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Knochenmarksembolie von multiplem Myelom 
Zusammen]assung. Knochenmarksembolie im Krankheitsverlauf von multiplem Myelom 

wurde bisher noch nicht in der Literatur beschrieben. In 6 von 14 Patienten mit multiplem 
Myelom, die von 1952--1967 im Iturley Hospital zur Sektion kamen, wurden Emboli in 
den kleineren Ästen der Lungenschlagader festgestellt. In 4 Fällen waren diese Emboli ganz 
eindeutig als Knochenmark zu erkennen. In 2 weiteren Fällen konnten Emboli vermutet wer- 
den. Die Erkennung von Knochenmarksembolien im histologischen Präparat kann durch drei 
Umstände erschwert oder sogar verhindert werden: die in der Regel sehr geringe Zahl solcher 
Emboli, die bald einsetzende Degeneration und Auflösung und schließlich die Herkunft 
aus pathologischem Mark. Letzteres weist besonders starke Veränderungen bei Patienten auf, 
die mit Bestrahlungen oder Chemotherapeutica behandelt wurden. Meist sind diese Knochen- 
marksemboli lediglich ZufMlsbefunde bei Sektionen. Wir meinen jedoch, daß sie gelegentlich 
auch klinisch in Erscheinung treten können. In einem unserer Fälle führte massive Emboli- 
sation von Knochenmark innerhalb kurzer Zeit zum Tod. 

Summary. Multiple myeloma and the aceompanying osteolytic process frequently lead 
to recognized or subclinical fractures. As a eonsequence of these fraetures bone marrow embo- 
lism may occur. During a 15 years period fourteen patients with myeloma were autopsied in 
Hurley Hospital. In four of the fourteen autopsies unequivocM bone marrow embolism and 
in two autopsies possible bone marrow embolism was found. In one of the patients the borte 
marrow emboli, together with fat emboli, were the cause of death. In the other three cases 
the emboli were incidentM findings. We suspeet that bone marrow embolism may be a rather 
frequent complication of myeloma and may lead to pulmonary complications. 0ecasionally 
it may be the cause of death. 

Bone marrow embolism of pu lmonary  blood vessels was first deseribed by  
LvBAI~SC~ in  1898. I t  is due to a disrupt ion of bone marrow and  the eonsequent  
eseape of marrow partieles into the venous eireulation. The disrupt ion of the bone 
marrow may  be eaused by  violent  t r auma  result ing in obvious mult iple  fraetures 
of eortieal and  medul la ry  bone as seen in  bat t le  easualties (WARaEN, 1946) and  
in ah'eraft and  automobi le  aeeidents (MAso>r, 1959; t~APPAPORT, 1951); i t  may  
also be caused by  min imal  t r auma  result ing in single insignif icant  fractures 
aecompanying  diagnostie s ternal  marrow puncture  (YOELL, 1959), or external  
cardiac massage (WrNt~EL, 1961; GanvnY, 1964; SILBEaB~nG, 1964) or following 
a thoracotomy involving rib reseetion (McKEow~, 1955) or sternal  t ransect ion 
(SoIt~IDT, 1958). I n  these condit ions cortica] and  medul lary  bone is f raetured 
and  these fractures are elinically and  roentgenologicMly detectable. Borte marrow 
embolism, however, ean also oeeur when t r auma  produees "medul]ary fractures" 
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w i t h o u t  c l in ica l ly  or  r o e n t g e n o l o g i c a l l y  d e t e e t a b l e  co r t i ea l  f r a e t u r e s .  T h i s  p h e n o -  

m e n o n  h a s  b e e n  d e s e r i b e d  as  a r a r i t y  in  a v a r i e t y  of e o n d i t i o n s  s u c h  as e e l a m p s i a ,  

t e t a n u s ,  s h o e k  t h e r a p y  a n d  ep i l epsy  (Lu~AnSCH, 1898;  gAPFAPOgT, 1951). TO 

o u r  k n o w l e d g e  t h e  o e c u r r e n c e  of b o n e  m a r r o w  e m b o l i s m  i n  eases  of m u l t i p l e  

m y e l o m a  h a s  n o t  b e e n  d e s c r i b e d  i n  t h e  m e d i c a l  l i t e r a t u r e .  A c l i n i e o p a t h o l o g i e  

s t u d y  of 14 cases  of m u l t i p l e  m y e ] o m a  c o n s t i t u t e s  t h e  bas i s  of t h i s  r e p o r t .  

