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FATAL RADIATION SYNDROME FROM AN ACCIDENTAL NUCLEAR EXCURSION* 
JOSEPH S. KARAS, M.D.,; AND JOHN B. STANBURY, hLD.3 

PROVIDENCE, RHODE ISLAND 

T I-IE acute radiation syndrome will almost surely 
be encounrered from time to time as accidens 

occur in the rapidly expanding nuclear-energy in- 
dustry. Xuclear power is alrcady becoming econom- 
ically competiti\.e with conventional sources.’ In 
view of the prcsent magnitude of these activities it 
is remarkable ti:at there have been so few accidenxs 
already, a testn:,lent to the care that has been cxer- 
cised in safety control of highly hazardous u d e r -  
takings during the past t\venty years or so. 

The first fatal accidental nuclear excursions oc-,, 
curred in 1945 and 1916 at  Los A l a m o ~ . ~  One of thC 
victinis died nine days, and the other twenty-four 
days after exposure. The whole-body dosages were 
estimated respectively to be 1350 and in excess of 
297 rads3 The next accident occurred at  the Boris 
Kidric Institute a t  Vinca, Y u g o s l a ~ i a . ~ ~ ~  Six men 
were exposed, and 1 died. All these men received 
bone-marrow transplants in the fifth week,6 but it is 
not entirely clear jus t  what this contributed IO the 
recovery of the surviving subjccts. The patien? who 
died received an estimated 640 rads of whole-body 
radiation, and the rest less than 600.3 The most rt:- 
cent and perhaps most thorolighly studied accident 
was at Los Alanlos in 1958, ‘when an operator rc- 
ccivecl an estimated total dose of 3900 to 4900 rack 
and died thirtg-four and threc-quarters hours Ister.‘ 
A11 these accidents have resulted from attainment 
through error of a critical mass and a resulting n11- 

clear chain reaction. When fissionable substances, 
such as an isotope of uranium (P5), becomt, COIL- 

fined in a sufficient ii;ass and appropriate en..’ , irop- 
ment so that their fast neutrons are slowed to the 
point where their capture by fissionable atoms bc- 
comes significantly probable, a vicious circle of fissicn 
by capture and further release of neutrons is set in 
motioh. This is a nuclcar chain reaction. Some of 
these lethal or near lethal accidents have causcd a , 
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single 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. 

l’iie present account concerns a fatal accident in 
a Uz33 recovc’ry plant. The patient was cared for in 
a large geneyal 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 tivent? times a lethal radiation exposure. He 
probably received the heaviest radiation dose of any 
victim of a nuclear accident, and this was the first 
fatality in prhate  industry. Many medical and ad- 
niinistrative difficulties were faced, and similar 
ones will be encountered at the time of any similar 
accident in the future. ! 

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

ried father of 9 was pouring a “dirty” mixture containing 
UZ3’ from a polyethylene cylinder 12.5 mi. in diameter and 
120 cni. high into a tank 63  cm. in diameter containing 
sodium carbonate. A critical volume was attained by the 
new geometry near the completion of this operation, and a 
nuclear excursion occurred. The patient recalled a flash of 
light and \vas Ill-rled backward and stunned, but did not 
lose conscionsnesr. He immediately ran from the building to 
an  cmcrgcncy shack 200 yards away, discarding his clothing 
as he ran. There he was joined by 4 other occupants of the 
plant who had heen alerted by the radiation alarm system. 
Alniost a t  once the paticnt complained of abdominal cramps 
and headache, vomited. and was incontinent. of diarrheal 
stool, \vhich according to his colleagues was--bIoody. He was 
xvrapped in warn1 blankets and taken to a nearby hospital 
(hut not admitted! and transferred a t  once to the Rhodc 
Island Hospital. €‘Le arrived a t  7:49 p.m., 1 hour and 43 
minutes after the accident. 

