as sodium citrate or heparin. Some authors feel that plasma 
cannot be kept indefinitely because the fibrinogen gradually 
precipitates out in lhe form of fibrin veils and a granular 
precipitate, so that the plasma requires centrifugation or 
filtration before use. It is argued then that plasma with most 
or all of the fibrinogen precipitated out is eventually serum 
plus an anticoagulant. 

\Vhether serum or plasma is used, the supply is limited 
only by the amount of blood available, and each can be used 
for many emergencies. Furthermore, serum or plasma trans
fusions may be administered \vithout the recipient's blood 
being grouped. 
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HEAT CRAMPS, HEAT EXHAUSTION AND 

SUXSTROKE 

HEAT CRAMPS 

Ca11se.-Heat cramps arc due to excessive loss of sodium chloride 
through perspiration. 

Symptoms.-The patient presents painful tonic spasms of the 
muscles of the extremities and abdomen, pallor, moist skin, thirst, a 
weak but usually not rapid pulse and a temperature at or ncar normal. 

Prophyla:ris.-Thc drinking water should contain 2.5 Gm. of sodium 
chloride per liter. 

Treatment.-Hcmove the patient to a cool place. Administer opiates 
for pain if necessary. Give saline solution orally, intravenously or 
hy rectum. l\Iassage affected nmscles. 

HEAT EXHAUSTION 

Cause.-Heat exhaustion is due to excessive loss of sodium chloride 
and fluid plus a disturbance of the heat-regulating mechanism. 

Symptoms.-The patient presents vertigo, pallor, nausea, a "\veak 
pulse, rapid respirations, sometimes unconsciousness, a subnormal 
temperature and moist, cool skin. 

Prophyla:ris.-Avoid exertion in the hot part of the day-"siesta." 
Wear loose, light weight clothing. Provide good ventilation. Insure 
adequate salt intake. Avoid excesses of food and drink. 

Treatment.--Administer oxygen, a warm hath and stimulants. 

SUNSTROKE 

Ca11se.-Sunstroke is due to prolonged exposure to high tempera
tures without adequate dissipation of heat. 

Symptoms.-There may be sudden coma. The more usual form 
comes on with headache, vertigo, unusual disturbances, flushed face, 
hot skin, high temperature (107-110 F.), labored respirations and con
vulsions. 
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Prophylaxis.-Use the same measures as for heat exhaustion plus 
cold baths, wetting of head and hair with cold water, and frequent 
rests during forced marching. 

Treatment-Administer oxygen, with artificial respiration if neces
sary. Use cold baths, cold packs or icc packs with massage to reduce 
hyperpyrexia. Give saline solutions orally, intravenously or by rectum. 

* * * * * 

COi\VULSIONS AND STATES OF EXCITEMENT 

CACSES 

One of the following conditions may underlie a convulsion 
or state of excitement: epilepsy; injury and hemorrhage 
involving the motor cortex; brain tmnor; cerebrovascular acci
dent; meningitis; encephalitis and other infections; effect of 
drugs (e. g., procaine, metrazol, strychnine); excess of carbon 
dioxide or depletion of oxygen during general anesthesia; 
tetanus; hysteria. ~ 

TREATMENT 

This will be resolved into (1) direct attack on the cause, 
(2) preservation of respiratory function and (3) prevention of 
respiratory sequelae. Often the cause will he unknown and 
the sole treatment will he to allay the convulsions and to main
tain respiratory function, which may be depressed by drug 
therapy and often is obstructed because of muscle spasm, 
excessive secretion and edema. 

Procaine Conuulsions.-Stop the injection! Give artificial 
ventilation with an adequate airway, preferably with oxygen. 
If the convulsion persists, a short-acting barbiturate may be 
given intravenously. 
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Convulsion During General Aneslhesia.---Such an occur
rence is usually due primarily not to the action of the drug but 
to a technical consideration causing abnormal carbon dioxide 
or oxygen tensions. These when combined with increased heat 
in the presence of infection and an acid-base imbala11ce are 
prone to produce convulsions. Therefore restore normal 
oxygen-carbon dioxide values by artificial ventilation if neces
sary and regulate the temperature. If convulsions persist, 
buffer solutions given intravenously are of value, as are 
barbiturates. 

Other Convulsions.--Convulsions occur outside the operat
ing room from many causes. Specific treatments may be 
available. 

Am FOR \Vnicn THE A~ESTHETIST MAY BE HELD REsPo~siBLE 

1. Tern1inate the cause. 

Examples: If a convulsion occurs during the injection of a 
local agent, interrupt the injection. If it occurs while an 
inhalation technic is being used, disconnect the apparatus 
and institute respiration by direct inflation. 

2. Support respiratory function. 

Convulsions and the need for excessive doses of anesthetic 
or sedative drugs to stop the convulsions not infrequently 
result in a period of exhaustion and extreme depression, with 
need for: 

(a) Inhalation therapy (p. 157). 

(b) Intubation (pp. 27-30). 

(c) Frequent cleansing of the respiratory tract (p. 152). 

(d) Artificial respiration (p. 153). 

(e) Prophylaxis against pneumonia (p. 152). 

3. Stop the convulsion with a sufficient dose of: 

(a) Chloroform or ether by inhalation (pp. 78 and 83). 

(b) Ether or avertin with amylene hydrate by rectum 
(pp. 57-60). 

(c) Barbiturates by vein (p. Gl). 



COMA 

Coma is not unlike surgical anesthesia, and many of the 
methods that are regularly utilized by the anesthetist in the 
management of anesthetized patients are definitely applicable 
for the prevention of untmvard reactions and for treatment 
of patients in coma. Like surgical anesthesia, coma may vary 
in depth regardless of the cause. The pupils tend to be 
abnormal, and there is no rule as to what abnormality will be 
present in any particular case. The same is true of the 
reflexes, which depend largely on the degree of coma. 

CAUSES 

Among the conditions responsible for coma arc the following: 
effects of drugs (c. g., anesthetics, alcohol, opiates and barbiturates); 
carbon monoxide poisoning; trauma; burns; hemorrhage; shock; cere
bral vascular accident; brain tumor; meningitis; encephalitis; syphilis 
of the central nervous system; diabetes; uremia; cardiac complication 
of pneumonia; epilepsy; heat exhaustion; eclampsia; electrical shock. 

DIAGNOSIS 

The following characteristic features of the more important causes 
of coma are of diagnostic importance: 

Odor of Breath-an alcoholic odor in alcoholism; an odor of 
acetone in diabetes or uremia; a smell of illuminating gas in carbon 
monoxide poisoning. 

Color of Skin and ,l'/ucous Membranes- hyperemic in sunstroke and 
aleoholism; cherry red in carbon monoxide poisoning; cyanotic in a 
cardiac complication of pneumonia and in reactions to drugs; pallid 
in hemorrhag~ and heat exhaustion. 

Local Signs of lnjnry-fonnd in epilepsy and in injury to the head. 

Temperature-increased in encephalitis, pneumonia and meningitis; 
decreased in carbon monoxide poisoning, reactions to drugs, diabetes 
and shock. 

Pulse---rapid in diabetes, shock and coma, associated with elevation 
of temperature. 

Vomiting-characteristic of drug effects and of cerebral hemorrhage. 
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Stiff Neck~prescnt in meningitis and cerebrovascular accident. 

,vluscle Twitchings~present in carbon monoxide poisoning, drug 
etrcets or uremia. 

Blood Pressure-increased in cerebrovascular lesions, uremia and 
Pclampsia; decreased in trauma and hemorrhage. 

Cerebrospinal Pressnre~increased in cerebrovascular accidents,. 
sunstroke, meningitis, trauma, syphilis of the central nervous system; 
decreased in diabetes; bloody in trauma and cerebrovascular lesions; 
purulent in meningitis. 

Urinary Signs--sugar in diabct<'s; albumin in eclampsia, uremia or 
cardiae disease. A t<'st for specific suhstances, c. g., barbiturates, may 
be positive. 

TREAT:\fE:\TT 

1. Remove the cause. This is done by hemostasis for hemorrhage; 
admini-stration of antidotes for poisons; blood transfusion for 
anemia; injection of insulin for diabetes; gastric. lavag<'; splinting 
of long bones; surgical interv<'ntion in some conditions, c. g.,. 
ruptured ectopic pregnancy. 

2. Jlaintain circulation and nutrition. Heplacc defects in blood 
volume by whole blood transfusion or by intravenous or rectal 
injection of solutions. (Hemember that long-continu<'d coma 
may d<'mand administration of food, cathderizatlon, etc.) 

3 . . vlaintain respiratory function. When needed, use: 

(a) Artificial airways~pharyngeal or laryngeal (p. 25). 
(b) Atmospheres <'IHicl1t:'d with oxygen. 
(c) Artificial aid to respiratory exchange (p. 152). 

Hcspirators should be synchronized to the patient's r<'spi
ratory rate. 

(d) Frequent cleansing of respiratory passages (p. 152). 

4. Use analeptic drugs. In those specific. instanecs in which they 
are known by personal experience to be effective these drugs are 
useful. However, if the cause of the coma ean be interrupted, 
the maintenance of adequate transport (respiratory and circu
latory function) will permit eventual recovery. 

IN DEEP COMA, ALWAYS INTUBATE TO PHEVENT PULMONARY 
COJ\IPLICATIONS, TO SUPPLY OXYGEN AND TO FACILITATE 

CLEANSING OF BRONCHIAL SECRETIONS. 
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POISOXING 

GExERAL CoNSIDERATIONS 

~umerous drugs cause reactions which at times may 
embarrass or puzzle lhe anesthetist before or during the 
induction of anesthesia. 

Scarlet Fever-like Rashes With or Without Fever and Tachycardia. 
-Prominent among these is the rash or flushing of the skin of the 
face and neck which so often follows administration of drugs of the 
atropine group. \Vhen such reactions arc accompanied by a fast pulse 
and fever, as they often are, a problem of differential diagnosis presents 
itself, since it is undesirable to operate on a patient in the early stages 
of an exanthematous disease, vvhercas a simple drug reaction is of little 
moment. 

Cyanosis.--Some of the coal tar produets, silver in cases of chronic 
poisoning with this element, and sulfanilamide and its derivatives not 
infrequently produce blood or skin changes suggesting cyanosis. No 
proof exists that in patients thus affected there is any inability to 
transport and deliver oxygen to the tissues. However, their cyanotic 
skin when they come to be anesthetized is a constant annoyance to the 
anesthetist and may indicate a possible source of danger. 

Leukocytosis.--It should be remembered that the administration of 
any inhalation agent may be followed by leukocytosis lasting from 
four hours to several days. This reaction has caused uncertainty in 
the diagnosis of infections following anesthesia and operation. 

:\Iany cases of poisoning result in disturbances of respi
ration and circulation. Since the anesthetist's training 
prepares him for the care of these conditions, it is important 
that he be familiar with the differential diagnosis of poisoning 
and with the emergency treatment of poisoned patients. 
Certain considerations are appended, \vith a hope that they 
may prove useful. 

RK\IEMBER THAT THE AD:\fiNTSTRATTON OF APO"MORPHINE 
:\XD OTHER EMETICS MAY BE FOLLOWED BY PROFOCND 

HESPIHATOHY DEPRESSION. 
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Clinical Signs Suggestive of Poisoning 

1. Burns about the mouth. This suggests corrosives. 

2. Sudden onset of nausea, vomiting and/or diarrhea, and/or 
abdominal cramps, following ingestion of food or drink, 
espeeially if several persons are affected. This indicates food 
contaminants. (There may, hmvever, be an organic abdominal 
condition, such as appendicitis, intestinal obstruction or 
perforation of a viscus.) 

3. Coma. This suggests depressant drugs, such as opiates, 
barbiturates, alcohols and carbon monoxide. (On the other 
hand, it may be due to a cerebral lesion, diabetes, insulin 
shock, uremia, eclampsia or malaria.) 

4. Convulsions. These suggest strychnine, depressant drugs, 
alcohol, a local anesthetic agent. (The condition may be 
epilepsy or tetanus.) 

5. Dilated pupils. This indicates atropine or scopolamine. (It 
ma~ indicate a cerebral lesion.) 

li. Contracted pupils. This suggests an opiate. (It may be caused 
by a cerebral lesion.) 

7. Slow respiration. This likewise suggests an opiate. (It may 
be due to uremia or cerebral compression.) 

8. Rapid respiration. This suggests atropine, scopolamine, 
cocaine, opiate (early), carbon monoxide. (It may be associ
ated with a pulmonary or a cerebral lesion or with hysteria.) 

9. Cyanosis. This suggests nitrobenzene, potassium chlorate, 
acetanilid, opiates, carbon monoxide. (It may be due to 
cardiac, respiratory or cerebral disease.) 

10. Paralysis. This accompanies botulism. (It may be caused 
by a lesion of central nervous system.) 

Evacuation 

1. Vomiting: If the patient is not too depressed, force fluids 
by mouth and stimulate vomiting. Emetics that may be used 
-mustard, apomorphine, ipecac. 

2. Lavage by stomach tube: (a) avoid mJury of the pharynx 
and contamination of the trachea (pp. 14-15). (b) Do not usc 
the procedure when poisoning is with caustic or corrosive 
drugs, because of the danger of perforation. 
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~lntidoles 

1. General: Give milk, egg albumin, activated charcoal or tannic 
acid. Poisoning, when the cause is unknown, is best treated 
symptomatically. Support the transport system. 

2. Chemical: For the poisonous agents listed below, administer 
the suggested remedies, many of which form with the poison
ous drug an insoluble and inert substance. 

(a) Acids-magnesium oxide, solution of calcium hydroxide 
U. S. P ., mille 

(b) Apomorphine-aromatic spirit of ammonia U. S. P. 

(c) Arsenic-~hydrated iron oxide with magnesia. 

(d) Atropine or scopolamine---compound solution of iodine 
U. S. P. (Lugol's solution), tannic acid, pilocarpine 
(hydroehloride or nitrate). 

(e) Barbiturates~-- see page 41. 

(f') Carbon dioxide-oxygen without rebreathing and arti
ficial respiration. 

(g) Carbon monoxide~oxygen ·without rebreathing and arti-
ficial respiration. 

(lz) Caustic alkalis-vinegar, lactic or citric acid. 

(i) Chloroform----oxygen and artificial respiration. 

(j) Cocaine---oxygen and artificial respiration, short-acting 
barbiturate to stop convulsions. 

(k) Ether~oxygen and artificial respiration. 

(/) Iodine-starch or J1onr with water. 

