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1. PURPOSE. In previous directives, certain 
broad policies and guiding principles on the 
care of the wounded in theaters of operations 
were present. Greater experience that has since 
accumulated has confirmed the soundness of 
these principles. It has also brought to light 
additional facts that indicate the need for re
emphasis of some of these principles, suggest 
the desirability of modifying others, and pro
vide the basis for certain new developments 
the significance of which demand wider appli
cation. For these reasons and in order to as
sure co~tinued improvement in the manage
ment of the wounded, this bulletin has been 
prepared for the guidance of all concerned. 
Certain details of the phases of wound manage
ment of especial concern to theaters of opera
tions are outlined. 
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P,rrayrapl. 
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Bul'lIs_____________________________________ 19 
Gas Gangrene_______________________________ 20 
Chemotherapy _______________________________ 21 

2. GENERAL COXSIDERATIOXS. The 
care of the wounded must always be shaped by 
conditions and circumstances that govern the 
tactical situation at the moment. It is errone
ous, however, to assume that the surgery of Wllr 

is entirely molded by concessions to the need for 
haste and the confusion of caring for owr
whelming numbers of patients. Military sur- . 
gery is not to be regarded as a crude departure 
from accepted surgical standards, but rather as 
a development of the science of surgery to carry 
out a specialized and highly significant mission. 
~rodern surgical treatment employs many ad
juvants to operative techniques, such as chemo
therapy, fluid rrplacement 'therapy, the trans
fusion of whole blood and fractions of blood em
ployed as substitutes, potent anesthetic agents 
anclllarcotics. These tools are as important to 
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the military surgeon us his scalpel, but are 
equally dangerous to the patient if used without 
expert precision. One of the major responsi
bilities of the military surgeon is to make full 
use of these and similar measures and at the 
same time to avoid the dangers that may attend 
their usage. 

a. The ever present necessity for evacnation 
of the wounded to the rear is in fundamental 
conflict with ideal surgical management of the 
individual patient; To minimize this conflict, 
Close coordination beta'un the functions of ad
ministration and PI'-ofcssional services is re
quircd. It is the responsibility of the nwdical 
officer charged with the surgical management of 
the patient to place technical procedures prop
('rly, both in time and in space, with due regard 
to the tactical situation on the one hand and to 
the welfare of the patient on the other. Unless 
the sllrgeon visualizes his position and the func
tion of his hospital in relation to other surgeons 
and other hospitals, he may become confused in 
the mission he is to perform.· Although some 
needed operat.ion may be performed correctly, 
the military effort may be impeded and nnfore
seen harm done to the patient if the' operation 
is done at the wrong time or in the wrong place. 

b. It. is the l'espollsibility of ({dmini8t1'Gti1~e 
of1z'cer.~ charged with the establishment of 
evacllation and hospitalization policies to adapt 
the schedules of movement of patients to the 
maintenance of highest standards of surgical 
treatment.. Priority of movement must be ac
corded to patients with certain types of injuries 
just as the duration of hospitalization in a gh'en 
zone must be differentially adjusted to the 
urgent surgical needs of the patients. The 
term "nontransportable~' as relating t.o the unfit
ness of battle casualt.ies for interhospital trans
fer must, when military necessity permits, be 
extended beyond actual danger to life by a con
sideration of the likelihood of deformity, ulti
mate disability, and delay of recovery when 
these hazards exist. 

3, PHASES OF SURGIC.\.L MANAGE
ME~T. Just as the placement of various types 
of hospitals and consequently the provision of 
the facilities for surgery are determined by the 
geographic deployment of a military force, 
phases of surgical management exist that in 
general will conform with military echelons. 
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These phases ohurgicalmnnagement are: medl. 
cal aid measures, initial wound surgery, repara
tiYe wound surgery, reconstructive su~'gery, and 
rehabilitation measnres. 

a. Medical aid mcasures. Within the divi
sional area, surgical management is limited to 
first aid measures and emergency resuscitation. 
Hemorrhage is controlled, sl)lints and dre:osings 
applied, morphine administered for pain, 
plasma infused for resuscitation, a booster dose 
of tetanus toxoid is giwn, and chemotherapy 
initiated. 

b. Initiallrllrgery. Actual conditions of war
fare will determine both the facilities provided 
for emergency wound surgery and their loca
tion with reference to the combat area. In gen
eral, initial surgery is concerned with complete 
resuscitation sO that surgery may be performed, 
nnd ,yjth surgical procedures designed to pre
vent or eradicat.e ,yound infection. Many of 
the seriously ,younded casualties can be resusci
tated only by a snrgical operation in conjnJ1c
tion with transfusion and plasma therapy. For 
this reaSOll, it is important tlwt delays for the 
purpose of resllscitation ahead of an installntion 
equipped for major surgery be kept at a mini
mum. Placement of the advance surgical hos
pital in physical proximity to the divisional 
clearing station accomplishes this end. 

c. Repal'atice surgery. The general hospi
tals of the communications zone receive casual
ties from the hospitals of the forward area for 
further sl1l'gical management. As the initial 
wound operation is by definition a limited pro
cedure, nearly every case reqnires further treat
ment. Soft part wouncls, purposely left un
~utllred at the initiai operation, are closed by 
suture, nsually at the time of the first dressing 
on or after the fourth day. Fractures are accll
rately reduced and immobilized until bony 
union takes place. Designed to preyent or cut 
short wound infection either before it. is estab
lished or at the time of its inception, this phase 
in the surgical care of the wounded is concerned 

. with shortening the period of wound-healing 
and seeks as its objectives the early restoration 
of function and the return of a soldier to duty 
with a minimum number of days lost. In addi
tion, it affords the return of patients to the zone 
of interior at an earlier date and in better con
dition, and minimizes the ultimate disability 
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and deformity in the seriously wounded. The 
sllccess of this important phase of surgery de
pends 011 the provision of ~n adequate period 
of hospitalizl""tion in addition to competent sur
gical care, particularly in specialized fields. It 
is not to be confused with -the reconstructive 
phase of sUl'gel'Y, ,vhich may be postponed until 
return to the zone of interior. The ideal time 
for the procedures of reparative surgery will 
te found bebreen the fourth and tenth days 
after -wounding. The patient then becomes 
"nontl'ansportable" for a period of time ,yhich, 
in the case of fracttlres, may extend to 10 or 12 
m>eks. Transfer of patients between fixed hos
J)itals within the zone of communications must 
b~ regulated with these considerations in mind, 
otherwise the objectives of this phase of surgi
cal management may be sacrificed. The estab
lishment of special centers within general hos
pitals for certain types of surgery during this 
phase is highly desirable, as the procedures are 
oftentimes of considerable magnitude and call 
for matlll'e and experienced professional judg
ment. Advancement of general hospitals in 
close support of Army or utilization of air evac
llatioll from Army to more remote fixed instal
lations are two measures that further the estab
lislnnent of a program of reparative surgery. 
To use an oversea general hospital as a tempo
l'ary custodial institutioll-a ,"ray station in 11 

bllsy line of eYllcnation-where patients are 
held only if complications of the wound render 
them nontransportable, is to fail to utilize ef
fectively and significantly one of the most high
ly integrated and specialized facilities of the 
meuical sel'yice. 

d. Recon8tr-uctive sUl'ga/j. Early e,acua
tion to the zone of intel'ior is desirable for pa
tients whose retul'll to duty cannot be antici
pated within the limits of the hospitalizatiou 
policy of an oversea. theater. The phases of re
constructive surgery and rehabilitation may 
then be integrated. 

4. ~IEDICAL AID ~IEASURES .. First aid 
measures have been adequately treated in re
vised editions of "\Var Department Technical 
and Field Manuals. 

I). GENERAL PRIXCIPLES OF IKITL\L 
'WOUND SL~RGERY. a. In the IJreoperutive· 
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examination of a battle casualty, X-ray exami
nation is essential. 

b. Adequate assistance and instruments, a 
good light, and access to the wound that is un
hampered by faulty position of the patient !Ire 
basic l'equirements. Ample preparation of a 
wide field by shaving the skin will allow for 
extension of the incision or counterincision. 

c. Bold incision is the first essential step iu an 
operation on a wound. Adequate exposure is 
necessary to carry out excision of devitalized 
tissues. On the extremity the line of the inci
sion is placed parallel with the long axis of the 
limb; elsewhere it follows the natural lines of 
skin structure. Only the devitalized skin of the 
margins of the wound is excised in a strip rarely 
"ider than 2 to 3 mm. The creation of circular 
skin defects is avoided. 

d. Incision and excision of the fascial layers 
is performed in the same manner to gi\-e .free 
access to devitalized muscle. Unrestricted ex
posure of successive anatomic layers permits the 
complete excision of devitalized muscle and the 
remo\'al of foreign bodies. 

e. The surgeon must be familial' with the 
blood supply of muscles, particularly lai'ge 
gronps, like the gastrocnemius-soleus muscles 
of the calf, and respect these vessels in his dis
sectioll. Deep recesses of the wound containing 
foreign bodies may be approached by counter
incisions planned anatomically rather than by 
sacrificing normal muscle sti·uctures. 

