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FATAL WDiATION SY NilROME FROM ALY ACCIDENTAL NUCLEAR EXCURSION* 
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sinsle burst of neutrons lasting only a few microsec- 
onds; others may have involved resurgent bursts as 
the responsible solution has boiled up and receded 
only to reach its critical mass again. 

The present account concerns a fatal accident in 
a U": recovery plant. The  patient was cared for in 
a large general hospital by a staff that had had no 
previous experience with a similar problem. The 
patient survived for forty-nine hours after receiving 
ten to twenty times a lethal radiation exposure. He 
pr-obably received the heaviest radiation dose of any 
victim of a nuclear accident, and this was the first 
fatality in private industry. Many medical and ad- 
nlinistrative difficulties were faced, and similar 
ones will be encountered at the time of any similar 
accident in the future. 

. 

CASE REPORT 
L.arc in the afternoon of July 24, 1964, a 38-year-old mar- 

ricd father of 9 was pouring a "dirty" mixture containing 
LT2.' from a polyethylene cylinder 12.5 cm. in diameter and 
I20 cni. high into a tank 63 cm. in dianicter containing 
sodium carbonatc. A critical volumc \*.as attained by the 
ncw gtwnetry ncar the completion of this opcration, and a 
nurlear cxcursion occurred. Thc patient rccallctl a flash of 
lisht and uas  hurlcd Sack\varci and stunned. but did not 
I I W  ronsciniisness. Hc inmcdiately ran froni the builditis tc 
RII imcrgenr): shar.2 201) yards away. discarding his clnthing 
a b  hc ran. Tli,>rc !IC. \\as joined by 4 ottrcr occupants of the 
plant \ v h o  bccn alcrtrd I>y thc ratli:irion alarm system. 
:'iIn;ost at  once thc p a t i m t  complained of aidonrinal cmnps  
x i d  hl.nrlachc, iwmitcd, and was incontinent of diarrhw! 
stciol, which accordins t o  his collcagiir~s \vas l i l o ~ c i y .  Hc was 
~~\:.nppccl in \\.ann blaiiliets and taken to *L l i c x i i y  hosiiital 
;hut  not ac!n:itted) and  transfei-red at once to rbc Rhcdc 
I.yl.uid Hispita!. I l c  arrived at 7:49 p i n . ,  1 hour and 45 
miriutes afrcr t h c  accidcnt. 

I IC \\as takcu at once tn an iwlatcri scwicn of thi: cincr- 

ucrc round. regular am1 equal. and rractcl  r ~ j  light and in 
, ~ , ~ ~ ~ ~ i T i i n r ; c l a i i [ ) i l .  The  optic fuac!i appcarcii normal. Tnc pa- 
:icnt had transicnt difficulty in  enunciating \\urds. The 
iicci; was suppic, and the lungs wrr: clcar t t j  auscultation. 
I hc: heart \\a\ not eniargcd, there \ + w e  iio iiiiL::::urs, xi<: 
the quality of :he sounus was good. The abdomen \vas rigid. 
- 
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S o  masses were palpabIe. Muscle tone was normal, and 
peripheral pulses were full. There was no edema. T h e  re- 
flexes \\-ere ir.tact. 

.4fter a brief initial examination 1OC mc. of diphenhy- 
dramine was given intramuscularly, anc  ' ?  ::I:. of morphinu 
sr'xutaneously. Because of continued rcstlcssncss 1 5 tng. of 
I; vphine \vas administered again 1 h<mr aC:er the initial 
C,-)s.:. snc! a good effect was obtained. ;\ rrvit~w. of medica- 
tiom appears in Tahle 1. Blood samplt-s \-\.ex trnmcdiatcly 
drawn for routine studies and for chcinicai and radiation 
analyscs. 