He \vas taken 2.t once to an isolated section of the cmer- 
gency receiving service. H e  was complaining of severe ab- 
dominal cramps. headache, thirst and chilliness, and was 
perspiring profuseiy. He was incontinent of brownish but 
nonbloody diarrheal stool. Physical development and nourish- 
ment appeared excellent. The blood pressure was 160/80, the 
pulsc 100 and regular, the respirations 20, and the tempera- 
ture 100.4”F. Skin color and turgor were normal. The pupils 
\yere round, regular and cqual, and reacted to light and in 
accommodation. The  optic fundi appeared normal. The pa- 
tient had transient difficulty in enunciating \*.ords. The 
1 rck was supplc. and the lungs were clca: to auscultation. 

. . .  
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No masses ivere ;.;t!pahle. Muscle tone was normal, and 
prripheral pulses / ~ c r c  full. There was no edema. The  re- 
flexes were intact. 

After a brief initie! examination 100 mg. of diphenhy- 
dramine was given ii~:ra~nuscularly, and 12 m4. of morphine 
suhcutaneously. Bem;tse of continued restlessness 15 nig. of 
nio:.phine \\'as adnninistered again 1 hour after the initial 
dose, and a good et.'icr was obtained. A review of medica- 
tions appears in Td:k l .  Blood samples were irnmediateiy 
draum for xoutinc :,:;,dies and for chemical and radiation 
analyses. 

A cannula was placed in a vrin in the left ankle, and plas- 
ma was started. Because of vomiting and abdominal distress 
a Levin tube was inserted, but  aspiration revealed only gastric 
juice \vithout blood. A Foley catheter was then passed to 
monitor accurately the urinary output. Neomycin, 1 gm., 
was given every 4 hours thrnugh the Levin tube. and 2 
gm. of chloramphenicol \\.as begun intravenously with dex- 
trme and saline solution in an endeavor to prevent infection 
if the patient survived long enough for eflccts of Iioiic-marro\v 
depri\.ation 10 i3ecorne apparcn:. By 2 hours aftei a t imkion 
the blood prcssure had fallen i o  130/60, and the pulse had 
risen t u  90. Vomiting and diarrhea had ceased. 

By 4 hours the blood pressure had dropped to 85/40, and 
the pulse had riscn to 110. hieth~-lprednisolone (-10 rng.) 
\ \ a s  added to the intravenous infusion. and the sys:olic !,loor1 
prrssure rose to 100. l.evartexno1, 8 mg.. \(as besun a t  this 
time along M it11 ~iiethy1prednis~)ione intravenously to main- 
tain the systolic blood pressure Ixt\veen 95 and 100. Bv 8 
to 10 hours after admission the patient reported t h !  he felt 
well. There Mas no other evidence of adrenal ia i lux.  The 
temperature had risen to 102°F. The left hand and forearm, 
\\-liich had held the container, and \rere nearest the reaction, 
1'. :ame edematous and red. ConjuncTivitis and priorbital 
cc:ema appeared on the left. He \vas alert and co-operarivc, 
and spent the time reading and  talking. Visual acuity for 
ne\& sprint seemed normal. 

?;-ray study of the chest approximately 16 hours after the 
;?ccident sugsested some hilar congestion. (Fig. 1 j :  but the 
lungs rcmained free of rales, and he was not dyspneic. The 
har:t! and forcarm became painful; and pain from i.. ~i~)spasm 
of the leg c a u e d  by the infusion of levartereno; became 
severe and continued to be a troublesome symptcm. The  
flow of urine diminished. 

The patient \\-as quite comfortable huL sliqhtly reatless on 
the morning aiter exposure. T h e  edema of the hand and 
forearm \vas iiicreasing. and the fingers were moved \rith 
difficulty (Fig. 2 ) .  T h e  neck veins uere  not distei:dcd. The 
respirations w x e  24 to 28. The blood pressure \ v a s  main- 
tained xvith norepinephrine, and  this constitutrd a major 
th1,rapeutic prol~lein throughout the remainder of the course. 
A :rial of nictaraniinol failed. as did hypertensinogen, ) )u t  
tk  iatrrr \ \as onlv I I .-F.~ ' ' 

: L; i. . 
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FIGURE 1. X-Ray  Film of the Chest Taken with a Portabk 
Apparatus Sixteen Hours after the Accident.  

and forearm \rere badly s \ \dlen and livid, and there was 
massive edema of the upper arm. T h e  conjunctivitis and 
l~lush of the left side cf the face had increased. The lungs 
were free of rales. Vision had diminished to a point where 
he was unable to read 1-inch type, but he could still dis- 
tinguish faces. 