M a t e r i a l  a n d  M e t h o d s  

The Hurley Hospital autopsy material  between 1952 and 1967 includes 14 cases of multiple 
myeloma. The pat ients  ages ranged from 50 to 84 years. Eight  were men and 6 were women. 
Eight  patients  had bone marrow aspiration in this inst i tut ion and 6 also showed an  electro- 
phoretic protein pa t te rn  consistent with myelom& There was some degree of generalized 
involvement of the skeletal system in 12 cases; in the two remaining cases the myeloma was 
discovered incidentally at  the t ime of autopsy in the form of a single tumour  of a vertebral  
body, (in these 2 cases it was impossible to exclude generalized myeloma from the available 
clinical records and from the routine autopsy material). In  all 14 cases the available micro- 
scopic material  was reviewed. In  11 cases wer tissue was available from which frozen sections 
were prepared and stained for rat  with Sudan IV. X-ray films were reviewed in 10 cases. 

Report of Cases 
CaseNo. 1. An 84-years-old white man  had a histologically proven bronchogenic 

epidermoid carcinoma of the upper lobe of the left lung. A bone marrow aspirate six months  
prior to death established a diagnosis of myeloma. The roentgenologie examination revealed 
multiple osteolytie lesions of the long bones. The cause of death was intraeerebral  hemorrhage. 
Numerous blocks of lung tissue were examined. Only one section revealed the presenee of a 
bone marrow embolus. 

Case No. 2. In  a 59-years-old white woman the diagnosis of multiple myeloma was estab- 
lished 41/2 years prior to death  in marrow aspirates and by protein electrophoresis. Roentgeno- 
logie examination showed multiple osteolytic lesions of bones and also fractures of ribs, 
vertebrae and long bones. The pat ient  died quite suddenly. No obvious cause of death  was 
established upon macroscopie examinat ion of the body. Mieroscopic examinat ion revealed 
extensive bone marrow and fat  embolism in numerous sections of lung tissue (Fig. 1). Some 
of the emboli showed early organization (Fig. 2). The eause of death  was extensive marrow 
and fat  embolism of the pulmonary vascular tree. 

Case No. 3. In  a 62-years-old white woman the diagnosis of multiple myeloma was estab- 
lished in borte marrow aspirate and by  protein electrophoresis. At  autopsy involvement of 
sternum, ribs, clavieles and vertebrae by  multiple myeloma was found. Numerous lung 
sections were examined;  bone marrow emboli could be demonstrated in only two of the  
sections. There was no associated fat  embolism. In  one seetion a classieal borte marrow embolus 
made up of fat, hematopoietic elements and  supporting marrow framework was found in 
a blood vessel. Other blood vessels in the vicinity were oceluded by  disintegrating emboli 
without  fat  elements (Fig. 3). The cause of death was congestive hear t  failure. 

Case No. 4. A 65-years-old white man was found to have multiple myeloma. He received 
x-ray therapy and chemotherapy intermit tent ly,  t Ie  died 6 years after the diagnosis was made. 
Prior to dea th  roentgenologic examination showed widespread involvement of the skeleton 
by  multiple myeloma; there were numerous fractures. At  autopsy bone marrow embolism 
was suspected when a small bu t  macroscopically visible embolus was found in a small branch 
of one of the pulmonary arteries. The embolie material  was impressed on a glass slide and 
stained by  the Wright  technique. The preparat ion showed hematopoietic and fibroblastie 
elements. In  several seetions of lung tissue marrow emboli consisting of hematopoietic and 
fibroblastie elements were found (Fig. 4). One of the  emboli contained a well-preserved mega- 
karyocyte. Emboli containing rat  cells were not  found. There »vere several old, organized 
emboli in the smMler pulmonary vessels. Sections from various marrow-containing bones 
showed myelofibrosis and infiltration with myeloma. The appearance of the bone marrow 
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Fig. 1. Bone marrow emboli in two adjacent arteries. The emboli contain both fat cells and 
hematopoietic cells. H.E. × 100 