A cannula was placed in a vein in the lcft ankle, and plas- 
ma was started. Because of vomiting and abdominal distress 
a Levir? tube \vas inserted, but aspiration rrvraled only gastrii. 
iuicc without hlood. A Foleg cathetcr \\'LIS thcn passed to 
:noqitr.r acciim tely the urinary output. Ncnmycin, 1 gm.. 
was .given evwy 4 hour< throi::'. the L(%vin tube, and 2 
gm. c , f  ch1orai:iphenicol was !ic intravcnously with riex- 
trow and saline soluticin in an avor  to iurcvent infection 

wc!l. T l w c  \vas no other eviclenre of adren31 failurr. Thc  
trripcrature had risen to 102°F. The  lrit hand and forearn:, 
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FIct!Rr, 1. X - K q ; .  Film of the Chest 7 a k m  with u i'or:ablr 
Appurn:!cx Sixfcctr  Hours aftsr t h e  Accident .  

and forcarni \ \ w e  hadly s\\.ollen and livid. and thcrr .,\as 
massiw rdcrna * s f  thc iipper arm. Thc  conjunctivitis and 
li1iisIi o f  the Irf.. side of thc face had incrrascd. Thc  lunps 
\wrc ircc of ra!is. Visirin had diminished to a point \vhrrt. 
hc \\as unahlc :o read I-inch typc, but he could still dis- 
tinqiiish faces. 

I r o n i  this point the hlnod prcssurc could bc maintained 
on!y with i:icrc:isinx dilfirulty. l ' h c  lieart increased in rate. 
awi the sc!iinds hrcanir tic-tac in quality. Six hours firforc 
dra lh the paiivsit Iwcarne estrctnrly restkss and dicoririrtcd. 
thc urinary oiit:>ut crasrd. and rhc hloocl prcssurc crwltl nc' 
!irnc,,r Iir o'hta::ird. Hr tlicd -13 hoiurs :iftcr the nccidri-r. 
.I cktailcd a.'rocirit of thr paihriloqicn! findings (in prw- 

I ~ I ~ I . I C ~ I  rs:tnii- .itiq.n ill !ir pu!llishrtl sroaratrlg. The  f t , l -  
Im-\.inq suminaiy was pwpared liy Dr. Herlxrt Fanger. 
pntholuqisr to t l  c Rhodr Island I[ospital: 
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There \vas intcrstitial edema nf, rhe ~uhcu:aneous tissues 
uf the left forearm, hand, abdominal wai! and 
chcst \\.all. Thc trachea an agua were aculriy in- 
flamed. There \vas tii!ateral oras and slight llydro- 
pericardium and ascites. The lungs sho\ved intcrstitial 
and intra-alvciolar edema, and there \vas sulmmsal edema 
of thc stoniarh and intestines and severe submucosal edema 
of thc transverse and descending colon. 

Acute pericarditis involved chiefly the anterksr right 
atrium and the adjacent upper right vcntricic. Interstiyial 
myocarditis and periaortitis of the ascending aorta wcre 
also present. 

The liver showed passive congestion and focal fatty 
metamorphosis, and there was acute pancreatitis. with 
patchy necrosis of the acini and infiltration by polymor- 
phonuclear ncutro~ihils. 

T h e  spleen. lymph nodes. thymus and i 
werc depieted of lymphocytes, but thc reti 
rhe follicles wcrc rrtained. The bone marrw 
Only a few cells of the hcmato:ioietic system roi:;ain:d. 

Thc brain showed minimal chanxes. Rare foci of micrt)g- 
lial proliferation were found, and a few c,:;godendroglia 
were swollen. 

There \vas interstitia! edema in the testes and rare 

e skin of the left hand tiisrioscd 

The principal blood chemical measurcmcnts appear in 
as a gradual rise in hlo>id urea niiropen 
~-entrations. T'nc uric wid c:oncrntration 
11 3 hours of exposure. a t  a timc: when 

the blood iirra ni:r~~,qcn conrcnrratiim was normal, and rc- 
ninined at a high level thri1:lgIiout. Piasn~a electrolytcs \\.err 
nsmial cst'cpt for a single elevation of riiloricic. The 
rnrl)cm diositlc contrnt \\'as rcditccci, but it is not known 
whether this was due to respiratory alkalosis o r  meiabciic 
acidosis. 

examination a t  2 hours, and increased to 46,000 cells per 
cubic millimeter at 38 hours. Lymphocytes constituted 5 
i)er rent of the white cells a t  2 hours and 1 per cent a t  15 
hours. and were not seen in subsequent blood smears. The$,- 
findings are shown graphically in Figure 3. There were na 
noteworthy changrs in the platelets. 

