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Complete recovery from paraquat poisoning 
causing severe unilateral pulmonary lesion
G P ó d e r , P O szv a ld , L H e g y i , Györgyi M e z e i , Zsuzsa Sc h m id t

F ir s t  D e p a rtm e n t of P a e d ia tr ic s , Sem m elw eis U n iv e rs ity  M edical School, an d  T é tény i 
M e tro p o litan  H o sp ita l, B u d a p e s t, H u n g a ry

P o ison ing  b y  p a ra q u a t ,  a  p la n t-p ro te c tin g  ag en t, i ts  c lin ica l m an ifes
ta t io n s  a n d  tr e a tm e n t  a re  d iscussed . T he  case of a  б-year-o ld  b o y  w ho had 
inges ted  a n  u n k n o w n  q u a n ti ty  o f p a ra q u a t  is described . P e r i to n e a l dialysis 
p ro v ed  to  be  e ffec tive  in  overcom ing  re n a l an d  h ep a tic  fa ilu re . S u b sequen tly , 
a  p u lm o n a ry  lesion  w ith  u n ila te ra l p rep o n d eran ce  dev e lo p ed ; th is  show ed 
m ark ed  rad io lo g ica l reg ression  an d  in  a  y e a r n e a rly  co m p le te  func tiona l 
recovery  ensued .

Paraquat was synthesized during 
the last century and has been used as 
an oxidoreduction indicator in chem
istry [4]. Since the sixties of this 
century it has been utilised as a plant- 
protective agent, in granulated form, 
or 20 % solution in aerosol. Its aqueous 
solution is reddish-brown in colour, 
and may be mistaken for beer or 
Coca-cola. Paraquat is a quaternary 
bipiridyl cation, it inhibits the con
version of NADP to NADPH in the 
cells, and induces damage to the cell 
membrane by polymerising the un
saturated lipids.

Since 1966, several hundred papers 
reported on accidental or suicidal 
paraquat poisoning. Most frequently, 
the agent enters the organism orally; 
its aerosol may penetrate the skin at 
plant spraying [13, 23] or directly 
invade the airways [8]. Absorption 
of the orally ingested agent is poor, 
only 1—5% is absorbed, the rest 
is excreted with the stools [4, 11, 15].

The major part of the absorbed 
paraquat is excreted by the kidneys, 
a small proportion appears in the bile; 
the pathogenesis of renal and hepatic 
damage is thus obvious. A third 
target organ is the lung [24], the 
paraquat concentration in the pulmo
nary tissue exceeds about fifty times 
that of the plasma. This explains the 
occurrence of severe pulmonary com
plications.

Paraquat can be demonstrated in 
the urine and this test may be of use 
in judging the effect of treatment. 
Knowledge of the blood level may also 
be useful. It can be measured by 
spectrophotometry, ion exchange, gas 
chromatography and RIA [4, 10, 14, 
21, 22]. A blood level exceeding 0.1 
0.2 /ig/ml is usually lethal within 
24—48 hours, but exceptional survi
vors displaying higher levels have also 
been described [10, 15, 21]. The 
mortality rate is very high, amounting 
to 33-60%  [3, 4, 24].
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Ingestion of 6 —10 g paraquat leads 
to convulsions, pulmonary oedema, 
shock and death within several hours 
or a few days. Smaller doses cause 
burning sensation in the mouth, 
oesophageal erosions and sometimes 
perforation [1], abdominal pain and 
hepatic and renal failure followed by 
adult respiratory distress syndrome 
ending in death. Cellular damage may 
occur in the adrenal glands manifest
ing with cortical necrosis [20]. If 
smaller doses are ingested, the pulmo
nary changes ensue only after 2 or 3 
weeks. They consist of oedema, dam
age to the alveolar epithelium, haemor
rhage, atelectasis, infiltrates, pleural 
effusions, bullous changes and ulti
mately alveolar and interstitialfibrosis 
[2, 4, 7, 11, 24, 26]. These changes 
can be followed radiologically and by 
pulmonary function tests [8, 17]. 
Time is the most important factor in 
therapy: the mortality rate of cases 
whose treatment was started beyond 
the first five hours after ingestion of 
the agent was as high as 64% as 
observed in a material of 68 cases 
[12]. First aid comprises binding of 
the agent to prevent its absorption 
application of an emetic, cautious 
gastric lavage (danger of perforation !), 
administration of Fuller’s earth and 
purgation. The second step is elimi
nation of the poison by forced diuresis 
[10. 21]. haemopsrfusion [19, 21, 23, 
27], haemodialysis, plasmapheresis
[5] or peritoneal dialysis [15]. Admin
istration of ascorbic acid may be of 
benefit [9]; steroids or even immuno
suppressive drugs have been attempt
ed for prevention of pulmonary dam