(m) ::vrercury bichloride-egg albumin and milk orally, sodium 
formaldehyde sulfoxylate (5 per cent solution) as lavage 
and 200 cc. of a 5 per cent solution intravenously slowly. 

(n) :\I ethyl alcohol~-sodium bicarbonate. Rest. Promote 
diuresis with intravenous injection of dextrose solution. 

(o) :\Iorphine (opiates)-see page 37. 

(p) Phosgene gas~-see page 184. 

( q) Strychnine-charcoal; barbiturate intravenously. 
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General Therapy 

1. Respiratory depression or paralysis: 

(a) Use artificial airway (p. 25). 

(b) Give inhalations of oxygen (p. 157). 

(c) Administer artificial respiration (p. 153). 

2. Circulatory depression or failure: 

(a) Place patient in head down, feet up position. 

(b) Give oxygen inhalations. 

(c) Inject fluids intravenously-give blood transfusion. 

(d) Apply external heat. 

3. Pain: Give opiates. 

4. Convulsions (see pp. 173-174): 

(a) Give oxygen inhalations. 

(b) Inject barbiturates intravenously. 

5. Pulmonary edema: 

(a) Administer oxygen inhalations with slight positive pres
sure. 

(b) Cleanse bronchi by suction (p. 152). 



SPEC TAT. CONSlDERll TTONS 181 

SPECIAL POISONS 

CARBON MoNOXIDE 

Carbon monoxide poisoning occurs in military as ~well as in civilian 
practice. The gas is colorless, odorless, tasteless, lighter than air. 

Source 

1. Exhaust fumes from internal combustion motors. 

2. Illuminating gas. 

3. Combustion of gun powder; explosion of bombs and shells. 

Cause 

The affinity of carbon monoxide for hemoglobin is 210 times 
greater than that of oxygen; thus it diminishes the oxygen-. 
carrying capacity of the blood. 

Diagnosis 

The symptoms depend on the length of exposure, the concentra
tion of the gas and the activity of the victim. In general they 
are _similar to those accompanying deprivation of oxygen 
under other circumstances. 

1. Appearance-skin cherry red or pallid with red blotches; 
lips blue or purplish; sometimes, a cold sweat. 

2. Respiration-rapid, labored and jerky. Later there may be 
apnea. 

3. Circulation-pulse usually slow and strong, later full, rapid 
and weak; leukocytosis; elevated blood pressure. 

4. Central nervous system-headache, drowsiness, vertigo, con
fusion, loss of memory, possibly convulsions. 

After-Effects 

Periodic headaches, general weakness, coldness and numbness 
of hands and feet, pains in chest, palpitation of heart, loss 
of memory and other psychic changes which may last for 
variable periods of time. There may be pulmonary sequelae. 

Treatment 

1. Immediately remove victim from contaminated air. 

2. Start oxygen inhalations. Follow with artificial respiration 
if necessary. Carbon dioxide in 5 per cent or less concentra-
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tion may be added to the oxygen. ~o dead space or rebreath
ing should be permitted. 

3. Provide absolute rest immediately. 

4. Later give prophylaxis and treatment of pulmonary com
plications. 

OPIATES (usually morphine, codeine, heroin or laudanum; 
see pp. :~2-:37) 

Symptoms 

1. Respirations-~shallow and slow (sometimes falling to 3 to 
4 Jler minute), irregular, stertorous; possibly apnea; some
times convulsions. 

2. Circulation--pulse rapid and full early, later slow and ·weak; 
blood pressure elevated early, later falling. 

:~. Central nervous system-headache, sleepiness, pinpoint pupils, 
possibly unconsciousness, relaxation of muscles, absence of' 
reflexes, lo\v temperature. 

4. Appeanmce--sldn pale, may be cyanotic; cold sweat. 

Treatment 

1. Give oxygen inhalations (without carbon dioxide). 

2. Give artificial respiration (p. 153). A mechanical respirator 
is desirable. 

3. Apply external heat. 

4. \Vash out stomach if ingestion was recent. 



SPECIAL CONSWERATIOXS 183 

BAHBITCHATES (see pp. 38-41) 

Symptoms 

1. Hespiration-slow and quiet at first, then becoming shallow 
and irregular. Apnea may occur. 

2. Circulation--pulse rapid and full at first, later becoming slow 
and weak; blood pressure elevated, then low. 

3. Central nervous system-headache, mental confusion, muscle 
twitchings, sleep deepening into coma, diminution or absence 
of reflexes, nystagmus, changing of size of pupils. 

4. Appearance---may be cyanotic; may be a skin rash. 

;). Temperature---elevated. 

(i. Anuria. 

Treatment 

1. Insure adequate breathing, artificial if necessary. Use a 
pharyngeal or a tracheal airway if necessary (pp. 23-30). 

2. Give inhalations of oxygen. 

3. 'Wash out stomach if ingestion was recent. 

4. Picrotoxin may be added to intravenous dextrose solutions 
(table 7, p. 45). 

OVEilDOSES OF OPIATES. BAHBITUHATES AND SIMILAR 

DEPRESSANT DRUGS NEED NEVER BE FATAL IF ADEQUATE 

HESPIRATOHY FUNCTION CAN BE MAINTAINED. 
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\VAR GAsES: LUNG IRRITANTS (phosgene, chlorine, chloropicrin) 

Immediate Effer:ls 

1. Suffocation due to damage to alveolar membrane. This 
becomes a devitalized semipermeable membrane interfering 
with oxygen and carbon dioxide exchange and allowing fluids 
to cross into the lung~-edema. 

2. With high concentrations, death follows immediately, due to 
reflex respiratory paralysis. 

3. 'Vith weak concentrations, an inital irritation occurs, followed 
by coughing, watering of eyes and constriction of chest. 

Late Effects 

1. Substernal and epigastric pain ·with cough. 

2. Constriction of chest. 

3. :\"ausea and vomiting. 

4. Pulmonary edema. The extent and rapidity of development 
depend on the amount of gas inhaled and the demand for 
oxygen. 

5. Circulation. The loss of serum causes increased viscosity 
with reduction in the capillary flow; this increases the load 
on the heart, with dilatation and failure. 

Treatment 

1. Immediately remove the victim from the contaminated area. 

2. Provide absolute rest. 

3. Give oxygen inhalations (no positive pressure, for the lung 
membrane is fragile). 

4. Perform venesection (500-700 cc.). 

5. Administer compound tincture of benzoin by inhalation. 
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\VAR GASES: VESICANTS (mustard, lewisite) 

Immediate Effects: May be none for the first two to six hours 
irrespective of concentration of gas. 

Late Effects (after two to six hours) 

l. Eyes--conjunctivitis, copious secretion of purulent material, 
pain, lids glued together. Hecovery of sight is usually com
plete. 

2. Skin~-red, burning and itchy, with formation of blisters. 

3. Respiratory tract-inflammation resulting in mucopurulent 
secretions, exudations and diphtheritic-like membrane forma
tion. Necrotic areas separate, leaving ulcers. Swallowing and 
speaking are painful; there may be occlusion of glottis. 
Bronchopneumonia, purulent bronchiolitis or necrosis of lung 
parenchyma may occur. 

Treatment 

1. Hemove from the contaminated area; divest of outer clothing 
and equipment. 

2. Give inhalations of oxygen and compound tincture of benzoin. 
Gently insert artificial airway if needed or perform trache
otomy. 

4. \Vash exposed parts with soap and water, rinse with sodium 
bicarbonate, follow with sodium bicarbonate as dusting 
powder. 

5. Rest the eyes, protect from light, irrigate with a solution of 
boric acid or a 2 per cent sodium bicarbonate solution. 

LARYNGOSPASM AND ACUTE PAIN FHO:VI INHALATION OF 

IHRIT ANTS HAS BEEN BELIEVED BY COPIOUS SPHA YING OF 

PHARYNX AND LARYNX WITH COCAINE SOLUTION (p. 117). 
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HAZARDS 

The anesthetist should be constantly on his guard against 
certain human, mechanical, physical and chemical errors 
which in the past have resulted in injury or death. 

:\frSTAKES 

In Writing Prescriptions and Jieasuring Drngs.-Prescriptions for 
depressant drugs must be carefully and legibly written. Mistakes can 
easily he made between the signs for ounce (J'P and drachm (;:)) and 
between actual quantities. Errors in measurement are best avoided 
by asking another person to wihwss and verify the prescription, the 
drug and the dose measured out. 

In Identij'ying Patient or Site of' Operation.-It has happened in the 
past that the wrong operation has been performed owing to a mistake 
as to the identity of the patient. The anesthetist should therefore 
inquire as to the patient's name before beginning the induction of 
anesthesia. He should always note on his chart the side of the proposed 
operation, as mistakes have occurred as regards repair of a hernia, 
removal of an eyeball, a kidney or a limb and operations on other 
bilateral organs. \Yhile it is for the surgeon rather than for the 
anesthetist to he certain that he operates on the correct limb, the 
anesthetist, by due vigilance, may be able to forestall a serious error. 

In Identij'ying Liquids, Solids and Gases.-Many mishaps have 
occurred as the result of using chloroform instead of ether. The 
former liquid weighs nearly twice as much as the latter, and every 
person working in an operating room should be familiar with their 
distinctive odors. It is wise always to smell the content of a bottle 
or can before using it. ·:vristakes in identity between oxygen,_ carbon 
dioxide and the anesthetic gases have also cost lives. Oxygen, nitrogen 
and helium are the only gases which can not be recognized by their 
odor. Such mistakes are the responsibility of the anesthetist, and 
he must undertake to preyent them even though he delegates to others 
the task of filling bottles or changing cylinders. 

GASES 'UNDER PRESSURE 

Visceral Ruptures.-Gases arc usually stored in cylinders by coni
pression, the usual pressure in a full cylinder being as high as 2,000 
pounds to the square inch. Such a pressure accidentally brought to 
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hear on the patient internally will cause death by rupture of the lungs 
or of the stomach. Care must therefore be exercised in turning 
cylinders on and off. A safeguard is the use of valve regulators to 
reduce the high pressure in the cylinder to a lower working pressure. 

Ruptures of Apparatus.-A sudden release of gas at a high pressure 
can rupture closed pieces of apparatus and give rise to a form of 
explosion. Breathing tubes and bags and glass-enclosed flowmeters 
han' burst in this ·way, "\vilh flying fragments causing injury. 

E:rplosions.-1. From Contact of Oxygen with Fats or Oils: At a 
high pressure the oxidative properties of oxygen are enhanced. Fats 
and oils are oxidized with explosive speed and contacting metal can 
be melted. Such accidents are often referred to as "oxygen fires" or 
explosions. They can he avoided by handling oxygen cylinders care
fully and by making certain that no oil or grease comes into contact 
with oxygen or nitrous oxide gas that is under high pressure. 

2. From Careless Placing: Cylinders are carefully tested but cannot 
withstand rough handling or a great increase in the pressure of the 
contained gas. They must never be placed near the source of heat 
(see p. 188), which could cause an expansion of their contents. If 
a cylinder is dropped, it may burst with explosive violence. 

:~. From Admixture of Ethylene: If ethylene at a high pressure 
encounters oxygen or nitrous oxide at a high pressure, the mixture 
may become spontaneously oxidized and a violent explosion result. 
:\Iachines should he so designed that this accident cannot result. 

4. From Carelessness in Refilling: The refilling of empty cylinders 
from full ones is a dangerous occupation. It should not he practiced 
by any one who is not ~ll1 expert in the handling of gases at high 
pressures. 

ACCIDENTAL EXTRAVENOVS INJECTION 

Certain drugs in solution when injected into the tissues, particularly 
in high concentrations, have an irritant and sclerosing effect. Mis
taken use of a stock solution intended to be diluted before injection 
has caused sloughs. Concentrated solutions of sodium chloride, 
barbiturates and anesthetics intended for local use have caused damage 
when injected unwittingly. If any extravenous deposition of fluid can 
be felt or if the patient complains of pain, the injection should be 
discontinued. Hot packs applied to the part "\Vill often obviate any 
serious consequences. If much fluid has been deposited in the tissues, 
it is probably wiser to incise and drain the tissues than to allow an 
extensive slough to occur. 
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BREAKING OF NEEDLES 

Hollow needles often break at the junction of the shaft and the 
shoulder when they become rusted or old. For this reason, such a 
needle should not be completely inserted, so that an end ·will be 
available for its extraction should it break. This may occur during 
an injection through a bony foramen, in close proximity to bone or 
when the patient suddenly contracts the muscle through which the 
needle is passing. A broken needle in any part of the body must he 
recovered at once. The slightest movement of the patient should be 
prevented if possible. Do not transport the patient. Transportation 
of the patient to procure roentgen aid in localization or help from 
a surgeon may cause migration of the fragment and transform a simple 
procedure into a complicated one. If a surgeon is at hand, ask his 
aid. If not, do not hesitate to incise the tissue gently at once and 
remove the fragment while its location is clear in your O'.Yn mind and 
before it has migrated. 

IGNITION OF GASES AND VAPORS 

All hydrocarbon derivatives are subject to decomposition 
by heat, and several burn readily and explode when in suitable 
mixtures with air, nitrous oxide or oxygen. Examples are 
benzene, acetone, alcohol, ether and other substances used for 
the preparation of the area to he operated on, as well as for 
other cleansing purposes. These substances have been ignited 
in operating rooms by cauteries, electric sparks, etc., ·with 
resultant injuries, fires and death. 

The only anesthetic gas whieh· does not explode in 
the presence of heat or sparks that may occasionally he 
encountered in the operating room is nitrous oxide. It does, 
however, support combustion just as does oxygen. Chloroform 
does not explode violently in contact with flame or spark but 
does decompose to liberate phosgene, an extremely irritant 
substance. Ether, vinyl ether (vinethene), ethylene and cyclo
propane are always potentially dangerous to the same extent 
as gasoline and illuminating gas in the home. Their specific 
gravities (pp. 42 and 43) enable one to know whether they 
will rise or fall after escaping from a leak or an exhalation 
valve. All the anesthetic gases and vapors except ethylene are 
heavier than air. 

A certain range of inflammability and explosibility for each 
agent can be demonstrated with a fixed intensity of heat and 



SPEC! AL CONSIDER 1t TIOJ\:'..:=S:__ ______ 1~8~9 

a fixed oxygen tension. At first thought, this might be con
sidered dependable information. However, since the con
centration in the mask varies during every administration 
from zero to the maximum anesthetic concentration and since 
this varying concentration becomes variously decreased as the 
gas escapes into the room, dependence on avoiding the 
dangerous range is unreliable. The anesthetic mixed with air 
is less apt to explode than that mixed with atmospheres of 
higher oxygen tension. Therefore, tensions of oxygen above 
20 per cent in an ignitable mixture are more dangerous if 
expos.ed to a source of heat. Remember that nitrous oxide in 
mixtures has an influence similar to that of oxygen. 