f. use fine hemostats. Use the finest ligature 
compatible with the procedure. Include the 
smallest possible amount of tissue in ligating a 
bleeding point. Do not l'epeatedly bite the 
wQund with tissue forceps. Sponge gently "'ith 
press lire instead . of \viping. Remaining de
vitalized tissue produced by the missile or by 
the surgeon must slough before the wound can 
be closed by secondary suture. 

g. Large wounds in regions ofhea\"y muscles, 
particularly when complicated by comminuted 
fracture, require especial care. The depths of 
these ,,-oUl1l1s must be opened by a long incision 
,yith counterincision if necessary to allow free 
dependent drainage. 

h. Only enough dry fine mesh gauze (band
age, gauze, roller, Item Xos. 2003000 01' 2006000) 
is used to separate the surfaces of the woulld. 
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It should be smoothly laid in the wound-not 
"packed." 

i. Ether, white soap, and benzene have slight 
but definite necrotizing effects on living muscles. 
Green soap and various other substances used as . 
detergents have greater necrotizing effects, 
whereas physiological Ealine solution is rela
tiyely innocuous. In general, progress in 
wound management points a,,;ay from the intro
duction of any chemical agent into a woun(l for 
its. supposed antiseptic effect. 

j. Old wounds (48 hours or longer)· are man
aged in accordance "'ith the same principles, 
except that, in selected cases of established 
pyogenic infection and anaerobic cellulitis with 
toxicity, the general condition of the patient to 
withstand radical surgery may be improved by 
immobilization, penicillin, and repeated blood 
transfusions until an optimum timeisseleded 
for intervention. In postponement of surgery, 
the advantage that accrues from the immediate 
drainage of septic hematomas, large masses of . 
dead muscle, and fascial plane abscesses is not 
to be forgotten. Postponement of surgery is 
not justified if clostridial myositis (gas gan
grene) should be present. 

k. Proper transportation-splinting is pro
vided for skeletal and joint injuries. Soft part 
wounds are supported by firm pressure dress
ings and may, if extensive, be advantageously 
inclosed in a light plastei: .. Care is taken to 
avoid any constricting action of a pressure 
dressing placed on an extremity. Plaster casts 

. mUf"t always be padded and split, or bivalved, 
before the patient is returned to the ,Yard. 

G. GE:\ERAL· PRINCIPLES OF REPARA
TIVE 'YOUXD SURGERY. a. On arriyal"at 
a hospital where bed care can be assured for a 
period of at least 15 days (soft part "'Ollllds) 
the original dressing is removed in the operat
ing room under aseptic precautions. X-ray 
films should be at hand. If the primary wound 
operation has been complete and has been prop
erly done, all superficial "'ol1lHls and many deep 
wounds may be closed by secondary suture at 
this time (4 to 10 days). Foreign bodies in soft 
parts adjacent to the wonnd are remowc1. Fol
lowing suture, the part is immobilized, prefer
ably by a light plaster, or if this is impractical, 
by bed rest. 

b. The presence of residual dead tissue or es
tablished infection manifested by profuse dis
charge of pus, reddening and edema of the 
wound margins, persistent fever or toxicit.y is 
an indication for delay in secondary suture. 
1Vhen these manifestations are present but min
imal, the wound is allowed to "clean up." This 
process can be hastened by moist dressings or by 
additional surgical excision of devitalized tissue 
remnants. Secondary suture can then be per
formed in a few days. If established infection 
is seYere, or if the pati0nt is toxic and anemic. 
from deep-seated sepsis, a course of penicilliQ. 
therapy and blood transfusions is instituted and 
follo,Yed by radical ,,'olmd revision and staged 
closure. 

c. ',"ounds that have been laid ope.n properly 
at the initial operation tend to gape wielely and 
give the impression of extensive skin loss. .l1llS 

appearance is actually due to loss of support of 
the deep fascia. Skin defects are more appar-

. €ut than real in the m.ajority of cases. Closure 
of a defect due solely to loss of skin is made 
from local tissue. Undermining with adyance
ment or rotation of flaps provides sufficient skin 
~n nearly all instances and is pre.ferable to graft
ll1g. 

d. Technical considerations that are impor
tant to the success of .secondary ,,"onnd closme 
are: 

(1) Atra lIma tic handling of tissue. 
(2) Avoidance of tension sutmes. 
(3) Accurate approximation of sl{in mar

gins. The epithelial bridge is the main sup
port of the wound for a comiderable period of 
time. 

(4) Obliteration of dead spaces by pressure 
dressings and immobilization. Stab-wound 
drainage may be instituted when desired and is 
preferable to drainage through the suture line. 

(5) Leaving sutures in place for 12 days if 
stitch infection does not develop. 

(6) Suture in straight lines rather than the 
creation of sharp angles. 

e. Preliminary bacteriologic analysis of the 
flora of a wound does not provide information 
pertinent to making the decision to perform 
secondary suture or allow the predictiol1 of the 
result. If the suture is not successful beca u,"e 
of infection, appropriate studies and conec-

AGO 130.'1. 



tive therapy arc instituted bi:fore resuture is 
attempted. 

f. The conditions that most often jeopardize 
resul ts are: 

(1) Suture of a wound that is discharging 
pus. This usually means dead tissue in the 
depths. 

(2) Too early motion. (Wounds breaking 
dOTI'n for this reason should be immediately 
resuturec1. ) 

(3) Unrecognized foreign bodies adjacent to 
the ,,·otllld. 

7. COSSIDERATIOX OF CLOSED PLA.8-
TER TREAT1IENT (methods of Ollier, Piro
goff, Orr, and Trueta). a. The regimen of 
closed plaster management of war wounds is 
not considered as satisfactory as the method 
described above, when field conditions permit 
the use of the latter. It is advisable to remove 
the initial dressing for inspection of the ,,,,-oUl:.d 
ill all cases at least by the fifteenth day. 

b. "'hile the necessity for the rapid turn
oyer of large numbers of casualti.es might jus
ti.fy an adoption \?t the closed plaster method 
of management of compound fractures, a high 
pellalty in the form of skeletal deformity TI'ould 
be the inevitable result. Results obtained by 
secondary suture do ilOt justify the use of closed 
plaster for soft part TI'ounds. 

c. ":hell it is desired to allow granulations 
to coyer exposed bone in deep irregular wounds, 
the wound may be encased in plaster subject to 
infrequent changes. This is also an accepted 
method of management for established infec
tion of bone, particularly when the TI'Olllld has 
ca used an extensive loss of overlying soft parts 
or there is a large bone defect. Before appli
cation of the plaster, all devitalized tissue and 
loose bone fragments are excised. There should 
be no pocketing or pooling of pus in the frac
ture site or adjacent fascial compartments. 
Small SUl'IaCeS of bare cortical borie may be re
moveJ surgically when this permits closure of 
the defect by suture or skin graft. 

8. CRANIOCEREBRAL WOUNDS. a. Deep 
infection of penetrating TI'otUlcls of the skull is 
almost always associated with incomplete re~ 
moval of devitalized brain substance. The ex
tent of the necessary ~lebridement is oftentimes 
.inc1icated by· indriven bone fragments which 
are demonstrable by X-ray examination. 
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Stereoscopic roentgenograms are helpful. A 
reduction in the incidence of infection can be 
effected by extending the debridement so that. 
these fragments of bone and tlle tissue that 81li'

l'ounds them are remo~'ed at the time of the 
initial surgical procedure. 

b. Dura defects are repaired by living grafts 
of fascia or pericranium. The scalp is closed 
by suture. 

c. 'Vhen a patient arrives at the base follow
ing initial debridement and closure of the wound 
in the forward area, neurological changes are 
carefully noted. When compared ,...-ith former 
observations these may suggest improycment 01' 

regression. Signs or symptoms of increasing 
intracranial pressrue usually indicate deep 
wound infection, hematoma, or a mass of re
sidual necrotic tissue. The tension and healing 
in the scalp flap and wound are at once deter
mined. Should stereoscopic X-ray studies dis
close the presence of residual bone fragments, 
secondary TI'OllIld debridement can then be more 
readily directed. Even in the ah::ence of symp
toms it is usually wiser to remove large or clus
tered bone fragments. On the other hand, if 
the fragments are small or in a dangerous loca
tion, operl1tion may be withheld, provided the 
patient is doing well and can be held for a period 
of observation. If secondary operation is to be 
carried out, necrotic or infected tissue and 
hematoma. are removed and wound cloSlU'e 
effected, eYen though franklypurtllent cerebritis 
has been encountered. At times a t~mporary 
drain to a large dead space is permissible, or 
repeated aspirations employed, but only rarely 
is it necessary to exteriorize the infected area. 