The bone marrow was examined twice. The  1st aspira- 
tion was from the sternum a t  4 hours, and the 2d from the 
Ileum at 40 hours. The  results appear in Table 4. The 
findings in the 1st aspiration were virtually normal. and 
a normal complement of lymphocytes was seen. There 
reemcd to he a tendency to a shift toward maturity of the 
crythroid elemenis, and a few unidentified cells with ir- 
regular pink-stained granules and pyknotic nuclei were 
found. T h c  specimen a t  40 hours was entirely different. 
The aspirate \vas fluid. Almost all the cells were mature 
granulocytes with "toxic" granules, and some of these were 
in varioiis stages of disruption. The megakaryocytes had 
disappeared. 

These appear 
in Figure 4. The lst, taken a t  22 hours, was within normal 
limits. The axis was +30. There was a suggestion of 
peaking of the P waves in the diaphragmatic leads. The 
2d, taken ar 39 hours, showed persistently prominent P 
waves. diminished QRS vdtagc. lowered T waves and a 
shiit in the QRS axis toward the right to -55' .  There 
was slightly morc clockwise rotation in the precordial leads. 
The final tracing, taken at 44 hours, showed still further 
diminution in the QRS voltage and lowering of the T waves. 
The changes seemcd consistent with some degree of pro- 
gressivc acute strain of the right side of  the heart and 
rorrclated wiih thc dyspnea and pulmonary congestion and 
d r m a  esliibited t )y :he patient. Since thcrc was no sig- 
nifirant Iwrirartlial col1ei:tion at  autopsy the lowered QRS 
\.oltage niay have been due to acute hyperinjection of the 
lunys produced b y  the pulmonary congestion. I t  is not clear 
how murh of this may be attributed to radiation-induced 
c.lianges in the pulmonary circulntion, radiation damage to 
the heart and circulatory overload from intravenous therapy. 
The  last was protiably not a prominent factor since most 
c 2 f  the fluid i!ltakc was acroiinred for by output plus a 

iwnahlc al1,wance for insensible water loss. and thcre was 
Iicniocon~~~ntrntion rather than hernodi1u:ion. The fluid 

Three electrocardiograms were obtained. 

.lance appears In Table 5. 

RAVMTIOS CONSIDERATIONS 

Shortly aftcr a<!:l1i~jl<>n ;o the hospital a survey 
of tiit! body suriac:. \\'AS made for gaininn emission. 
The reading at 2 i'cct iron1 The face and upper chest 

1 0 0 5 4 3 0  



: i  

1 0 0 5 4 3 1  



:~si)t*ct of til? aciitc .x&tiori ic:?- 
. . z c r ~ t n ( c ~ . c : c i  b(&)rc Li!it! S < I C I ~ I S  to ii.i\.e 

i i~i(I~~i. i : iol i . ! '  I L  ~ni;;lit Oc suq:;i,.;tcc! 
111:it. t iit,iii.\tor!, i':iiltirk. is t l i i c  to v; \so:dvc ] ) t~j)t i ( l t*s  

11'10;wcl :is a 1t.siilL (if  r ~ ~ ~ i i ; ~ ~ i o i ~ - i : i ~ I t ~ ~ ~ ~ ~ ~ l  ccll rlis- 
trilnitioii. . i t  ail evt*rits ccll tlcstriic[ior\ \vas indi- 
cntctl 1 1 )  ttic hnclii:T:s in tlic bonc riiarrow and 
thc rise i i i  uric acitl and transaminase ili the blood. 
The possibility that the shock was neurogenic in 
u:igin cannot be esciuded. 

