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Abstract. The purpose of this study was to evaluate 
the immediate and long-term results in 63 patients 
who underwent transarterial embolization for con- 
trol of hemopty.,,is. Overall immediate success rate 
was 86.1%. At long-term follow-up 50% of patients 
showed complete remission, 22% partial remission, 
and 28c-A recurrent hemoptysis. Hemoptysis re- 
mained controlled for a mean of 22 months and a 
median of 14 months. The long-term results among 
four disease groups differed substantially, Patients 
with bronchiectasis showed the best results, fol- 
lowed by those with idiopathic disease and with in- 
flammation: patients with neoplasm showed the 
worst results. 

Key words: Bronchial artery--Transarterial emboli- 
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Bronchial artery embolization (BAE) has been es- 
tablished as an effective means to control hemopty- 
sis, especially in patients with decreased pulmonary 
function such as postpneumonectomy patients and 
those with advanced chronic obstructive pulmonary 
disease [I, 2]. However, there have been a few stud- 
ies investigating the long-term results of BAE in a 
larger number of patients [3-6]. The purpose of the 
study was to evaluate the immediate and long-term 
results of BAE in 63 patients who underwent the 
procedure for the control of hemoptysis between 
1977 and 1990. Length of hemoptysis control and 
recurrence and mortality rates were determined col- 
lectively for all patients as well as separately tort'our 
disease groups. 

Addre,ss reprint rcqttesL~ to: Katsuml  Hayakawa.  M D., Depart- 
mere of  Radiology. Kyo to  City Ho,,pilal, I+2 Hlgash~-takada-cho. 
Mibu,  Nakagyo-ku ,  Kyo t o  604, Japan 

Materials and Methods 

Forty- three  men and 20 women  unde rwen t  a total o r s 0  embohza-  
tion procedure.', for the m a n a g e m e n t  of  hemopty, , is  be t~een  19-+ 
and 1990. Subjects  ranged m age f rom 24 to 82 year', .  The age and 
gender  di'~trlbution is noted in Table I. 

The patients were divided into the fol towmg four &, ,ea,e  
group~,: pu lmonary  neoplasm,  idiopathic hemopty  sp,. bronchtec-  
tasis, and pulmonary inf lammation.  The  pu lmonar )  neopl , l ,m 
group (12 puhents :  mean age 62.8 yearst  con~p~ted of 11 panenp,  
with tung cancer  and I with bronchial  carcinold tumoi The 
idiopathic hemopty~i,, Group cons i s ted  of  9 patient,, (me,m age 
51.9 yearsj  without any under ly ing pu lmonar  3 di,,e,p,e The 
bronchiectas ls  group (mean age 51.2 years)  con,q-,tcd of 10 
patients with bronchmctas i s .  Patients  having blonchtect,t- , i ,  
secondary  to obvious p u l m o m u y  disease'+ such  a,, lubetqnlo-p,  
were classified into other  g roups  and exc luded  from [hp, g~ oup 
The pu lmonary  inf lammation Group (32 p,~t~ent,, me,tr~ age 
58.4 years) consis ted of  25 patients  with acn~e  or maett~c 
tuberculosis .  2 with at.vplcal m y c o b a c t e r m m  mt'ecHoll. 2 "+~lth 
lung absce'~s. I with pneumonia .  1 with aspergWlo-q, and 1 
with pulmonary  seques t ra tmn  

BAE consis ted  of catheter izat ion o f  a bronchml ,u let,. on Ihc 
bleeding side and embolizat ion o f  the bronchml  atte~3 thought It, 
be the source of bleeding. When  no such  bronchktt  arter~ conld 
be identified, an intercostal  arter,,, was e m b o h z e d  a+, ,+te,r 
below. An aor togram was some t imes ,  but not alu a+~ ,,. pm turmcd 
particularly in patients  vdth recurrent  hemopt.',+w, and m ~.~.hom 
no bronchial  artery could be identified a', the bleeding ,,otn r 
The signs of bleeding were extravasat~on of  conHd,,t medium 
hyper t rophy  of  the supply artery,  h~perva,~cula,lp, ol the re- 
volved area.  bronchial  artery to pu lmonary  arter+~ -.hunt. N o n -  
chiat artery to pulmonary  vein shunt ,  and an~ c,.'+nlb~n,ttloll o f  
these findings. 