age [4, 15]. In addition, administra
tion of air with a low oxygen concentra
tion not exceeding 20 % even in hypo
xia has been recommended; breathing 
of nitrogen gas may be useful in 
preventing or slowing down the oxida
tive process initiated by paraquat 
[6 , 21].

R e p o r t  o f  a  Case

P . K ., a  fiv e -y ea r-o ld  boy , w as a d m itte d  
on 18 M ay, 1982. T h ree  d ay s ea rlie r  he  h ad  
d ru n k  a n  u n k n o w n  q u a n ti ty  o f 20%  p a ra 
q u a t so lu tio n . O n th e  n e x t d a y  he  h a d  v o 
m ited  b u t  th e  g en era l p ra c tit io n e r  d id  n o t 
find  a n y  a b n o rm a lity . O n th e  fo llow ing d ay  
he h a d  h a d  h ae m a te m e s is  an d  w as a d m itte d  
to  a  c o u n try  h o sp ita l. T here  th e  o ra l e ro 
sions a n d  h ae m a te m e s is  suggested  som e 
po ison ing  a n d  th e n  th e  p a re n ts  rem em bered  
th a t  th e  c h ild  m a y  h av e  d ru n k  o f th e  
p la n t-p ro te c tin g  ag en t. G astric  lav ag e  w as 
pe rfo rm ed , F u lle r ’s e a r th  w as ad m in is te red  
an d  th e  ch ild  w as a d m itte d  to  o u r  d e p a r t
m en t.

A t ad m iss io n  th e  ch ild  w as azo taem ic , 
w ith  a  b lo o d  u re a  n itro g en  level o f 39.8 
m m o ^ a n d  a  se ru m  crea tin in e  o f 465 /tinol/l. 
C hest X -ra y s  rev ea led  no a b n o rm a lity  
a n d  a ll o th e r  la b o ra to ry  find ings w ere 
n o rm a l. O n ly  tra c e s  of p a ra q u a t  could  
be sh o w n  in  b lood  a n d  u rin e  ta k e n  a t  th e  
tim e  o f ad m iss io n . I n  v iew  of th e  ren a l 
fa ilu re  p e r i to n e a l d ia lysis w as in s ti tu te d ; 
i t  w as te r m in a te d  a f te r  five d ay s  w hen  th e  
b lood  u re a  n itro g e n  an d  c rea tin in e  levels 
h a d  r e tu rn e d  to  n o rm a l va lu es . O n th e  
f i f th  d a y  o f t r e a tm e n t  s lig h t jau n d ice  
a p p e a re d , la b o ra to ry  find ings rev ea led  
m ild  h e p a tic  d am age  (serum  GOT, 82 U /l; 
G PT , 52 U /l; se ru m  b iliru b in , 13 /m io l/l). 
O n th e  s e v e n th  d ay , ta c h y p n o e a  of 70 — 80 
p e r  m in u te  s e t  in  a n d  re p e a te d  chest 
X -ra y s  sh o w ed  a  large  in f il tra t io n  in  th e  
w hole r ig h t  lung , w ith  a  m in o r in f il tra te  
in  th e  le f t  lu n g  (F ig  1). A  h ig h  dose of 
m é th y lp red n iso lo n e  (250 m g p e r  d ay ), la te r  
d a ily  20 m g  d ex am e th aso n e , an tib io tic s  
an d  20%  o x y g en  w ere  ad m in is te red ; 
low er o x y g e n  co n cen tra tio n s  w ere n o t 
ap p lied  a s  th e  p 0 2 va lu e  w as low .

