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The dc\'elopment of tht atomic energy program has 
resultt"d in a large increase in the number of ~rsons 
exposed to radiologic ~zards. With this ~ncr_easc it 
is essential that phys1c1ans and oth~r sc1mt1sts . be 
acquaintffi with the dangers accompanying the handling 
of radioacti\'e materials. Four casts of beta ray burns 
of the hands arc reported here for the purpose of 
supplementing the present information in the existing 
literaturt>.' and emphasizing the early clinical course, 
as well as the lahorator\' obsen·ations in such cases. 
It is hoped that, by calling attention to the e.arly signs 
and symptoms of injttry by beta radiation, Ol'ercxposure 
will he rt'Cognized and hazardous operations discon
tinut"d Lefore more damage is incurrt"d. 

:\II 4 men were injured -.·hilc undertaking procedures 
of a like nature at the recent atomic tests at Eniwetok 
:\toll (l:nited States Atomic Energy Commission's 
proving grounds). This work im·ohed the handling 
of radioacti\·e materials which emitted large amounts 
of beta and gamma radiation. A de\'iation in the pre
&eribed procedure undertaken to expedite the ~ration 
rcsultt"d in the handling of these radioactive substantts 
directly with rubhcr-glo\'ed and sometimes with bare 
hands rather than with the remote handling de,·itts 
that had been provided. !\Ieasuremmt of the dosage of 
beta rays received by the patients y.·as not obtained 
at the time of exposure, but film badge and pocket 
ionization chambers worn b\' the men over the thoracic 
region showed readings for- gamma rays nrying from 
J to ahout 15 r. In view of tht fact that the hands 
"·ere much closer to the acti,·c material, it must ~ 
prtsumt"d that the amount of gamma radiation recci,·ed 
by the hands was somew~ larger, probably bJ a factor 
of JO. 

Thi1 dotummt ia baN'd on •·ork iwrformrd •nd•r contract 740S-rns-J6 
fur t~ Atomir En~ra> l"ommi•1io11. 

Frum rht Loo Alamo• !k1rntific LaboratorJ (Dn. Kno,.flon, uifn, 
HC>Snt., mnd Hnn~lman) •nd lht L.o. Alamo• H0&pi1al (Dn. Blur). 
(;ill. Oa••• •nd Sbafrr). 

I. l•> Robbion1,,L. L.; Aub, J.C.; Copr. 0.: CC>Stn. D. C.; Lan1oln,_ 
J. L.; Cloud, R. ~· .. •nd ldrrrill, 0. E.: Supufic1al Bums nf Sinn and 
l:Jrs from Scanrrrd C•tbod• a.,1, llad1olo1J ••: 1-.?l (Jan.) 1946. 
n1 llaiwr. J. R.: Plutonium f'rojtt1: Eflttll of Total Snrf•tt llna 
ln1d1at11.m, ibid. 49: JU J24 (Stpt) 194: Lo .. ·Bttr, II. \'.A: I.iitrrnal 
1 hna1 ... utic l'M of lla<11uactin l'husphuru1. I. E.r,-thrrna S1ud1ra. ibid. 
•T: ~ll-222 IS.1•t.) 1941>. W11lwlm,. £.: t·n,.., d•r Rraklion drr Haul 
•uf lanit• 1rri11r llont1matrahlm und Kathudrnllrahlm, Straltlrnthtrapir 
·~: 411~ ~.!J, t9Jb. 

The major portion of the radiation .ronsistf'd of beta 
rays •·ith an a'·"rag' maximum energy of about I Mn·. 
(million elt'Ctron-volts). 11lf ratio of bcia counts to 
gamma counts in a 1Ja55-walled Griger-M~11er typt 
tube "'as about 6 to I. The physical pro~rties al 
beta rays of I Mcv. maximum mergy att such that 
approximately 90 ~r cent ol the incident raya arr 
ahsor~ bJ the firat 3 mm. of tissue and 91) per C'mt 
art absorbed in 6 mm. of tissue.• Estimates of dos.arc 
indicated that the~ 4 men received from J,CXX> to 
16,CXX> rep (roentgen equivalent physical) to tM oute-r 
surfact- of the skin.• The beta ray dosages ~low tht 
surface of the akin would then ~ 300 to 1.«IJ np 
at 3 mm. and ~ to 160 rq> at a dq>th of 6 mm. In 
vie"· of t:1e fact that there was definite evidentt that 
the whole body exposure did not exettd 15 r of gamma 
rays in any ~. it was ~lievcd tb}lt thttc was minimal. 
if any, danger of important whole body effect, and the 
patients -.·ere treated primarily for local beta ray bums 
of the hands. This assumption was borne out in tht 
course of the disease, in that at no time was there 
anJ significant evidence of other than local damage. 

Since the amounts of radiation rtttivcd and the clin
ieal courses of the patients differ to some extmt, each 
case is rqx>rtcd separately. Following is a brief synop
sis of the clinical rour~ of each patient. Prior to this 
episode these ~ had worked with radioactive matc
nals but had had no overexposure to radiation and wett 
all in good health. 

IEPOIT OF .CASEs 

CASE 1.-A white man qed 216 remnd 10 r of pimna 
rays to his whole body and about 5,000 to 10,000 rep of ._ 
rays to his hands O¥tt a pniod of about li:it!J minutes.. At 
the time of exposure he noted a. tincf inc and ilchins of his 
palms. which he assumed to be due to ':itceniYC pttspintioo. 
Approximately tv.·o hours later he noted a Rilfness of lhr 
fingers and a lli&ht 1wellina of the hanlh. He reported to a 
physician thirty-four hours after cxposun.• At thi1 time thert 
was 1light swelling, ltt)'thnna ·and kndemeu o( tM MCOnd 
and third fingers of the riaht hand. On the kft band the war 
aspect of all dirits and the distaJ portion of tM pa)m lhowed 
mild crythcma and 1wdlina. Tbrre was a blanched area Oftl' 

the proximal phalanx of the l«'Ond finccr of dR adt band. 
Durini the DUI tv.·mty-four houri then WU • dc6nitr 

decrease: in the '1)'thnna and 1welling of both hand.. Bqinnias 
vesiculation was noted in &he blanched area of lhr index ~ 
of the left hand, and three days after exposure a ddi.nite 
vesicle with a 1Urrounding area of~ had lonned. 

On the fourth day the centrr of this nsick wu bladdlh 
blue. There was ttythnna of the TOiar 1Urface of the leCODd, 
third and fourth finaeu of the kft hand and alisht awdlina 

2. 1..aPJ>, _a. E .. aDcl ADclrr.-1, H. L: N•loar a.diaboe .,.,...., Jlew 
Yort., Prmt1cr-Hall, hie .• 1'48. -'· 171. 

l. J_,.i, G. lloflman of dw llm•rll P•rk 111....,riml Hoepital. 8dalD. 
... ck thr doaaa• calculatu••• 

4. In -· I. l and J tbt ... timtt lrft l:niw.-... •9edi.atet1 ahn 
e~uu _and wrrr lo.-n dirtttl1 lo Loo A.._., wkt-r .....,. Weft -

i., phr•••••n• °" •rraul. In raar 4 lk ,..tiail wu - llmUw.. .. Mn ) 
b<Tn IUJU•rd until tbt drYr........,,.t of 17~. 

239 



240 1ET A RAY BUR.\'S-A . .\'Olf'LTO! ?.T Al.. }. A M A 
Sn-1 14. ·~ 

•·ithout ~rythnna of the indtx fingtr and thumb of thr righl 
hand. 