From this point the blood pressure could be maintaineci 
only \vith increasin: difficulty. The  heart increased in rate. 
and the sounds brcame tic-tac in quality. Six hours before 
death the patient became extremely restless and disoriented. 
the urinary output ceased, and the blood pressure eould no 
Ionser be ohtained. He died -19 hours after the accident. 

A drtailed account of the pathological findinys on post- 
mortem examination \vi11 be published separately. The fol- 
lowins summnry was prepared by Dr.  Herbert Fanger. 
pathologist io the Xhorie Island Hospital: 

I O t f b 8 2 2  
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There \\-as intrrstitial edema of the suhrutaneous tissues 
rhe Irft forearm. hand, anterior abdominal \Val1 and 

I.hcsr \\d. The trachea and esophagiis \\-ere a ru t r ly  in- 
iianied. There v a s  Iiilateral hydrothorax and sligkt hydro- 
prricardium and ascites, The lungs sho\\.ed interstitial 
and in t r a -a lvda r  edema. and there \\-as suhserosal e d r m a  
of :1ic h r r m a c h  and intestines and severe sn1)niucosal edema 
of the transverse and descending colon. 

Acute perirarditis in \dved  chiefly the anterior right 
'uni and the adjacent upper right ventricle. Intcrstitiai 
>carditis and periaortitis of the ascending aorta were 
1 present. 

The liver showed passive congestion and focal fatty 
metaninrpliosis. and therr was acute pancreatitis. with 
patchy ncrrosis of the acini and infiltration b y  polymor- 
phonuclear ncutrophils. 

T h e  spleen. lymph nodes. thymus and intestinal tracr 
were deplrtecl o f  lymphocytes. but  the reticulum cclls of 
thc  lolliclcs Lverr rctainrd. The  I>onc I 
O n l v  a few w l l s  of the hcniatopoict 

7 he brain shuwctl minimal chanres. 
lial pmlifrration were found. and a fcw oligodendroglin 
werr swollen. 

Tlirre \\-as interstitial edema in the testes and rare 
necriisis of spermatogonia. 

A rndiw~uto~yaph t>t' the skin (if the Icft hand disclosed 
the prescncr of radiation-emitting substance in the kcratin 
Ia!w suggestive of spray contamination. 

The principal blood chemical : neas~ i r en ien~  appear in 
Table 2 .  Thcrc was a gradual riw in blood urea nitrogrn 

' 

t.arlwn clioxitlr c<rntcnt \\-as rcduccd. h i  

Thcrc was minimal ci,idrnce of l iwr d 
g l ~ i r a n ~ i c  oxalnccriv rransaminase activiti- 

hcnii~cnn~-cntrarion as the illness proerrsscd. 
cell count of thc peripheral blood was c l e u  

esamination a t  2 hours, and increased to 46,000 cells per 
cubic millimeter at  38 hours. Lymphocytes constituted 5 
per rent of the ivhite cells a t  2 hours and 1 per cent a t  15 
hours, and \yere not secn in subsequent blood smears. These 
findings are shown graphirally in Figure 3. There were no 
noteworthy rhangrs in the platelets. 

The  bone marrow was examined twice. T h e  1st aspira- 
tion \vas from the sternum a t  4 hours, and the 2d from the 
ileum at 40 hours. T h e  results appear in Table 4. The 
findings in the 1st aspiration 'ivere virtually normal, and 
a norma] complement of lymphocvtes was seen. There 
seemed to be a tendency to a shift towwd maturity of the 
crythroid elcments. and a few unichtified cells with ir- 
regular pink-stained granules and p! iinotic nuclei were 
f~~uncl.  T h e  specimen a t  40 hours was cntirely different. 
The aspirate \\.as fluid. .4lmost all the cells were mature 
granulocy:cs with "toxic" granules, and some of these were 
in varirius stages of disruption. The  megakaryocytes had 
disappeared. 