At first, broncho.,,copy was per formed to de te rmine  the ,~tc ot 
bleeding. Transfemora l  bronchial  and /o r  intercostal  arterlogt,t- 
phy was performed using imtiall,, a hand -made  J-~haped catheter 
{K1FA-red and green.  S IEREG.  S ~ e d e n )  and biter a pre, ,hapcd 
Rosch celiac type o r  Cobra-head t~pe 6.5 or 7 French ca/hotel 
RC I-2, and C 1-3. Cook.  Bloomington.  IN'~. Eight to 10 ml v l ;tl'~ 

mgl /ml  meg lumme  d t amzoa t e  tAng~ografin. Schermg \ ( , .  t,c~- 
many)  or  370 mgl /ml  iopamtdol ( lopamu'on.  Bracco. lt,fl~/ x~a,, 
manual ly  injected into the bronchkd arter)., and 3 - "  ml into the 
intercostal  artery.  Embolizat ion x~,:-ts per t 'ornled x~lth gel . t im 
sponge (Gelfoam. Upjohn.  Kalama,: 'oo. M I) ~ lnch  ~ a ,  ctu to 
0 .5 -1 .0  mm cubes  soaked with contl;t,~l n lcduul l  I'hc gcl,tttu 
,,ponge particle,-, mere iR~ected r alld ,do~.x 1\ ttlldcl [luol ~, 
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scoplc guidance to avoid overflow into the aorta. Finally, postem- 
bolizatlon ar ter iography was used to ascer ta in  the extent  of  embo- 
hzatlon. If tt was msuff icmnt ,  the embolizat ion procedure was 
repeated untd comple te  blockage of  the supply circulation was 
obtained.  Cont ramdica t ion  for embohza t ion  included opaclfica- 
tlon of spmat b ranches  and significant shunt  from the bronchml 
artery to the pu lmonary  vein. Five patmnts  did not receive BAE, 
three becau.se of  a spinal artery and 2 because  ofs~gmficant shunt  

Inmal embol izat ion was performed m 63 patmnts  for 70 
arteries (65 bronchml and 5 intercostal  arteries) following 96 
selective a r t e n o g r a m s  (87 bronchial  and 9 intercostal arte- 
riograms).  Eleven of the 63 patients underwent  17 repeat 
embolizat ion procedures  for 19 arteries:  15 bronchial arteries,  
2 intercostal arteries,  I inferior phrenic artery, and 1 aberrant  
artery from the celiac a \ t s .  

The ou tcome of  BAE was invest igated retrospectively from 
lnpatmnt and outpat ient  medical records at the end of Aprd 1990. 
The observat ion period following embohzat~on was a s sessed  us- 
ing the date of  the last ',qsit to the outpa tmnt  depar tment .  When 
hemoptys i s  was surgically managed  R)ltowmg embolizatlon,  the 
obse rva tmn period was defined as extending from the date of  
m~tml embohzat ion  to the date of  surg~cat opera tmn.  

h n m e d m t e  resul ts  were a s se s sed  ba,,ed on careful observat ion 
of patients for t mon th  pos t -BAE and were cla,,sified into two 
categories '  successfu l ,  indicating comple te  cessat ion o f h e m o p t y -  
,,~s during I month ,  and faded,  indmating continued hemoptys i s  
or recurrent  hemoptysi,~ within I month .  Patmnts who had resid- 
ual or occasional  b lood-s t reaked spu t um (bloody sputum) within 
I month  but not hemoptys~s,  which was defined as an expectora-  
tion of blood, were counted as controlled. 