On the K\'Tnth day thcrt •·ert blanched and tmd<"r areas 
along thr thmar aspect of thr indu finitr and on thr pad 
of the distal phalanx of the thumb of the right hand. By th«
eighth day thcst areas had bKomc vcskular. From the eighth 
to the t•·mty-fifth flay thC'rC' wu I rontinuou~ txtension of 

Fi,. I (n.a.e l L-Elt\:'tn da)I alttr ezposu~r rarl) vr11cl('s •·('tr vl!ub.1" 
om t- llttOfld linr•ro of bo1h hand•. (Th .. photograph anJ lho•• m 
aubM-q.,.nt fiil·ur<s wrrr prrp.arf'd b) Elm.r Donor of th< Loa Alamu, 
Scirntilic l.&boratory. l 

the n-ythema of both hands, with vesiclt"s forming two to thrt\: 
days afttr the onSC't of the reddening (figs. 1 and 2>. By the 
twmty-fifth day, the erythema had disappeared and bulla 
formation had reached its maximum. At this time lhl're was 
one large confluent bulla covering all four fingen and the 
distal portion of the palm of the left hand; a comparable bulla 
covered tht right hand, including the fingers and palm. 

Since the twenty-fifth day after exposure the clinical rnurst" 
has been Ont' of constant slow improvement. By the ti\ enty
eighth day drying of the bullae of both hands was noticeabk 
and on the thirty-second day most of these areas \\Crt' dry. 

On the thirty-ninth day the hands were suqiic-ally dt-hrided 
11.·ith the patient under gC"neral anesthesia. At this time tla-rt" 
11.·as epithelization of both hand' except in onl' art"a o\'C'r the 
proximal phalanx of the second fini;?er of the left hand. which 
appeared white and necrotic, and other smaller areas onr the 
second, third and fourth fingers of both hands. 

A second debridement was done on the fifty-third day, and 
at this time the only unepithelized areas present ''ere m·er tlH' 
second and third fingers of the left hand and a small area on~r 
the proximal phalanx of the sernnd finl(er of the right hand 
Furthrr surgical di:bridements were carried out on the sixl\ -
seventh and eighty-second days (fig. 3). Cnhealed are~s 
remained on the second and third fingers of the left hand 
and on the proximal phalanx of the second finger of the right 
hand. 

Five months after exposure these lesions were still unheale<l 
(fig. 4). The dimensions of all three lesions were about 1 by 
:Z cm .. and there were white necrotic granulation> in the cl'lller 
of each which bled easily on slightest trauma. The area> "ere 
surrounded by inva1inating folds of thin, pink epithelium There 

was minimal healinR durin11 the third. fourth and fifth month! 
of the dil'l'Ue. Skin irraftin11 of tll<'~C' lesinns 11.·as performa! 
durinit the se\'enth month with !food results.• Skin graftina has 
also been carried out in an effort tu replace the decidedl1 
atrophil" epithl'lium pre!'t'nt in other injured area5, and furthe! 
opnati\'e measures of this nature are antil"ipatl'<I. At the ~ 
of one year se\'ert atrophy of lht· i<oft tissut·s un<krlyinit thr 
~it<"s of injury r<"mains. There is mockrate anlcylosis of thr 
phalanRl'al joints of thl' thn·l' mo'I ~l'\·erely im·ol\'l'cl fingl'rs. 

CA~E :Z.-A white man a111·d Z7 r«ei\"ed about IS r of gam~ 
rays to his thoracic region and an tstimated 8.000 to 1<1.<0: 
rep of beta rays to his h,amb on:r a sixty minute period. Durinc 
this txposure he experienred a sen~tion of itchiness in botr 
hands. Four hours latl'r he noted a swelling of his Ith hand. 
He reported to 1>hysicians thirty-four hours after exposure. 
and al this time all the digits uf thr left hancl w·c-rl' swuller 
and erythematuus. the lt't·ond and third fin11ers being mo~ 
K\·erely im·oh·e..t. There were nu blanched ar"as on the leh 
hand. and the right hand appeared perfectly normal. 

During the third and .fourth days, there was a definitr 
decreaSC' in l'rylhcma of the ldt hand and thl're were no symi>
toms referable to the right. From the K\'enth to the eleventh 
day erythema and tenderness de\'eloped over all four fin1en 
and thr distal flOrtion of thl' palm of the left hand. and on thr 
~IC\'enth day tendnness and erythema was noted on the right 
index finger. 

On the- lwtlfth day vesicles began to develop in the erythrma
tous areas. Up to the twenty-eighth day there "·as 1prcadi111 
of the erythema. with bullae e\'entually forming in all 1t1eb 

F1..::. 2 Cea~ l).-t.:1Jiehtrt-11 J;:i~~ aftt-r rxvo1urr th~re •rn· bri.::c. ttDK. 
cunrlut·nt LullaC' • h1cb f ollu" t:<l th/ M'Cundary ~r.) thf'DU. 

NYOO 
areas. Ry the t\\ enty-eighth day the bullat· con:reJ the volar 
surfaces of all the fingas and the distal purtiom of. thl' palms 
of both hands. 

At alx>ut this time tht' entll('lua sub~i<leu. The bullae driN 
up by the thirty-fiith day (fig. 5 J, anJ part of the dead epidermi' 
sloughed spontaneously. Surgical d~bridement on the thirt)" 
ninth day disclo~eJ a layer of thin epithdium cuHring most 

5 Th(" pla~tic 5uref'Tl •••&5 1~rfurm<"d on tht:- pa1if'n1 and oth~r patu:ou 
b) Dr. J. Darrrtt !lnJlllon of liaruu. Hu~intal. S1. Luu.i ... I~ 
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of tht' burm'fi art"a• (f11z ft). \\'hen a ~·on<! d~hrirh-mrnt "u 
~rformt'd, on th!' fifty-third da~" a small unhea1'11 ura rMnain('rl 
on th" H'{'ood fin11<'r of thr ri11ht hand anti on the M>coml am! 
third fin11<'rs of the ldt hand. On the- ~ixty-~nmth day a third 
dd1ridrmt·nt was pl'rf11rme-d, aml at thi~ time both hanrls Wl'r«' 

mtirdy t'pithdiu·d. Thr ne\\ epithelium wu thin and had a 
1i1d11. <hiny a1•1ll'ari1t1<"('. :is ran he' ~t·t·n from fiizure- i 

• 

l'i,s. J (ca1oc J ).-l::iJ;:h1~ ·t""u da.) 1 aflf'r f'ltJ•u~urt thnt" •a!t an ulcer 
ft'tT tlw first ptulanx of the· ~cund hngrr "1th a ct,\'rrmi.:- of 1hrhtl.' 
ftK'Ular. fii>rotlc aranulation tl~~Ut". SUl~rfic1al dt!i-~lll.3."13hon •ai als..i 
mdf.nt OYt'T thf' othrr finR;f'T!t Olfld palm 

F;,., monllh after l''-\l"''urc. thl'rt· \\ii' a >t·,·nndary bn·al-· 
down of the epidermis over tht· mo~t ht·a,·ily ('Xf'o><·cl areas with 
CTaC'kini:: and drainai::c of S('r<>us fluid. Skin J:raftin11 of the 
palmar surfat·es oi hoth S('('ond fin11t>rs was pt"rfurmed durinl! 
the sixth mnnth with !!'""'' results. n~ the l\\!'tfth month 
skin had bt•t•n l!raftt><l onto the volar a'i""·ts of all finJ!1·r, and 
the distal hali of tht· palm of the left hand to replaC'l' injurt·<l. 
atro11hit· epithdium. By this timt' thl'rc was '"ml' lu>s ui 
m"bilit)· of th(· di!!il' of thl' kit hand I dt"pite t>ff11rb oi aC"tin
an<l pa55iH manipulation fluring tht· Ct•llr!>t" of di,ea>d and 
ron>iderabk IP>> oi undl'rlying '"ft ti''Ul'. 