Three elrrtrocaidiograms were obtained. These appear 
ii; Fiqurr -1. The lst, taken a t  2 2  hours, war within normal 
limits. T h e  axis was +30. There was a suggestion of 
peaking of the P waves in the diaphragmatic leads. The 
?( I ,  taken at  39 hours. showed persistently prominent P 
waves, diminisliecl QRS voltage. lowered T wal'es and a 
shift in the QRS axis toward the right to + 5 5 " .  There 
\\-as slightly more clorkwise rotation in the precordial leads. 
The  final tracing. taken a t  41 hours, showed still further 
diminution in the QRS voltage and lowering rlf the T waves. 
The changes seemed ronsistent with some degree of pro- 
gressi\rc acute strain of the right side of ;he heart and 
wrrclatcd with thr dyspnea and pulmonary congestion and 
rtlenia exhihited hy the patient. Sinre there was no sig- 
nificant pcricardiai collection at  autopsy the lowered QRS 
x.oltage may hai;e been due to acute hyperinjection of the 
lungs produrrd hy the pulmonary congestion. I t  i s  not clear 
how much r i f  this niay he attrilmted to radiation-induced 
changes in the pulmonary circulation, radiation damage to 
h e  hrart and circulatory overload tram intravenous therapy. 
The Inst was probably no: a prominent factor since most 
d the fluid intake was accounted for by output plus a 
rra:nnat)Ir allowance for insensihle water loss. and there was 
also hrninci~n~.ri i tratio~i rather than hemodilution. T h e  fluid 
1)alanc.e appears in Tabie 5. 

RADIATIOS CONSIDERATIONS 

Shortly after adinission to the hospital a survey 
ni tlir iioti). sdacc :  \\'as made for gamma emission. 
The reading at 2 foet from the face and upper chest 
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I\XS 1 0  niilliroent~ens per hour. 18 ~iiilliroentgens 
per hour a t  the sarnc clista~ict. above thc rniil-portion 
of tlic body, and 10 niillirocntgens per horn al)o\-e 
the fret. Sliortly thereafter the p i t i r i i i  was yiveii a 
thoi.ougli bath on a plastic shcca.:. .!I:(! [:lis iiinteriall>. 
retlucccl the rratlings. Xlcasurc. 
iriinicdiately af tcr  d ~ a r h  ;end cli. 
in ~nilliroentgens per hour: hoatil 7.5: face: 3.5: chest. 
2 3  : abtlolncn. 5.0: rixht arrn. 2.5 ; pubis. 4.0; thigh, 
2.5: and feet, 1.1, Thus, a t  the time of death an 
attendant coiild have woikcd it-ithin 2 feet of the 
patic.nt's h c d  for nine hours to have received the 
niasiniriiii allo\\.al)le radiation esposure for one week. 
'This cstirriation, of COII~SC' .  does not take account 
til ~iossihlc crosscontarnination from alpha-emitting 
and Iwta-ciiiitting isotopcs on thr sk in  and hair or in 

hich \\.as clearly the significant hazard. 
Saiiil)lcs of Mood. urine. fcccs and hair and a =old 

ring  re stritlic.ti i l l  the Pliysics I?rsearch anti Thy- 
roid i ?~~s ra rch  Idahoratories of thc Mass~cl i~~se t t s  
Gcncral I-Tosl)ital. :Ill samplcs ivcre ine:iilired with an 
S:iI ( T I  1 \\.ell detector and a 51 2-channel g:iiiinia- 

, 

TABLE 4. Bone-Alar-rou~ Differential Coztnt. 
-_ __ .- - __-_I___ ____ 

DII.PEKF.XTI \I. Ximv \I. H\st;k. 4 €fa. \I m a  4(1 I ~ K  , \ . I - T ~ H  
I:XPOSURE I<si*o>I:ice 