T he  p a t i e n t ’s co n d itio n  im p ro v ed  g ra 
d u a lly , th e  re s p ira tio n  ra te  d im in ished . 
C hest X -ra y s  on  th e  46 th  d a y  show ed 
m e d ia s tin a l d is lo ca tio n  to  th e  r ig h t, ra r e 
fac tio n  w ith in  th e  r ig h t lung  a n d  severa l
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bu llae  cou ld  be  d e m o n s tra te d  b y  to m o g 
ra p h y  (F igs 2, 3). In c reased  tran sp a ren ce  
of th e  le f t  lung  accom pan ied  b y  a  fasc icu lar 
p a t te rn  in  th e  b asa l p a r ts  w as th e n  found . 
T re a tm e n t w as co m plem en ted  b y  ad m in is
t r a t io n  of a to m ised  m ucoso lven ts an d  s te 
ro ids, th e  dose of o ra l co rtico ste ro id s w as 
g ra d u a lly  d im in ished .

P u lm o n a ry  sc in tig rap h y , ca rried  o u t 
a f te r  th e  acu te  p h ase , show ed m arked ly  
decreased  p e rfu sio n  in  th e  r ig h t lung , w ith  
co m p le te  absence  of a c tiv ity  in  th e  ap ica l 
reg ion . T he  effective cap illa ry  perfusion  
o f th e  r ig h t lung  w as 25 — 30%  of th a t  
o f th e  le f t  lu n g  (the  n o rm a l p ro p o r tio n  is 
r ig h t: le f t  =  60 —55% :40  —45% ).

R e p e a te d  lung  fu n c tio n  te s ts  p o in ted  
to  th e  p o ss ib ility  o f p u lm o n a ry  fib rosis: 
fo rced  v i ta l  c ap ac ity  (FVC) w as m ark ed ly  
dep ressed , in tra th o ra c a l gas volum e (IGV) 
an d  t id a l  vo lum e (TV) show ed low  values. 
A ll lu n g  fu n c tio n  find ings a re  show n in 
T ab le  I .

A f te r  te rm in a tio n  of co rtico s te ro id  t r e a t 
m e n t , aeroso l th e ra p y  w as com p lem en ted  
w ith  re sp ira to ry  exercises. T h e  p a tie n t 
w as d ischarged  w ith  n o rm a l re s p ira to ry  
r a te  a n d  n o rm a l rena l an d  h e p a tic  fu nc tion  
te s ts  on  th e  84th  d ay  a f te r  ad m iss io n .

A t hom e resp ira to ry  exerc ise  w as p re 
sc r ib ed  a n d  th e  p a tie n t w as re g u la r ly  follow 
e d  a t  th e  clinic. B lood g as an a ly s is  and  
b icyc le  e rg o m etry  revealed  n o rm a l va lues. 
T h e  p a re n ts  repo rted  on n o rm a l a c tiv itie s  
o f th e  b o y  a t  hom e, lung  fu n c tio n  te s ts  
d e m o n s tra te d  g radua l im p ro v e m e n t. B y  
th e  en d  o f th e  f irs t y ea r a ll v a lu e s  reached  
o r  exceeded  th e  low er l im it  o f n o rm al. 
A  second  lung  sc in tig rap h y  d e m o n s tra te d  
re d u c e d  perfusion  b u t th e  im p ro v em en t 
w as s tr ik in g  (Fig. 4). T he c h e s t X -ra y s  
a lso  rev ea led  g radua l im p ro v e m e n t an d  
o n  15 A u g u st, 1983, th e y  show ed  th e  m ed ia 
s t in u m  in  n early  n o rm al p o s itio n  an d  a  
n e a r ly  n o rm al tran slu cen cy  o f th e  r ig h t 
lu n g  (F ig . 5).