C A~E 3.-:\ \\ hitt· man aged 2(1 recein·d 4.5 r of 11am111a ray• 
to his whuk h<•ly and ahout 5.000 tn )(J,(KJ(J rep oi h<.·ta rays 
to the kit hand in ahnut a f11rty minute 1icri• id. Ht· fir,1 "''''"' 
~ympt .. nl'> of >\\t·lliog and >tiffl'ning oi hi' !!'it hand at. •ut 
si:-. h, urs lat<·r. \\'hl'n hl' \\a- t·:-.amined forty h .. ur- aitn 
exposurt· tht·rt· \\as a mild erytht·ma and t>rlrma 11i th,· kit 
hand. Thl' right hand "a' frt'l' of 'il!n" ancl •y1111•t"111' and 
remaint·rl so during thl' t'ntirc cuur>e of till' <(,,,.3,, Th" 
i?t·nnalize<l t>rythl'ma and l'<il'ma oi Ill!' kit hancl dt'l'rt'a•t·d up 
lo ahout tht• third <lay. at "hich tim!' a ""·onrlar) t:r) tliema 
appt·ared o\Tr tht· \·olar a-p•·,·t oi th!' imkx fini::er. 

On the fourth day tlwn· \\l'f•· cirC"umscril11.'tl dark rt'<! ar('a• 
on·r tll!' \ ular a'l"Tt oi each phalanx of thl' imkx finl!tr and 
th<· mi<ldk and <li-tal phafang•·- oi thr third finJ,:L"r. Fr .. 111 till' 
scn·nth It• the Juurtt·t·nth da) tht"t: fiv!' ar!'a' ar4uired a darJ.. 
l1lui,h culor and bl'canw n,in1lar in d1aracln. Hy tlw fiitt>t·11tl• 
da) the, .. n·•iclt-- h<.·11an t" cualt»l't". and a 11t·\\ ,.e,irlt ap111.·arl'·I 
un thl' pwximal phalanx uf tla· third finl?n. At this timt· tlu 
fourth and fiith finJ!l'r> had bt'rume crythcmatuus. On tht· 

-.("\t"HH't·nth 11.rt~ t·r~1twn1.1 \\ft' 11 .. fld 11\tJ tin ,J1 ... 1;.t1 tH.'ad'.' of 

111' 5rco11<l and third nwta,·ari•al- I:) th .. l\\1·11!) ·•·il!hth da) 
a r1111llu!'llt hulla including all four f111~1·r, :rnd thr ht·ad• of 
th" ~e-c11111l and thin! 111t·t~r0trpal- \\a• pr1··1·n1 Tlit t•11tire rt·ar· 
tion rearhf'<l a m;nimum 011 thr 1hiny"1·,· .. 11d clay. at \\hirh 

tim" all erythl'matou• an·as. in<lu.Ji1111 "'" "" t!tc latt·ral maqzin 
of thr diMal phalar" of tlH' 1hu111t.. had ""'"'"' huJ! .. 11- On 
th!' thirty-fifth day tl1t· J.11llat· had 11t·111111 t" dry an•l 1k-'111;t1natr 

Sur11i<·al di·hri1k111l'nt \\ii' 111.-ri .. rrm·cl on tilt thirty·ninth. lift) 
third and sixly·,t·n-11th da~, lt\11. 1<1 with tht· patient u111kr 
ien!'ral an"'tJw,ia. and at t•at:h OJll'rati"n further hcalini;: wa• 
ob,t·n·t'd. On lht' •i,ly'-,tn·nth <la)· \\hiti,h lltTrntic an·a< O\'er 
th" second and third fin11t·n n1rn·-11t•mlini:: to th(' J, ... ·ation of 
the initial hlui,h H,idn set·n on tht• fourth day ri·mai11rrl 

One hundrt·rl and sixtl'l'n da)·, aftn !'XJ•>'Urc 1t·mlons W«'rf 

visihle in both of the ukeratt'(I area< lfig. 9). The tendon 
visiblt' in the lesion on th!' second fingt·r app<"arl'<l to bt
partially n('('rutir. Thcrt- was littlt:. if any. healing of the lesiom 
<luring tll!' third and fourth months ol tll!' di~ase. By the 
fifth month thrrr \\IS definite impruH'mt·nt of the lesions (fig 
10 I. but from a functional Point of \'iew tht· <eC"Ond and third 
finl!('rs of the left hand showffi only slight joint mobility. 
During th" next St'ven months skin was grafted finl over the 
unhealed areas on the second and third fingers and later O\''' 

tht' \'Olar UJ)('('tS of the remainit1i? fingns of the injured hand 
to pru,·i<le a more funC"tional t>pithrlium. Despite efforts of 
actin a11<l 1iassi\·e manipulation throughout the course of the 
disease, the phalangeal joints of the index finger are immobil' 
and there is moderate limitation of flexion of the third finger. 
The soft tissue of both of these fingers is decidedly atrophic. 

CASE 4.-A white man aged 17 r('('t·in·cl ah<•ut I r of gamma 
rays to his whole body and an estimated 3,000 to 4,000 rep 
of beta rays to his left hand in ahout a sixty minute period. 
This patit·nt'• exposure ocrurrecl approximatt·ly h\·o weeks prior 

t-11.: ~ fr;, .. , I •.--Ou" huudrrd 3)1..!:I h!1•·tq.:h1 <t,,.\-. af111 t"-l•'•"'Urt 1htrt 
"'.l~ .. tiJI at1 u11htakd uktr.Jh-d ~rt":. ••\tr th1 hn! 1•h.tl.tllx t 1 thf" !lotcunol 
f:t1,:11 " 1111 ~tr·i·h~ ;u1d rl,1 .. r c-u1111:n11,.,, Lt tht d1i:11 NYQO 

t" th;1t of the flthn 3 llll'n lk hacl n" •ympt .. m> until !'lc,·en 
<la)' aftl'r t'Xi""""" at l\hif'h timt· h,· nol<'d rt"cl11t·" and s\\dli1111 
oi tlu ,ki11 ""·r the ,.,Jar a-pn·t .,j thl' pr .. ,imal ph<ilan~,., 

oi tht· ,,., •111<1. third and fourth fin)!t·r, ui tht kit hancl. The 
patit·nt rt·1• •rtt·d t• • a ph)»irian on the thirtn·11th <la~. at "hid1 
tirlll· thnt· \\a, a blui,h rJi,coJ .. rati•m bl'IH'ath the •kin in tht 
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afnr1·1111 nti .. nnl ar1·a• hut 1111 n·-irh- furnuti' 111 Thi' wa' not 
n·rnlo(11in·d a• a radiation injury al thi' limt·. lit'\·a1i.t· the 
1iati1·n1 Jo(an· a hi,tury of l'ilrr~ini.: an t'XtT1·1linlo(I~· lwa\')' lracl 
c1111t;1i1wr 11ith hi' kft ha111I II\· 1111·a11' of an ir1111 rro'' bar. 
M1'\·ha11i""' i11j11ry '"" th1111i.:lit. 111 h1· tlw t•ti11l1111ir fartor. l\y 
thl' fiit ... ·ntli 1b1y. h111H·1·t·r, "''id1·, had 1k1Tlnt1t·d i11 all of the 
t·ryth1·111atn11• an-a' aml it h1:ranw appar..nt fr11111 tl11· 1·uur"· 

•·•I!!· S fca ... t .!>.- Th11l_\·t1\t" d:1~ ... aftn t"Ali.''m'· lht·n· "'a~ m11d1 
r.fl(..111fa11t·nu .. 41t'"'ljllam;.itju11 ll\·rr lht' hurnc-d arf'a~ "ith il ta1111rd ar11t«"araUft: 
of lht· 1iruximal portion~ of thr palm!'o 

that thi, wa' a radiation 111i1iry. Thr erythrma hacl sprrad 
to till' mid1lk phalan"''' of th1· ~rroud and third fini:rr,, and 
1hnl' \\a' a hlui,h di,1·11l11rali1111 mTr tin· ht·ad of the ~1·c1111d 
1111·tar;1rpal. On th1· ni11l'l1·i·nth day 1·1·sid1•s hail forn11·tl o\'cr 
tl11· .11id1lk phala11g1·, of thl' "".''"'' arrd third fini;:1·n. 