Fig. 2. Bone marrow embolus firmly attached to the wall of an artery. The surface of the em- 
bolus has become covered by endothelium. The marrow contains myeloma cells. H.E. × 450 
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Fig. 3. Classic bone marrow embolus (upper right) with rat  cells and hematopoietic cells. 
A disintegrating embolus is also seen (center). H.E. × 100 

Fig. 4. Embolus consisting of hematopoietic cells and fibroblastic tissue (above) and organized 
embolus showing rec~nalization (below). H.E. × 100 
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in the seetions was similar to that of the marrow particles in the pulmonary vessels. The 
cause of death was bronchopneumonia. 

Case No. 5. A 62-years-old Negro woman suffered from multiple myeloma cornplicated 
by amyloidosis of the heart and kidneys. A clinical diagnosis of multiple myeloma had been 
confirmed by bone marrow aspiration and protein electrophoresis. The autopsy revealed diffuse 
involvement of the skeleton by multiple myeloma. Microscopic examination showed organized 
emboli in the lumen o5 the smaller branches of the ioulmonary arteries. Clusters of cells closely 
resembling marrow elements were found in the organizing emboli. The cause of death was 
renM failure due to amyloidosis of the kidneys secondary to multiple myeloma. 

Case No. 6. A 63-years-old white woman presented with a compression fracture of the 
9th thoracic vertebra. At autopsy a solitary myeloma was found in the fractured vertebra. 
Microscopic examination showed organizing emboli in the smaller pulmonary blood vessels. 
The emboli contained cells resembling those in the fractured vertebra. The cause of death 
was cerebrM hemorrhage. 

Discussion 

I n  p l a sma  cell mye loma  there  is osteolysis  of the  medu l l a ry  bone spicules 
and  of the  cort ical  bone. Dis rup t ion  of mar row elements  will occur when the eorti- 
cal bone (and consequent ly  the  medu l l a ry  bone) f rac tures ;  i t  m a y  also oceur 
w i thou t  cort ical  f ractures .  I n  mos t  cases of mul t ip le  mye loma  fractures  of cort ical  
or m e d u l l a r y  bone occur dur ing the  course of the  disease and  therefore  one should  
no t  be surpr ised  to f ind bone mar row embol ism of the  p u l m o n a r y  vascu la r  tree.  
I n  our  series of 14 cases of mul t ip le  mye loma  there  were p u l m o n a r y  embol i  in 6, 
and  in 4 of these the  embol i  were composed i nd i spu t a b ly  of bone marrow.  I n  
an  add i t iona l  2 cases the  f indings sugges ted  s t rong ly  t h a t  the  emboli  were formed 
of bone marrow.  Most  l ikely we should have  found  an  even higher  incidence of 
bone mar row embol ism if more  t issue had  been avai lab le  for microseopie examina-  
t ion.  As LuBA~SCI~ po in ted  out,  bone mar row emboli  are not  ve ry  numerous  in 
mos t  of the  cases in which t h e y  are  found and  so t hey  ean easi ly be missed in 
rou t ine  autopsies .  I n  2 out  of 3 eases which we au tops ied  af ter  we had  become 
aware  of the  phenomenon  of bone mar row embol ism in mul t ip le  myeloma,  we 
found  bone mar row emboli ;  in one ease only a single embolus  was seen in 12 blocks 
of lung t issue examined .  