9. EYE IXJURIES. a. Conservation in the 
enucleation of eyes in forTI'ard installations is 
advisable. Inasmuch as sympathetic ophthal
mia neYer develops before 10 days and usually 
not before 2 weeks after the initialinjury, the 
first 2 weeks following the injury may be con
sidered the "safe period." Therefore, in for-· 
ward installations enucleations should be done 
only when there is extensive damage to the eye 
and orbit, and removal of the ocular remnants 
is a necessary procedure in the debridement ot 
the area. Enucleation with a glass ball im
plant in Tenon's capsule is the operation ot 
choice. Evisceration should be limited to those 
cases showing a purulent endophthalmitis. 
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U. Pending enucleation, or while a,vaiting the 
repair of an eye injury, the injured eye is 
atropinized, ophthalmic ointment applied, and 
both eyes bandaged. The immobilization of 
bot h eyes is particularly important, as mm'e
ment of the eyes is minimized with lessenillg 
of the" danaer of wound gal)ina and further b ,.., 

prolapse of the intraocular tissue. 
c. EYery case of perforating injury is X

rayed as soon as possible to determine the pres
ence or absence of an intraocular foreign body. 
Patients suspected of having an intraocular 
foreign body are best transferred to an installa
tion where Ii giant magnet and accurate methods 
of X-ray localization are aniIable. The re
monll of an intraocular foreign body should be 
attempted as soon as possible unless an estab
lished iridocyclitis is present. 

d. Tarsorrhaphy is indicated in certain cases 
for protection of the eyeball during evacuation. 
The lids should be sutured together. whenever 
there is serious injury or burn of the eyelids, or 
an exposed eyeball. This is accomplished in 
most cases by "freshening~' the nasal and tem
porallid margins and sewing the lids together 
, .. ith fine silk. 'Vhere there is much destruction 
of one of the eyelids, the other can often he 
brought up to cOYer the eye. If both lids are 
destroyed, the eye should be covered by a skin 
flap as a temporary measure. 

10. ~IAXILLOFACIAL 'YOUXDS. a. The 
hazards to life of initial operative management 
are oftentimes greater than those of the original 
,,·olmding. There should be no hesitancy in 
performing tracheotomy when indications exist 
to relieve obstruction of the airway by that 
method. On the other hand, the care of a tra
cheotomy is difficult in a long evacuation line, 
frequently requiring a personal attendant. The 
choice of the anesthetic agent, as well as the 
technics of its administration, requires expert 
judgment and skill. 

b. The procedures of initial surgery are based 
on the following principles in order of import
ance: 

(1) Reduction and fixation of fractures of 
the bony foundation structures. This may be 
by temporary measures iortransportation pur
poses, with the intent that it will be replaced 
by more elaborate and precise splinting at a rear 
installation. 
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(2) 130latioll of the buccal cavity from the 
wounds of the bone and superficial soft parts 
by suture of the mucous membrane. 

(3) Primary closure of the muscles and skin 
with provision for adequate drainage in antici
patiOll of infection. If the defect is such that 
primary closure is not possible and the wound 
enters the buccal cavity, the edges of the skin 
and mucous· membrane shouldbeca refully- a p
proximated. 

(4) Application of moist pressure dressings. 
c. The management of the soft-part wound by 

primary suture, with or without plastic repair, 
must not tempt the forward surgeon to hold a 
patient for supervision of healing, with the re
sult that precise and firm splinting of the bony 
parts is postponed. 

d. Tho~e cases with seYerely comminuted 
fractures or loss of bony substance, and ,,,ith 
major soft-tissue defects, require eyac1.1ation to 
the zone of interior as soon as they can care for 
themselYes and after the dangers of infection 
haye passed. . 

11. THOR.\.CIC lVOUXDS. a. It is impor
tant to recogllize tw'O distillct phases that lllay 
be encountered in chest wounds: disturbance 
in cardio-respiratory physiology, and infection. 
The former denlops immediately; the latter is 
usually delayed. Accordingly, in the forward 
area efforts are directed toward the restoration 
of physiologic equilibrium, whereas the less 
urgent complication of infection, if it occurs, 
may be controlled adequately at the base. Thus, 
success in the management of penetrating 
"'olmds of the chest depends upon the judicious 
timing and selection of surgical measures. 

b. Occlusion of open chest "--Ollllds with game 
and adhesiye strapping is the preferred man
agement until the patient reaches a hospital 
staffed and equipped to carry out intrathoracic 
surgery. 

c. Patients with a chest ,yolmd suffering from 
shock may be more advantageously treated in 
the prone position with the foot of the litter 
eleyated than in a sitting position. ~ Control of 
urgent physiologic disturbances that attend 
wounds of the chest in both preoperatiYe and 
postoperative periods can be achieved by- . 

(1) Needle aspiration of aii' and blood. 
Early and repe(tted aspiration of hemothorax 
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without nil' replacement is essential in the 
proper "management of chest wounds. 
" (2) Bronchoscopic or catheter aspiration of 
blood und mucus from the tracheo-bronchial 
tree. 

(3) Infiltration of the intercostal nerves ,,·ith 
proca.ine hydrochloride solution for relief of 
chest wall pain. This enables the patient to 
cough effectively and clear the ail' passages of 
blood and secretions. 

(4) Insertion of a cath~ter "ith a flutter or 
water-seal valve for pressure pneumothorax. 

(;» Administration of oxygen and whole 
blood transfusion. Autotransfusion of pleural 
blood should be used when practica1. Care is 
taken to give the blood slowly in l'esu!Ocitation 
after the systolic blood pressure has reached 80 
nun of mercury, and tIle total amount admin
istered should be only that essential to attain 
adequate resuscitation. 

(6) Debridement of sllckin~ wounds, with"" 
hemostasis of intercostal vessels and approxi
mation of deep stl'uctures (if the chest wall to 
close the pleural opening. 

d. An anesthetist well trained in ciHlotm
cheal ancsthesia for thoracic surgery is an es
scntial member of an operating team caring for 
war wounds of the chest. Endotrachealoxygell
ethcr, administered through a closed apparatus 
capable of maintaining positive pressure, is the 
form of anesthesia recommended in the man
agement of penetrating and perforating chest 
wounds. 

c. Early thoracotomy through an extension 
of the wound or by a separate incision at a site 
of election, is indicated in the presence of

(1) Continuing"intrilpleural hemorrhage not 
controlled by hemostasis in the chest wall 
debridement. 

(2) Anatomic likelihood of diaphragmatic 
penetration. 

(3) A missile in: the mediastinum or that has 
traversed the mediastinum with eyidence of 
visceral damage. 

( 4) Large intra pleural foreign bodies or 
debris that is readily accessible by extension of 
the wound. 

(5) Wounds of large bronchi or the intra
thoracic portion of the trachea. 

f. The following conditions are not in them
selves indications for early thoracotomy either 
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by extension of the wound or by separateinci
SlOn: 

(1) Foreign bodies; that is, metallic frag
ments, rib fragments in the lung, or small frag
nwnts that may be in the pleural space-. 

(2) Hemothorax. (Eyacnation of blood 
"from the pleural cavity by suction at the time 
of chest wall d~bl'idelllent is not considered a 
thoracotomy. ) 

(3) Lacerated or contused lung, unless there 
is definite evidence of continuing hemorrhage. 

g. The ineision for thoraeotomy, or all exten
sion of the wound: should be placed in the pos
tero-lateral area of the thoracic cage, rather 
than anteriorly. Difficulty has been encollnt
ered with the brenk-uown of !Interior ,chest wall 
defects. Following thoracotomy, closed dl'l:ill
age of the pleural spaee is instituted unless de-f
inite contraindieations exist. The tlrainr.ge 
catheter is remO"\ed as soon as the clinical course 
pcrmits,nsuaUyat {he eadoI48 hours. 

h. Rather than invite pulmonary edema by 
excessive intravenous fluid therapy, it is advis
able to keep a pati('nt with an injured lung 
slightly dehydrated. 

i. Late complications incilide residual "clot
ted': hemothorax and empyema. 

(1) The accmnl1Jatioll of JIlassi"e clots of 
fibrin in the pleural cavity is suspected when 
elinical findings persist and only small !1ll10l!lItS 

of blood ean be withdrawn with the needle. In 
addition, serial roentgenograms show no im· 
provement during the third to sixth ,,·eeks. "In 
stlch cases thoracotomy is done for the remoyal 
of clots from the pleural cllvity and the dense 
layer of fibrin from the underlying lung. 
Early decortication in these cases pcrmits nor
mal expansion of the lung and prevents chronic 
empyema and other complications that lead to 
ehronic disability. Penicillin is used both sys
temically and locally in the pleural cavity at 
the time of operation. 

(2) Empyema complicating hemothorax de
mands prompt surgical drainage or, "'hen the 
patient's condition permits, radical thoracotomy 
,,-ith the evacuation of residual clots and de
eortication of the lung. The latter procedure 
should be performed preferably before the 
tenth week, because the surgical line of cIeln-age 
becomes oblIterated after this time by ol'ganiza-

7 
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tion of inflammatory exudate. Systemic and 
local penicillin is used as an adjuvant. 