Hy till' llH•nty-fifth day th1· pron·" had cca,1·11 tu ad\'anl'<' 
and hullal' 1·111Tn'tl th1· 1·11lar surface' of all th1· fini:n' arrd 
tlH' lll'<1<I 11f th" s1 .. ·11ml nw1ararpal. Frum thi, tim" 011 1lryi11g 
pr11i:r""'"' rapi11ly. and hy lhl' thirty-"-.·uncl day till' hulla1· \\1·n· 
compll't,.Jy dry. Th1·r1· wa' dc,q11amatio11 of thl' hnrnl'd s11rfan'> 
hy th1· i"r1Y· '"n·111h day, with epithdi1atio11 u\Tr all th1·-.· area,. 
Thi, pati .. nt ha' had 11•• 'ii.:n, oi n·,i1!11al damaJ,:l' or ti''"" 
hrl'a\,;d, •\I II 11n·1 a 11t·ri11d of onl' )'l'ar l'Xl"l'Jll for a sli~ht 
n·dd('11i11i.: oi thl' palmar surfan· of thl' ha111l. Thnl' \H'rl' nu 
sii:n' or 'YlllJl\tlllb rd1·rah1" to th1· rii;:ht hand during thl' 
cour~t· of thl· th ... l'.'a~c. 

CE!'\EIUI. l'Ll!'\IC.\I. OllSUffATl!I:-.;, 

The clinical rourse of these 4 patienh 111ay ht" cli,·iclecl 
intc1 four cli,tinct phases. rrn11parahlt to those clescril1ecl 
hy 1\1111hins ancl others 1

• and corresponding to the 
time intt'n·als dt·srrilwcl ln· Horak• for effech oi rot·nt
gl'n ra\ '· I 'hase 1 ronsisis of thl' initial t'nthcma and 
edt·111a. with lilanrhing of areas which r~·n·in·d the 
gn·atl'st a11101111ts of exposun·. This phase hq.:ins with 
tlw initial expos11rl'. n·adws a J>t·ak in about iorty-t·ight 
hours and tht'n stthsicles rapidly. There follows a peri1><l 

f, H"r.a\... J. J.bd1ilt1un F.flc·rb on JU .. ,.f \'r,!orl~ (a) J-:r~lht·m~l; 
t:dt'llL1. k;uf1"l"J.!~ 31':4~1·•9_1 f.\pril) 19·L1

; fl'i) lnflamma11nn; l>c:~l·m"1' 
at11111, ~11ppu· .... 1,.u of <irt1..,lh ('o-tpant'. Ret111~r1· .... 111t1; ~1·cr .... , .... 1l11d 
3~: (,(1; <oli (~\a~) 19~_i; 11 I 'fd111~.\Cl.t-..~. Etl1d-. on L_'1lli'.h \ t'-. .. d~. 
ilnd 3H: ;i:-. 7..!I <Jm11) l~~.!. 

of rdativc: ahsence of 1ign!i and 1ymptoms for ihr«" .. 
to fh·e <lays (phase 2: third day to 1ixth or cipth 
day), at the end of which time phase 3 begin1. Thi, 
phast' is first manirt'stl'd by the de\'elo1m1ent ol ;i 

secondary erythe111a which in some caSt's is compliatt"tl 
hy extravasation of hlood into the erytht'matous art.a.• 
Thl'sl' rl'cl<kne<I an·as ht'l.·ome vesicular eight to twri\ .. 
<lays aftl'f c·xposure. There follows a period ~f ahou• 
two Wl'l'ks during which thl' erythema spreads and nsi 
dt·,. and l1111lar are fornwd. :\t the end of thi!i tirru 
( twent~·-four to thirty-two days aftf'r exposure) dl4 
active clist'ast· pr< K'l'"s heromes arrested and the buJla1 
hc:gin to dry and dt·sc111amatl'. During tht' last pan 
of phase J epitll<'lizat ion occurs O\'er all areas whtt1 
tht' vascular supply has not llt'en seriously damart() 
l'hase 4 is tht· chronic stage of the disease. Thost 
areas of skin in which tht're has bel'n serious interler
t·1we with the ,·ascular supply remain unhealt'd. In 
these cases skin grafting was undertaken v;hni it 
hel·ame t'\'ident that epitheli1.ation would lit' incomJ*te. 
An atrophil· rpiclrrmis. which is prohably permanent 
in nature :-.ml in whit·h secondary epithelial structures 
(such as hair and sehan·ous glands) are absent. is 
prest'nt in the less serious!)' damaged areas. S«ondary 
ukerations surh as were pres1·nt in these cases, as wdl 
as the hyperkeratoses, telangit'C'tases and malignant 
degenerations ~ which mav occur many years aftn 
expos11rr. are inclu<ll'cl in ,;hasr 4. 

.F•w- f, 4Ga:o-t' ..! ). Th1rt_, -lllllt" d.a_, ~ aftl'r r:x1io~urC' t":..n·f'lhnaic:IJ dl.&n 
l'J111hf'l111m '<Iii a' found ltt"rtr~ith tht'; th1r~. rll'ad akrn • hach harl b«-n rrm.Atd 
!<ollrJ1nc.all_, Th, ... , an·a .. "l"ft· r•trc·mr1.' 1.ain arn~it1\·c·. NYOO 

The two mcn who prohahl~· recl'in·cl the Jarg'°st 
amounb of radiation apparently noted a sensation of 
tingling and itching of the hands at thl' time of exposurt'. 
Thi~ s11ggt'~ts that intense heta rac'liation pn><lurr~ a 
st·11sory perrq >lion. 

