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Abstract  :  The  d i f fe ren t i a t ion  o f  p leura l  e f fus ions  as  exuda tes  o r
transudates is the first step in the diagnosis of pleural effusions. The aim
of  th is  s tudy was  to  evaluate  the  va lue  of  adenosine  deaminase  (ADA)
concent ra t ion  in  the  p leura l  e f fus ions  for  d i f fe ren t ia t ing  exudates  f rom
transudates. Sixty indoor patients, admitted to our hospital,  having pleural
effusions and suffering from varying etiologies were included in this study.
Accord ing  to  the  f ina l  d iagnos i s ,  t hese  60  pa t i en t s  were  d iv ided  in to
two groups:  exudates (50)  and transudates  (10) .  The mean pleural  ADA,
se rum ADA and  p leura l  f lu id / se rum ADA ra t io  were  s ign i f i can t ly
(P<0.0001) higher in exudates as compared to transudates. Using a cut-off
point  of  22  IU/L,  the sensi t ivi ty and specif ici ty of  pleural  ADA in the
diagnosis of exudates was computed to be 90% and 90% respectively. At a
cu t -o f f  po in t  1 .28 ,  p leu ra l  f lu id / se rum ADA ra t io  was  found  to  have
sensi t iv i ty  84% and specif ic i ty  90%, respect ively .  From this  s tudy i t  i s
concluded that,  ADA is a useful biochemical marker to suggest exudative
effus ions .
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INTRODUCTION

Pleura l  e f fus ion  i s  one  of  the  mos t
common c l in ica l  f ind ing  encounte red  in
c l in ica l  p rac t ice .  A pr imary  d iagnos t ic
approach is  the identif icat ion of the nature
of  e f fus ion  as  exuda te  o r  t ransuda te .  A
t ransuda te ,  which  i s  due  to  the  sys temic
factor (e.g.  congestive cardiac failure,  l iver
c i r rhos i s ,  nephro t ic  syndrome and  severe

hypoprot ienemia. )  does  not  warrant  fur ther
diagnostic procedures and one may not worry
about  the rapeu t ic  measures  d i rec ted  a t
p leura .  On the  o ther  hand ,  an  exuda te
requi res  more  ex tens ive  d iagnos t ic
procedures in order to find out the cause of
p leura l  d isease .

The  mos t  commonly  used  method  for
d i f fe ren t ia t ion  be tween  exuda tes  f rom
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t ransudates  was  es tabl ished by Light  e t  a l
(1). A pleural fluid is classified as an exudate
i f  i t  mee ts  one  or  more  of  the  fo l lowing
criteria: (1). A pleural fluid to serum protein
rat io  greater  than 0.5;  (2) .  A pleural  f luid
Lac ta te  Dehydrogenase  concen t ra t ion
greater than 200 IU/L; (3). A pleural fluid to
serum Lacta te  Dehydrogenase  ra t io  grea ter
than  0 .6 .  I t  has  been  sugges ted  tha t  the
sensi t iv i ty  and specif ic i ty  of  these  cr i ter ia
are both near 100 per cent. However, several
recent  ar t ic les  (2–4)  have indicated that  i t
is of a low specificity. As a result,  several
recen t  c lass i f i ca t ions  have  been  proposed .
These  inc lude  use  o f  the  p leura l  f lu id
cholesterol  concentrat ion (2) ,  pleural  f luid/
serum choles terol  ra t io  (3) ,  serum-effusion
albumin gradient (4) and pleural fluid/serum
bilirubin ratio (5).

We could found only one study (6) about
usefulness of adenosine deaminase (ADA) in
p leura l  e f fus ion  for  the  purpose  of
d i f fe ren t ia t ing  exuda tes  f rom t ransuda tes .
Thus the purpose of this study was to assess
the value of ADA in classifying the effusion
in  exuda tes  and  t ransuda te .  The  purpose
of  th i s  s tudy  was  a l so  to  compare  the
usefu lness  o f  ADA wi th  the  Ligh t ’ s
traditional criteria of pleural fluid to serum
protein ratio (1).