Long- term resul ts  were evaluated  m patients who could be 
tollo,aed for at least I month  and m whom results had been 
classified as successful .  Patients were classified into the foltowmg 
three categorms:  comple te  remiss ion ICR), indicating complete  

iah le  1. Age and gender  distr ibution 

Age group Male Female Total 

20-29 1 I 2 
~,0-39 0 3 3 
40-49 7 4 11 
50-59 16 4 20 
6(I-69 12 4 16 
70-79 5 4 9 
8~)-89 2 0 2 
"1 oral 43 20 63 
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ces sahon  of bleeding throughout  the observa t ion  period'  partial 
remission (PR), mdmatmg  comple te  c e s s a u o n  of  hemop tys l s  with 
recurrent  bloody spu tum dur ing the observa t ion  period, and re- 
currence (R), indicating recurrent  hemoptys~s 

The hemopty,,~s control period is defined as the period from 
the m~tial BAE to the first incident of  recurrent  hemoptys~s.  
regardless  of  whether  an~ episode of  blood}' spu tum occurred.  
Mean and medmn hemoptys~s control periods were assessed  

Cumula t ive  hemoptys t s  control and survival  rates were as- 
.,,essed using the Kaplan-Meler  method  for all 63 patient,; as well 
as for each disease  group.  

Results 

Immediate results were ana lyzed  in 58 patients. Five 
patients could not be followed during the first month 
and were excluded. Four  patients who could not be 
followed for the entire month but in whom BAE wa,~ 
determined to have failed were  included.  B A E  wa,~ 
successful in 50 patients and failed in 8. Outcome 
for patients with failed BAE included death from 
bleeding or asphyxia 14 patients), death from causes 
other than hemoptybis  (1 patient), repeat embot iza-  
tion with survival (1 patient),  and total pneumonec -  
tomy with survival (1 patient): and u n k n o w n  out- 
c o m e  in 1 patient. Three patients died on the day o f  
BAE and the mortality rate o f  patients with failed 
BAE was 62.5%. The underlying pulmonary dis- 
eases  o f  patients with failed B A E  included lung can- 
cer (5 patients), aspergil losis  (I),  lung abscess  (1). 
and pulmonary sequestrat ion (I). 

In all patients, duration o f  fo l low-up was  as fol- 
lows:  9 patients, less than 1 month;  23, fl'om 1 to 12 
months;  13, from 1 to 3 years; 8, from 3 to 5 years: 
6, from 5 to 10 years; and 4, more  than 10 years.  In 
50 patients in w h o m  B A E  had initially been evalu- 
ated as successful ,  mean hemoptys i s  control  period 
with standard deviat ion was  22.1 m 27.1 months ,  
and the median period was  14 months  (range 1-132 
months) .  Twenty-f ive  patients (50%) were rated as 

Table 2. Resul ts  by four d isease  groups  

Neoplasm (n = 12) Idiopathic tn = 9) Bronchmctas i s  (n = 10) Inf lammat ion  (n = 32) 

Immediate  result 
Successful  58.3% (7/12) 100% 18/8) 101)% (9/9) 89.7% (26/29) 
Faded 41 .7~  (5/12) 0f/c, 0N 10,3% (3/29) 

I ,ong-term result 
( 'R 57. I~,~ (4/7) 75% (6/8~ 22.2% (2/9) 50.0% 113/26) 
PR 28.6% (2/7) 25% (2/8) 33.3% (3/9) 15.4% (4/26) 
R 14.3% (I/7) 0% 44.4% (4/9) 34.6% (9/26) 

I lcmoplys i s  control  period 
Mean ' SI) 5 I +- 3.1 months  22.9--+ 35.3 mon ths  41.3 +_ 41.8 mon ths  19.8 - 17.5 m o n t h s  
Median 6 mon t hs  2 months  28 months  16 mon ths  
Range 0 - 9  month~ 1-99 months  6-132 month,', 1-74 m o n t h s  

M~lrlahlv )ate 91 66"~ (I 1/12) 0% 22.2,c'~ (2/9) 10,3% (3/29) 
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Fig. l. Cumulative hemopty,,Is control rates fl)r all patients calcu- 
lated b3, the Kaphm-Meier method. Hemoptysi,, ,aa,, controlled 
{n 72.2G at 1 year. 59.3~,~ at 2 year_,,, and -I2 8~ at 3 years There 
was no recurrence of hemopt,~sis after 29 months postemboh- 
zatlon 

showing CR, I l (225~,) as showing PR, and 14 (28%) 
as showing R. 