7. llt'11 .. h.1". I'. ~.: Sni•1«""r. R. S .. and Wilr). E. F.:• Ahrrr~nt 
l>t'\d111°nwnt m H:at' •:"-f"•M··cl to H«""ta Ra)": Thr: Latr Etfrrh 
Hl't;1 l<d~'· H:;1d1ul").;·' 62:401-415 tMarch) J~..fl/ 
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The initial erytlmna an<l e1le111:1 S('('n in tlw,.t· pati1·11h 
in th<' fint forty-eight hours may he· <lm· to a 1111:al 
ttka~ of hi!ltami1w in tin· skin with n ft'snltini.: dilata
tion and increa!led pemwahility of thr supt·rticial rnpil
laril's,. In the mort· hl'a\'il)· l'xposr<l an·a,. thl'rl' wa,. 
a dl'finitl' hlanrhini.:. whirh may ha\'t' l1t·1·n canst·d hy 

Fie. 7 (ca~ 2).- t:aM:l,1~ l•o ila~- :iiiln rapo,.urt· lht•rr h~ul l-.·t·11 r11nt· 
pirtr epitM1iu1ion of huth hand ... l1ut lht· ahi11), at1051lm· rp11h·rm1 ... -.."\ .. 
n-idrnt e-9P"'(i•1l)' ovrr lJOth in1h·x finMrr". A M'Cowlar} l1rr.1Ld11--. n 
otturrf'd in tMK •rra,. at alkJUt thr onr hunlirt"ll and 11oixl1t"th da}. 

dirKt damage to the capillarirs. rl'snlting in a rnso
constriction phenomenon or to thro111hos1·s with ocd11-
sion of the \'essels. The seronclan· en·the111a whirh 
occurred after fi\'e to se\·en daYs ·Illa\'· ha\'e lit·t·n a 
,·ascular reaction to cells which ~·en· c1.mtinui11g to die 
over a period of se,·eral Wel'ks. It ha~ long h1·en 
recognized that many cells whieh han· hel'n inj11rrd hy 
radiation can survi\'c for a consi<lt·rahlt· period of time. 
hut "·hen they attempt to di,·idt· at a latt·r datt' arc 
unahle to do so and <lil' .• 

The bluish discoloration of ,.11111t· of th<' en·tlwmat1111., 
arl'fl~ was thl' res111t of l'Xlra\'asation of i1loo<I ir11111 
the injured dermal plexu,.; of capillari!'s. In thl· t'arl~ 
stage these lesions appl·ar in<listinguishahll· fro111 onli
nan· "hloo<I hlisten." and hrni,.t·•. Tlwst· lwmorrhagir 
are~s in all rast·s showed poor healing and in somt' ra,.1·s 
nonhealing". prohahly as a n·,.ult of thl' snert' 1bn1ag<' 
to thl' ("apillaries whid1 11111st. in thl' pron·,., pf rq•air. 
nouri,.;h tht' healing t'picl1·m1i-,. 

All area~ of tilt' skin whirh were in\'11ln·cl in thl' 
secondary l'rythemat1 •lh pr1 ICt'"" dt·,·1•l1'I1t·d \T.,irk-,. 
The .. e were us11all~· initially di,.rreh· and s11b1·q111·ntly 
coaksrt'cl with tlw formation .,f largt· l1111lal'. whirh in 
somt· ca,.t·s wert· t•1111tin1101i,. o\·1·r all fin· cligih and 11111,t 
of till' pal111. Till' ln11lat· \\Trt' t1·11s1· and fn·•pu·ntly 
caused suflicient pain. despite gt·11t·r1111., st·dati1111 oi thl' 

~ l..:1 .. 111t1L..1, I Efl1·l·I ,,f :\. l<:t\ .. 111. ( .t ,,, l 111!1\ .• It ,1 111 \ lfJ 11 
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t'rll .. In \ 1th1 tu \'a110.lio11it 111 >.Ma~ Un ... ;u.:•. 1l11d JU: I.\; 141 t~f;1~ • 

IY~.l. 

·ll.. 

p:1tit'11t. t11 j11 .. 1ii~ rqw;1h·1l 1lrai11agr. :\rri1l1i,· :11111 a11;1r 
r11hir n1lt11r1·., oi tlw \l'•irk tl11i1I "'''rt' nq.:;11I\1· 1·,rq •l 
on 11111· 11n·a-i1111. i11 I l'a"'" in "hirh ~t;1ph~ l11\'111:n1-
alh11., wa• io1111d. pn·-11111ahl~ a l·1111ta111ina111. Th11-., t.h• 
ro11r•l' wa., 111•! l'11111plic;1ll''1 It~ M'\'11111br~ 1111n·t11111. I Ill· 
<11·\e l11p1111·111 oi a n· 1111 Ii ti,.. n·,.i "':mt t 11 dH·n 1• •t lwra 1'~ 
\\'1111ld lraH· hn·n ,..1-r11111-h dt·1rimn1t;ll t11 1111· i11i11rl'll 
ti.,.,111" Tlw 't·-i.-k- ltn.:an· t11 1ln at till· 1·nd 11i l'h·a-1· -' 
and \\'tTt' t·itlwr 'l"'llt;111t·1111,..I~ d;·.,,p1a111atnl 1•r. n·n111\l·ti 
Ji,· .. uq.:iral 1h·ltrid1·11H·11t . 
. Th,· n1·w t•pith1·li11111 \\ hid1 \\a• i11r111nl 11\ 1·r till· 

im nln·d an·a,.. w;b in i.:1·1wral thin ;111.t -hi11~. t',<'l'J'I 
in ra,.1· ... in\\ hich thl'rt' ;q1p1·ar' '" lw r11n1pktt· lw;11i11i.: 
.\ hl111rhi1w,.., 11i thl' 1111ill'Tl~i11i.: \a,r11br t1.,.,11t'. \\hi.-11 
proh;11.ly rq1n· .. 1·111., 111i111 •r ,.;i .. ,·ular 1b111:1J.!1'. '' ;1• 111111·d 
in thi., ra•l'. 

Tlr1· t·li'1·1·1., on n·rtain -,1·1·11111hn ,.i..i11 •tnh·t11r1·., in 
tllt'.,t' patil'nt .. \\ l'rt' 1kti11i1t·. \ail ~r"" th wa- rl'1;1rd1'<l 
i11 all ra,.1·., 111 al11111t 0111· hali th1· 1111r111;d rah· 1"1· 
s1·n·ed a,.. r1111tr11)., 1. and tlll'n· wa .. a 'li;..:ht 1ran•\l'T"' 
1kpn·.,,.i1111 in lhl' nail '' hid1 wa,.. iom11·d at till' tinH· 
of t'Xl""llrt'. Thnl' w;1., a ddi11i1t· '"'' 11i hair iro1n1 
tht· harl..- ni thl' 1i11i.:1·r., i11 1·;1"· !. hut thi- wa• 11111 
n11tl'd in till' 11thn 3 ra•l'.,. Tlw d11r-al -11ri;1<·1·., ni tlr1· 
fini.:n., in ra-1·., I. 2 and ·' .,h,•\\l·d an app;1rn1tly t1t·r-
111a1w111 i11rrt·a.,l' 1n 1•1J.!11ll'nlat11111. I >11ri11i.: thl' r'1r,..1 j,.,, 
« h.'., aft •T 1·~ 1" •-nn·. 1lwn· w;1• an 1·,n·.,.,i11· :11111111111 

F1L: ·"' j l.l .. l" .: t '."-1 .. I\ "'l \l ti 

ul1, , .... 111111.11 t•• tl1.11 111- 1u.:111t 
(•.il1n.11 :u1d d . ...:11.d .. 111 Lu, ... , 

11.n,. .11t1·1 ,.,,,,,..,lllt fJ., I• '11 II ,!, • 1 

_i ;111•1 "'\IP• 11111.d 1\. '"•1111111.dl-•!t 11! Iii• 

NYOO 
11f swl'aling 11i th1· 1';.1111-. lt11t aitl'r ;1!11111! a '".,.k tlwll' 
wa' a 1111tin·al1k b.-k 11i pl'r't•ir;1ti1111 \\ hich 1•1·r,i-1t·d j, '' 

111a11\ w1·1·k '· 
Ti11T1' \\1·n· dl'li11it1· d1a11g1·, 111 th .. cq1i!L111 '""!" 