Sources of Ignition 

1. Surgeon's equipment, including the actual cautery and all 
electrically operated knives, endoscopes and other surgical 
devices, x-ray apparatus, lights. Any of these may have 
faulty connections and an electric are result either at points 
designed as switches or at points where wires have broken. 
Each time a wall plug is inserted or pulled out, an are is 
formed. 

2. Gas and electric heaters and sterilizers, rheostats, etc. 

3. Accumulations of static electricity. All surfaces, floors, 
blankets and tables, the patient, the personnel--eYery object 
in the operating room may bear a static electrical charge. 
If two objects hearing charges of different potential approach 
each other, a so-called "jump spark" is apt to occur between 
two surfaces just before they meet. 

The present extreme fear of explosion in operating rooms 
does not appear to he warranted. It produces a state of mind 
in operating room personnel not conducive to calm thought 
and action. The incidence of injury or death from explosion 
is infinitesimal as compared with the morbidity and mortality 
following hemorrhage and errors in surgical technic or fol
lowing disregard of respiratory obstruction or depression in 
and outside the operating room. The dramatic suddenness 
of the operating room explosion, not its importance as a factor 
in mortality statistics, has brought it into the limelight. Ever 
increasing knowledge and skill in surgical technic is reducing 
the death rate due to surgical procedure. Similar acquisition 
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of facts and their practical application will reduce the danger 
of explosion. Various qrganizations and institutions are 
engaged in the study of the problems involved in the cause 
and prevention of explosions in operating rooms. Reports of 
such researches are adding to present knowledge. 

General Precautions 

1. Exercise vigilance in the operating room at all times. This 
applies to the entire personnel. 

2. Employ block anesthesia or spinal anesthesia or produce 
anesthesia with nonvolatile agents when these are suitable. 

3. Use the carbon dioxide absorption technic in the administra
tion of inhalation agents. The anesthetist should carefully 
observe the following routine: (a) Touch the patient (palpate 
the pulse) and the gas machine (test flowmetcrs) before 
releasing vapors or gases. (b) Bring the mask into contact 
with the face after it has been connected with the apparatus. 
(c) Allow only a noninflammable mixture to flow until all 
contacts arc made. A low concentration of oxygen might 
\Vell be used for the first half minute of the administration. 
(d) l:se deliberation in all movements. Break and remake 
connections of the mask with lhe patient and of parts of 
the breathing apparatus only when each part is in your own 
hands. (e) Moisten the inside of the mask, breathing tube 
and breathing bag before usc. 

4. Use nitrous oxide-oxygen anesthesia when this is suitable. 
(A slight amount of ether or other hydrocarbon added to 
nitrous oxide may form a highly explosive mixture.) 

5. Install only "explosion-proof" electrical equipment s,pecified 
by the National Electrical Code for hazardous locations. 
Have it carefully inspected frequently. 

G. Avoid higher concentrations of oxygen than are nccessat·y for 
the needs of the patient. 

7. Scrupulously avoid leaks and spilling both of explosive agents 
and of oxygen. 

These recommended safeguards are recognized as incom
plete and further experimental investigation into the problem 
is now under way. A comprehensive report, "Combustible 
Anesthetics and Operating Room Explosives," on the hazards 
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of explosion has been issued by the National Fire Protection 
Association. This report 'vas tentatively adopted by that 
organization and is subject to change. Until the investigative 
work is completed, presently recommended safe practices 
should not be relied on to give absolute protection against 
explosion. 

NOTES 
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COMFORT AND TRANSPORT OF THE "WOUNDED 

The knowledge and skill of the anesthetist can be useful 
to the wounded in the street, in the field and during trans
portation. It is the anesthetist who is probably the most 
acutely aware of some of the disadvantages of the relief of 
pain (respiratory obstruction and depression) as well as of 
the advantages of comfort. 

CoMFORT 

Any person experiencing severe pain must be given some 
medication or administration for that pain. The medication 
or administration must be given "right now," i. e., just as 
soon as the sufferer is seen by any one qualified to appraise 
the situation. The principles of pain relief and preoperative 
medication have been discussed (pp. 32, 38, 51). Here a few 
fundamentals of emergency relief of pain will be presented. 

The use of ointments and other dressings containing local 
anesthetic agents has much to commend it (see under "Topical 
Application," p. 117). 

Block anesthesia can provide comfort during transport in 
selected cases (see pp. 85-116). The extensive utilization of 
this principle offers the possibility of diminishing markedly 
the need for injection of opiates. 

Morphine is probably the most convenient and reliable 
agent for injection. In the presence of a large number of 
casualties the preparation of single hypodermic injections of 
morphine is a nuisance and a waste of time. In such an 
emergency a stock solution may be prepared consisting of 1() 

grains (1 Gm.) of morphine to 1 ounce (31 cc.) of distilled 
water (Magendie's solution). With this solution in a large 
syringe and a supply of sterile needles it is possible to 
administer y; to 74 grain (0.03 to 0.016 Gm.) of morphine to 
thirty-two to sixty-four persons in a short period. 

Various barbiturates, such as sodium amytal or soluble 
pentobarbital in ty; to 3 grain (0.09 to 0.19 Gm.) doses by 
mouth or 6 to 9 grains (0.38 to 0.58 Gm.) per rectum (p. 57), 
are valuable when there is need to relieve mild pain and 
produce sleep. 
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The severest of pain, such as that accompanying extensive 
trauma of sensitive areas (e. g., the genitalia), may require 
anesthesia for relief. Avertin with amylene hydrate or 
paraldehyde per rectum (p. 57) will give relief from such pain. 

MAINTENANCE OF- ADEQUATE RESPIRATORY EXCHANGE 

The relief of pain by depressant drugs always causes some 
decrease in respiratory exchange either by depression or by 
obstruction. The degree of decrease is usually in direct ratio 
to the amount of drug administered. Respiratory obstruction 
must be prevented or relieved when present by adjusting the 
position of the jaw or by providing an artificial airway (pp. 
23-30). 

The use of an artificial airway in the presence of bleeding 
wounds about the face or in the mouth requires special 
attention. A petrolatum pack should be placed about the 
airway, and the bleeding wound should be packed tightly with 
gauze to minimize hemorrhage. 

A decrease of respiratory exchange due to respiratory 
depression may be compensated for by the administration 
of oxygen inhalations, using a cylinder of oxygen, a face mask 
and a breathing bag (p. 75). In the presence of severe 
respiratory depression, artificial respiration (p. 153) · can be 
performed effectively by using the same equipment as for 
oxygen inhalations. 

MAINTENANCE OF ADEQrATE CmcuLATION 

The mechanism of circulation may be disturbed by many 
factors, such as pain, trauma, want of oxygen, loss of blood, 
loss of fluid and overdosage of drug. All of these have been 
considered elsewhere (pp. 161-171). However, it is well to 
remember that such simple measures as the relief of pain or 
the restoration of adequate oxygen in the inhaled atmosphere 
may change an abnormal circulatory condition into a com
pletely normal one. 
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Low Am PRESSURE I~ AIRPLANE TRANSPORTATION 

Some armies are using airplanes for the transportation of 
the wounded. This presents new problems. The Germans 
have reported that soldiers with open wounds in their chests 
do not tolerate airplane flights ·well. This is no doubt due 
primarily to the changes in intrapleural pressure due to the 
wound, which cause respiratory embarrassment, and secondly 
io the changes of air pressure at altitudes above ground level. 
Patients with respiratory depression or obstruction wonld not 
do well in the air because of the reduced oxygen tension; so 
additional oxygen must be provided. Likewise, those in 
shock and those with a reduction of hemoglobin due to loss 
of blood or other causes would need oxygen by inhalation 
while in flight. (The use of oxygen for patients suffering from 
shock or from hemorrhage is discussed on pp. 165-166.) 

\:Vhen necessary, artificial respiration (p. 153) can be per
formed efficiently in the airplane, ambulance, street, home 
or hospital with the following equipment: 

1. Face mask. 

2. Breathing bag. 

;{. CO" absorber (canister). Sec pp. 80 and 134-135. 

4. 0~ cylinder (size D or A). 

5. Artificial airways (pp. 23-30). 



Appendixes 
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APPENDIX I 

Compressed Gases 

Cyclopropane is a gas which liquefies at 75 pounds (34 Kg.) 
of pressure. It can therefore be marketed in cheap light 
amplons, which may he discarded when empty. 

All other gases used by the anesthetist liquefy at pressures 
from 750 to 2,000 pounds per square inch (340 to 907 Kg. per 
6.:) square centimeters) and must therefore be stored in thick
walled steel cylinders capable of withstanding high pressures. 

Table 12 presents the customary pressures of some available 
gases and the weights and volumes of the contents of the 
cylinders, and table 13, the weights and sizes of the containers 
exclusive of their contents. 

For convenience and economy, the anesthetic gases may be 
transported in very large containers.1 The gases may then 
he piped to the operating room through brass or copper tubing. 
High pressure rubber tubing may also be used. 

Under certain circumstances the contents of large con
tainers may be transferred to smaller ones. This, however, 
should be done by those who are expert in handling gases 
under high pressure. The hospital engineer may assume this 
responsibility, but under no circumstances should physicians 
or operating room orderlies assume the task of refilling. 

Oxygen is used in large quantities in both the operating 
rooms and the wards of every hospital. "Commercial Oxygen" 
1s identical with "Medicinal Oxygen" and decidedly less 

1. The Australian Expeditionary Forces in Northern Africa have 
found it expedient to ship large containers to the front, where the 
engineers' corps assumes the responsibility of transfilling to the small 
cylinders used on gas machines. 
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TABLE 12.~Weights and Volumes of Contents of Cylinders of Some 
Common Gases Used in Anesthesia. at 760 mm. of Mercury and oo C. 

'Veight of Content Volume of Content 
Gns of Cylinder Cu. Ft. Gal. 

Carbon dioxide AA 12 oz. 6.2 47 
B 1 lb. ~) oz. 13 97 

l:sual pressure- D :n~ lb. :Jl 2:13 
8:l5 lb. per sq. in. E 61;;, lb. fl.{ 405 

1 oz. == :l.88 gal. == 0.52 cu. ft. F 20 lb. Hi6 1,240 
;\[ :l11;! lb. 260 1 .~J.IO 

Color of cylinder*-gray G i'iO lb. 416 :1,100 

Ethylene AA 61;! oz. 5 37 
B 1 lb. 1:3 96 

l: sua! pressure- D 2 lb. 25 1U2 
1,250 lb. per sq. in. E 3 1/:; lb. 42 318 

F 11 lb. 1.1() 1,050 
1 oz. = 6.0 gal. == 0.8 cu.ft. ~I 16 lb. 203 1,570 

G 271/'2 lb. :152 2.640 
Color of cylinder-red H :w:y, lb. 394 2,960 

Cyclopropane AA fl%. oz. 4.9 :l7 
B 1 lb. 7 oz. 12.4 92 

Usual pressure- ]) 
. , 

!h . 51/, oz. 28.2 21:1 ·' 75 lb. per sq. in. E 5 lh. n:y, lb. ·16 :~4 t 
1 oz. == 4 gal. = 0.5:l cu. ft. 
Colo~· of cylinder-orange 

Helium AA ry~ oz. 2 15 
B 5.2 39 

1] sua! pressure- )) ~).9 H 
1,500 lb. per sq. in. E 16 112 

F 52 :wo 
Color of cylinder·~brown l\[ 76 570 

G t:I:J 999 
H 175 1,:110 

Nitrous oxide AA 12'h oz. 6.5 D 
B 1 lb. 9 oz. 13 97 

l:sual pressure- )) :J:Y, lb. :n 233 
800 lb. per sq. in. E 61;;, lb. 54 405 

F 20 lb. 11i6 1,240 
1 oz. = 3.88 gal. == 0.52 cu. n. l\1 :n~% Ib. 2tl0 1,9·10 

G 50 lb. -116 3,100 
Color of cylinder-blue H 

Oxygen AA 3 oz. 2.1 16 
B 7.25 oz. 5 :18 

Usual pressure- D 15 oz. 10.3 79 
1,600 to 2,000 lb. per sq. in. E 1 lb. 8 oz. 16.6 125 

F 5 lb. 55 418 
1 oz. = 5.22 gal. == 0.69 cu. ft. M 81;:2 lb. ():1 700 

G 
Color of cylinder-green H 17 lb. 18(\ 1,400 

* Color Marking for Anesthetic Gas Cylinders, Simplified Practice Recommendation 
R176-41 United States Department of Commerce, ~ational Bureau of Standards, Janu
ary 29, 1941. 

TABLE 13.--·Weights and Measurements of Cylinder Containers 

Approximate \Veight of Cylinder 
Exclusive of Contents 

AA 2% lb. 
B 8 lb. 
c 
D 14 lb. 
E 21 lb. 
}I 70 lb. 
F 70 lb. 
G 110 lb. 
H 1:10 lb. 

Approximate Size of 
Cylinders 

3" X 10" 
:P/," X 16" 
,J" X 18" 
·1'4" X 20 1h" 
41;4" X 29" 
7" X 46" 
5 1h" X 55" 
8%" X 55" 
W' X 55" 
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expensive. The delivery of commercial oxygen from large 
containers to the patients in operating rooms or hospital wards 
is accomplished in three ways. (The use of oxygen in small 
containers is rarely justified except for anesthesia.) 

1. Large cylinders of oxygen may be transported to the bedside 
on light trucks. The pressure may be reduced by a combi
nation pressure regulator and flowmeter as the gas is delivered 
to the patient. 

2. Several or many large cylinders may be attached to a manifold 
with one pressure regulator and an outlet valve set to deliver 
oxygen at a very low pressure. This is piped-sometimes · 
over long distances--to an outlet in the wall near the patient's 
bed. In this case a simple valve controls the outlet of oxygen 
at low pressure, and a simple flowmeter delivers the oxygen 
to the patient. 

3. Oxygen may be delivered in its liquid state in nonsealed 
"Thermos trucks," similar to those which transport mille 
The loss of oxygen by vaporization is not great. Oxygen is 
pumped from such trucks into a bank of any number of steel 
cylinders serving merely as storage containers and pertna
nently installed near the hospital. This is known as a 
"Cascade Unit." From the "Cascade l'nil" the oxygen is 
piped to the patient under low pressure as from the manifold 
setup described under 2. 