Of  the 11 patients  who underwent  17 repeat  em- 
bolization procedures ,  9 patients  underwent  one, I 
underwent  three,  and 1 underwent  four procedures .  
The immediate  results of  these 17 repeat emboliza-  
tions were all successful .  The  long-term results of  
the repeat  embol iza t ion procedures ,  where avail- 
able, are as follows: CR(n = 2:13.3%), PR{n = 
6;40c~), and R(n = 7:46.7%). The hemoptysis  con- 
trol period, which was defined as the period f rom the 
repeat  embot izat ion to recurrent  hemoptys is ,  was a 
mean of  25,9 months  and a median of 12 months 
(range 1- t20  months) .  

The results were also analyzed according to the 
disease groups (Table 2}. The neoplasm group 
~howed the worst  results,  and in about  half the 
patients,  BAE was evaluated as having failed. In 
the idiopathic group,  no patient suffered recurrent  
hemoptys is ,  but the median hemoptysis  control 
period was 2 months  and the shortest ,  as the 
follow-up periods were  relatively shorter.  The 

bronchiecta~is group.,, showed longer mean and 
median hemoptysis  control per iods  (41.3 and 28 
months)  than the pu lmonary  inf lammation groups 
{19.8 and 16 month~). 

The overall cumulat ive  hemoptysi~  control  rate 
was 72.2% at 1 }'ear. 59 .3~ at 2 years ,  and 42.8cf , at 
3, 5, and t0 years  (Fig, 1). Cumula t ive  hemoptys i s  
control rates of  the four disease groups  are illus- 
trated in Figure 2. The overall  cumula t ive  survival  
rate was 91.75f at I month.  83.3% at 6 months ,  74 .1~  
at 1 year,  71,6% at 2 and 3 years ,  and 62.3% at 5 and 
10 years.  

The complicat ions orS0 embol iza t ion  p rocedures  
in 63 patients consisted of four  ins tances  of  subinti- 
real injection of  contrast  med ium into the aor ta  t4 
patients),  which occur red  at the t ime of pos tembol i -  
zation ar ter iography in 3 pat ients  and at the time of  
the initial diagnostic a r te r iography in 1 patient.  T w o  
of these patients complained of  no s y m p t o m s ,  and 1 
patient complained of t ransient  back  pain, which 
recovered  spontaneously .  A 52-year-old woman  
who received a subintimal injection of  contras t  me- 
dium during initial diagnostic bronchial  ar ter iogra-  
phy complained of  sudden back pain at the t ime of  
ext ravasat ion,  and hoarseness  and dysphagia  ap- 
peared later on that evening. An e sophagogram the 
next day revealed a mediastinal  h e m a t o m a .  She was 
treated conservat ively ,  and discharged,  free of  
symptoms ,  about  2 weeks af ter  BAE.  No patient 
suffered any neurological compl ica t ion.  
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Fig. 2. Cumula t ive  hemopty.-,is control  rates of  four disease 
groups.  Early recurrence  was typical in the neoplasm group. No 
recurrent  hemopt~,sis was noted m lhe idiopathic group 

Discussion 

The criteria for  success and failure adopted in this 
study were very strict, as the effect of BAE had to 
last at least I month to be considered successful. In 
this regard, we believe our  success rate of 86.1% is 
excellent compared  with Uflacker et al's [5] reported 
initial success rate of 76.6% in 64 patients, Rabkin 
et al's [6] rate of  90 .8~  in 306 patients, and Remy et 
al 's [3] rate of 83.7% in 49 patients. Some would 
argue that patients with a bloody sputum were classi- 
fied as successful.  But it was not uncommon that 
patients had residual blood-streaked sputum or dark 
blood-stained sputum tbr several days after  BAE. If  
such patients are regarded as failures, our immediate 
success rate would have dropped to 76.2%, as 2 of 
50 patients had such episodes during the first month. 