12. ABDo~nNAL WOUNDS. a. Resuscita
tion. SurO"ical management of penetrating 
"'ounds of~he abdomen demands rapid resusci
tation with adequate amounts of whole blood 
and plasma and early operatiOl~. Con~inu~n.g 
internal hemorrhage or advancmg pentomt]s 
frequently prevents a satisfactory response to 
blood transfusion, forcing the surgeon to pro
ceed with operation and rely on support of the 
patient by transfusion dming and after s~lr~ery. 

b. Pr-eoperative measures. N asogastrlc mtu- -
baHon, with removal of gastric contents, is an 
important measure to prevent th~· aspira~ion 
of this material during anesthesIa. It IS a 
fortuitous event when passage of the tube pro
yokes vomiting. Testing of the nene fmiction 
of the extremities and rectal examination to 
determine the presence of fresh blood il!dicative 
of injury to the rectum are the two most co~n
monly overlooked features,of the preoperatiYe 
examination. 

c. Anesthesia. Ether-oxygen anesthesia ,,,ith 
a closed system, and preferably with an intra
tracheal tube, is the method of choice. Supple
mental block of the field either by local infiltra
tion or injection of the lower intercostal spaces 
in the axillary line may minimize the necessity 
for carrying these patients into the deeper levels 
of O"eneral anesthesia. Facilities should be 
available for bronchoscopy dl1ring or subse
quent to the operation if there is reason ~o be
lieve that gastric contents have been [~sp]rated 
into the tracheo-bronchial tree. Postoperative 
aspiration pneumonia ranks with peritonitis as 
a life-endangering complication. 

d. lncision.s. The vertical paramedian inci
sion affords the most useful approach and is 
least liable to complications. Fecal contamina
tion of the peritoneal cavity will be reflected by 
postoperative infection of the abdominal wall 
incision in a considerable number of instances. 
The principles that apply to the management of 
heavily contaminated soft part wounds also 
apply to abdomin.al wall incisions, provided 
steps are taken to prevent evisceration. The 
peritoneum is closed, usually including the pos
t('rior rectus sheath in the suture line. The rest 
of the abdominal wall is loosely approximated, 
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preferably with stay sut.ures of br~ided silk ~r 
wire. The skin is left unsutured. The prOVI
sion of adequate drainage for the abdominal 
wall incision, the avoidance of buried sutures 
and ligatures, and a loose rather than taut ap
proximation of the stay sutures are the most 
effectiye measures in the prevention of infection. 
When it is necessai·y to exteriorize segmellts of 
bO',eI or to provide intraperitoneal drainage for 
or in anticipation of localized sepsis or a fecal 
fistula·· secondarv incisions are'made. These ., .' 
are short, laterally placed incisions that follow 
the direction of the fibers of the external oblique 
muscle. In the upper abdomen, incision for 
exteriorization of bowel must not impinge on 
the costal arch. 

e. Small bowel injur-ies. Depending upon the 
extent of damage, repair is done by suture or by 
resection and anastomosis .. Exteriorization of 
small intestine or double-barreled enterostomy 
is avoided as productive of serious life-endan
gering complications. 

f. Lw'ge bowel injuries. It is important to 
note the distinction between exteriorization of It 
wounded segment of bowel and construction of 
It colostomy to divert the fecal stream. At 
times both purposes may be accomplished by 
one and the same procedure, bllt a clear umlei'
standinO" of the purpose of the operation is 
essential to the selection of technics involved. 
For either purpose the basic technical require
ment is adequate mobilization of the segment of 
the large bowel that is brought to the sllrilce of 
the abdominal wall. Insuffieient mobilization 
with dependence upon suture or clamps to main
tain the bowel in its abnormal position will 
resnltin retraction. RetractiGllleadsto a fecal 
fistula that may be difficult to repair or, in, the 
ease of a defunctioning colostomy, defeats the 
purpose of the operation by allowing feea! mat
ter to enter the distal segment. Early lI1 the 
convalescence, retraction. is. pl'oductiYe of a b
dominal wall infection or intraperitoneal sepsis. 

(1) Exter-iorization. Exteriorization of the 
damaged segment tbrough a laterally placed 
muscle splitting incision is the established pro
cedure in· the· manaO"ement of wOllnds of the '" . . large intestine. The loop. of bO\vel must he 
comfortably on the abdominal wall without ten
sion and with proper orientation of its·proximal 
and distal limbs ; that is, not twisted UpOlfitself. 
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The mesentery falls naturally into a fold on the 
medial aspect of the loop; leaving the bowel 
walls in contact on the lateral side. Properly 
performed, this simple procedure is adequate in 
the majority of instances when exteriorization 
is all that is required. Closure js made by 
suture or the application of a spur clamp in 
the area when th.e two limbs of the bowl are in 
contact. When the injury is larger than one
half the diameter of the bowel or a segment has 
been resected because of damage to the mes
entery, exteriorization takes the form of a 
double-barreled spur. Sutures may be placed 
to approximate the antemesenteric borders of 
the intraperitoneal portions of the limbs for 
subsequent crushing by a clamp. Care must be 
taken not to penetrate the lumen of the gut or 
strangulate vessels by sutures. 

(2) Sigmoid colostomy. Colostomy to di
vert the fecal stream is required for: injuries 
of the pelvic colon below the level where exteri
orization "is possible (in such an instance the 
perforation is repaired by suture and proximal 
colostomy dOlle); wounds of the rectum; and 
certain perineal and buttock wounds as an adju
vant to wound healing and secondary suture. 
An appraisai of the length Of' time that maybe
necessary to defunction the distal bowel segment 
guides the technical details of construction of 
the colostomy, as well as determines the site 
chosen for the artificial anus. A tube cecostomy 
or partial exteriorization of the cecum does not 
divert the fecal stream from the remainder of 
the cololl, and is }lever used for this purpose. 
Colostomy in th~ left half of the transverse 
colon is a useful procedure in the face of exten
sive pelvic injuries that ma.y require subsequent 
repair by the abdominal route. This is particu
larly the case if a suprapubic cystostomy is also 
indicated, or if the missile has produced damage 
to' the abdominal wall in the left lower quadrant. 
Usually, however, a left sigmoid colostomy will 
be satisfactory for injury of the pelvic colon or 
rectum and for perineal injuries. Placement 
of the colostomy in a defect produced by the 
missile, or in the laparotomy incision, is to be 
avoided. 'Formation of a loop with proper lat
eral orientation of the bowel, assured if desired 
by the placement of a few ~bsorbable sutures on 
the antemesenteric borders or approximation of 
appendicesepiploicae, provides an adequate sig-

AGO 130A 62:!SOl '-4:;-2 

TB MEn 147 

moid colostomy. Formal construction of a long 
spur is not necessary and may be undesirable. 
Extensive damage to the lower bowel segment, 
associated injury of the bladder and urethra, 
and wounds that extensively compound the bony 
pelvis, as well as the rectum, are examples of 
injuries that require a prolonged and complete 
defunctioning artificial anus. Under these cir
cumstances the exteriorized loop is made suffi
ciently long to allow for complete transverse 
section of the bowel and ~ome' separation of the 
two stomata. As ultimate closure will be by 
end-to-end suture, formation of a Sp\lr is unde
sirable. Construction of a. skin bridge between 
the arms of the loop would, in fact, be prefer
able. Small perforations of the rectum, or in
stances in which the perforation cannot be dem
onstrated but is thought li~~ly, may not require 
prolonged qr even complete diversion of feces. 
Small wound~ of the rectosigmoid may heal 
promptly if suture is technically satisfactory. 
Under slich circumstances, formation of a loop 
colostomy 'Yith a tentative partial opening on 
the antemesenteric border will suffice until a 
complete appraisal can be made at. a fixed hos
pital. Many of these cases can be restored to 
d~ty'withinan o-verseus-theatel'by extraperi
toneal repair of the incompletely divided loop. 
If the need for long and complete diversion of 
feces is demonstrated, the loop is completely 
transacted to form an artificial anus. Colos
tomy as an aid to the healing of wounds of the 
buttocks and perineum need riot be performed 
in the forward area unless laparotomy is being 
performed for other purposes. If done solely 
for management of the external wound, the pa
tient will be rendered nontnmsportable because 
of a procedure that could have b2en postponed 
until arrival at a fixed hospital. 

(3) Cecostomy. Tangential perforations of 
the cecum may be managed by a tube cecostomy 
or, preferably, by exteriorization. Single per
forations require mobilization of the bowel to 
look for retroperitoneal perforation. Cecos
tomy, even when necessary because of direct 
injury to the cecum, is never to be used as a 
substitute for a proximal colostomy ,,,hen incli
cations for the latter are present. 

(4) Right-colostomy. In extensive injuries 
necessitating resection of the cecum and ascend
ing coion, the most important principle to ob-
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serve is complete sepai'ation of the ileostomy 
from the laparotomy incision or from a large 
abdominal wall defect. The most satisfactory 
method for dealing with the end ileostomy is . 
separation of the ileum and the proximal end 
of the colon by creating a terminal ileostomy in 
a separate incision in the right lower quadrant 
and exteriorization of the end of the colon below 
the coastal margin. Every effort should be di
rected to the early anastomosis of the ileum to 
the transverse colon. 