';1 % % 

Bands 10-10 36.5 8.5 
Met;*,,,yelocytcs 2-15 19.5 
hlyelocytcs 2-15 10.0 

Eosi l l < , ~ > I , i l S  0-7 7.0 

Lyin~ihocytes .i-?O 12.0 
XIollocytrs 1-7 
Retiruluiir cells 1.5 
Priniit ivcs 0 4  
Blnrts 0-5 
Plasma cells 0-5 5.5 
Clasmatocytes 0-1 

Korniol,lastr 0-5 0.5 
Latc erytlirobiasts 5-30 11.0 
Ihrly rr-yrhroblasts 
Proeryt I i  rol~lasts 0-1 

Polyinnr~rlioiiuclean 10.3: 7.5 . i l . i  

Proniyclocytes 0-5 1.5 
Basophils 0-3 0.5 

1-15 l i .0  0.5 

-___ - -. .. -. - . .. 

ray spertroil;etcr. The  sI)<*c. i luns from tlie hlood. 
urinr. fwes anti I oniitris corrrspontlrtl c.xactiy to 
XC;a'' i n  that thcb liriiiiary lieak \vas a t  1.37 Aiel': and 
~~oiiI'oi~iictl es~ic~~i \ -  to ail authentic saiiipie of Sa" .  
'ilir slivrtr~in~ ~ ~ I ~ I I I  thc hair \vas ~ n r ~ c h  more coiiiples 
;iiicl intlicated contamination Ivit-II scxveral fission 
prodticts. The  gold ring yielded a spectruiii charac- 
teristic of a i u ' v s  and no evidence (11' other activatio~i 
products. 

A coiiiparison of the Sa" content of the plasma 
sample at sistcen and a half hours and authentic 
Sa" sta~iclards was made hy  integration of the total 
counts in the 120 channels that included both the 
gamliia peaks. Background \\.as subtracted, ant1 suf- 
licient counts acc i~ni~la ted  to give 1 per cent count- 
ing statistics. 'I'lie result u ' a s  extrapolated to the 
tinie of the accident and indicated a plasma assay of 
0.0261 microcui~ie per niilliliter. A plasma sample 
c1rau.n a t  s e \ m  hours \\'as analyzed similarly and 
slio\\.eti good agrecment. 

Prrcise calculation of the radiation dose received 
hy  thc patient ~ m u l d  depend on exact knowledge of 
the pcometr!. of the accident and of the neutron and 
cs~~ccia11y the yiimia-ray spectrum resulting from 
(lie esciirsion. .\lso, one \\.oiild need to knoll. the 
ratio of gamma rays to neiitrons. If one assumes 
that- this accident \\'as similar to the Y-I 2 accident 
at Los Alanios' i t  can be cstiniated from the Sa" 
content of the plasma that thc patient received a 
neutron dose of approsimately 2200 rads and a 
gainma-ray dosc of 6600 rads. or a total \\.hole-body 
close of 8800 rads. This is probably between ten and 
twenty tirncs the ai-erage lethal dose. 

Speciinens of urine, feces and vomitus ivere 
thinly dried on planchettr~s and counted in a hi$- 
efficiency, ~-er~-loiv-hackgrtlund gas-floxv beta coi;nt- 
cr  after time had elalisecl for coniplete disapp.rsnce 
of the sliort-lived Na". Counting efficiencies \\-ere 
correctctl I>y mcasiircnicnt of an authentic standard 
of P a r .  Serial counts \cere matle over a thrc,e-w.eek 
~icriotl .  and tlie rcsiiltinp c t ~ r \ ~ * s  fittcd b y  eye. 'The t k -  
cay consta1,ts \crri: cmnsistc.rit i t i  t*acl~ c'ocint with ! i l , ,  

j ~ i ~ s ~ ~ i i c c  o n l y  of P'. 'HIC I":' (:on(:cntr;liior1 oi i I i i '  

iorlr-hour ririnc! sanlpic \.vas caiculaled to be o.o~ij:! 
niicrocuric per milliliter. 

TABLE 5. Fluid Balance. 

DATE INTAKE OUTPUT 
mi. ml. 