There have been virtually no studies on the acute 
radiation syndrome in man except for the eshaustive 
observations on the victims of the Los .41amosJ2 
Vinco4vG and Oak Ridge accidcnts.8~'o~11 Co uncles 
studies have been made on the effects of radiation 
cxposure of IalJoratory animals. The lethal radiation 
syndrome has been somewhat arbitrarily divided into 
the neurologic, gastrointestinal and hematologic 
forms. Beginning almost immediately after exposurc, 
the patient may be disoriented, ataxic and delirious. 
This state usually clears within a few hours or days. 
ikliriuin and mania may occupy the last few hours 
or days before death. The shocklike state that niay 
be seen innnediately after exposure and may persist 
until death may 1m.e a neurogenic basis, but this 
is not clear. Initially, the gastrointestinal findings 
range from nausea to vomiting, cramps and explo- 
:AT diarrhea, the last being an ominous sign. Gas- 
trointestinal bleeding has not been prominent. If 
these symptoms clear abdominal discomfort and 
anorexia may take their place and persist for weeks. 
Llcerations of the orai mucosa may be troublesome. 
.'LS in the case reported above, the lymphocytes dis- 

ear from the blood of the heavily irradiated 
ent \vitliin a few hours, and the bone man'o\\~ 

IJccomes aplastic ivitliin a day or two. The ne\itro$1i! 
munt in tlic peripheral blood may rise to I5.OGO io 
.):1,000 during the first t\vo days. and then falls to 
\ L ' I ' > -  ;ow Ievcls. Hernatoc.rit and piatclets ~1su311y 
i.)c;;iii to fall only aftcr ten days to two weeks. 

Failing \,ision, rcs~lcssncss and dcliriiini i n  our 
ljL-(icnt su;r;.cstctl IicUl(Jlrl,$C darnagc. but cotilrl lrnvc 

n due  in part i o  o t l w  c i r c : ~ . ~ t ~ i ~ i ~ * r l C t , s .  Thm. 
i r l s i  y , l l I ~ ) t f J ~ O S  h i  

- .  

, * \ ) I <  I*;-,- *++- 
, , ._ . .... . . . - 
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RAIIIATIOS SAFETY 
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\.! s l ~ , f , l l  ,. ~ o ~ ! t ~ ~ r ~ ~ ~ i ~ : ~ ~ : ~ : ~ ~  t,: 

oi~<>>. l:i;r.ii!t.riirore. icr:.2i,.ii.. 

r:idioactlv\. s\xiiti)n :inti I' '. Tiitis. there \\'as rhc i)r&)- 
lerri of radiocsposwe to til<: personnel carins io:. :hc 
patirnt, as well as the disposal of contnminatcd 
clothing, iinen and radioactive excreta. Finaily, 
there \vere the additional problems of slgriificant 
skin contamination during intimate care ir:ipoxd 
by <i patienr who was for a time delirious and nn- 
manageable. as the patients often are. 

Iminediately upon arrival at  the hospital this pa- 
tient was sequestered in a section of the Emergency 
Ward to which access could be controlled. iic!c;is- 
sion to t?ic: area was denied to all except those i:i- 
rectly involved in his care and in the management of 
radiation safety. A nursing station was establishr,d 
outside the door of his room, as well as an area 
for gowning and degowning for all those attending 
him, and a disposal area for monitoring and collect- 
ing all vomitus and excreta. All contaminated arti- 
cles werc disposed of either to the laboratory or 
into largc plastic bags for subsequent disposal by 
radiodecay or through rouiine channels for radio- 
active wasre. 

Those attcnding the patient were required to 
we2r caps. mnsks, gowns, plastic gloves and l a ~ g e  
paper "grocery" sacks tied over the feet. They dis- 
carded these into plastic b a g  upon leaving the 
area. Radiation safety was supervised by Mr. Ernest 
Resner. of the Ne\\. York Operations Office of :]-,e 
Atomic Energy Commission, who arrived a few hours 
after his office was notifid of the nccitlcnt. '--'he 
Atomic Energy Commission mcdical c:onsiil tant ar- 
rived a lew hours later. I t  is worth notin? tilnt 
consultants from the Commission are available at 
any time in thc event of a nuclear accident. 

fiolti ril;l:. (;I' i w; tl!c.iri 

i i o i i ,  'l'c,:;-iiiiiiiiii,,i. s i i i i ~ i !  

!;i;in:i<c%;. : i ~ i t i  \ ~ i ~ x ~ n ~ i ~ ~ > r  \V(TC conrciitratrc! a::(! 
dried or1 i,lnnchcttcb ineasured for beta actil-it\. 
for twriit!.-fi\.e clays. The counting rates were lo\v. 
I he saiiiplcs \vrrc corrrctd for tlctector scnsitivii!- 
against an autli~.ntic Pi: sample. The  half-life ol 
decay was forty-six days lor I sample and fifty-fi\.e 
days for the other, but the logarithmic curves x iq.  
not have been linear. These findings are taken ro 
mean inhalation or ingestion of fission products while 
they Ivere draining the tank in the heavily contami- 
nated rooc: where the accident occurred. 