Retrospect ive analysis of  the reason for failure 
in 8 patients disclosed that 4 had received emboliza- 
tion of  vessels which did not show signs of bleeding, 

that the extent of  embolization was insufficient in 
3, and that only 1 patient had received complete  
embolization. 

Repeat embolization showed immediate and 
long-term results similar to those of  the initial embo- 
lization procedures.  But the recurrence rate of 
46.7% after repeat embolization was higher than the 
28% recurrence rate af ter  the initial embolization.  
Repeat angiograms revealed that previously embo- 
lized arteries had all recanalized,  therefore ,  embo- 
lized Gelfoam particles can be resorbed within I 
month. 

The long-term results were quite different among 
the four disease groups. The neoplasm group 
showed the highest failure rate and the worst  long- 
term results, followed by the inflammation group,  
the idiopathic group, and the bronchiectasis  group. 
These differences were related to the BAE proce-  
dure as well as to the t reatment  for  the underlying 
pulmonary disease. In this regard, patients with neo- 
plasms were the most difficult to manage, as most 
neoplasms were malignant and advanced.  The neo- 
plasm received blood supply from multiple sources 
other  than the bronchial ar tery and had invaded the 
vascular structures aggressively. 

Analysis of the cumulative hemoptysis control rate 
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disclosed that there were two peak times of recur- 
fence, the first being flom 1 to 2 months post-BAE 
and the second being from 1 to 2 years post-BAE. 
After 29 months, no patient had recurrent hemoptysis, 

The first peak reflects the incomplete BAE. In 
retrospect, we did not search diligently enough for 
nonbronchial arteries. Nonbronchial systemic arter- 
ies have been suggested to be significant sources 
of bleeding in patients with pleural involvement of 
disease [7, 8], Several authors have stressed the 
importance of pulmonary arteries as a bleeding 
source, particularly in the case of tuberculosis and 
mycetoma [9-t2]. Accordingly, effort~ to search 
completely for arteries potentially responsible for 
hemoptysis should improve the immediate results. 
The present results ,,,uggest that the effect of Gel- 
foam continues for only a limited time. Recurrence 
within 1 month could be caused by recanalization of 
the vessels embolized: this was particularly true m 
our patients with tuberculosis or aspergillosis. In 
these patients, other embolic materials such as poly- 
vinyl alcohol (Ivalon) could be used [13, 14]. 

The second peak reflects a recruitment of vascu- 
lature by the underlying pulmonary disease and indi-- 
cates a relapse. Adequate treatment of the underly- 
ing pulmonary disease is important for improvement 
of long-term results. However, the present results 
indicate that BAE with resorbable Gelfoam provides 
an excellent tong-term effect in the management of 
hemoptysis when the procedure is complete. 

In conclusion, BAE with gelatin sponge is an effec- 
tive method for managing hemoptysis, The long-term 
rebults differ according to the underlying pulmonary 
disease, Patients with bronchieetasis show the best 
results, followed by those with idiopathic hemoptysis, 
then those with inflammation; patients with neoplasms 
have the worst results. For improvement of long-term 
results it is important to search widely for supply arter- 
ies responsible for the bleeding. 
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Commentary 

Bronchial artery embolization tBAE) is now a stan- 
dard treatment for massive or recurrent hemopty- 
sis. Originally devised as an alternative method of 
treatment to be used in desperate situations in pa- 
tients with bilateral widespread disease or with poor 
surgical risk, BAE gradually reached the status of 
primary method of treatment for hemoptysis, either 
by itself or as a temporary measure to control bleed- 
ing in patients in preparation for surgery. 

Although the bronchial arteries were already 
visualized angiographically back in the sixties, it 
was not before 1974 that Remy et al. [I] published 
the first article introducing the technique of trans- 
catheter BAE using gelatin sponge, followed by the 
report by Wholey et al. [2] in 1976 extending the 
indications of BAE for the treatment of hemoptysis 
related to trauma, radiation therapy, and broncho- 
genie carcinoma. Since that time a number of arti- 