(5) P erforation8 of 1'ectum. Wounds of the 
rectum are characterized by inaccessibility, dif
ficulty of diagnosis, frequent damage to other 
structures and the hazard of pelvic and ascend
ing retroperitoneal cellulitis. Deviations from 
the principles established for the management 
of wounds of the rectum continually lead to 
serious complications. Colostomy (not cecos
tomy) is mandatory, as also is free posterior 
drainage, best established by incision of the 
fascia propia exposing the rectal, sacral, and 
lateral paramedian spaces. Attempts to drain 
the retroperitoneal space by utilizing the mis
sile wound of the buttock have b~en disastrous. 
In establishing posterior drainage it may be 
desirable to increase the exposure by removal 
of the coccyx. This is done as a disarticnIation 
of the 'coccyx from the sacrum by sharp dissec
tion and erasure of exposed articulating carti
lage-not by incomplete amputation with a 
bOlle forceps. 

g. P08toperative CGTe. The postoperative 
care of patients with abdominal wounds is of 
the utmost importance and is the pei'sonal re
sponsibility of the 0p6ratingsurgeon. Among 
the most important considerations are: 

(1) Holding of the patient until his equilib
rium is established, oftentimes a minimum of 
ten days. 

(2) Nasogastric suction for 48 hours or more 
following operations. 

(3) Whole blood and plasma. 
(4) Parenteral fluid therapy is controlled by 

measurement of fluid intake and output and by 
determinations of cell volume and plasma pro
tein concentration by the copper sulphate 
method. A daily urinary volume of 1,200 to 
1,500 cc is maintained, a point of particular im
portance in connection with the use ot'sulfadia
zine. 

10 

(5) Aspiration of trachea-bronchial secre
tions. Postoperative pulmonary complications 
including pneumonia, atelectasis, and pulmon
ary edema are common in this group of pa
tients. Oxygen therapy by means of an in
dwelling· misal catheter and aspiration of 
tracheo-bronchial secretions by catheter or" 
bronchoscope are important measures and may 
be required frequently . . 

h. P08toperative compUcations. In cases 
that develop sepsis, sniall intestinal fistula, in
testinal obstruction, and other complications or 
sequelae, it is essential to-

(1) Maintain nutrition by supplemental 
feedings. 

(2) Correct the tendency toward vitamin de
pletion. 

(3) Promptly diagnose and drain localized 
sepsis. 

(4) Close small intestinal fistulas at the 
earliest moment that operative intervention can 
be tolerated. 

i. Ol08ure of col08tomy. A defunctioning 
colostomy deteriorates into a useless fecal fist).lln 
when it no longer diverts the. feces from the 
distal bowl. Reappraisal of the purpose of its 
continuation must be made and it should either 
be closed or reestablished as an effective arti
ficial anus. Spillage of feces into the lower 
segment results in fecal impaction and delays 
healing of the wound of the bowel walL In 
oversea theaters it is desirable to close certain 
colostomies and repair exteriorized segments, 
when this can be done, by suture of a partial 
defect of the bowel or by crushing a spur. 
Formal end-to-end suture is not recommeildec1 
for oversea theaters unless the patient can be 
returned to duty in the theater. 

13. PERIPHERAL V AS C U L A R IN
JURIES. Peripheral vascular injuries are of 
special importance, particularly where major 
vessels are involved. In many of these cases 
ligation or end suture will be necessary. " Liga
tion in continuity should not be done. In the 
presence of thrombosis, the thrombosed seg
ment is excised. Localized segmental spasm of 
the artery should be distinguished from throm
bosis. Such' cases, also termed "concussion" or 
"stupeur." of the artery, may follow various 
forms of trauma to an extremity, especially' 
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when the traumatizing agent passes near a ves
sel. J In SHch ca$es the limb is cold, p-ale, and 
pulseless, but evidence of hemorrhaO'e or hema-l:>-

tomn indicating that the vessel has been Jac-
erated is lacking. ,These cases respond welLio _ 
debridement of surrounding traumatized tissue 
and ~o periarterial sympathectomy or sympa
thetic block. Postoperatively, in all cases with 
peripheral vascular injuries, vasodilatation may 
be induced by daily sympathetic block using 1 
percent procaine hydrochloride solution., Body 
warmth is carefully maintained but heat should 
not be applied to the involved extremity. 

a. The p'ositi()n of the extremity is important, 
as elevation may accentuate ischemia. A de
pendent position is preferable e,:enif a mod
erate degree of edema appears to be the result. 
A plaster cast on an extremity threatened by 
ischemic g:tngrene is bivalved and the ante
rior half removed. Continuous observation is 
essential to detect impendinO' anaerobic infec-. . ~ , . ~ . 
tion. Repeated transfusions to establish a nor-
mal blood volume and maintain a high red cell 
'volume is an important phase of management. 

b. A patient with impending iscltemic gan
g}-ene shoi.lld be held at the initial surgical in
stallation until a favorable result is assured or 
'amputation is perform'ed. 

o. Operation for the e:S:tirpation of an ane1l
rY87n or an arte?'iO~-enolis fistula is rarely an 
emergency procedure. Since wounds causing 
anelll'y:oms may be infected, and since extravasa
tion of blood into the'tissues sUlTollllding the 
wound usually occurs, delay in operation will 
diminish the chance of secondary infection and 
secondary hemorrhage. Moreonr, operation 
should be p08tponed until such time as collateral 
circulation has befn established, 80 that major 
~'e88el8 may be safdy ligated and dh-ided. This 
,yill usually require 3 or 4 months. Early op
erations are undertaken not for the cure of 
aneurysm but to arrest certain complications; 
namely, hemorrhage, impending rupture, nerve 
'paralysis cansed by pre~sure, or threatened gan
gren-e of the extremity. In such cases, repeated 
sympathetic block using 1 percent procaine hy
drochloride sblution (or sympathectomy, if in
dicated) should be done both preoperatively 
'and postoperatively to assure maximmll vasodi
latationand thus increase circulation in the 
:involYed part. Oversea patients with aneu-
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rysms should be evacuated to the zone of inte
rior where, upon arrival, they should be sent to 
vascular surgery centers in accordance with 
paragraphs 1k and 30, 'War Department Circu-

_ Jar No. un, 1944;al1cl1VarDep~1l·tmentCi~cl!1ar 
No. 235, 1944. 

14. PERIPHERAL NERVE IN.JURIES. fl. 

Oomp7ete palsy with anatomic division of ner-ce. 
(l)Pl'imapysutu'f'e of peripheral nerv-e in
juries is advisable only during a period when 
small numbers of casualties are being handled 
or expected. Ill-selected -e-ases e-fsoft part 
wounds ullcomplicated by extensive muscle 
damage or skeletal fracture, complete or partial 
severance of a nerve may be repaired by formal 
suture following a meticulous initial debride
ment. Closure of the soft parts over the suture 
line withont tension is advisable .with primary 
or staged closure of the skin. This procedure 
should be undertaken only if the patient Illay 
be held under observation of the operating sur
geon for a period of ten days, and is not recom
mended if the wound is heavily contaminated 

. by debris or if evacuation from the field has 
been delayed. Primary nerve repair must never 
be undertaken at the expense of delay in de
·bridement-ornegiectof concomitant injuries. 

(2) The more usual method of 1nanagem~nt 
will be by undertaking formal nerve suture as a 
phase of reparative surgery in the following 
stages: 

(a) It is the responsibility of the surgeon at 
the time of the initial debridement to make a 
careful record of the injury as he observes it. 
Preoperative appraisal of nerve injury is no
toriously difficult .und inexact in patients with 
multiple wounds, particularly if they are suffer
ing from shock. The most precise information 
comesf.romanatomicobservationsatoperation. 
Here again, it is not desirable to embark upon It 
painstaking dissection with extension of the 
field of operation beyond the zone of de'vitalized 
tissnes. 

(b) No attempt is made to repair the nerve 
by sutJu'e or to fix the nerve ends. Exposed 
nerves are covered with muscle so that the dry 
fine mesh gauze used in the wound is not in con
'tact with tl~e nerve. Petrolatum gauze is not 
recommended. 



TB MED 147 

(c) Dusting of the wound with sulfonamide 
after debridement should not be done in the 
area of the nerve trunk. 

(d) The joints above and below the point of 
injury are immobilized to minimize retraction 
of the ilene. 

(e) A firm pressure dressing supported by a 
light plaster of paris cast is applied to l'ed~lce 
wound· exudation. 

(f) Penicillin therapy is maintained by the 
systemic route. 

(g) On reaching a general hospital the Ol'ig
inaI dressing is removed under aseptic precau
tions in the operating room. This usually is 
possible 011 or shortly after the fourth day 
after injury. Appraisal at this time is- based 
upon the ultimate functional restoration of the 
extremity, taking into consideration muscle 
damage and bone or joint lesions in relation to 
the nerve injury. Electrical tests may be made 
if desired. Oftentimes a 1110re deliberate ex
amination: will correct or supplement the initinl 
notes made in the forward area. Procedures 
such as muscle suture or even shortenin rr of the 
limb by removal of the devitalized com~1inuted 
bone fragments may be carried out at this time. 
The divided ends of the ne1"'e may be approxi
mated by a single fixation suture or otherwise 
identified with metallic sutures. The wound is 
closed jf sepsis is not present, or if, after fur
ther excision of sequestrating tissue, the "'otmd 
appears adequately prepared for closure. 
~losure of the skin may be further staged, or, 
lf ,a large skin defect exists, El skin graft is ap
plIed at once, or as a staged procedure. 

(Ii) When first intention healinIY has been 
'" secured-and this results in 80 to 95 percent of 

cases-formal suture of the nerve is performed 
under the· protection of systemic penicillin., 
This Ehould be feasible in many cnses <luring the 
third or fourth week after injury. . 