Any of these methods of transporting and storing oxygen 
is a great saving in cost of oxygen and of labor within the 
hospital. A branch of the pipeline, of course, services the 
anesthetic machines in the operating rooms. 

In figure 72 is shmYn a mechanism for rcduc.ing high pres
sure m cylinders. 
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-----K 

L------

M----

Fig. 72.~:VIechanism for reducing high pressure in gas cylinders. 

A is a metal plug replaeing the cylinder threads when the regulator 
is not in use, to prevent the entrance of dirt and protect the threads 
from injury; B, a threaded nut for attachment to the gas cylinder; C, 
gas under the same pressure as the cylinder contents; JJ, !he conical 
male element of the valve which high gas pressure forces into the valve 
seat E, preventing escape of gas to the reduced pressure chamber F. 
\Vhen screw G is advanced against spring H, flexible diaphragm I trans
mils force lo the male clement D of the valve, allowing gas to enter 
chamber F until the pressure in F is greater than the force exerted 
on I by spring H; diaphragm I thus releases pressure on D and the 
valve closes. The spring gage K registers pressure in chamber F on 
dial L; if outlet ;lJ is small, spring gage K can be calibrated to serve 
as a flow meter and read in cubic centimete1·s or liters of outflow per 
minute. An extra spring and hand can be added to the dial of L, and 
connected to C so as to register cy Iinder pressure, or a lJI'essure gage 
can be added for that purpose. 
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APPEKDIX II 

TABLE 14.-Table of EqHiualents 

Equivalents 

1 milligram (mg.) 1;64 
1 gram (Gm.) 15.4 

kilogram (Kg.) 2.2016 
cubic centi-

meter (cc.) 16.2 
1 liter (L.) 1.05 

1 grain . 065 
%, grain . 0~18 
1/2 grain . 032 

% grain .022 

% grain . 016 
1;6 grain . 011 
~~s grain 8.1 

l;lz grain 5.4 
Vw grain 4.0 

1!l.oo grain .65 
'!150 grain .43 
'hoo grain .22 

meter 39.37 
oz. avdp. 28.35 

1 11. oz. 28.35 
1 lb. avdp. -15:1.6 

stone 11 
inch 2.5'1 

1 part in 10 
1 part in 50 
1 part in 100 
1 part in 200 
1 part in 500 
1 part in 1,000 
1 part in 1,500 
1 part in 2,600 
1 part in 5,000 

part in 50,000 

Gas Densities (Wt. of Unit Vol.) 

grain 
grains 
lb. avdp. 

22.4 1i ters of any gas is equal to its mo
lecular weight in grams at a pressure 
of 760 mm. of mercury and 0° C. 

1ninims 
quart 

Gm . 
Gm . 
Gm . 
Gm. 
Gm . 
Gm . 
mg. 
mg. 
mg. 
mg. 
mg. 
mg. 

in. 
Gm. 
cc. 
Gm. 
lb. 
em. 

Molecular \Veights 

Ethylene == 28 Gm. 
Air 29 Gm. 
Oxygen 32 Gm. 
Cyclopropane 42 Gm. 
Nitrous oxide 44 Gm. 
Carbon dioxide 44 Gm. 
Ether 74 Gm. 
Chloroform 119 Gm. 

1 o Reatunur 

1 o Centigrade 

1 o Fahrenheit 

Fahrenheit = 
Centigrade = 

Temperatnr~s 

== ';§o lof the difference be
tween the tempera

= '/too tnres of melting icc 
and boiling water at ::::: "1.soj a pressure of 760 
mm. of mercury. 

(Centigrade X 9/5) +:12° 
(Fahrenheit -:!2°) 5/9 

Centigrade Fahrenheit 

-18° 
-10 

0 
10 
20 
30 
35 
36 
37 
38 
39 
40 
41 
12 

-0.40 
14.0 
32.0 
50.0 
68.0 
86.0 
95.0 
96.8 
98.6 

100.4 
102.2 
104.0 
105.8 
107.6 

Solution Equivalents 

10.00 % of which 1 cc. contains 100 n1g. 
2.00 !fo of which 1 cc. contains 20 mg. 
1.00 % of which 1 cc. contains 10 mg. 
0.50 % of which 1 cc. contains 5 mg. 
0.20 % of which 1 cc. contains 2 mg. 
0.10 % of which 1 cc. contains 1 mg. 

0.066% of which 1 cc. contains 0.66 mg. 
0.038% of which 1 cc. contains 0.38 mg. 
0.02 % of which 1 cc. contains 0.20 mg. 
0.002% of which 1 cc. contains 0.02 mg. 
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TABI~E 15.-Composition of Normal Urine (A Twenty-Four Hozzr 
Specimen, Volllme 1,500 Cc.) 

Constituent 

·water 
Solids 
Urea 
Uric acid 
Creatinine 
Sodium chloride (NaCl) 
Phosphoric acid (H,Po<) 
Total sulfuric acid (H,so,) 
Potassium (K20) 
Sodium (Na20) 
Calcium (CaO) 
:Magnesium (~IgO) 

Absolute 
Weight, Gm. 

1,440.0 
60.0 
35.0 

0.75 
1.0 

16.5 
2.5 
2.5 
2.5 
5.0 
0.25 
0.30 

Approxiinate 
Per Cent 

96.0 
4.0 
2.33 
0.05 
0.07 
1.1 
0.15 
0.15 
0.15 
0.3 
0.015 
0.02 

TABLE 16.-Composition of Normal Hzzman Blood 

Constituent 

Total solids 
Total proteins (serum) 
Albumin (serum) 
Globulin (serum) 
Hemoglobin 

Urea nitrogen 
Uric acid 
Dextrose 
Total fatty acids 
Cholesterol 
Lipoid phosphorus (lecithin) 
Carbon dioxide capac1ty (plasma) volumes per cent 
Chlorides as NaCl 
Sulfates, inorganic as sulfur 
Phosphorus, inorganic (plasma) 
Calcium (serum) 
Magnesium (serum) 
Sodium (serum) 
Potassium (serum) 

Per Cent 

19-23 
6.5-8.2 
4.6-6.7 
1.2-2.3 

15.6 

Normal Range, 
Mg. per 100 Cc. 

10-15 
2-3.5 

70-100 
290-420 
150-190 
12-14 
55-75 

450-500 
0.5-1.0 

3-4 
9-11 
2-3 
330 

16-22 
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TABLE 17.~Comparison of' Amounts of' Jiain Constituents of' 
Rlood Plasma and Cerebrospinal Fluid • 

Blood Plasma 

Mg. per 100 Cc. 

Protein G,:W0-8,500 
A1nino acids ,_L:)-9 
Creatinine 0.7-2.0 
Gric acid 2.9-6.9 
Cholesterol 100-150 
Urea 20-·12 
Sugar 70-120 
Chloride (NaCI) 560-630 
Inorganic phosphate 2-5 
Bicarbonate (volumes per cent CO,) 40-60 
Hydrogen ions (pH) 7.35-7.40 
Sodium :l25 
Potassium 20 
:\[agneshnn 1-:3 
Calcium !l.0-11.i'i 
Lactic aci<l 10-:32 

Cerebrospinal 
Fluid 

)!g. per 100 Cc. 

ltl-:!8 
1.5-3 

0.45-2.20 
0.5-2.8 
,\hsent 

5-:l!l 
15-80 

720-750 
1.25-2.0 

10-60 
7.35-7.40 

12-17 
:~-:1.6 

1.0-7.0 
8-27 

* Fron1 Best and Taylor (see refPrences on p. :!2). 
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A 

,\bdomen: See also Peritoneum 
ahdotninnl cramps, sign of poisoning, 

178 
abdominal wall block, 103 

t"dmic of, 10:1 
operations, anesthesia for, 131-136 

carbon dioxide-ether-oxygen tnixture, 
1:l:l 

desiderata for anesthesia, 131, 1:32 
difficulties of anesthesia, t:H 
ether anesthesia, 134 

controlled respiration during, 135 
dangers of controlled respiration 

clueing, 1:~5 

drastic technics, 1:!2-136 
fast technics of, l:l:l, 1:H 
n1anipulation of breathing hag dur-

ing, 1:H, l:lii 
inhalation anesthesia for, J:J2, 1:1:1 
InPthods for institution of anesthesia, 

1:l:l, l:l4 
open drop method of anesthesia, t:l:l 
peripheral nerve block, 1:~2 
spinal anesthesia for, 1:l1 

undesirable resnlts of, 1:!2 
.\hsorption technic, 80-82 

ahsorhcr for, 80 
Acacia adininistration, precaution in, 170 

intravenous, safe dosage, 1fj9 
,\ccidents, 186-101 
.-\ct'tanil id poisoning, cyanosis as sign of, 

178 
Acetone, ignition of, 188 
.Acid, Barbituric: Sec Barbituric acid 

dcriYatives 
poisoning, antidotes for, 170 

Addiction: See under Drugs 
Adjuvant drugs, 45 
Age, relation to dose of pain-relieving 

depressant drugs, :)1-52 
Air: Sec also Respiration; Ventilation 

pressure, low, in airplane transporta-
tion of wounded, 19-i 

.\ ir Passages: Sec Hespiratory Tract 
:\irplane: See Aviation 
Airway: See also Hespiratory Tract 

artificial, 12, 2"1, 25-30 
tnaintenancc of adequate respiratory 

exchange in \Vounded, 10:3 L 

endotracheal, 27, 183, 193 
reasons for use, 27 

hrvngeal 120 
I;asophar;·ngeal, 26 
ohstrncted during operations; prophy-

laxis and treahnent, ·144 
oropharyngeal, 12, 25 
orotrncheal, 28 
pharyngeal, 25-26, 129 

necessity in suhcutancous adntini
stration of drugs, 55 

tracheal, 27-28, 129 
.\Icohol as adjuvant, L!5 

ignition of, 188 
poisoning, signs of, 45, 178 
'Vood: See Methyl alcohol 

.-\ll<ali, antidotes for caustic poisoning, 
179 

Alkaloids, formation of alkaloidal salts, 
:~2 

solubility of, 32 
Alveolar nternhrane, obstruction nt, 17 
Anlf'riean Journal of Surgery, original 

publisher of illustrations, 2 
AnwricDn Society of Anesthetists, code 

used for Hollerith punch card sys
ten1, 6 

A1nylene hydrate \vith avertin, as ad
juvant, 45 

rectal anesthetic agent, 60 
Analeptic drugs, treahnent of cmna, 17G 
.\nalgesia, action of opiates, :l3, :l<! 

harbHuratcs hefore regional analgesia,. 
11, 86, 87 

by inhalation, 122, 123 
of respiratot·y tract, 125 

a(hnlnistration of nonvolatile drugs, 
125 

dosage for n1inor operations, -12;) 
hy oral route, 54 
('quivalent doses of opiates to obtain 

san1c degree of, :~5 
nwntal pn,paration of patient, 122 
opet·ations requiring, 122 
order of dect'f'asing efficiency of opiates, 

:H 
principle of self-controlled nitrous 

oxide inhalation, 122, 123 
production of pain relief, responsibility 

for, 12:1 
tPchnic of, 122 

l'('action to regional analgesics, 80, 88 
self-adtninistration, 122, 12::~ 
stnge 1 of anesthesia, 48 
type of patient for, 122 

Anaphylaxis and Allergy, intradermal 
test \Vith procaine hydrochloride, 
88, 89 

1\nentia, danger in anestlH•sia, 18 
Anesthesia, Block: See Block anesthesia 

constant palpation of pulse, HH 
depths of, 48, 4!), !iS 
dit!iculty in administration of, 17 
clfect of faulty technic, 164 
esthnntion of systolic and diastolic 

blood pressure, 16"1, 1H5 
roo· diflleult operations, 121 
for intracranial operations, 128-130 
for intraperitoneal operations, t:H-1:10 
for intrapleural operations, 137-1<11 
General: Sec General anesthesia 
Inhalation: See Inhalation anesthesia 
Intravenous: Sec Injection, intravenous 
Local : See Local anesthesia 
nutintenan_ce by constant (or interinit-

tent) Jlow and escape, 78 
ntantutl, source of material, 1 
necessity of ·watching patient through

out operation, 88 
Open Drop Administration : Sec Open 

drop adininistration 
operative con1p1ications, 1 ,-!:~, 148 
oYerdose of nnesthetic, Hi5 
postoperative complications, 118, 150 
prerequisites for, 53 
principles of induction and mainten

ance of, 78, 79 
!'!'Cords, 3-4, 88, 164-165 
Hegional: See Local anesthesia 
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Anesthesia-Continued 
signs of, 47, H5 
Spinal: See Spinal anesthesia 
stages of, 48-50 

variations in, 49, 50 
Surgical: See Surgical anesthesia 
technics, order of mastery of, 121 
time limit on, 134 
Topical: See Topical anesthesia 
toxicity of anesthetic solutions, 85 
varying depths of, 68 

,\nesthcsiology, original publisher of 
illustrations, 2 

Anesthetics: See Anesthesia; Drugs; and 
under nan1es of drugs 

Anesthetist, adjuvants used by, 45 
consultation with surgeon, 124 
tnain concerns in general anesthesia for 

cranial operations, 129 
need of being diagnostician, 18 
primary duty of, 50 
responsibilities of, 16, 127, 129, 174 

following thoracic operations, 127 
Antidotes, general and chemical, 17!l 
Apon1orphine, con1parison with n1orphine, 

il2 
hydrochloride, narcotic and analgesic 

action, :H 
poisoning, antidotes for, 179 

Apparatus, con1ponents of gas machines, 
76 

for adtninistration of anesthesia by in-
sufllation, 75 

for inhalation therapy, 157 
for oral or pharyngeal insuffiation, 74 
keeping of equipment in working order, 

160 
mechanism of reducing high pressure in 

cylinders, 199 
meters for constant flow of gases, 77 
ruptures of, 187 
types of vaporizers, 77 
use of oxygen tent, 159 

Appendectomy, dosage and dilution of 
procaine hydrochloride in spinal 
anesthesia, 92 