These S exposed persons have been kept under 
close medical supervision since the accident. No 
overt evic!ence of radiation damage has appeared. 
Hemoglobin and total and differential whirc-cell 
counts and platelets have been normal. The F!ant 
manager, forty-three years of age, had a serum icic 
acid concentration of 7.6 mg. per 100 ml. three days 
after the accident. I t  was 9.2 mg. two days later, 7.3 
mg. on the following day and 6.4 mg. per 100 ml. on 
the next day. The plasma bilirubin was 1.1 mg. pcr 
100 ml. on initial determination, but subsequen; 
values were normal. .4lkaline phosphatase and trans- 
aminase assays were normal. The shift supervisor, 
thirty years of age, had a serum uric. acid concexrra- 
tion on the thirc! day after the accident of 8.1 nig., 
but subsequent values were below 5.5 mg. per 100 ml. 
Thesr values are highly suggestive of radiarion 
damage, bur are of uncertain significance because 
the lire-exposure scrim ttric acid concentratiolls arc 
not known. The serum bilirubin concentratio;. 
was 1.7 mg. on the third day, 1.6 mg. on the f i f ~ h  
and 0.7 tng. per 100 ml. thereafrer. Other tars of 
liver function were within normal limits. 

r .  

ADMINISTRATIVE FE~TURE~ 
A serious nuclear accident generates enormous :o- 

tal interest and administrntivc problems not o:ily 
bccaiisc of ti:c  dram.^ of the cvcnt but also becaw2 
oi the possibiliry of serious contamination by radia- 
tion. le!$ implications anti spcciai difficulties in 
man:qc:ncnt CJI rhis kind of patient. Fortunntcly, 
chi: .ic.c:cicmts that i - ~ v c  occurred to date have in- 
\TII\YC! mi); i or a \.cry f c w  victims. Onc shuti;:-rs 
to irnayinc: :::t, c!~K~iiItics gc~icratccl by an accii:cl-,i 
in\nl\ii:g n:.; ',I:. ~"ijiosi:re of s e \ ~ r a l  or mow jx:rson\, 

iar:rl o l  ihc medica! CAYC :>, 

rac ! i at io !I sa fc t y si1 oiii ii 

istration staiioned at or ncar the point of c n i c  :o 
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REFUCTORY ANEMIA WITH ABNORMAL IRON METABOLISM* 
Its Remission after Rescction of Hyperplastic Mediastinal Lymph Nodes 

BROOKLYN, N E W  Y O R K  

, 

ixcn tlcscriiictl in i9jt6,' in a series of 109 patients 
( p w r c d  on for rnerliastinal tumors. Subsequently, 
(.:ast!iwan, Ivcrson 3nd Pardo Menendez' presented a 
:c.rics of 13 cases, inc!uding 2 that had previously been 
classified as t l iyrno~na."~~ Thc characteristic patho- 

mtct i  were germinal-center iorma- 
illary endothelial proliferation, 
onsi:tcnt with hyperplasia and 

similar cases have been re- 

oxirnately 3Q c 'nxs  in the world 
;:tc*ratiir(l \\'as thcrz 3n associ3tcd .Li:cinia. It is thc 
1i<iq)i isc of t i l i i  rqiort to jircsrnt B case of medins- 

.pla$in associatixi \v i ih  sevcrc: 
ever. n~ai~kcrl hypmgiobuilne- 

r ii::: \ ~ ) i c . i ~ ~ r n t : e a l ~  :inil I ~ O I ~ ~ - I I ~ ~ I T O \ V  1);ast>1~c~t~.:i.j. 
i.;cniission of :,ii :iic.sc: abiiormalitic~s follc.,vcd esci- 
s . ~ n  of i h u  ildiasrinal I n a S j .  The patient was 
i.,r~.stigatctl iiitcnsi\-cly i n  an attcmpt to corrclate thc 
piriuiogical fintiins> with the clinicai coursc. 