oi till· 11:1il !wok· 111 tlw tir-t Ii\ I' 1);1\., ;111 :1l.1111r11i;il 
a111111111t oi dilatati1111 and 1·1111'tri1·ti1n1 ,;j tlw '""!'' \1;1, 
"1'1';1rl'11t. .\11 i111-r1·:1, .. .J t11r111 .. ,it.1 ;111.J i11 -111111· 1·:q ,iJ 

., ·1 .... 1.i. r t .111.1 .... ,,11. , .i. _, 11 , 11111, . .i 111 .. ,, •• '" 1 ·'" I .• , 
!\l1tl1 ... 1 ... 1·1i;1.1.hl1·l11.1." JI ~.t11ll•l11 .. 1 .. 1111·111.•, 1·14; 1·1· ,,:.. I :.1 
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lari1·,. art11al thro111lH1 .. i .. with i11tnrupti11n of hlr""l ftow 
''"' 11lM·n1·1l. lh tc·n to tif1t·1·n da,·s tl11·r1· was a <ldinitt· 
1kn1·a,.1· i11 tl11· i111111IN·r of c·apill;;r,\· ""'I'"· a111I d11ri11g 
tlw third a111I f1111rth ""''"' ... 111111· of tht· n·111ai11i11g loop" 
had f11rn11·d l'ollah-ral I<" 'I'' i11t11 tlw an·a of 1lt-,.1 r11y1·1I 
1·apilbri1·,. \t tl11· 1·1111 11f f1111r 1111111ths, a il1·rn·a .. 1·d 

1-"1~ t.J ,,,. ... 3) f>n1·.h1rndr1·d .11111 "'i"-lr1·11 dOli)' afln rlll"''urc· a do ... , 
up \·1t·"' "'Ii""' r1l tht· t·x1n1t 11f 1h, 11li-rr• du rm.: lht· fourlh mouth Sn1.:dl 
hrm11rth.:1a;:t·~ r1111ld he: ,,., 11 111 tlw til1r0\k Jlfar111f;1h1111 11,. .. ,u·, anti a trih111~ 
trud11n 1uufacc "·'" l'I• ..... 111 111 th. Ir•"" 11\.'t·r th<· tir .. t ph;1l.a111il'c'al 101111 
11f Ou mile x tini.:• 1 

1111111lwr of 1·apillaril' .. n·n1ai11t·d and 1h1· 1·111latnal loop~ 
wt'rl' apparC"nt a111I f11nrti11uing. 

I he erytllt'nw and ,·asnilar l1·,.i11n,. w1·n· ronfi11ril. for 
th<" most part. lo tht' \'olar s11rian·,. of lht· haucl,., Thi' 
d• 1r,.al ,.11rfan·,. l'xhihitt·d mi111 ir d1·,.q11ania1i11n indical i11g 
,.iguific·a11t irradiation 11f tht',.!' arc·as. hut lhc·n· wa .. a 
,.h;1rp li11l' of dl'h11l'ati11n lwt\\'t't'll llll' \'obr a11<1 cl11r,.al 
,.urfacc·... .\n11tl11·r imporlant frat11rt· of thi,. ,.t-ri1· .. wa
tlw bch 11i cla111al_!l' t11 till' right ha111b i11 t·a,,t's 3 and -t 
a11d tht' lc·"t·r rl'ac1i1111 ,.,,·1·11 i11 right hand .. i11 c1,t·,., I 
a11d 2. Tlt1' ca11 Ill' <·:..11l:1i11C"d ln· till' 11at11rt· of tht' 
11pnati1111. \\ hid1 im 11ln·d 11111n· c;111tart of tht· racli11-
ad in· 111atnial \I ith tlw kit hand . 

. \1th1111gh tlw ll·111pn:1t11rt". p11l,.l' a11d n·,.,pirati11n 
d1a rt' an· 11111 -h11\\·11. 1hc·11· \\Trt' slight t"h·vat i1111 .. 11i 
11·11qwrat11n a11d p11l-t· c11rrt'"l"'111li11g i11 ti1111· 111 1lw 
dnTl11p11w11t 11i \l',.,icli· .. a11c! l1111lac. Till' n· .. pirat11r~ 
rail' and lil11•Hl prc·-..11n· rc·111:1i11l'd i11 the- normal range· 
thr1111gh1111t I hi' il1111·" 

I. \11111-: \ ·1111-; \ ) I.\ l A 

Thl' lal111r;1t11n t·:..:t111iu:11i111h i11 th<·,.c· ra.-1· .. ,.howc'(I 
.. ig111f1ra11t ch;111J.!c-' in the- l11t;1I whitl' lil1111d n·ll ro1111h. 
lht' ah .. 11l111t- m·11tr11phil count... 1111' n·iractin· granule· .. 
in tlw 1·y111pb-111 ,,j the- lu11pl1111·.\t1·- '"and 1111· ,.,1·din1n1-

1n IJ1d .. 11 .• \. ;u,.! ll1111pd111.11111, I II ,l .. 1pfi,.J .. t.:1t l'h:111i.:1 .. 1r 1 thr-
1 ''1111h·oo:~1,, ,,, l't1 .. ·•" t-.,,.1"•"'td ,,, 1,,,.,,111.i.: t< ... 11.111 .• 11 .... J l.;1h Ac lu1 
~I• .I ;s:z: 111-':. t115•, I~· l'I l 1'11~ 

tali1111 rate·. Tiii' t111al while hlocKI rount is tht> .,.~, 
of rou111 s olitai111·1I from huth rhamllt"n; of a hcmc1 
n101111·tt·r. Tiii' clifft·rt>ntial rmmt, u~<l for the rak-ula 
ti11n of till" ah,,olutr neutrophil ancl lymphorytt> ~re~ 
was 111a1lt· in wrt filmi1 11taim•1I 1mpra\•itally with M'Utral 
n·d and Janus J.:rt't'n. Two humlrf'd rells were tDm· 
i1wd for t•ach cliflc-rt·nt ial count. onr hundred hy nch of 
I w11 ted111il'ia11s." To dt•lrrminr any <1uantitativ1 
chang1· in tlw n11111lier of rrfrartive granules in th1 
ly111phoc:y1es. one humlrrcl lymphocytes were exami~I. 
fifty hy t·ach of two terhniciani., and the a\'erage \"alue
u,.c·11. Tiu· s;11111· tt"rhnirians madr all the differnJtial 
co11n1,. and lymphorytt> sluclies and. although there wa,. 
constanlly a slightly larger numllf'r of granules countl'fl 
hy one of the terhnicians, this IK1ssihle 11ourcc of error 
is ronslant throughout tht· data. The hen1oglobin 
vahtt•s were ohtainffi from a stanclarcl Evelyn photo
mt·tric he111oglohino111eter. Thr lll"rrrntage of reticulo
cyles ancl the platelt-t counts were 1lt·tcr111inffi in a W<·t 
preparation slainecl with brilliant rresyl blue, and at 
l1·ast J ,()(X) ervthronlt's were cmmle1I. The aedimmta· 
lion ral1·s w(·re ol;tai111"<1 usini: a standard \\'introll(· 
t11l11·. 