Appendixes, 196-201 
Apprehension, operative complication, H:l 
Arms: See also Extremities 

block anesthesia of upper extremity, 95 
Army General Hospital, record form for 

resuscitation and gas therapy, 7 
Arrhythmia: See also Heart, rate 

cardiac, during operations, 147 
Arsenic poisoning, antidotes for, 179 
Artery, subclavian, relationship of bra

chial plexus to, 96 
Artificial respiration, 153-155 
Asphyxia, occurrence, 21 

during ophun derivative administration, 
35 

Atelectasis: See Lungs, collapse 
Atlantic Medical Journal, original pub

lisher of illustrations, 2 
Atropine, antagonizing effect on morphine, 

37 
poisoning, antidotes for, 179 

signs of, 45, 178 
reaction to, 177 

use as adjuvant, 45 
Autonomic Nervous System: See :-lervous 

system, autonomic 
Avertin as adjuvant, 45 

rectal anesthetic agent, 60 
dosage of, 60 -

toxicity, signs of, 45 
use in intracranial cases, 129 

Aviation, airplane transportation of 
wounded, 194 

low air pressure in, 194 

B 

Barbital: See Barbituric acid derivatives 
Barbiturates: See Barbituric acid deriva

tives 
Barbituric acid derivatives, netion of, 40 

degree of action, 40 
duration of action, 40 
order of decreasing duration, 38 

administration of, 40 
clinical indications for, 41 
contraindications, :!9 
elin1ination of, 39 
for comfort of wounded, 192 
group differences, 39 
in convulsions, 17 4 
individual differences, 39 
intravenous administration of, 40 

preparation of solution for, 62 
latent period, 39 
oral administration of, 40 
poisoning, 41, 173 

antidotes for, 41 
coma as sign, 178 
symptoms and treatment, 18il 

preliminary medication, 41, 86, 87 
ratio of intravenous to oral doses, 39 
sedative effect, :HJ 
structural formula for barbiturates, 38 
treatment of overdose, 41 
type of action, 40 
use in procaine convulsions, 173 

Benzene, ignition of, 188 
Bleeding: See Hemorrhage 
"Blind" Intubation: See under Intubation 
Block anesthesia, brachial plexus block, 

95 
external femoral cutaneous nerve block, 

113 
femoral nerve block, 112 
field block, 90 

abdominal, 103 
for inguinal hernia, 105 

technic for, 105 
for ligation of greater saphenous vein, 

110 
for reduction of fractures, 115 
for repair of femoral hernia, 110 
for wounded, 192 
nerve blocks, 93 
of half of scalp, 93 
of hands and feet, 100, 101 
of leg and foot, 114 
of upper extremity, 95 
sciatic nerve block, 111 

technic for, 111 
technic for, 87 ,,~ 

Blood: See also Anemia; Plasma'~~,, etc. 
circulation; circulatory etnergencies, 161 

disturbances in poisoning, 1i7 
disturbances of autonomic nervous 

system, 162, 163 
causes of, 163-166 

effect of anesthetic drugs on, 16~ 
effect of overdosage of drugs, 165 
effect of subcutaneous administration 

of opium derivatives on, 35, 36 
excessive rebreathing as cause of 

circulatory depression, 165 
general therapy of circulatory de

pression in poisoning, 180 
in wounded, 193 
maintenance during treatment of 

coma, 176 
mechanical embarrassment, 161 
relation to transport system, 18 

composition of normal human blood, 
201 
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Blood-Coiitinued 
grouping 168 
hemorrhage, 162 
pressur·e, aid in diagnosis of co1na, 176 

change during operation, 165 
effect of subcutaneous adrninistration 

of morphine, 36 
fall in spinal anesthesia, treatment, 

1-15 
frequent estimations of systolic and 

diastolic blood pressure, 1fi4, 165 
hypertension and hypotension without 

changes in pulse rate; prophylaxis 
and treatment, 147 

hypertension with rapid pulse rate; 
prophylaxis and treatment, 147 

hypotension with rapid pulse rate; 
prophylaxis and treatment, 148 

proportion in body, 167 
safe dosage in intravenous administra-

tion of, 169 
storage of, 169 
tests of, 169 
transfusion of, 170, 171 

during intrapleural operations, 1 t I 
for shock, 1G8, 169 
method of, 169 
of serum and plasma, 170, 171 
precaution before or after adminis-

stration of acacia, 170 
reactions to indirect transfusion, 170 

vt~ssels, effect of subcutaneous admini
stration of morphine, ;16 

volutne, tnaintenance as indication for 
intravenous administration of fluid, 
167 

of body, 167 
Body, comfort; factor influencing tol

erance of pain-relieving depressant 
drugs, 52 

euphoria during use of opium deriva
tives, :l4 

proportion of blood in, 167 
Bones, fractures, block anesthesia for 

reduction of, 115 
indications for employment of block 

anesthesia, 115 
Botulism, paralysis as sign of, 178 
Bourne's stock solution for rectal in

stillation, 60 
Bmchial plexus, block, 95 

by supraclavicular route, 97 
elicitation of paresthesias in, 96 
indications for use, 95 
technic for, 95 

relations to clavicle and subclaYian 
artery, 96 

Brain, blood supply, effect of subcuta
neous adtninistration of n1orphine 
on, 36 

cerebral operations, 128-130 
Breathing: See Respiration 
Brennan's nupercaine paste for topical 

anesthesia, 117 
Bromide, as adjuvant, 45 

toxicity, signs of, 45 
Bronchi, obstruction, 138 

position of patient with bronchial 
secretions, 140 

responsibility for cleansing of, 127 
Bunion operation, site of injection for 

anesthesia, 100, 101 
Burns about mouth, sign of poisoning, 

178 
from ether, prophylaxis and treatment, 

150 
Butyn sulphate for topical, regional and 

spinal anesthesia, 44 

c 
Carbohydrate, dextr~se phleboclysis as 

aid to ingestion or digestion of, J68 
Carbo1~ 1 dioxide, absorption technic, 80, 

absorber for, 80, 82 
danger during, 82 
el hnination or dead space in, 82 
essential equiprnent for, 80, 8,1 
essentials in application of, SO 

body's n1eans of transporting to out
side air, 10 

danger of high concentration, 13;1 
excess of, causes, 1U 

changes occurring during inhalation 
of, 22 

during open drop administration, 72 
symptoms and signs of, 21-22 

poisoning, antidotes for, 179 
pressure of, 197 
toxicity, signs of, 45 
transport systein, 9 
use as adjuvant, 45 
use of, 159 
weight and volume of, 197 

Carbon nlonoxide poisoning, antidotes 
for, 179 

signs of, 178 
source, cause, diagnosis, after-effects 

and treatment, 181 
treatment of, 15\1 

Cardiac Arr.,st: See under Heart 
Cascade unit, delivery of oxygen, 198 
Catheter, oropharyngeal, 15~ 

introduction of, 159 
Caustic alkali poisoning, antidotes for, 

179 
Cell danw_ge, interference of transport 

systen1 as cause of, 10 
Cerebral Operations: See under Brain 
Cerebrospinal fluid, composition of, 202 

pressure, aid in diagnosis of coma, 176 
Cervical plexus block, 94 

landmarks for, 9,1 
Charcoal, activated; antidote for poison

ing, 179 
Chloral hydrate, toxicity, signs of, 45 

use as adjuvant, 45 
Chlorine, effects of, 184 

poisoning, treatment, 184 
Chloroform, amount needed during in-

duction of anesthesia, 70 
decomposition of, 188 
in treatment of convulsions, 174 
physical and pharmacologic properties 

of, 42, 43 
poisoning, antidotes for, 179 
technic of use, 83 
ventricular fibrillation from overdose 

of, 165 
Chloropicrin, effects of, 184 

poisoning, treatment, 184 
Cholecystectomy, dosage and dilution of 

procaine hydrochloride in spinal 
anesthesia, 92 

Circulation: See Blood, circulation 
Clavicle, relation of brachial plexus to, 96 
Cocaine, agent of choice for topical 

anesthesia, 117 
anesthesia of pharyngeal and laryngeal 

mucosa, 117 
hydrochloride, drug for topical, regional 

and spinal anesthesia, H 
in topical anesthesia of urethra, 118 

contraindications to use of, 118 
ointments for topical anesthesia, 117 
poisoning, antidotes for, 179 

signs of, 178 
substitutes for, 44 
use in intuhntion, 29 
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Codeine: See also ;\!ethylmorphine 
analgesic efliciency of, :~4 
elimination and destruction, 33 
narcotic action, 33 
poisoning, sy1nptoms and treabncnt, 182 

Collapse of Lungs: See Lungs, collapse 
Corna, 175-176 

causes, 175 
diagnosis of, 175, 176 
sign of drug poisoning, 178 
treatment of, 17fi 

analeptic drugs in, 17{) 
intubation in, 17{i 
rnaintenance of circulation and nutri

tion in, 17{) 
Inaintenance of respiratory function 

in, 17(} 
rernovnl of cause, 176 

Consciousness, failure to recover (post
operative complication), 1,!8 

technic of pain relief without loss of, 
122 

Constipation, dfect of opiurn deriYatives, 
~6 

Consultation between surgeon ahd anf's
thetist, 12 l 

"Controlled respiration," 121, t:~-t-1:15 
Convulsions and stntcs of exciternent, 17:-~, 

174 
as sign of poisoning, -178 
barbiturates in, 17;~, -17·1 

clinical indication for a(ltninistration 
of, 41 

causes, 17:3 
due to procaine, 173 
during gener3.I anesthesia, 71, 174 
responsibility of anesthetist ln, 71, 171 
therapy of systeinic reactions to poison-

ing, 180 
treahnent, -173 

by inhalation, 174 
Coughing, control during intn-tpleural 

operations, 139 
during operation, prophylaxis and 

trt>ahnent, 14:J 
order of opin. tes in decreasing dt•pres

sant activity on reflex, :Hi 
Cnunps dtw to heat, 172 
Cranitun, intracranial operations, anes

thesia for, 128-1:10 
smooth induction of, 129 

cautious use of anesthPtic drugs in, 
128 

depth of narcosis, 128 
dosage of drugs in, 128 
g<'neral anestheshl for, 129 

nu:dn concerns of anesthetist in, 129 
pteparations for, 128 
protection of trachea fron1 contanli-

nation, 12B 
puhnonary Vt'ntilation during, 129 
scalp block for, 9:J, 128 
selectiOn of cases for local anesthesia, 

129 
Cyauosis dul"ing operations, proph:ylaxls 

and treatment, 146 
sign of drug poisoning, 177, 178 

Cyclopropane, liquefaction of, 196 
physical and pharmacologic propertit>s 

of, <12, 4:! 
pl'('Ssure of, 197 
technic of use, 83 
ventricular fibrillation from overdose 

of, 1 G5 
weight and volume of, 197 

Cylinders, tncchanistn of reducing high 
pressure in, 199 

weights and capacHics of containrrs, 
197 

"·eights and vohnnes of contents of, 
197 

D 

F. A. Davis Co1npany, original publisher 
of illustrations, 2 

Dehydration, dextrose in distilled water 
for, 168 , 

Deliriurn, stage of anesthesia, 48 
value of apomorphine in deliriutn 

eaused by scopolamine, ~14 
Depression: See also under Hrspiration 

derangen1ent of vital functions as cause 
of, 11 

endotracheal air\vay in~ 27 
fro1n drug action a frf'quent cause of 

death, 52 
preanesthetic, 41 
Hespiratory: See under Hespiration 

Dextrose adntinistration, conditions for, 
168 

intravenous, conclusions of Fantus,. 
168 

safe dosage for, 169 
in distilled water for dehydration and 

relief of thirst, 168 
phleboclysis, 168 

infusion of other rctnedies during, 
168 

Dinphragrn, paralysis of, stage IV of 
anesthesia (respiratory arrest), !() 

DhltThea, sign of poisoning, 178 
Di-ethyl ether, physical and pharmaco

logic properties of, 42, 4:1 
Dihydrornorphinone: See Dilaudid 
J)jfaudid, analgesic efficiency of, :14 

con1parison of dihydroinorphinonc with 
Inorphine, ;~2 

narcotic action, 33 
Dionin: See Ethylmorphine 
Diothane hydrochloride, drug for topical, 

regional and spinal anesthesia, -f-1 
ointtnrnt for topical anesthesia, 117 

Divinyl ether, physical and pharrnnco
Jogic properties of, 42, r{;} 

Dosage: See also Drugs; and under natncs 
of drugs 

of drugs ror oral administration, 54 
of rectal anesthetic agents, 58-60 

Drip, rate of actn1inistration, 79 
Drugs: St•r n lso under na1nes of drugs, as 

:Morphine; Opiurn derivatives; de. 
accidental extrav('llOUS injection, 187 
addiction, ia 
achninistration, in intracrnni~1l opera

tions, 129 
cautious usc in, 128 
con1pl ica tions in, 1 ~12 

annh•ptic, in treatlnent of cmna, 176 
hrealdng of needles, 188 
cmnbustiblc, hazards of, 190 
control of autonon1ic rt'flexes, cough 

nnrl expectoration during intrnpl(·tt
ral operntions, 1:W 

depressant, relief of pain by, 1B2, 1D:l 
signs of poisoning, 177, 178 

dosage for oral ndzninistration, 54 
pffect on autonoznic nervous systf'nl, 

16~-l!lt 
inhalation methods of a<hninisteation, 

()7 
intravenous instillation of, 61 

duties of adzninistrators of, 61 
preference for u1trashort-acting drugs~ 

()1 

preparation of solution for, ()2 
nwasuretncnt, Inistakes in, 18H • 
nonvolatile, respiratory tract analgesia 

by adrninistrntion of, 125 
open drop adtninist1·ation of, 69 

rate of drip, 70 
oral adtninistration of, .'i-t 
overdosage of, 1 fj5 

• 
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Drugs--Continued 
pain-relieving drugs, choice and dosage 

of, !i1, 52, 192, 193 
tolerance of, 52 

pharmacology of, 31 
physical signs accotnpanying drcreasing 

action of, 47 
Poisoning: See Poisoning 
prt>tnedication, 5:1, 63, 86 

for intrapleural operations, 1:~8, 1H9 
reaetions to, 177-185 
rectal instillation, 57 

anesthetic agents, 58-60 
tnethod of, 57 
l'equirenlents for, 58 

sensitivity to local anesthetics, 88 
subcutaneous administration of, 55 
sympatheticomimetic, used in combi-

nation "'ith anesthetic agents, -1H 
test for sensitivity to, 88 
topical application of, 117 
toxicity of anesthetic solutions, 85 
tmnsport system, 9-10 