F ig . 1. Chest X -rays 10 days after ingestion of paraquat: m assive infiltration o f w hole right 
lung, m oderate in filtra te  on le ft side

T a b l e  I

R esu lts  of lu n g  fu n c t io n  te s ts

FVO FEV PEFR It IGV

ml percent ml percent 1/sec percent mbar/1/
sec percent ml percent

29 June , 1982 662 (45) 424 (35) 1.44 (49) _ _ _
9 A ugust, 1982 896 (01) 666 (55.5) 1.86 (63.4) 17.25 (297) 315 (39)

12 April, 1983 1125 (77.5) 923 (77) 3.09 (105) 5.8 (100) 932 (110)
15 A ugust, 1983 1120 (77) 980 (79) 3.02 (104) 5.7 (99) 926 (115)

F ig u re s  in  b ra c k e ts : p e rcen tag e  of th e  co rresp o n d in g  n o rm a l va lue
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F ig s  2. 3. Tom ography on 46th day: bullous changes in  right lung, the m ediastinum
is dislocated to  th e  right
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Fig. 4. S c in tig rap h y , im m ed ia te ly  a f te r  th e  a c u te  p h ase : v e ry  m arked  d im in u tio n  o n  rig h t 
side. A fte r h a lf  a  y e a r: d is tin c t im provem ent

F ig. 6 . X -ra y s  o n  15 A ugust, 1983: n ea rly  n o rm a l find ing , th e  m ed iastina l d is lo c a tio n  has 
a lm o st com plete ly  d isappeared , in c rea sed  tran sp a ren cy  of r ig h t lu n g
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D is c u s s io n

In spite of improvement of the 
therapeutic methods applied in para
quat poisoning, the quantity ingested 
and the time of introduction of treat
ment are the factors determining the 
outcome. In our case the ingested 
quantity of paraquat remained un
known , it may however, be anticipated, 
that it had not been within the lethal 
range. The symptoms showed a com
paratively late onset, the administra
tion of Fuller’s earth could not have 
been effective [12].

In this situation treatment of renal 
failure and the liver damage seemed 
of primary importance; haemoper- 
fusion was not done because only 
traces of paraquat could be found in 
the patient’s blood and urine. Steroid 
treatment introduced at admission 
did not prevent the development of 
pulmonary damage although it has 
been recommended for this purpose 
[4. 8, 21]. Mahieu et al [15] succeeded 
in preventing pulmonary damage by 
bleomycin, forced diuresis and perito
neal dialysis. In our patient the 
pulmonary complication was nearly 
completely restricted to the right 
lung, as confirmed by X-rays and 
scintigraphy; bullous changes devel
oped in addition.

We have been unable to find any 
report on recovery from a pulmonary 
complication as severe as seen in our 
case. In the case described by George 
and Hedworth-Whitty [8] pain in the 
chest, dyspnoea and abnormal auscul
tation findings ensued after inhalation 
of paraquat aerosol but as the X-rays

revealed no abnormalities in spite 
of diminished FEV^ VC and PEFR  
values, they thought of interstitial 
damage (fibrosis?). In the literature 
there are descriptions on 8 paediatric 
cases of paraquat intoxication; two 
of them died, in the other six patients 
there were no pulmonary complica
tions demonstrable by X-rays or lung 
function tests [18, 23, 25]. The toxic 
effect of oxygen in paraquat poisoning 
has long been known; in an environ
ment rich in oxygen the free paraquat 
radicals induce cellular damage, pri
marily to the pneumocytes. In addi
tion, the drug radicals initiate super
oxide formation as well [3, 4, 6]. 
On the basis of these findings, admin
istration of low (10 — 20%) oxygen 
concentrations has been recommended 
for treatment of hypoxaemia. In our 
case, we applied 20% oxygen for a 
short time.

In our opinion the unilateral com
plication itself and its nearly complete 
healing, as demonstrated by X-rays, 
scintigraphy and lung function tests 
carried out repeatedly during the 
one-year follow-up, were unique fea
tures of the case presented. The expla
nation of this rare event may lie in the 
better regenerative power of children.
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