Tlw total whit<· hl1 ")(I rount, ahsolntt- tll'ntrophil ancl 
ly111pho1:y11· <'1111111s. scclimenlation rate ancl lymphocytir 
gra1111l1·,. art· graphically prest·nted for case I in figure,.. 
JI awl I.!.. Tlw lwmatologit· res1"111st•s of thr otht·r 

t·1w- 10 Ct·.;i ... , J).- 011r hundrtd am1 a1xt~·fi\·~ clii~a aftrr C'X1"°"'urc lh• 
It 1111•,11 "'llf f.tn ¥. :1"' 1till \ ~ .. ililt rhrnuw:h a Ihm la)·rr 11f flf.ruu"' tllHM' 

NYOO 
3 patic·nh an'. 11111 sh11w11 hut wt·re similar to th;1t 
,.1·1·11 in ca,.,t· I. Tlll' prt·<·xpos11re hlcNKI ilala as plottrcl 
an· lakt'n from appr11xi111at<'ly rn11· )'C"ar of ro11ti11c l1l1od 
.. turlit·,., and art· plottt·cl with1111I n·fc·remT lo lht· 1i1111· 
intc·r\'al l1<·twt·t'11 com1t~. Tlw refral'lin· ~ranulr,. 
i11 thl' 1_,·111ph11cyll'' an· plottl'd hy two 111t'th1 uk Tiu· 
pt·n·1·11tagt· of ly111ph11c:y1t-,. with six or 11111n· gra1111lt•• 

11 Tr,·hrn1·0.I a .... 1 ... l.uu·1 YI.Oil\ 1(1\'rll h~ IJorulh) t:. Pu ... L.uri...l1 •ncl A11?' C 
l.11JLL.;••J 



\"OL1'•a 141 
St·•U• 4 

~...., f: T.-1 I< .·ff H l" I<.\" S- A . .\" U 11 LI <> .\ . II. 

is uM'<I. 1in~ nmtrol ("Ollllb on this pati<"nt hail llt't'll 
ohtainffi by this mC'tho<l prr,·inu .. to rxpo .. urt" an1I abo 
hr<·au~ thC' ~s rq>ortrd in the litrrature prt"viously 
had bttn 1tudiffi in this fashion. ' 0 Thr 11u111ht·r of 
i.:ranul~s ~r lymphocy~r is a lt'~s arhitrary nwthocl oi 
rt'porting the ohsrn·atmns amt is now llst·<I r1111t111t·I~ 
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fiK. II lcaw I),. s.-.limr11t;ohoo ralr•. •·hit• blood ttll counts and 
abeolutt nrulrUJ•hil f'Ounh at variouf. ataan. of trtatn1C"nt. 

by this Jahoratory. In the prt'CXJ>0sure 1x1rtion of thl' 
curve showini.: tlw percentage of lymphocytt'~ with six 
or more granules all the values havt' heen avl'rage<I. 
because fewer lymphocytr,. W<'rt' examinl'1l per count 
for thrse routine preexpos11rt" ol1~t'rvations. 

Tht' rt'SJXlllst· of the total whitt" hlo<xl count. thC' 
neutrophil count and tlw s('(limentation rate apJK'art"<I 
to run parallel with the dnelop111ent of \'esides ancl 
hullae on the hands and the fehrilt' res1xmst'. l'rt"
sumahly the dt"struction of tissm· which 1icrurr('() during 
this time caused these hematologic changes. Tims. data 
on case I showed the severest formation of hullal' ancl 
also the greatest changes in tht'st' hl1x1d tests. 

There were no significant changes in the ahsolntt" 
lymph<icyte count at any time after exposure. How
ever, there was a dt"finitt' morphologic 
change in these cells manifestt'<l hy an 
increase<l mtmher of rt·fractivt' grannies in 
the suvra\'ital preparations. This change 
was ohst"r\'ed earlier than the increase in 
the neutrophils or the se<linlC'ntation rate. 
In case 2 the patirnt. who proliahly rt"<:ei\'ed 
more radiation than any of tht' others, hacl 
a lesst"r increase in ref raet in· granu lt"s and 
a mort" rapid epitlwlization of the hurnffi 
areas than occurred in east',. 1 aml 3. This 

011<· ~Tar l"·i11n· tl1t·ir ,.h11rt ,. .. j1111r11 at .. 1·a lt-n·l. Th<' 
n·tin1l11n 10,.i,. i,. 11111n· li\..1·h 1hll' tn a11 1·r~ tlm 1itl 
rt·spuns1·- i11 tlu· hnm· marrnw ·j,.l1.,wi11i.: thl' 1Jt-,.1r11ctiP11 
of ti .. ,.1w. 

Tht· hr1111•;.!l"l'i11 ,-aim·,. ;1111l th1· 1·r.'thr111.·~1t· antl pbtt .. 
lrt r111111h at 1111 1i1111· ,.hn\\Tcl .. ignilil·;111t 'ariati"n" irttm 
n11n11al. Thi· pr11thr11111lt111 1i111t',., J.ln·.Jini.: 111111·, ancl 
dotting ti1111" \\1·r1· 1!1·1t·rn1int·d irc·qm·ntl.' tlurin;..: tlw 
ro11r,.1· oi th1· ilh11·,.,.r- a111l w1·rt· al\\ ;l\, witl1111 11 .. r111;d 
limits. Till' at.,."11111· 111on111.·~ ti'. 1·11,.i111;phil and Ji;1,nphil 
c:·o11111,. cliil nttt cli,.d11,.1· .. ignifKant \'an1tin11 frtt111 the 
normal. 

l 'rinalyst•,. alway,. i.:an· n11r111al rt·sult,. anti It'''" i11r 
ratlioacti,·ity in twt·11ty-f1111r h1111r urim· "l'''l·inwn .. n•l· 
lectt'1l 011 till' third tla,· aitt·r t·,posurt· n·,.11lt1·tl n1•i.:a· 
ti wk · 

llt·h'rminati1111s oi .. n11111 prntt·in, with alh11mi11 
glol111li11 ratios. ,.t·n1111 hiliruhin. alkalinl' phcisphatast'. 
c-ephalin fl1icculati11n a111l hl11oc.I un·a 11itr11i.:1·n. a,. wt'll 
as daily nitrogt·n 1~11ann· ,.111clit·,.. \\TT\' all 11ttr111al clurini.: 
tht• ilJttt.,•Sf'S. 

Tlw initial tn·atn11·111 r111i,.i,1t·tl 11i in111111ltili1;1ti11n. 
t'IC'\·atiun amt l'nolini.: oi tht· i1;,·11ln·tl lu111I, with in· 
parks. The 1111·11 \\l'rt' J'larl'tl 11n a hi;.:h prnll·i11 tlil'I 
with supplt·1111·11tan n111ltiph· ,·ita111i11, anti w1-r1· i.:in·11 
r11tin 20 mi.:. thn·;· ti1111·, a cl;"" th1· lattt·r ht'ca11,1· 11i 
111<' possihlt" thnapeutil· t'IT1·.-1~ in 1·apilhr.' tla11u;..:l'. 1

• 

l't·nil·illi11 thl'raJ>.'. 3lX.l.O!lO 1111i1, t d11r;1cilli11" l pn 
cla\'. wa,. startt·d i11 1·a,1· 1 aitn 1lrain;1g1· 11i thl' l11illa1· 
wiih tht• c111irurn·11t 1ln·rlop1111·11t oi a low grach- inn 
a11cl increas1· i11 ,.t·1li1111·11tati1111 rah·; i11 1·a,_,.,. 2 anal 3 
it wa' starh'd ai11·r tht· tir,t clt"ltricl1·11w11t. Thi,. wa,. 
considt•rt'u to ht· proJ>hdacti1· tlll'rap~· lll'ra11'1' 11i tlw 
pos,ihk <ll'11·tni"11' di°t-c1,. 11i r11nr11rn·11t i11i1·di<1n 