(3) Patients with major ner.e injuries, 
\yhether suture hns been performed 0'1' not, 
should be tramferred to the neurosurgical cen
ters in the ZOlle of interior with the least possible 
uela,)'. It is important that .splints or casts 
be removed at the earliest possible dnte: Cases 
are being receiyed in the zone of interior with 
muscle atrophy and joint fixation resulting from 
unduly long periods of immobilization by casts. 

o. Partial or transient palsies make up per-

haps one-fourth toone-third of the nerve lesions 
arriving at the base. Recoyery from simpla 
contusion often begins within a few days, while 
more extensive injuries may proceed oyer a 
much longer period of time. In these cases it 
is desirable, though not imperatiYe, to visualize 
the injury to the nerve trunk nt the time of 
primary· debridement or secondary wound 
suture. 

15 .• UIPUTATIOXS. The most important 
phase in the managell1ent {" f amputations is the 
fUllctional rehabilitation of the patient by the 
fittillg of a prosthesis. Amputation centers haye 
been established in the zone of interior for this 
purpose, It is the expressed desh'e of The Sur
geon General that the early management of 
amputations in oYerseas theaters conform with 
l)olicies that haye been set forth in numerous 
bulletins and circular letters. 

a. In the forward area, amputations will be 
performed at the lo',est possible lewl except 
that a proximal amputation may be done in 
preference to a disarticulation. The technic for 
the performance of amputations is ~s follows: 
An incision is made through the skin at the low
est level compatible with viable tissue, Rnd the 
r;kill allowed to retract; the fascia is then in
cised at the lewlto which the skin has re
tracted. The superficial layer of muscle is then 
cut at the end of the fascia and permitted to 
retract. At its point of retraction, the deep 
layers of muscle are cut through to the· bone. 
After the deep muscles lulYe retracted the . ' penosteum of the bone is cleanly incised and 
the bone snwed through flush with the muscles. 
Xo cuff of periosteum is removed as in a closed 
11ll1putation. Bone denuded of periosteulll will 
sequestrate if infection is present, and a ring 
sequestrum often results when the periosteum 
has been removed. It is important ~lso that no 
periosteum be e1eYated or torn from the bone 
in the stWl1P by rough handling. The stump 
following a properly performed open um])lita
tion exhibits a slightly COl1caye open cross sec
tion of the extremity and the skin can be pulled 
down gradually by traction to coyer the end of 
the stump. 

b. The proper dl'essrllg of the stump is im
portant. The end of the stnmp is dressed ,yith 
fine mesh gauze in such a manner that it does 
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not overlap. the skin edges. Skin traction is ap
plied immediately bya stockinette cuff attached 
with ace adherent or by adhesive tape. Trac
tion is obtained preferably by a light plaster 
'cast incorporating a wire ladder banjo splint. 
The cast always inGorporates the joint above 
the'amputation; for example, a spica for an am
putated thigh. The Army Hinged Half-Ring 
Splint may be utilized as an alternative. Medi
cal Supply Item No. 3661400, Corel, Elastic, for 
Traction, is available and is preferable to 
plasma tubing for the elastic traction. Before 
evacuation, the traction is examined and if 
doubt exists as to its effectiveness, it is reapplied. 
The tension of the elastic cord should be main
tained by adj ustment during transit. 

c. At tlte base areas, skin traction is continued 
until the stump is healed or the case is evac
uated. Closure of stumps by sliding flaps, plas
tic resection with sacrifice of bone length, or 
formal reamputation are procedures to be car
ried out in the amputation centers in the zone 
of interior rather than in an oversea theater. 
Skin grafting in lieu of traction is not indi
cated. Vertical incisions in the stump made 
for control of infection or as part of the initial 
debridement should be closed by secondary 
suture while skin traction is being maintained 
to cover the defect at the end. 

d. In the conununications zone continuous 
skin traction is maintained in all cases. After 
removal of the cast or splint, maintenance of 
traction using 4 to 6 pounds in below-knee and 
6 to 8 pounds in thigh stumps over a pulley at 
the foot of the bed is indicated. Ttaction is 
continued until maximum healing of the "Wound 
is obtained. Traction in similar fashion is in
dicated in upper extremity amputations. 
Priority air evacuation to the zone of interior 
should be available for amputation cases as 
soon as they are able to be transported. Trac
tion during evacuation is the same as in b above. 
Patients with injuries requiring amputation 
.will benefit by il.ll explanation of why the am
putation is necessary prior to the operative pro
cedure. They should be informed further that 
additional surgical treatment of the extremity 
will be required before fi~ting the prosthesis. 

1G. COMPOUND FRACTURES. The man
agement of a compound fracture is divided into 
the following phases: first aid splinting in the 
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field; debridement and the application ot trans
portation splinting in It. lllobile 110spital; final 
correction of the deformity and attainment of 
wound healing and bony union at a fixed hos
pital (reparative phase) ; reconstructh'e or cor
rective surgery (bone grafting, osteotomy, se
questrectomy, etc.) in the zone of interior. In 
every phase attention is directed to the ultimate 
flU/ction of the extremity which is dependent 
on muscles, nerves, blood vessels, and joints, as 
well as on skeletal integrity. 

a. Tran8portation 8plinting applied subse
quent to initial wound surg~ry for evacuation 
from mobile to fixed hospitals is not designed 
to provide anatomic reduction or prolonged fixa
tion in suitable reduction. Except in rare in
stances it is by plaster of paris. Plaster band
ages are adequately padded and bivalved or split 
through all layers to the skin. Skeletal fixation 
by the incorporation ()f pins or wires into the 
plaster is not recommended. The only indica
tion for the use of internal fixation in the for
vvard area is to preserve the vascular integrity 
of the extremity. Methods of transportation 
splinting that have proved safe and comfortable 
are: 

(1) Femur. A low-waisted "one and one
half" double plaster spica with the knee slightly 
flexed and minimal abduction. The Tobruk 
plaster and the Army leg splint with skin trac
tion provide temporary immobilization for 
transportation over short distances. 'While not 
as effective or co!nfortable as a spica, they may 
be used as emergency measures or when large 
numbers of casualties demand concessions to 
operating time, or for special indications such 
as the presence of It colostomy or suprapubic 
cystostomy. 'When restricted to lower third 
femoral fractures or knee joint injuries, the 
Tobruk splint provides adequate immobili
zation. 

(2) H Ul7lenl8. Comfortable and effective 
splinting is provided by a thoraco-brachial 
plaster with the arm forward in internal rota~ 
tion or 11. plaster Velpeau bandage binding the 
arm to the trunk. The Army humerns splint 
designed for field (first aid) use is not designed 
for postoperative transportation splinting. A 
hanging cast is both uncomfortable and ineffec
tive as a method of transportatiorispIinting. 

13 



TB MED 147 

(3) Forearm. A split or bivalved circular 
plaster cast that extends to the midbrachial re
gion with flexion of the elbow or a plaster slab 
in the form of "sugar tongs" is recommended. 
The forearm should be held in midpronation. 

(4) Tibia and fibula. A split or bivalved cir
cular plaster cast should be applied from toes 
to groin. The knee is slightly flexed (15°), and 
the foot held in neutral position at 90° to the 
axis of the lower leg. 

b. Reparatice surgery of compound fractures 
(d. par. 7 c). ReparatiYe surgery in compound 
fr:ictures is made. necessary by leaxing unsu
tured the large intJ.sions made for debridement 
and the recognized fact that splinting suitable 
for transportation is inadequate for complete 
reduction and fixation of the fracture. The goal 
is functional restoration of the extremity and 
demands treatment of l11uscie and nerve injury 
as well as skeletal damage. Observance of cer
tain basic principles are important to the success 
of this phase of management. 

(1) Preoperatit'e correction of anemia by 
whole blood tl'an4u8ioll. Despite whole blood 
transfusion for resuscitation in the forward 
area, a high percentage of compound fracture 
cases will arriye at a fixed hospital in the com
munications zone with low red cell volume 
(hematocrit) and hemoglobin. An approximate 
estimate of the quantity of whole blood needed 
to restore red cell volume may be deduced from 
the rough rule of 500 cc blood for each 3 points 
of the hematocrit or 0.9 gral!1 of hemoglobin. 
In the use of whole blood transfusion for correc
tion of secondary anemia or hypopl'oteinel~lia 
the total volume administered in a 24-hour pe
riod should not exceed 1,000 ce, except to replace 
Llood lost at operative procedures. This is in 
contrast with the larger volumes that are ad
ministered for l'esuscitation when the total cir
culating blood volume may be greatly reduced. 
No correlation exists between the hematocrit or 
hemoglobin levels and circulating blood yolume, 
and care must be taken not to precipitate pul

. monary edema by overtransfusion of It patient 
in whom the blood volume has been restored by 
dilution bllt who still shows a greatly reduced 
cpU volume (hematocrit) and hemoglobin. 

(2) Surgical elimination 0/1'esidual necrotic 
tissue. No available chemotherapeutic agent 
can "sterilize~' an open wound containing de-
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vitalized tissue or blood clot. A properly man
aged clean wound requires no local antiseptic. 