Duodenal lilcer: See Peptic ulcer 

E 

Eclatnpsia, adn1inistration of barbituric 
acid derivatives, 41 

Edema: See under Lungs 
Egg albumin, antidote for poisoning, 17!1 
Elbow, nerve block at, 99 
Electricity, accumulations of static elec

tricity; source of ignition, 189 
Elimination of opium derivatives, 33 
T-:motional state, factor influencing toler

ance of pain-relieving depressant 
drugs, 52 

Endocrine activity; factor influencing 
tolerance of pain-relieving depres
sant drugs, 52 

Endotracheal airway, 27 • 
reasons for use of, 27 

Ephedrine hydrochloride, sympathetico
mimetic drug, 46 

sulfate, sympatheticomimetic drug, 46 
Epilepsy. administration of barbituric 

acid derivative, 41 
Epinephrine, sympatheticomi1netic drug, 

46 
Equivalents, table of, 200 
Ether anesthesia, control1ed respiration 

during, 135 
dangers of, 135 
manipulation of breathing bag dur

ing, 1:!4, 1:!5 
technics of, 1:!3-136 

hurns, prophylaxis and treatment, 150 
convulsions, so-called, occurrence of, 

72 
diethyl; induction of anesthesia, 70 

technic of use, 83 
divinyl; induction of anesthesia, 70 

technic of use, S:l 
ether-ca1·bon dioxide-oxygen mixture, 

t:J:l 
ignition of, 188 
in oil, rectal anesthetic agent, 58 

dosage in, 58 
in treatment of convulsions, 174 
open drop method of anesthesia in 

abdominal operations, 1:!3 
overdosage of, 165 
physical and pharmacologic properti<'s 

of, 42, 43 
poisoning, antidotes for, 179 

Ethyl chloride; induction of anesthesia, 
70 

physical and pharmacologic properties 
of, 42, 43 

technic of use, 83 

Ethylene and I}itrous oxide, technic of 
use, S:l 

explosions from admixture of, 187 
overdosage of, 165 
physical and pharmacologic properties 

of, 42, 4:1 
pressure of, 197 
W<'ight and volume of, 197 

Ethylmorphine (dionin), comparison 
'vith morphine, ~12 

Euphoria during use of opium deriva-
tives, 34 

Evacuation n1etlrods in poisoning, 178 
Exciten1ent, causes and treatnwnt, 17:1 
Expectoration, control during intrapleural 

operations, 129 
Explosions, fear in operating roonu; not 

warranted, 189 
from admixture of ethylene, 187 
from careless placing, 187 
from carelessness in refilling, 187 
from contact of oxygen with fats or 

oils, 187 
precautions for prevention of, 190 
report on hazards of, 190 
ruptures of apparatus, 187 
sources of ignition, 189 

Extremities: See also Arms; Legs; etc. 
upper, block anesthesia of, 95 

Eyes, diagrammatic representation ot' 
chief signs of anesthesia, L17 

movement of, 49 
topical anesthesia of, 118 

F 

Fantus, conclusions regarding intravenous 
administration of dextrose, 168 

Fats, explosions from contact of oxygen 
with fats or oils, 187 

Feet, block anesthesia of, 100, 101, 11"1 
sites of injection, 100, 101 

Femoral Hernia: See under Hernia 
Femoral nerve, block, 112 

cutaneous distribution of, 112 
cutaneous external, block, 113 

cutaneous distribution of, 113 
Field block, 103-107, 110 

technic of, 90 
Fire hazard during oxygen use, 160 
Flow meters, 76 
Fluid, intravenous therapy of shock, 166, 

167 
maintenance of blood volume indica

tion for, 167 
solutions for, 168, 169 

dosage of, 168, 169 
loss of, 162 
supportive agents for rectal instillation, 

60 
transport system, 9-10 

Food poisoning, sign of, 178 
Foot: See Feet 
Foreign body, obstruction of respiratory 

tract, 18 
Fracture of long bone, block anesthesia 

for reduction, 115 

G 

Ganglions, injection of lumbar sympa
thetic ganglions, 116 

Garter infiltration, technic for, 115 
Gas, administration of gaseous agents, 78 

compressed, 196 
containers of, 196 
densities, table of, 200 
explosions of, 187 
ignition of, 188 

sources of, 189 
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Gas--Continued 
liquefaction of, 196 
nu1chines, components of, 76 

for insumation anesthesia, '~1 
Inaintenance of anesthesia by constant 

(or intermittent) flow and escape, 
78, 79 

ntechanisJn of reducing high pr('Ssure 
in cylinders, 199 

n1eters for constant flo\V of, 77 
1nistakes in identification, 186 
principles of induction and n1ainten-

ance of anesthesia, 78, i9 
storage of, 196 
therapy, record form for, 7 
transport, obstruction by tongue, 11 
transportation of, 196 
t~·pes of vaporizers, 77 
under pressure, 186 
"·ar gases, effects of, 184, 185 

treatment of irritation from, 184, 185 
weights and capacities of cylinder con

tainers, 197 
weights and volumes of, 197 

Gastric Ulcer: See Peptic ulcer 
Gastrointestinal tract, administration of 

opiates, effect of, 36 
order of decreasing activity of, 36 

obstruction, contraindication to intra
venous administration, tW 

Gauze, layers necessary for vaporization, 
70, 71 

General anesthesia, 5:3-60 
hy intravenous n1orphine-scopol~n11ine, 

55 "' 
convulsion during, 174 
effect on autonon1ic nervous systCJn, 

163 
for intracrai1ial operations, 129 

nu1in concerns of anesthetist, 129 
srnooth induction in, 129 

for operations on respiratory tract, 12() 
difliculties of induction, "126 
ornission of intubation in, 126, 127 

intubation during, 126 
preparation for, sa 
routes of adininistration, .5:3 

Gwnthmey and Iiarsner mixture for oral 
arlininistration, 54 

H 

Hand, block anesthesia of, 100, 101 
site of injection, 100, 101 

Harhnann's solution, safe dosage for in
travenous administration, 169 

Hazards, 186-191 
Heart, cardiac arrest during operations; 

prophylaxis and treatment, 1-18 
dextrose in counteracting myocardial 

weakness, 168 
disease; contraindication to intra-

venous administration, 66 
failure, general therapy of systemic re

actions to poisoning, 180 
1nechanical effects during anesthesia 

for intrapleural operations, 138 
rate; effect of subcutaneous adnlinistra

tion of n1orphine, 35 
Heat cramps, 172 

exhaustion, 172 
Helium, pressure of, 197 

use of, 160 
weight and volume of, 197 

Henlorrhage, dextrose solution in counter
acting, 168 

preparation of patients for intrapleural 
operations, 138 

HenJorrhoidectomy, dosage mHl dilution 
of procaine hydrochloride in spinal 
anesthesia, 92 

Hernia, femoral, block for repair of, 11 0· 
inguinal, block anesthesia for, 10:; 

technic of, 1 05 
H<'rniorrhaphy, dosage and dilution of 

procaine hydrochlori(le in spinal 
anesthesia, 92 

Heroin poisoning, symptoms and treat
ment, 182 

Hollerith punch card, G 
code used in, 6 
transfer of facts to, 3 

Hydrocarbon derivatives, ignition of, 188" 
Hypertension: See Blood pressure 
Hypnosis, action of barbituric acid 

derivatives, 40 
Hypotension: See Blood pressure 

Identification of patient, 18H 
Ignition, sources of, 189 
Jllegihility, 186 
Illustrations, list of original publishers. 

of, 2 
Inguinnl Hernia: See under Hernia 
Inhalation analgesia, 122 

administration hy anesthetist, 123 
dosage for minor operations on res-

piratory tract, 125 , 
principle of self-controlled mtrous 

oxide inhalation for, 122, 12:{ 
self-administration of, 122, 123 

Inhalation anesthesia, 67 
for abdominal operations, 132, 133 
hemorrhage or loss of fluid, 162 

Inhalation therapy, 157 
afhninistraticm of oxygen, 157 

amount of, 158 
hazards in use of, 160 
physical signs for use of, 157, 158 

apparatus for, 157 
introduction of oropharyngeal catheter, 

159 
leukocytosis due to, 177 
of convulsions, 174 
oropharyngeal catheter in, 158 
routes taken by anesthetic, 67 
supplies and equipment, 157 

responsibility for keeping equipment 
in working order, 160 

use of carbon dioxide, 159 
use of helium, 160 · 
usc of oxygen tent, 1:)9 '" 

Injections: See also Block anesthesia; 
Drugs; and under names of drugs 

breaking of needles, 188 
t'xtravpnous, accidental, 187 
intravenous, 61 

accidental, 87 
contraindications, 66, 
dangers of, 61, 65 
duties of administrators, 61 
equipment for, 61 
induction of anesthesia, 65 
tnaintennnee of anesthesia, 65 
tnethod of rnaking veins more proln-

inent and easy to identify, 6:l 
precautions, 65, 66 
prelin1inary Inedication, 31-50, 63 
preparation of solution, 62 
signs and effects of anesthesia by. 

47, 65 
steps involved in, 64 
use of oxygen during, 65 

oral, of anesthetic drugs, 54 
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I nj cctions-Con tin ued 
rate of procaine hydrochloride in spinal 

anesthesia, 92 
site in spinal anesthesia, 91 
subcutaneous, of anesthetic drugs, 55 
through parailiac wheal, 10() 

Injury: See Trauma 
Ins(nnnia, achninistration of barbituric 

acid derivative, 41 
Insufllation, characteristics of apparatus 

for, 75 
gas tnachine for, 75 

components of, 76 
in operations on respiratory h·act, 127 
tneters for constant Jlo'v of gases, 77 
oral or pharyngeal, H 
types of vaporizers, 77 

IntestinPs, effect of administration of 
opiu1n derivatives, :36 

Intracranial operations, anestlH'sia for, 
128-130 

Intradermal test with procaine hydro
chloride, 88, 89 

whea], continuous, method of produc
ing, 90 

method of producing, 89 
Intrapleural operations, anesthesia for, 

1:17-141 
Intravenous Injections: Sec under Injec

tions 
Intravenous therapy, conclusions of Fan

tus regarding adtninistration of 
dextrose, 168 

facilitation of, 170 
of shock, 166, 167 

rate of injection, 167 
solutions for, 168, 169 

dosage of, 168, 169 
Intubation by Hblind" technic, 29 

bv dirPct vision, 29 
hi thoracic operations, 126, 127 
in treattnent of coma, 176 
nasotracheal, 29 
orotracheal, 28 
tracheal, in coma, 176 
use of cocaine in, 29 
"'arnings, 30 

Iodine poisoning, antidotes for, 179 

J 

Journals: See Periodicals 

l{arsner and Gwathmey mixture for oral 
adtninistration, 5,1 

Kidney function, poor, contraindication 
to barbituric acid derivatives, :~H 

L 

Lancet, London, original publisher of 
illustrations, 2 

Laryngospasm, cause of, 13 
prophylaxis and treatment, 13, 145 

Larynx, Airway: See under Airway 
laryngeal watchdog, 11 
operations on; demand for te1nporary 

arrest of respiratory movement, 127 
production of anesthesia of mucosa hy 

cocaine, 117 
removal of foreign bodies from, 1:1 
Spasm: See Laryngospasm 
topical anesthesia of, 117 

Laudanum poisoning, symptoms and 
treatment, 182 

Lavage by stomach tube in poisoning, 1 78 
L<'gs, block anesthesia of leg and foot, 

114 
technic for garter infiltration, 115 

Leukocytosis due to inhalation therapy, 
177 

Lewisite, effects and treatment of irrita
tion, 185 

Liquids, identification of, 186 
Liver function, in1paired, contraindica

tions, :m, 66 
Local anesthesia, S5. See also Topical 

anesthesia 
drugs for, H 
in intracranial operations, 129 

care in selection of case, 129 
of respira"tory tract, 124 

advantages and disadvantages, 12·!,. 
125 

technic for, 87 
treatment of ·reactions following ad

nlinistration of procaine hydro
chloride, 85 

Lozenges for topical anesthesia, 118 
Lumbar sympathetic block, 116 

technic of, 116 
Lungs: See also Pleura; Respiration; 

Respiratory Tract; etc. 
aspiration of vomitus, 1,1 

use of gravity, 15 
collapse; atelectasis postoperatively;. 

prophylaxis and treatment, 1.19 
diagnosis and treatment, 153 

contan1ination, during anesthesia for
intrapleural operations, 137 

diseases of, contraindication to intra
venous administration, 66 

eden1a, dextrose in counteracting, 168 
therapy of systemic reactions to 

poisoning, 180 
expansion, inhibition of, 16 
intermittent increase of pressure in 

alveolar spaces, 154 
irritants, effects and treatment, 184 
Jnechanical anotnalies during intra

pleural operations, 138 
obstruction at alveolar membrane, 17 
ventilation during intracranial oper

ations, 129 

M 

~Ianual of anesthesia, purpose of, 1 
:\Iarshall formula for oral administration, 

54 
:\Task, elimination of dead space, 71 

type for open drop achninistration, 
70, 71 

:\Tayo Clinic, original puhlisher of illus
trations, 2 

:\ledian nerve, site of injection for block, 
99 

::\Iedication, prelin1inary, 31-50, 53, 63, 72,. 
86, 138. See also Drugs; and under 
names of drugs 

Medicine, military; advantages of carbon 
dioxide absorption technic, 80 

Hollerith punch card, 6 
war gases, 184-185 

Mercury bichloride poisoning, antidotes 
for, 179 

Meters for constant flow of gases, 77 
?lfethyl alcohol poisoning, antidotes for, 

179 
Methylmorphine (codeine), comparison 

with morphine, 3:! 
:\Ietrazol, toxicity, signs of, 45 

use as adjuvant, 45 
::uetycaine for topical, regional and spinal 

anesthesia, 44 
ointment for open wounds, 119 

:\Til itary Medicine: See Medicine, military 
:\Iilk, antidote for poisoning, 179 
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.l\Iorphine, analgesic effieiency of, :~4 
antagonizing effect of atropine on, 37 
antagonizing effect of scopolatnine on, 