7/24/64 (8 p.rn.j  to i / 2G/G4  282i fclcarj  1385 (urine) 
(8 a.111.) 1730 (plastna) YO1.i i1,evin tobe & vomittij, 

4375 3400 
I - 

- - 
2300 790 
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coii,qrstion. 'l'liis aspcct oi t l i c  acutc rntiintion syn- 
~ I ~ ~ I I I C  lias 1)rcn ciiwiiiitci ccl h i o r c  m t l  SCCWIS to Iinve 
rcccGxxI littic coiisit~~~i.~ilioii.!' ii i i i i c j ~ t  bc sil<!pte,cI ' 

that circulatoi.y lailiirc is tliic t o  vnso;ictivc prptides 
rcllcasctl as a rcsiilt oi ratlintioii-irltlllcccl cell dis- 
tribution. ,\t  all events cell clcstriiction \vas incli- 
cated by ttic firitlings in tlie lioiic niarrow and 
the rise i n  ui.ic acid ant1 transaiiiinase in the blood. 
Tlie possibi!ity tliat the shock \\'as neurogeiiic in 
origin cannot be excluded. 

There ha1.e been virtually no studies 011 the acute 
radiation syndrome in iiian except for the exhaustive 
obscr\~ations on tlie victims of tlie Los Alamos,2 
Vinco-'.'j and Oak Ridge accidents.Y~'O~l' Countless 
studies havc been niade on the effects oi radiation 
esposure of laboratory animals. 'l'he lethal radiation 
syndrome has been soniavhat arbitrarily divickd into 
the neurologic, gastrointestinal and hematologic 
forins. Beginning aliiiost iniitiediately after esposure, 
thc patient may be disoriented, ataxic and delirious. 
Th i s  statr iisuall!. clcars \vithin a feiv hours or days. 
Deliriiuii and mania ma)! occupy the last f a \ -  hours 
or clays before death. The  shocklike state that ma). 
be seen iin~nediately after exposure and may persist 
until death may have a ~iciirogenic basis. but this 
is not clear. Initially, the gastrointestinal findings 
range froin nausea to \-oniiting, cramps ant1 explo- 
sive diarrliea, the last being an ominous sign. Gas- 
trointestinal bleeding has not been prominent. If 
these symptoms clear abcloniinal discomiort and 
anorexia may take their place anti persist for Iveeks. 
Ulcerations of tlie oral 1IiLicosa ]nay be troublesome. 
As in the case reported above, the lynrphocytes dis- 
appear from tlie blood of the heavily irradiated 
patient ~ i t l i i n  a feLv hours, and the bone marrow 
becomes aplastic Ivithin a clay or two. The  neutrophil 
count in tlie peripheral blood may rise to 15,000 to 
50,000 during the first t\vo days, and then falls to 
w r y  low levels. Hematocrit and platelets usually 
bcsin to fall only after ten days to two weeks. 

Failing vision, restlessness and delirium in our 
patient suggcsted neurologic daiiiagc but could have 
been due in part to other circumstances. There 
\rere gastrointcstinal synptolns but no autlienticated 
eiidencc of bleetling. Thc lymphocytes disappeared 
iroin the blood, and the bone marrow was virtually 
dc~i roye t l~  but the paticlit succumbed ticfore bone- 
iiiai-ro\v i a i l u r ~  had much reflection in the red cells 
or graniiIoc)-tcs of thc pcriplieral blood. Thus, 
whrreas thr pntirnt sharcd in the nianifcstations of 
t lw aciitc rn t l i n t ion  s)-ntlIoiiic as reportccl by others, 
the priilcip.11 icatllrcs u ~ ~ c  i n  the cardiovascular 
s)steiii. TIic ii;itia! t~.t'ati~ic~li \vith antibiotics u-as 
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This paticnt hac1 h r x y  s1irfac.c contamination of 
rad i n t ion -c:i I i I t i tig iso to 1 )es. Fr I r t 1 i r  1.1 nore, vomitus, 
s\vcat, urinr ;~r ic l  icrc:s \vcr(' all contaminated ~ . i t h  
radioactive sodiurri ancl Thus, there was the prob- 
lem of radiocsposure to thc personnel carin? for the 
patient, as well as the disposal of contaminated 
clothing, linen and radioactive excreta. Finally, 
there were the additionat problems of significant 
skin contamination during intimate care imposed 
by a patient who was for a time delirious and un- 
manageable, as the patients often are. 