The t rue  incidenee of bone mar row embol ism following t r a u m a  is ha rd  to 
eva lua te  as i t  seems to depend  upon  the  sever i ty  of the  t r a u m a  and  upon  the  
n u m b e r  of bones f r ac tu red  and  also upon  the  dil igenee with  which embol i  are 
looked for (SEwTT, 1962). Pub l i shed  es t imates  of the  ineidenee of bone mar row 
embol ism following t r a u m a  fange from 3% (WAR~n~, 1946) to 40% (MAsoz¢, 
1959). The seareh for bone mar row embol i  in p u l m o n a r y  ar ter ies  is eompl ica ted  
b y  the  faet  t h a t  bonë mar row par t ie les  in the  p u l m o n a r y  blood vessels have  
a t endeney  to d i s in tegra te  and  to d i sappear  or become organized.  Sueeess in 
de tee t ing  bone mar row embol i  will therefore  depend  upon  the  snrv iva l  t ime fol- 
lowing cort ieal  or medu l l a ry  f rae ture  (M)~soN, 1959). A shor t  surv iva l  l imits  the  
o p p o r t u n i t y  for d i s rup t ion  of the  f ragments  in the  p u l m o n a r y  vaseu la tu re  and  
t h e y  are  then  reeognizable  in seetions ; longer surv iva l  allows more t ime for disrup-  
t ion to oeeur. The na tu re  of the  embol i  in eases of bone mar row embol ism following 
f rac ture  of bones eonta in ing normal  mar row is easi ly  recognizable.  Bone mar row 
embol i  in cases of mul t ip le  mye loma  m a y  no t  show the  classie histologie p ie ture  
of bone spieules, r a t  eells and  hematopo ie t i e  eells bu t  will f r equen t ly  eonsist  
of p l a sma  eells wi th  few or no bony  spieules and  no ra t  eells. F rae tu rë s  in mul t ip le  
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Fig. 5. Bone marrow showing marked degree of myelofibrosis (case 4). The patient had been 
treated with x-ruys and chemotherapeutic ~gents for many years. H.E. × 100 

mye loma  m a y  involve bones t h a t  as a resul t  of chemothe rapy  of the  t u m o u r  com 
rain  a f ib ro - fa t ty  or f ibrous bone mar row (Fig. 5): embol i  f rom such areas  m a y  
be over looked or m a y  no t  be recognized as marrow.  

I f  bone mar row embol ism is ve ry  massive i t  ean be f~t~l. I n  mos t  of out  
cases in which bone mar row embol ism occurred,  the  bone mar row par t ic les  in 
the  p u l m o n a r y  vascu]ar  tr•e m a y  have  been a con t r ibu to ry  cause of dea th  b u t  
were not  t hough t  to be so]ely responsible.  Occasionally,  bone mar row embol ism 
compl ica t ing  mye]oma can be the  sole cause of dea th ,  as in case 2. I n  this  case 
the  gross au topsy  examina t ion  d id  no t  reveal  an obvious cause of dea th  and  this  
led to considerat ion of the  possibi] i ty  of mar row embolism. The n~ficroscopic 
examina t ion  subs t an t i a t ed  this  when bone mar row and  ra t  embol i  were found 
in subs tan t ia ]  quant i t ies .  The facts  t h a t  in most  cases bone mar row •mboli do 
no t  produce  dea th  a n d t h a t  i t  is occasional ly  possible to demons t r a t e  old organized 
emboli  in the  presence of fresh emboli  suggcst  t h a t  dur ing the na tu ra ]  course 
of mye loma  non-fata]  bone mar row , m b o l i s m  r epea t ed ly  occurs. R e p e a t e d  bouts  
of r e sp i ra to ry  d is turbance ,  especial]y pneumonia ,  are well known to occur us 
compl ica t ions  in the  course of myelomatos i s  and  are usua l ly  t hough t  to  be due 
to the  a l te red  immunoglobu] in  s ta te  occurr ing in t h a t  disease (ZI~~E~A~, 1954). 
W h e t h e r  r epea ted  bone mar row embo]ism dur ing the  course of mul t ip le  mye loma  
might  cause or p rec ip i ta te  some of the  r e sp i ra to ry  difficulties has no t  been deter-  
mined  b y  our  ana tomic  studies.  
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