37 
cmnparison ·with certain derived alka

loids, :J2 
effect of intravenous adtninistration of, 

66 
etrect of subcutaneous acllnini.stration 

on circulation, 35, ~~6 
elimination and destruction of, :l:J 
for comfort of wounded, 192 
general anesthesia by subcutaneous 

morphine-scopolamine, 55 
narcotic action, 33 
poisoning, antidotes for, :37 

symptoms and treatment, 182 
structural formula of, 32 

1\Iouth, burns of, sign of poisoning, 178 
nasal inhaler for oral operations, 127 
Oral Administration: See Oral admini

stration 
Mucosa: See also under Respiratory Tract 

color, aid in diagnosis of coma, 175 
laryngeal, production of anesthesia by 

cocaine, 117 
pharyngeal, production of anesthesia by 

cot·aine, 117 
1\Iucus, excessive, during operations; 

prophylaxis and treatment, 14·1 
Muscles, ditliculties in anesthesia in ab

dominal operations, 131 
spasm of, efl'ect of pantopon on, a5 
tone of; diagraminatic representation 

of chief signs of anesthesia, 47 
hvitchings of, aid in diagnosis of con1a, 

176 
:MustaJ'd gas, effects and treatment of 

irritations, 185 

N 

N -alkyl derivatives, action of, :l9 
Narcosis: St~e also Anesthesia; Drugs 

narcotic action of opiates, :~:~ 
variation of, 3:3 

Nasopharyngeal airway, 26 
in operations on respiratory tract, 127 

~ational }i'ire Protection Association, re
port on hazards of explosions, 190 

National Research Council, appointment 
of conunittees by, 1 

Nausea, effect of administration of opi-
ates, 36 ' 

sign of poisoning, 178 
Neck, stiff, aid in diagnosis of co1na, 176 
Needles, breaking of, 188 
Neo-synephrin hydrochloride, sympa

theticomimetric drug, 4(i 
:\crves, autonomic, xnechanical effects dur

ing anesthesia for intrapleural 
operations, 1:!8 

blocks, 9:!-116 
at elbow, 99 

procaine hydrochloride for, 99 
brachial plexus block, 95 

by supraclavicular route, 97 
elicitation of paresthesia in, 96 
indications for use, 95 
technic for, 95 

cervical plexus block, 94 
landmarks for, 9,! 

external femoral cutaneous nt•rvc 
block, 113 

femoral nerve block, 112 
"f half of scalp, 93 
of leg and foot, 100, 114 
peripheral nerve IJiock for abdominal 

operations, 132 
sciatic nerve block, 111 

technic of, 111 
segmental nerve blocks, 102 

Nerves-Continued 
fmnontl, cutaneous distribution or: 112, 

113 
spinal, sites of injection, 102 
technic for blocking internal and exter

nal popliteal nerves, 114, 115 
Nervous system, autonomic, distur-

bances of, 162 
causes of, 16:3-166 

change in position of patient cause of 
circulatory depression, 163 

effect of drugs on, 163, 164 
effect of faults of anesthetic technic on, 

164 
effect of general anesthesia on, 16:l 
effect of trauma on, 16,1 

Nervousness, operative con1plication, 143 
Nitrobenzene, cyanosis as sign of poison

ing, 178 
Nitrous oxide and ethylene, technic of use, 

83 
explosions from admixture of ethylene, 

187 
inhalation, ad1ninistration by anes

thetist, 123 
for analgesia, self-controlled, 122, 

123 
nonexplosibility of, 188 
overdosage of, 165 
physical and pharmacologic properties 

of, 42, 43 
pressure of, 197 
weight and volume of, 197 

Xose, nasal inhaler for oral operations, 
127 

nasotracheal intubation, 29 
topical anesthesia of, 118 

Nupercaine, Brennan's paste for topical 
anesthesia, 117 

drug for topical, regional and spinal 
anesthesia, 14 

Xutrition, Inaintenance during trenhnent 
of coma, 176 

0 

Obstf'trics, technic of administration of 
rectal anesthetic agents, 59 

Obstruction: See Bronchi; l\espiratory 
Tract; etc. 

Oils, explosions from contact of oxygen 
with fats or oils, 187 

Oinhnents, anesthetic, for open "'OUIHis, 
119 

cocaine, for topical anesthesia, 117 
preparation for topical anesthesia of 

open wounds, 119 
use in co1nfort of wounded, 192 

Omnopon: See Pantopon 
Open drop administration, abuse 'uf, 68 

avoidance of full premedication, 72 
danger of dead space, 73 
danger of overdosage, 72 
for abdominal operations, 133 
gauze used in 1nask for, 70, 71 
method of induction of anesthesia, 7:3 
of anesthetic drugs, 69 
possibility of occurrence of oxygen lack 

or excess of carbon dioxide, 72 
rate of drip, 70 
technic of, 69-74 
type of mask for, 70, 71 
use of oxygen during, 19-21, 73 
vaporization of agent, 70, 71 

Operations, depths of anesthesia, 18, 49, 
68 

difficult, anesthesia for, 121 
fear of explosions in operating rooms, 

189 
mistakes in side of, 186 
necessity of watching patient through

out, 88 
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Opera lion s-Continucd 
operative complications, 143-HS 
postoperative conipJications, 148-130 
preoperative and postoperative rounds, 

3 
prerequisites for anesthesia, 5:~ 

Opiates: See also Opiunl derivatives 
addiction, :}4 
poisoning, antidotes for, :17 

signs of, 178 
sy1nptorns and treatn1ent, 182 

Opium DerivatiYes, :J2-:l7. See also 
Opiates 

ahsorption of, :la 
accentuation of respiratory dCpression 

by barbiturates, :l7 
adjuvants of, 37 
adtninistration of, 33 

enteral, subcutaneous and intra
venous, 33 

analgesic action, 33, 34 
e1lect of subcutaneous adtninistrntion 

on circulation, 35, :~6 
efl'rct on respiratory tnechanisn1, :35 
elhnination of, 33 
Pquivalcnt doses to ohtain san1e drgrec 

of analgesia, :~5 
euphoria during use of, :!4 
gastrointestinal efl'ect of, :J6 
narcotic action, 33 
order in decreasing activity, 35, :w 
order of decreasing analgesic efliciency 

of, :H 
order of decreasing narcotic action, :l-1 
reduction of Ininute volume of respir-

ation by, ~l5 
solubility of, :12 
treatnH"nt of poisoning (acute), 37 
variation of narcotic action, :13 

Oral adrninistration of anesthesia, ;)4 
analgesia by oral route, 54 
indivhlu.alization of dosage, 5-1 

Inixture of Gwathiney and Karsner, 
54 

mixture of Marshall, 54 
Oral insufllation, 74 

apparatus for, 74· 
Oropharyngeal airway, 25 

in operations on respiratory tract, 
127 

catheter in inhalation therapy, 158 
introduction of, 159 

Oro tracheal airway, 28 
Overdosage: See Drugs; and under nan1es 

of drugs 
Oxygen, body's nteans of transporting to 

tissues, 10 ' 
Cascade Unit, 198 
commercial, delivery of, 198 
during intravenous anesthesia, 65 
duri~1g ,..,.open drop anesthesia, 19-21, 

12-/.~ 
explosions from adinixture of ethylene, 

187 
explosions fron1 contact of oxygen with 

fats or oils, 187 
hazard in use of, 160 
inhahttion, ntaintenance of adequate 

respiratory exchange in \Vounded, 
1!)3 

inhalation therapy, 157 
an1ount in, 158 
rnedicinal and cotnntercial oxygt'n 

for, 157 
lack of, 19-20, 72 
1nethods of transporting and storing, 

198 
most vital need for life, 10 
oxygen-carbon dioxide-ether n1ixture 

for anesthesia in intraperitoiwal 
operations, n3 

()xygen-Continued 
physieal signs for use of, 157, -158 
pressure of, 197 
tensions, 188, 189 
trnt, use of, 1fi9 
therapy, record of, 7 
transport systein, 9 
transport .interruption, length of thne 

compatible with rc:•covrry, -151 
"Tant, causes of, 19 

outline of syntptotns and signs, 19 
r~~cord of changes accontpanying, 2() 
stgns of, 18 

wright and volun1e of, 197 

p 

Pain, relief, 51, 192, 193 
consideralions for, 51 
factors influencing choice and dosage 

of pain-relieving drugs, 51, 52 
of wounded, 1 !l2 
responsibility for producing, 123 
technic 'vithout loss of conscious-

ness, 122 
therapy of systen1ic reactions to poison

ing, 180 
Pantopon, comparison of ontnopon with 

n1orphine, ;~2 
etlicacy in relief of smooth muscle 

spasru, 35 
ParaJdehyde, intravenous achninistration,_ 

effect of, 66 
rectal adininistration of, 59 

dosage in, 59 
toxicity, signs of, 45 
use as adjuvant, 45 

Paralysis as sign of botulism, 178 
Paravertebral anesthesia for intrathoracic 

operations, 140 
Paresthesia in hrachial plexus block, 96 
Parotitis, postoperative; prophylaxis and 

treatment, 1:)0 
Patient, identification of, 186 

necessity of watching patient through
out operations, 88 

position of, 91, 140, 163 
prerequisites for anesthesia, 53 

Pentothal sodiunt, rectal adntin.istration 
of, fiO 

dosage for, 611 
P~ptic ulcer, dosage and dilution of pro

caine hydrochloride in spinal anes
thesia for, 92 

Periodicals, original publisher of illus
trations, 2 

Peripheral nerve block for abdominal 
operations, 1:!2 

Peritoneum: See also Abdomen 
anesthesia for operations \vithin perito

neal cavity, 131-1:16 
Pharnu)cology of drugs, 31 
Pharyngitis. postoperative sore throat; 

prophylaxis and treatment, 150 
Pharynx, air,vay, necessity in sub

cutaneous adininistration of anes
thetic drugs, 55 

use of, 12 
oral or pharyngeal insufllation, 7"1 

apparatus for, 74 
production of cocaine anesthesia of 

nlUCOSU, 117 
topical anesthesia of, 117 

Phenobarbital, action of, 39 
Phosgene, effects of, 184 

poisoning, antidotes for, 184 
treatment, 184 

Picrotoxin toxicity, signs of, 45 
use as adjuvant, 45 

Plasma: See also Blood 
contposition of hu1nan plas1na, 202 
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Pleura, pressure, negative, interinittent 
decrease of, 1;)4 

intermittent exaggeration of, 15,1 
Pleural cavity operations, anesthesia for, 

137-141 
Pileumothorax, problem during anes

i~;si'\ for intrapleural operations, 

Poisoning, 177-185 
antidotes (general and chemical), 179 
by barbiturates, 41, 17:! 
by opiates, .17 
by procaine, 85 
convulsions as sign of, 178 
dextrose phleboclysis for, 168 
general therapy of systemic reactions, 

180 
lavage by stomach tube, 178 
methods of evacuation, 178 
signs of, 178 
stimulation of vomiting in, 178 

Pontocaine hydrochloride, drug for topi
cal, regional and spinal anesthesia, 
44 

Popliteal nerYes, technic for blocking 
external and internal popliteal 
nerves, 114, 115 

Posture, change in position of patient 
cause of circulatory depression, 
163 

position of patient during spinal 
anesthesia, 91 

position of patient with bronchial 
secretions, 140 

Potassitun chJorate, cyanosis as sign of 
poisoning, 178 

Preliminary medication, 31-50, 53, 63, 72, 
87, 1:18. See also Drugs; and under 
names of drugs 

Prescriptions, Inistakes in "'riting pre
scriptions, 186 

Pressure: See also Blood pressure 
gases under, 186 
liquefaction of gases, 196 
mechanism of reducing high pressure 

in cylinders, 199 
\V. F. Prior Company, Inc., original pub

lisher of illustrations, 2 
Procaine hydrochloride, abdominal wall 

block, 103 
avoidance of intravascular injection of, 

87 
block anesthesia for inguinal hernia, 

105 
block anesthesia of hands and feet, 

100, 101 
brachial plexus block, 95 
convulsions, treatment, 173 
dosage, 87 

for transsacral block, 109 
drug for topical, regional and spinal 

anesthesia, 44 
femoral nerve block, 112 
for local anesthesia, 85 

sensitivity to, 88 
treatment of reactions from, 88 

for spinal anesthesia, 91 
dosage and dilution, 91, 92 
rate of injection, 92 
site of injection, 91 
volume in, 92 

incorporation of vasoconstrictors in 
solutions of, 87 

intradermal test with, 88, 89 
sciatic nerve block, 111 
segmental nerve block, 102 
sites of injection for nerve block at 

elbow, 99 
technic of garter infiltration, 115 
technic for injection of, 87 

Procaine-Continued 
temperature of, 87 
toxicity, signs of, 85 
treatment of reactions to, 85 
value of preliminary medication, 8i 

P1·ostatectomy, perineal; dosage and di
lution of procaine hydrochloride 
in spinal anesthesia, 92 

Publishers, list of original publishers of 
illustrations, 2 

Pulse, constant palpation during anes
thesia, 164 

observation of, 164 
Rate: See also Heart, mte 

atd in diagnosis of coma, 17:) 
change during operation, 165 
rapid, with hypertension; prophy

laxis and treatment, 147 
rapid, with hypotension; prophylaxis 

and treatment, 148 
Pupils, contracted, sign of poisoning, 178 

diagrammatic representation of chief 
signs of anesthesia, 47 

dilated, sign of poisoning, 178 

R 

Hadial nerve, site of injection for block, 
99 

Hashes, scarlet-fever rashes with or with
out fever and tachycardia, 177 

Rt'cord of anesthesia, 3, 88, 164-165 
sheets, 3 

filling in, 3 
Rectal anesthetic agents, 58-60 

Bourne's stock solution, 60 
doses of, 58-60 
instillation of, 57 
method of, 57 
requirements for, 58 
supportive agents, 60 
technic, 58-60 

in obstetrics, 59 
Rectum, topical anesthesia of, 1 HI 
Rectus sheath, method of injections 

within, 10:~. 104 
He flex, autonoinic, during operations; 

prophylaxis and treatment, 146 
prevention of stimulation during 

intrapleural operations, 139 
eye, diagraminatic representation of 

chief signs of anesthesia, 47 
eyelid, 48 
laryngeal, diagra1n1natic representation 

of chief signs of anesthesia, 47 
inactivation of, 14 

laryngeal watchdog, 11 , 
pharyngeal, diagrammatic re~'tesenta

tion of chief signs of anesthesia, 
47 

respiratory, 11 
Regional anesthesia, drugs for, 44. 