Immediately upon arrival at  the hospital this pa- 
tient was sequestered in a section of the Emergency 
Ward to which access could be controlled. Admis- 
sion to the area was denied to all except those di- 
rectly involved in his care and in the management of 
radiation safety. A nursing station was estahlished 
outside the door of his room, as ivell 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. A11 contaminated arti- 
cles were disposed of either to the laboratory or 
into large plastic bags for subsequent disposal by 
radiodecay or through routine channels for radio- 
active waste. 

Those attending the patient were required to 
wear caps, masks, gowns, plastic gloves and large 
paper "grocery" sacks tied over the feet. They dis- 
carded these into plastic bags upon 1c:iving the 
area. Radiation safety was supervised by N r .  Ernest 
Resner, of the New York Operatioris Office of the 
Atomic Energy Commission, who arrived a few hours 
after his office was notified of the accident. The  
Atomic Energy Commission medical consultant ar- 
rived a few hours later. It is ivorth noting that 
consultants from the Commission are available at 
any time in the event of a nuclear accident. 

OTHER EXPOSED PERSONNEL 
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Four persons were in the plant at  the time of the 
escursion, but all were on a different floor ltevel and 
30 or more feet removed from the accic!ent. The  
plant manazer entered the plant thirty miric ies afier 
the accident tvith the shift supcrvisor ai- tl spent 
some time assaying the radiation-cont~:i:ination 
levels and draining off thc! tank containing :!IC rcsid- 
ual uranium into critically safe containci.:. They 
and another employee were found to have been 
csposed to 30 to 50 rnds of  whole-body radiation 
when their film badges \\.ere csamined on :he fol- 
lowing day. Apart from some apprdicnslon they 
were free of symptoms and have remained so. 

Several days later the plant manager, the shift 
supervisor and the third staff member who had 
appreciable exposure were measured in the whole- 
body radiation detector at  thc Massachusetts Insti- 
tute of Technology by Dr. Constantine Maletskos. 
Tliere ivas iniiiinial but detectable Sa' in all 3. The 

gold rinq of 1 of thrm also had contaminx- 
tion. 'l'c.~~-millilitcr sarnples of urine from the plant 
rnanager and shift supervisor were concrntrated and 
dried on planchettes and measured for beta activity 
for tIventy-five days. The counting rates were low. 
The samples were corrected for detector sensitivity 
against an authentic P3' sample. The  half-life of 
decay was forty-six days for 1 sample and fifty-five 
days for the other, but the logarithmic curves may 
not have been linear. These findings are taken to 
mean inhalation or ingestion of fission products while 
they were draining the tank in the heavily contami- 
nated room where the accident occurred. 

These 3 exposed persons have been kept under 
close medical supervision since the accident. Xo 
overt evidence of radiation damage has appeared. 
Hemoglobin and total and differential white-cell 
counts and platelets have been normal. The  plant 
manager, forty-three years of age, had a serum uric 
acid concentration of 7.6 mg. per 100 ml. three days 
after the accident. It was 9.2 mg. two days later, 7.3 
mg. on the following day and 6.4 mg. per 100 rnl. on 
the next day. The  plasma bilirubin was 1.1 mg. per 
100 ml. on initial determination, but subsequent 
values were normal. Alkaline phosphatase and trans- 
aminase assays were normal. The  shift supervisor, 
thirty years of age, had a serum uric acid concentra- 
tion on the third day after the accident of 8.1 mg., 
but subsequent values were below 5.5 mg. per 100 ml. 
These values are highly suggestive of radiation 
damage, but are of uncertain significance because 
the prr-exposure serum uric acid concentrations are 
not known. The  serum bilirubin concentration 
was 1.7 mg. on the third day, 1.6 mg. on the fifth 
and 0.7 mg. per 100 ml. thereafter. Other tests of 
liver function were within normal limits. 