Till' .. urgiral dl-11ricl1·1111·11·1,. w1·rt· p1:ri<1nnl'd i11 ca,•·· 
I, 2 a111l .~ on thl' thirty-11i111h. f1ity-thircl a11tl si:>..t.' · 
se\'e11th clay,. aih'r t'XJH•'Urt'. with tht' pati1·11t 1111d1·r i.:t·11· 
eral ant·sth1·,.ia h1·r;11i,.1· oi thl' 1·:>..tn·1111· 1t·111ll'r111•,., 11i 
tilt' tissut'. .\n att1·111pt wa, macl1· to rka11 ofi all 
necrotic tissue without damaging tht· 1wwly fornwcl 
t"pithdi11111. Thi' k,.i1111,. Wl'T\' t'O\"t'rt'cl with p1·trolat11111 
gauzt'. and pn·,.,.urt' dn·,.,ing,. wt·rt' applil'd. Th1·,.1· 
drt'ssi11gs \\Trt' kept on ior ahont ionrll't'll day,. ( ;t·ntk 
manipulation of tht· im·11ln'<l fingl'rs wa,; 1·arri1·d 11111 

l 
I 

.... . /"-
.,,_ 

~ 

fo 00 
.., 

suggests that tht· rt'sponse of tilt" lymphocytir .-.~. 11 ''"'' 1 > 
granules may he related tO tht' lot.':tl dist'aSe •laK<'S oi trraltlu Ill 
of tht' hands and may possibly sen-e as an NYOO 
early indication of the seriousness of the hum. lmt 
further studies are nt>ecled to estahlish this point. 

.-\ rise in reticulocytes to I to 2 per rent in all cast·s 
is difticult to rxplain. Thl'se patil'ltts were at sea 
level for alxiut ten days and returnt"d to Los :\lamo,. 
I elC'vation 7.400 fert). It ap1K·ars unlikt"ly that thi,. 
incrt"ase in altitude caust"<I a rt"I irulocytt• n·sponse. 
ht·caust" 4 men all harl li\'ed at Los :\lamos for at lt·ast 

wh1·11t'\TT l'"''iltk whih· thl' pati1·111,. Wt'rt" ut11ln am·,. 
tlll'sia and thr1111gh11111 till' cour,.t· nf thl' clist·ast'. ~ki11 

graftin;.: ha, 1"·1·11 pnf11mwd in rnses I. 2 and 3 with 
satisfal"lory "tak1·,.." '" In all l·a,.1·,., phast· 4 of tlw 

l! N1 L.t·ro,. I' t: .. ~n.I ··1("1.1, J n.: < '11ritrol uf llt·mn1 rhaai,· ~ynchunu 
a11d H:1·1l11!l1••Tl 111 \. lr1.1.k1l11.11 il11rt.tht.' ••th :1 FJ;l\.1111111r. Sru·11\1 
107: 11, ( l.111 !) 1~_., .. 

J.\ Ht11v.11. J 1;. ~I. )) .. "'di. t· .. a11d 1-·r)f"r, M I'. Surtrll'a1 Trrat 
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dinical C'Otlrst' h.'ls aC'tually just httn t'Utrrffi and 
tlwst· pt·rsons will ha\'f' to he followf'fl closely for many 
\Tars. 

Sl' l\f ~I .\II\' ASll n1sn.na1 is 
Four C'ases of llt'ta ra\' hurns of thr hands ha\'e bc.-en 

n·portt·cl. Ahhoui.:h sniall dost·s of heta rays are n<~t 
co11si1krt•cl a st·rious external racliolol{ic hazard. tlus 
form of ionizing ra1liaticm is !if'riously clt"structiH in 
larger dosc-s. Thr cli11ical n·sponsr to such irradiation 
may he rli\'ided into four phases: 

I. A !'ensation of tin~linii aml ih'hing at the time of exposure 
f11llo\H'•I within a matll'r of houn by a 1light erythcma and 
l'•lt·ma ( sonwtiml'' as"l('iilh'tl with hlaoching of the 5kin). which 
lasts for two ll·, thn ... · days. 

:!. A lall'nl. asympt11111alil· tll'ricid of thrl'l' to fin· days. 
3. A Sl"t"11mlary erythc.-ma, whirh is !'<Kiil followed by vcsirk 

and bulla formation. Thc.-se vc.-siclc.-s dry and dc.-squamate after 
ahout three wttks, lea\·inii a nc.-w layl·r of thin epithelium. 

4. A chronic phase rhararterized by atro1>hir «'Pithclium and 
loss of secondary t'pidt'rmal 1trurtun:. Telangi«'C"tascs, hyper· 
keratoses and malignant dl'fCl'llerations arc potential complica· 
lions which may develop o\·er a pc.'riod of time. 

Sometimes, especially in persons receiving a lesser 
exposure, phase I and 2 may pass unnoticed or may 
he absent ahogt·ther. In \'iew of the time lapse between 
exposure and phase 3, any exposure to beta radiation 
should be taken seriously. 

The only significant hematologic findings were a 
neutrophilia. an increased st"climentation rate. an increase 
in the numher of refractive granules in the cytoplasm 
of the lymphocytes and a low grade reticulocytosis. 
Liver function tests. nitrogen halance stuclies and urin
alyses were consistt'ntly normal. Local trt'atment con
sisted of routine hum therapy with accessory chilling 
and later surgical dt'.·hridement and skin grafting. Gen· 
eraJ treatnwnt in\'oJved tht' \!St' or rutin, high protein 
diet, multiple \'itamins and J>art'nteral penicillin. Prog
nosis is dependent on the status of the \'ascular supply 
to the burned areas, especially as related to the skin 
grafting. Careful late follow-up studies are necessan 
in ordt·r that early malignant changes may ~ 
recognized. 

Amebi11ia for the Clinician.-Amebiasis means the pres· 
l·nce in thc.- human b.idy of Enda1n1r/10 histolytiro. The other 
amehas which are found at times in the human body. with the 
possihle exception of /Jir11dom1rl10 frOftilis, arc nonpathogenic. 
/ J. fr<1!1ilis has been as!i<iciated with sevnc.- diarrhea by Hakam,. 
~n and others. although its actual pathogenicity has not been 
cstahlished. Fur tht> physician and the medical student it i' 
nc.-cessary only to recognize E histof.1·1ica with certainty. A sus
lll'Cled amc.-ha then is identifit-d c.-ithl'r as a pathogen,·£. histo
/ytira, or as a 11011pathogen. 11eedin11 no further attention exce1>I 
as a suiigestive guide that the patient ha, been ex11(1sed to fc.-cal 
or other contamination and. hmrc.-. has been CXJlosi:-d to risk of 
ingi:-stiun of cysts of E.. lristolytira. It is dc.-sirable that enry 
J1hysician havc.- actt·ss tu a reliahlr laboratory for ttiagnosis of 
L histolytira. Failing such access. hr can for himsc.-lf ohi:-11 
makc.- tlw diagnosis of the one known J>iilhogenir ameba. Knowl
t•dgc of its diaiinosis and treatment is essc.-ntial for e\'l'f). prac· 
ticing physician. hut is too uftc.-n lacking. . In the past 
10 years. resl'arch has introduced no fcasihk lll'W ml'thoch i11 
cliagnosis and tn•atnwnt. Howe\·cr. tlw literature reflects two 
Ill'\\. emphast•s that are important. Th<> first is attc.-ntion to 
X-r;iy fuulings. especially in tlw cecum. The St'C'ond is control 
of 'erondary hacll'rial infel·tions of amd>ic lesions with Pl'llicillin 
;incl sulfa drugs.-.'\lfrffi C. Recd. M.D., Dc.-partment of Medi
l·irw. S1anf11rd l'nin·rsily Sch<M•I of Medicine:. San Fr;incisco. 
St<111ford .llrdiral U11/lrli11. Augu'I 1949. 
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