(3) Oontrol of .invasi'l.'e infection by systemic 
chemotherapy. Systemic penicillin therapy in 
a dosage of 25,000 units eYery 3 hours is rec
ommended us a routine adjuvant for secondary 
operations on compound fractures. Treatment 
is continued postoperatively until the likelihood 
of invasive infection is passed. 

(4) Reduction or closure of 80ft tissue de
fects. Exposed cortex of bone, nerves, alJd ten
dons are villnerable to the necrotizing effect 
of wound suppuration and are protected by the 
apposition of adjacent soft pads. Transnrsely 
divided important muscle groups are united by 
suture. _J!'a~ciIl.Lco!Upartrnents llre restored j to 
minimize scarring and improve muscle flll1c
tion,-Certain of the::e procedures niay be stliged 
operations. Emphasis should not be plnc~d on 
early or complete skin closure, as in most cases 
any remaining cutaneOllS defect will heal before 
bony union occurs. 

(5) Pl'01'i8ion of drainage for l'C8idltal 
c:cudate. Severely comminut"ed fractures may 
require dependent drainage ill association with 
the apposition of soft parts over exposed bone. 
Fascial plane incisions and separation of muscle 
bundles with fine mesh gauze to exteriorize the 
fracture site have proven sllperior to stab 
wounds or rubber drains. Upper extremity 
fractures rarely present a drainage problem. 
The thigh may be drained by a postero-Iateral 
incision between the yastus lateralis and the 
biceps. An adequate posterior drainage route 
for the shaft of the tibia docs not exist and 
such an injury may necessitate a period of nurs
ing in the prone position ("on the face':). 

(6) Inte1'nal flJJation of battle fmcturc8 is 
not feasible commonly because of extensive com
minution. Further, the method demands peri
osteal stripping and surgical trauma to the 
wound. Limitation of the USe of this lnethod 
to cases carefully selected by specialists fully 
experienced in the technics and hazards of its 
usage is strongly adyised. An example of sound 
usage is the employment of screws for restora
tion of the articular surface of a major joint. 
Reduction of the fracture-not the use of in
ternal fixation-is part of the goal of reparatiYe 
surgery. 

(7) Use of 8u$pension traction. The appli
cation of suspension traction in the treatment of 
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fractures, padiculady those of the femnr, is 
the safest and most satisfactory method of man
agement. In fixed hospitals, fractures of the 
femur should be treated by skeletal traction for 
10 to 12 ,,,-eeks, until enough union has been ob
tained to permit safe transportation to the zone 
of interior in a plaster spica. The use of sus
pension traction promotes the maintenance of 
joint and muscle function and prevents angula
tion or overriding deformity. Overpull and re
sulting distraction mnst be avoided at all times, 
particularly in cases associated with injury or 
division of the thigh muscles. Certain cases of 
this type require very expert attention and delay 
in the application of t:r:action until firm fibrous 
union of muscles has beeri attainell by suture. 

17 .• JOINT INJURIES. Early complete de
bridement is the keystone of success in thc man
agement of wounds that compound a joint. The 
wOllnd of the soft part is excised and the bone 
and cartilage damage assessed through incisions 
that prodde complete exposure. Comminuted . 
fragments of bone and cartilage are removed 
from the joint and a careful search made for 
foreign material. When it is necessary for badly 
comminuted fractures of the patella to be" ex
cised completely as a step in the debridement of 
a kllee joint wound, every effort should be made 
after cl0ansing the joint cavity to close the cap
sule and to approximate the fibers of the quad
riceps and patella tendons. The skin is left 
UIlslltured. Penicillin is inserted i~to" a joint 
at the end of the operation. In joints that are 
accessible to needle aspiration, accumulating 
exudate may be lfithdrawn and penicillin in
jected during the postoperative period. 

a. C'losure of the joint is especially difficult in 
the face of extensive loss of soft parts. When 
it is impo~sible to close a joint Ly suture of 
synovia or capsule, an occlusive dressing is ap
plied. On arrival at a fixed hospital, effort 
is directed toward closing the defect by adYance
ment of a skin flap or other plastic procedure. 

b. Adequate exposure of the hip joint· is a 
specialized procec1ure that requires precise 
anatomicalol:ientation. The same principles of 
management must beappliecl to improve tlie 
results after injury to this particular joint. 

c. VVollncIs of the anlde joint ,,"ith comminu
tion of the os calcis or astragalus are peculiarly 
1 iable to sepsis. Initial debridement of com-
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minuted bone fragments must be minimal if 
function is to be preserved. Efforts are made 
early in the reparative surgical phase to reduce 
or close the skin defect with split thickness graft 
Wh011 necessary. ·When sepsis is establisheu, 
subperiosteal e~cision of necrotic bone frag
ments, follow"ed by early 'VOlUld closure by graft 
or suture~ should not be delayed. 

18. URIXARY BLADDER IXJURIES. a. 
Perforating 'YOlmds of the urinary bladder re
quire repair. Drainage of the urine should be 
accomplished by suprapubic cystostomy, not by 
perineal urethrostomy. The space of Retzius 
should be drained always. 

b. Certain technical details in the perform
ance of suprapubic cystostomy are essential to 
successful subsequent management of the cystos
tomy. A number 3:l:F "~hlecot or number 20F 
Pezzer type of tube shou7d be place1l as high in 
tlte fundus of the bladder as lJOssible and 
brought out through the upper end of the 

. wound. Thispbeementis to avoid pressure 
necrosis and infection of the pubic bone and 
pcriosteum as ,yell as trauma of the trigone by 
the proximal end or the tube. The suprapuuic 
tube may be held in place by a(lhesive after 
the sutures have b0en remond. 

19. BrRXS. Progress in the treatment of 
burns is reflected in the more lib~ral use of 
\\-hole blood transfusions during convalescence 
and the excision of third degree eschars to fa-
cilitate earlier skin grafting. " 

a. Medical aid or emergency treatment of the 
burned area is accomplished by the application 
of a sterile pressure dr0ssing. The burned ar0a 
is covered with strips of sterile dry fine mesh 
or petrolatum gauze and a thick layer of sterile 
gauze. This is held in phlce by fil:m banchging. 

v. Initial surgical treatmed is instituted as 
soon as possible. 

(1) Resuscitation or prenntion or circula
tory failure is achieved by the adequate use of 
plasma. In extensive burns, quantities of 
plasma up to 12 units may be required in the 
first 2-:1:' hours. 

(2) Pain is relieved by morpl'ine in dosage 
of gr. 1;/[. -Pain shonkluedifferentiatecl from 
the restle~sness and apprehension of anoxia. 
Barbiturates may be an effective supplement to 
morphine. 



TB MED 147 

(3) The (lressing is changed in an operating 
room ",·ith full aseptic precautions. If the 
lHll'lleU area appears clean, llO furtl}€r prepara
tion of the wound is indicated. Small blisters 
should be left alone, but larger ones may be 

. drained by simpJe puncture. Gentle washing 
and debridement are reser"ed for grossly soiled 
bul'lls. General anesthesia should be a\:oided if 
possible. The bUl'1led area is cOYered with dry 
fine mesh 01' petrolatum gauze and a pressure 
dressing. On burns of the extremities the pres
sure dressing should include the entire extrem
ity distal to the burn, Immobilization of the 
part by splinting is de8irable when feasible. 

(4) Systemic penicillin thera py is instituted 
in preference to sulfonamide therapy. 

(5) The preYention of anemia demands lib
eral usc of ,,·hole blood trallsfusions as soon 
as the initial hemoconcentr:ltion is corrected. 
Protein depletion is onset. more effecti>ely by 
increased dietary intake and whole blood trans
fusion than by continued dependence on plasma. 

c. Reparative surgical management seeks to 
preyent contl'aC'inrcs and pxcessiye scarring by 
proper splinting and early skin grafting. 

(1) Unless complications de\·elop~ the initial 
dressing is not disturbed for 10 to 14 days. 

(2) The excision of devitalized tissue lllay he 
begun at. this time. If this is associated "itll 
minimal blood loss, the area may be grafted im
mediately. :310re usually the ,'wtmds will be 
dressed again with fine mesh gauze and pressurc 
dressings in anticipation of skin grafting 3 to 
5 days later. The adoption of staged .procedures 
in the remoyal of devitalized tissue is especially 
recommended for patients with extensiye burns. 

(3) Systematic penicillin therapy should be 
continued until skin grafting is effected. 

(4) The hematocrit (or hemoglobin) YlIlue 
should be maintained by repeated transfusion 
of whole blood until all grafting has been 
concluded. 

20. GAS GAXGRENE. The bacteriologic 
demonstration of Clostridiums in a ,,,ar wound 
is a minor contribution to diagnosis and clinical 
management. Evaluation of the patient and 
examination of the wound are necessary to dis
tinguish between an~erobic cellulitis and clos
tridial myositis (gas gangrene). 
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n. Diagnosi8. Anaerobic wound· infection 
should be suspeded in battle casualties failing 
to respond ·to resuscitative measures. After ini
tial surgery, the patient should be obselTed es
pecially for pain in the wound, increasing pulse 
rate and disordered sensorimn, either alJuthy or 
euphoria. In any suspected case the wound 
should be examined in an operating room with 
adequate light and instruments to permit thor
ough inspection and surgical treatment. 