~ M M I S T R A T I V E  FEATURES 
A serious nuclear accident generates enormous 10- 

cal interest and administrative problems not only 
because of the drama oi the cvcnt but also becausc 
of the possibility of serious contamination by radi;i- 
tion, legal implications and sixrial dificriltics i n  
manaymerit of this kind of jAc:nl. Forti~n;itcly, 
tlie accitlrnts that havc occurred to date havc iri- 

\~olvcd only 1 or a very few victims. One  shudders 
to imagine the difficulties generated by an accident 
involving major exposure of several or more persons. 

We were struck by the importance of establishing 
tight medical and administrative control at  the earli- 
est possible moment. One physician should be in ful! 
and acknowledgcd command of the medical care of 
tho patient. Matters of radiation safety should be 
entirely in  charge of the hospital radiation-safety 
officer (and every hospital within reach of a nuclear 
installation should have such a person on its staff;. 
In  addition, there should be an officer of the aclmin- 
istration stationed at or ncar the point of entry t o  
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thc area where hc can 20' ern acccss. handle procure- 
rient. inform relatives and the press a! d take care 
of the countless adniinisr~auvc detads inevitab!j Lc- 
companl ing such an occwrenzc. A serious problem 
contributing to the confusion is the tendency of 
professional and other pzrsonnel to reinain in the 
area long after their authentic duties have been 
discharged. The administrative officer should make 
it his business to keep the area free c,f all except 
those engaged in their legitimate duties. .41so. 
ideally he would be in a position to handle and fend 
off as many telephone calls and other interruptions 
of the attending staff as possible. If these simple 
but necessary procedures are followed danger of con- 
tamination will be minimized, and care of the patient 
enhanced. 

SUMMARY AND CONCLUSIONS 

The rapid growth of the industrial use of nuclear 
energy imposes an inevii.,ble risk of radiation acci- 
dents. The first fatal n d e a r  excursion in private 
industry is described heie. The victim succumbed 
forty-nine hours after I eceiving between ten and 
twenty times the lethal dose of neutrons and gamma 
ra!s. The principal clinical problem was that of 
maintenance of the blood pressure and the compe- 
tence of the heart. The  myriad medical and admin- 
istrative problems that arose are discussed. 

\$'e are indebted to D:,. Gordon brownell and R0Sc-r 
Rytlin, of the Physics Rehearch Laboratory of the Massa- 
rhusetts General Hospital. wlio carried out the ::amma-ray 
spectroscopy and dose estimation, to Dr. M. Xlbala, of the 
Rhude Island Hospital, v ho performed the hone-marrow ar.d 
other hematologic studies, to Drs. Thomas Forsythe and 
SteDhen Frater and the house staff and nursing staff of the 
Rhode Island Hospital for their skillful and devoted heip 
in the care of the patient and to Dr. Roman W. DeSanctis, 
who interpreted the electrocardiograms independently. 
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REFRACTORY ANEMIA WITH ABNORMAL IRON METABOLISM" 
Its Remission after Resection of Hyperplastic Mediastinal Lymph Nodes 
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AXD ALFRED HURWITZ, M.D.11 

BROOKLYN, 

MEDIASTIS.4L-lymph-node hyperplasia resem- 
bling thymoma was first recognized as an entity 

by Castleman in 1954,l although S cases of "en- 
larged inflammatory lymph nodes" had previously 
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been described in 1946,' in a series of 109 patients 
operated on for mdiastinal tumors. Subsequently, 
Castleman, Iverson and Pxdo Menendez3 presented a 
series of 13 cases, including 2 that had previously been 
classified as thymoma.'.j The characteristic patho- 
logical features noted were germinal-center forma- 
tion and marked capillary endothelial proliferation. 
These findings were consistent with hyperplasia and 
not neoplasia. Many similar cases have been re- 

In  none of the approximately 30 cases in the world 
literature was there an associated anemia. It is the 
purpose of this report to present a case of medias- 
tinal-lymph-node hyperplasia associated with severe 
iron-loading ancniia, fever, marked hyperglobuline- 
mia, splenomegaly and bone-marrow plasmacytosis. 
Remission of all these abnormalities followed exci- 
sion of the mediastinal mass. The  patient was 