See also Local anesthesia 
Renal Function: See under Kidney 
Respiration: See also Respiratory Tract 

arrest during operations; prophylaxis 
and treatment, 145 

artificial, 153 
equipment for, 194 
important factors in, 155 
maintenance of adequate respiratory 

exchange in wounded, 193 
manual maneuver of Silvester, 154 
negative intrapleural pressure, 15,1 
pressure in alveolar spaces, 154 

artificial airways, 25 
controlled, 121, U4-135 

during ether anesthesia, 135 
dangers, 135 



INDEX 213 

H£•spiration-Continued 
decrr·ase of intercostal activity (plane 

:~ of surgical anesthesia), 49 
.depression, accentuation of, :n 

after cerebral operations, 128 
from overdosage of ether, 165 
general therapy in poisoning, 180 

diagrammatic representation of chief 
signs of anesthesia, 47 

disturbances in poisoning, 177 
effect of opiates on respiratory me

chanism, :15 
·endotracheal airway, 27 

reasons for use of, '27 
.excessive rebreathing as cause of cir

culatory depression, 165 
]ength of time of oxygen transport in

terruption compatible with recov
ery, 151 

Jnaintenance of function in treatment 
of coma, 176 

1nanipulation of breathing bag during 
ether anesthesia, 134, 135 

masking of physical signs of anesthesia 
hy disturbances of, 47 

nasopharyngeal airways, 26 
nasotracheal intubation, 29 
noisy breathing, 12 
normal and abnormal breathing, 23 
·obstruction of, 11-14, 23-30, 73, 125, 

132, 152, 165 
contraindication to intravenous ad

ministration, 66 
obstructed airway during operations; 

prophylaxis and treatment, 144 
·odor of breath as aid in diagnosis of 

coma, 175 
·order of opiates in decreasing depres

sant activity, 35 
orotracheal air"\vay, 28 
·paralysis of intercostal activity (plane 

4 of surgical anesthesia), 49 
possibility that voluntary deep breath

ing may lead to respiratory arrest, 
74 

rapid, sign of poisoning, 178 
reduction of Ininute volume by opiates, 

35 
respiratory emergencies, 151 
Tesponse to skin incision, 47 
responsibility of anesthetist to support 

respiratory function during con
vulsi<ms, 174 

slow, as sign of drug poisoning, 178 
stage II of anesthesia (breath holding), 

48 
stage IV of anesth;esia (respiratory 

arrest), 49 
stir up regimen, 152 
ventilation and its n1aintenance, 152 

Hespiratory exchange, maintenance of 
aaequate exchange, 193 

Hespiratory Tract: See also Respiration 
analgesia by administration of non

volatile drugs, 125 
by inhalation, 67, 125 

dosage for minor operations, 125 
factors necessary for use, 67 

anesthesia, difficulties of, 124 
cleansing of lower tract, 152 

stir up regimen, 152 
tracheobronchial toilet, 152 

contatnination during anesthesia for 
intrapleural operations, 137 

demand for temporary arrest of respir
atory movement in laryngeal oper
ations, 127 

gPneral anesthesia, 126 
difficulties of, 126 
necessity of intubation, 126 

Hr•spiratory Tract-Continued 
henwrrhage into, contraindication to in

travenous administration, 66 
irritation of, 72 
local anesthesia, 124 

advantages of, 124 
disadvantages of, 125 

lower, obstruction of, 17 
tnechanical effects on air passage's dur

ing anesthesia for intrapleural 
operations, 138 

mucosa; danger of overdosage of vola
tile agents, 72 

obstruction of, 11-14, 23-:lO, n, 125. 
132, 152, 165 

by foreign body, 13 
cause of shock, 165 
relief of, 24 
treatment, 23 

by tracheotomy, 23 
operations, anesthesia for, 124 

insufflation in, 127 
nasopharyngeal and oropharyngeal 

airwa--ys in, 127 
omission of intubation in, 126, 127 
responsibility of anesthetist, 127 
tracheal intubation in, 126 
use of any method to secure anes

thesia, 126 
when intubation may be omitted, 126, 

127 
Resuscitation: See also Artificial res-

piration 
artificial airways in, 27, 28 
carbon dioxide in, 159 
helium in, 160 
introduction of oropharyngeal catheter, 

159 
oxygen administration, 157 

amount, 158 
hazards, 160 
indications for use of oxygen, 157, 

158 
record form for, 7 
supplies and equipment, 157 

responsibility of anesthetist, 160 
use of oxygen tent, 159 

Hibs, fractured; site of injection for seg
mental nerve block, 102 

Hounds, preoperative and postoperative, :1 
s 

Sacrum, trans sacral block, 107 
position of hand in performance of, 

108 
position of patient and syringe, 107 
technic, 109 

Salt starvation, dextrose-saline phlebo
clysis for, 168 

Salts, solubility of, 32 
alkaloidal, formation of, 32 

Scalp, block anesthesia of, 93 
block for intracranial operations, 129 

Scarlet fever-like rashes with or without 
fever and tachycardia, 177 

Sciatic nerve block, 111 
technic of, 111 

Sciatica, sciatic nerve block in therapy or 
diagnosis of, 111 

Scopolamine, antagonizing effect on mor
phine, 37 

general anesthesia by sul;lcutaneous 
morphine-scopolamine, 55 

poisoning, antidotes for, 179 
signs of, 178 

toxicity, signs of, 45 
use as adjuvant, 45 
value of apomorphine hydrochloride in 

delirium caused by, 3<! 



214 INDEX 
----· 

Secretions, cllronic; preparation of pa
tients for intrapleural op(•rations, 
138 

Sedatives: See also under Drugs 
action of barbituric acid derivatives, 

:l9, 40 
Segmental nerve blocks, 102 
Sensitivity: See Anaphylaxis and ,\llergy; 

Hnd under natnes of drugs 
Shock, lll1-1 71 

acacia adniinistration, pn'caution in, 
170 

autonotnic nervous syste1n, etl'ect of 
drugs on, 163, 164 

faults of anesthetic ·technic, 16·1 
general anesthesia, 1()3 

hloo<l transfusion for, 168, 169 
method of, 169 
reactions to indirect transfusion, 170 
serun1 and plasma transfusion, 170, 

171 
causes of disturbances of autmHnnic 

nervous system, 163-166 
diagnosis of, 161 
dw· to respiratory obstruction, 165 
during operations; prophylaxis and 

treatment, 1•16, 166 
cfT<•ct of trauma on, 164 
intravenous therapy, 166, 167 

conclusions of Fantus regarding, 1fi8 
facilitation of, 170 
nulintenance of blood volutne indi

cation for, 167 
rate of injection, 167 
safe dosage of various substances, 

169 
overdosage with ether, 165 
postoperative; prophylaxis and trf'at

mcnt, 149 
preoperative, prophylaxis, 1()6 
prevention by varying depth of mws

thesia, 163 
reasons for change in pulse rate and 

f~~od pressure during operation, 

treatment of, 166 
Silvester, n1anual maneuver of, 154 
Skin color, aid in diagnosis of con1a, 175 

femoral cutaneous nerve block, 11:l 
incision, respiratory response to, 47 
subcutaneous administration of drugs, 

55 
Sloughs from accidental extravenous in

jection, 187 
Sn1oking dangerous when oxygen is being 

used, 160 
Soda litne, use as absorber in carbon 

dioxide absorption technic, 80, 82 
Soditun bicarbonate, safe dosage for in-

travenous adrninistration, HW 
Solids, identification of, 18!i 
Solubilities, 32 
Solution equivalents, table of, 200 
Spinal anesthesia, 91 

block, for intrapleural operations, J.IO 
continuous, D2 
drugs for, 44 
for intraperitoneal operations, 131 

results in, 132 
position of patient, 91 
procaine hydrochloride in, 91 

dosage and dilution, 91, 92 
rate of injection, 92 
site of injection, 91 
volume of, 92 

treatment of blood pressure fall in, 145 
Spine, lumbar sympathetic block, 116 

technic of, 116 

Spray~ use in production of anesthesia of 
pharyngeal and laryngeal n1ucosa,_ 
117 

Sterilizers, source of ignition, 189 
Stomach: See also Abdomen 

lavage by stomach tube in poisoning, 
178 

Strength, factor iniluencing tolerance of 
pain-relieving depressant drugs, 5:1 

Struggling during anesthesia; prophylaxis 
and treatment, H·:l 

Strychnine poisoning, antidotes for, 17!) 
convulsions as sign, 178 

Subconnnittee on Anesthesia, 1 
Subcutaneous adn1inistrationj 55 
Sucrose, safe dosage for intravenous. 

adininistration, 169 
Sunstroke, 172 
Supraclavicular route, brachial plexus 

block by, 97 
Su!'geon, consultation with anesthetist, 

124 
equipment, source of ignition, 189 

Surgery: See Operations 
Surgical anesthesia, estimation of depth 

of, 48, J9 
stage III of anesthesia, 48 

T 

Tachycardia: See Heart, rate 
Tears, secretion; diagrammatic represen

tation of chief signs of anesthesia~ 
47 

Technics, special, 121-142 
Teinperature, aid in diagnosis of conu.t, 

175 
factor iniluencing tolerance of pain

relieving depressant drugs, .S~ 
of solution of procaine, 87 
table of, 200 

Test for sensitivity to drugs, 88 
Thirst, dextrose in distilled water for 

relief of, 168 
Thorax: See under Pleural cavity 
Throat, sore, following operation; pro

phylaxis and treatment, 150 
Tissues, body's n1eans of transvorting 

oxygen to, 10 
Tongue, obstruction of gas transport by, 

11 
replacen1ent in nonnal position, 12 

Topical Anesthesia: See also Local anes-
thesia 

drugs for, -14 
of eye, 118 
of larynx, 117 
of nose, 118 
of pharynx, 117 
of rectum, 119 
of urethra, 118 
sprays and ointments in, 117 
troches and lozenges for, 118 

Trachea, endotracheal airway, 27 
reasons for use, 27 

intubation in coma, 176 
in operations on respiratory traet 

under general anesthesia, 1.2() 
nasotracheal intubation, 29 
orotracheal airway, 28 
proteC!tion from contamination after 

intracranial operations, 129 
responsibility for cleansing of, 127, 152 

Tracheobronchial toilet; cleansing lo"'er 
respiratory tract, 127, 152 

Tracheotomy for respiratory obstruction, 
2:~ 
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Transport system, 9-18 
factors in lower respirato1·y tract 

affecting, 17 
length of time of oxygen transport in

terruption compatible ·with recov
ery, 151 

nornu1.l, 10 
obstruction by tongue, 11 
rt~Jation of circulatory systern to, 18 

Transportation and cornfort of wounded, 
192 

low air pressure in airplane transpor
tation of wounded, 194 

Transsacral block, 107 
position of hand in perfonnance of, .108 
position of patient and syringe, 107 
technic of, 109 

Traurna, effect on autonotnic nervous sys
tem, 1M 

local signs of injury aid to diagnosis of 
COlllU, 175 

Trendelenburg position, degree during 
pleural cavity operation, 140 

Trkhlormethane, physical and pharma
cologic properties of, 42, 4:1 

Trilnethylene, physical and phannaco
logic properties of, 42, 4B 

Troches for topical anesth<•sia, 118 

u 
Clcer, Duodenal: See Peptic ulcer 
LTinar nerve, site of injection for block, 

99 
C rcthra, contraindications to use of 

cocaine in anesthesia of, 118 
topical anesthesia of, 118 

Urine, con1position of, 201 
elirnination of barbituric acid deriva

tives, :~9 
elhnination of opium derivative.s, 3:3 
urinary signs as aid in diagnosis of 

coma, 176 

v 
Vapor, anesthetic, 73 

ignition of, 188 
Yaporization of agent in open drop ad

Ininistration of anesthetic drugs, 
70, 71 

effect of weather on, 72 
Vaporizers, types of, 77 
Vasoconstrictors, incorporation in solu

tions of procaine hydrochloride, S7 
Veins, block for ligation of greater 

saphenous vein, 110 
intravenous instillation, 61 

complications of, 61 
contraindication to, 6(} 
duties of administrators, 61 
equipment for, 61 , 
preparation of solution, 62 
use of ultrashort-acting drugs, 38, 61 

Inethod of Inaking veins Inore pro
minent, 63 

preliminary medication, 31-50, 63 
schematic representation of superficial 

veins available for venipuncture, 
62 

Venipuncture, schematic representatitOn 
of superficial veins available for, 
(i2 

Ventilation and its Inaintennnce, 152 
cleansing Io,ver respiratory tract, 152 
puhnonary, during intracranial oper

ations, 129 
s(_~curing of essentials for, 152 
stir up regirnen, 152 

Ventricular fibrillation, due to overdose 
~~5 chloroforn1 and cyclopropane, 

Venturi type of llo'v meter, 70 
Vesicants, effects and treatinent of irrita

tions, 185 
Vinethenc, physical and pharn1acoloaic 

properties of, 42, 43 " 
Viscera, rupture from gases under pres

sure, 186 
Volatile agents, adn1inistration of, 78 

Inaintenance of anesthesia by constant 
i

8
or j

9
ntermittent) flow and escape, 

I, I 

open drop administration of, 69-82 
principles of induction and mainte

nance of anesthesia, 78, 79 
Voiniting, aid in diagnosis of coma 175 

aspiration of vunlitus, 14-15 ' 
detection of, 14 
gravity as 1neans of keeping vmnitus 

out of lungs, 15 
during anesthesia, 143 
elfect of aUininistration of opitnn 

derivatives, :36 
prolonged postoperative; prophylaxis 

and treatment, 149 
sign of poisoning, 178 
stiniulntion in poisoning, 178 

w 
\Var gases, eJl'ects and treatment of 

irritations, 18'!-185 
\Yatchdog, laryngeal, 11 
\\'eather, ell'ect on vaporization of agt•nt 

in open drop administration, 72 
\Veights, Inolecular, table of, 200 
\\'heals, abdominal wall block, 103 

intradt•nnal, 88, S9 
method of producing, 89, 90 

parail iac; block anesthe-'sia for in
guinal hernia, 105 

injections through, 106 
pubic; block anesthesia for inguinal 

hernia, 105 
subinguinal; block anesthesia for in

guinal hernia, 105 
Wounded, artificial ainvay in, 193 

harl>iturates for comfort of, 192 
comfort and transport of, 1!12 
]ow air pressure in airplane trans

portation of, 194 
rnaintenance of adequate circulation, 

Hl3 
ntaintenance of adequate respiratory 

exchange, 19:1 
morphine for comfort of, 192 
relief of pain, 192, 193 
use of ointments for, 192 

\Youuds, open, preparation of ointment 
for, 119 

topical anesthesia of, 119 
preparation of patients for intrapleural 

operations, 1:!8 



216 FU"VDAl!EXTALS OF AXESTHESIA_ 

;\l"OTES 



______ FUNTJAJfENTA.LS OF ANESTHESIA 

NOTES 

217 

I 