(1) Anaerobic celbtlitis is characterized bv 
the septic decomposition of tissues de,italized 
by trauma. Gas and pus may infiltrate fascial 
planes. The pus may produce necrosis of the· 
surface of tissue exposed in the wound but thE're 
is no extensiYe invasion of living muscle. The 
patient may show signs of nonspecific toxE'mia 
in association with wound putrefaction. 

(2) Olostridial myositis is characterized by 
the inyasion and necrosis of living muscle tissuc 
adjacent to the \\"Olmc1. The infection may be 
"et (edematous) or dry (emphysematous). 
The affectetllm:sc:le is ayasculal', noncontractile 
and presents a variety of color changes. These 
findings are usually present. in atldition to those 
described for anaerobic cellulitis. The toxemia 
is more profound. 

b. Pl'edi~posing factors are listed ill relative 
order of importance: 

(1) Delayed or inadequate' initial surgical 
treatment of the wound. 

(2) Interruption of arterial blood supply to 
a limb by trauma, thrombosis, ligation, or 
spasm. 

(3) Constrictive bandages, especially unsplit 
plaster casts. 

(4) Per:::istent circulatory failure and EeYere 
anemw. 

(5) Certain muscles derive their brood 
supply from one or two main :::oU1'ces .. This 
is especially true for the gluteus maxinms, ham
stringE, rectus femoris, yastus intermedius and 
gastrocnemiuE. Special care should be exerci~ed 
in the surgical management of wounds of these 
muscles in order to pl'esenc the blood ~upp]y. 

c. Prophylaxis. The early application of 
sound principles of initial surgery is the most 
important. factor in prophylaxis. Blood trans
fusion and penicillin therapy in selected cases 
supplement this program. The wouna should 
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be left open at the time of initial surgery. ' Pro
phylactic gas gangrene antitoxin is not recom
mended. 

d. Treatment. Anaerobic cellulitis responds 
to the secondary excision of devitalized tissue 
and the free incision of fascial planes. The 
same surgical procedure frequently will suffice 
to treat the infection, and prepare the wound 
for later secondary closure. Clostridial myositis 
demands a more vigorous therapeutic program: 

(1) SurgenJ. The most important factor in 
trea'tment is the prompt excision of aU affected 
tissue. Local excision of it single muscle or 
group of muscles should be practiced in the 
interest of conservation of functional extrem
ities. Amputation is advised for more exten
sive infection or where removal of the involved 
tissue implies loss of function of the limb. 

(2) Res1tscitation. The surgical excision of 
affected tissue contributes to resuscitation. 
Peripheral circulatory failure is frequently 
present, and whole blood transfusion is indi
cated. A severe anemia is usually present but 
hemoconcentration may occur in "wet" infec
tions. Plasma is reserved for the correction of 
persistent hemoconcentration in selected cases. 
The demand fot ,,-hole blood is considerable in 
the a.verage case. 

(3) Clwmotlterapy. Systemic pen i c i 11 in 
therapy should be maintained in dosage of 200,-
000-400,000 units per day. (See par. 21.) 
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tr~dial exotoxins from the nonspecific toxemia 
due to products arising from the septic decom
position of devitalized tissue. Current en
thusiasm for therapentic antiserum is restricted 
largely to the use of the trivalent serum con
taining antibody to the 01. oedematiens toxin in 
the treatment of ';wet" types of infection. 

(8) Retroperitoneal cellulitis and aust:ess 
may demand drainage early in the convalescence 
from gas gangrene. 

21. CHEMOTHERAPY (see TB MED 9, 12 
February 1944). No presently available chemo
therapeutic agent can sterilize a contaminated 
or infected war ,yound. Neither penicillin nor 
the sul:fonamides can prevent the ultimate septic 
decomposition of dead tissue or contaminated 
blood clots. Sul:fonamic1es administered sys
temically are effective in the prevention and 
control of invasive hemolytic streptococcal in
fection but are ineffective in the control of 
staphylococcal or invasive clostridial infections. 
Penicillin is effective against hemolytic strepto
cocci and staphylococci and, in addition, pre
vents the spread of clostridial infection from 
a foclls of affected tissue. The effectiveness and 
limitations of chemotherapy are established suf
ficiently to attribute poo~·- results to errors in 
surgical technic or judgment rather than to 
drug failures. 

a. The concomitant use of sulfonamides and 
penicillin is unnecessary. The use of sulfona
mides as a supplement to penicillin therapy con
tributes onlv the risk of untoward reactions and 

" . 

(4) Thrombophlebitis is an established haz
ard of, anaerobic infectioll. Pulmonary em
bolism contributes to the mortality rate in gas 
gangrene. Aspiration of trombi and vein liga- complications. There is no clinical evidence of 
tioIl should be practiced at the time of ampu- synergism 'with the two agents. 
tation or during convalescence upon indication. b. The routine local use of chemotherapeutic 

(5) Naso-gastl'ic intuoationwitnsuctioIl 1S·· - ngentshasbeenabandoued.Penicillinmay be 
necessary to combat abdominal distention and instilled into serous cavities or major joints to 
gastric dilatation. complement the initial or subsequent surgical 

(6) Anuria OCCllI'S with sufficient frequency management of injuries in these regions. Re-
to warrant especial consideration of fluid bal- peated dressings solely for the purpose of lIP-
fince and urine volume. The exact mechanism 
of the anuria is not kno';Vl1. The vulnerability 

plication of antibacterial agents contribute to 
persistent wound suppuration ,,,ith aerobic 

of the kidney to tissue anoxia secondary to pro-
tracted circulatory failure should not be for- 'YOlmd pathogens. 
gotten. c. Systemic chemotherapy is an adjuvant to 

(7) Ga8 gangrene antitoxin is of doubtful the surgical management of it contaminated or 
therapeutic value. It is clinically impossible idected wonnd. It does not off::;ct the hazard 
to distinguish the specific toxemia due to clos- of residual dead space or improper drainage. 

[AG 300.5 (28 Feb 43)] 
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AAF (;j); AGF (0); A.SF (2); T of OP115 (2J); S Diy ASF (1); Dept (5); R1,e Com<1 
(5); Is Comel (5); AAF Comds (55) i Arlll & Sv Bd (2); Def Comd (0); Tech Sv· (2); 
BvC (10); Xnmed & Xumbcred GH (60); Sumbered GH (KP) CZ (45) i ~am('d SH (In
cluding" RH & XlImuered SH) (40);::U Cone C (55); Gen Disp (ZI) (10); FIll Hosp 
(15) ; lIosp Tn (2); Hasp Ship Plat (5); Hosp Ship Complements (15); Com etl' (15); 
ConY Camp (10); Vet Gen Ho!'p (10); Vet Stu Hosp (10) ; Vet Enlc Hosp (5) ; Vet Cony 
Hosp (5); Portable Surg Hosp Ui); Erae Hosp (750 bed) (40); EnlC HD:;p (Si.l--!OO 
bed) (:}O); COllY HO:3p (20); Gen & Sp Sv Sell (5); Enlisted Techn Sell S (1); "CS"JL\. 
(2); ASTPU (3); ROTC (2); Arm}' :.\Ied Tng C (60); Ind Sta (10); Sv C Lab (5); 
A (5); CHQ (D); D (;""55); AF (55); One copy to each of the followillg: TjO & E 3-25; 
4--!5; ~l!5; 4-2:32; 5-~15; 5-72; 5-03; 5-275; 6-35; 0-55; 6-65; 6-75; 6-93; 6-1i5; 6-325; 
6-:355; 6-363; 6--395; 7 -S;'); D-12; 11-2;:; ; Ii-55; 17-12;3; 18-2.); 19-35; 2f)-42. T,,-o copies 
to each of the follo\',ing: 'I/O & E 2-22; 4-152; 4-2UO-l; 5-3S6"; 5--5358; 6-12; 6-43; 8--22; 
8-2u; 8-[l20; 9-a5; f)-7u; 10-22; 10-16.5; 10-217; 11-15; 17-15; 18-10-1; 18-35; 19-55; 
20--J(i; 44-15; 44:-25; H-75; 44-11;}; 44-125; 44-2258; 44-315; 55-120-1. Three copies to 
each of the following: 'f;O & E 5-1D2; 7-93; 8-27; 10--!5; 10-175; 17-115; 44-1:15; 4-.1:--3:20; 
5;3-110-1; 1'/0 & E 5--21 (5); 5-2iil (6); 5-5108 (35); 8-28 (10) ;8-510 (15); 8-531 (;j); 
8-;}:37T (15) ;8-550 (60); 8-5508 (45) ;8-560 (4:0) ;8-57:28 (5) ;-8-580 (-10);8-581 (30); 
8--;)!)0 (20) ; 8-5DIT (15) ; 8-5D5T (10); 8-6;:;0 (10); 8-'.50 (10); 8-7GO (10); 8-7tO (5); 
8-700 (5); 10-D.5 (7) ; 10-125 (G). 

Refer to F~I 21-6 for explanation of di::tribution fOl'l1lula. 
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