METHODS

Six ty  indoor  pa t ien t s ,  admi t ted  to
Government  Medica l  Col lege  Aurangabad ,
having pleural  effusion and suffer ing f rom
vary ing  e t io log ies  were  inc luded  in  th i s
study. In all these cases, a standard clinical
protocol was followed and routine laboratory
tests  of  pleural  f luid were carr ied out  that
included to ta l  prote in ,  g lucose  and pleura l

f lu id  cy to logy .  Only  the  resu l t s  o f  f i r s t
thoracocen tes i s  were  used .  P leura l  f lu id
samples  were  cu l tu red  and  p leura l  b iopsy
was also done to obtain a definitive diagnosis.
Only pat ients  in whom defini t ive diagnosis
was established were included in the study.
Accord ing  to  the  f ina l  c l in ica l  d iagnos i s ,
these  60  pa t ien t s  were  d iv ided  in to  two
groups :  exuda tes  (n = 50)  and  t ransuda tes
(n = 10) (Table I).

The following studies were performed on
pleura l  f lu id  and  se rum of  a l l  pa t ien t s :
p leura l  f lu id / se rum pro te in  ra t io ,  p leura l
adenos ine  deaminase  concent ra t ion ,  se rum
adenosine  deaminase  concentra t ion,  p leura l
f lu id /serum adenosine  deaminase  ra t io .

Biochemical analysis of protein was done
on Erba Chem 5 plus semiautomatic analyzer
using Erba Transasia kit. The assay of ADA
activi ty was performed in these cases by a
s tandard  co lor imet r ic  method  (7) .  One
in te rna t iona l  un i t  o f  ADA represen ts  the
enzymatic activity that catalyzes a molecule
of substrate in standardized conditions of pH
and  tempera ture .

Stat i s t i ca l  ana lys i s

Resul t s  a re  shown as  means±SD.
Student’s  t - test  was employed to determine
statistical significance. P value less than 0.05
was considered stat is t ical ly significant .

RESULTS

Out  of  60  cases  s tud ied ,  40  were  men
and 20 women. According to the final clinical
diagnosis, there were 50 cases of exudate of
which 31 were  men and 19 women with  a
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19 IU/L as cut-off point, 10 were misclassified
and  a l l  these  were  exuda tes .  For  p leura l
fluid/serum ADA ratio, using 1.28 as cut-off
point ,  9  were  misclass i f ied and of  these  8
were  exuda tes  and  one  t ransuda te .  Hence
the above data show that pleural ADA causes
less  misc lass i f i ca t ion  in  d i f fe ren t ia t ing
exuda tes  f rom t ransuda tes  as  compared  to
serum ADA and  p leura l  f lu id / se rum ADA
ratio. However, using cut-off point of 0.5 for
p leura l  f lu id / se rum ra t io ,  on ly  3  were
misclassif ied and al l  these were exudates .

The  sens i t iv i ty ,  spec i f i c i ty ,  pos i t ive
predic t ive  va lue ,  negat ive  predic t ive  va lue
and efficiency of the investigated parameters,

mean age of 41.46 (range 5–80) years. There
were 10 cases of transudate of which 9 were
men and  one  woman wi th  a  mean  age  of
25.5 (range 3–72) years.

In  the  g roup  of  pa t ien t s  wi th  exuda te ,
p leura l  f lu id / se rum pro te in  ra t io  was
significantly (P<0.0001) higher as compared
to  t ransuda te  (Table  I I ) .  In  the  g roup  of
patients with exudate, mean ADA value, both
in pleural fluid and serum, were significantly
(P<0.0001) higher as compared to transudate
(Table  I I ) .  Pa t ien t s  wi th  exuda te  had  a
significantly (P<0.0001) higher mean pleural
f lu id / se rum ADA ra t io  than  t ransuda te
(Table II).

For  d i f fe ren t ia t ing  exuda te  f rom
transudate, we accepted the cut-off point as
0.5 for pleural fluid/serum protein ratio, 22
IU/L for  p leura l  ADA leve l ,  19  IU/L for
serum ADA level  and 1 .28 for  the  p leura l
fluid/serum ADA ratio (Table III). Using cut-
off point of 22 IU/L for pleural ADA, 6 were
misclassified and of which 5 were exudates
and one t ransudate.  For  serum ADA, using

TABLE I : Causes  o f  p leu ra l  e f fus ions .

C a u s e No.  o f  pa t i en t s

E x u d a t e 5 0
T u b e r c u l o s i s 3 0
Mal ignan t  e f fus ion 0 8
Parapneumonic  e f fus ion 0 8
E m p y e m a 0 1
Rheumato id  a r th r i t i s 0 1
Sys temic  lupus  e ry thematosus 0 1
Liver  abscess 0 1

T r a n s u d a t e 1 0
Nephro t i c  syndrome 0 3
Acute  g lomeru lonephr i t i s 0 2
Ci r rhos i s  o f  l ive r 0 2
Conges t ive  ca rd iac  fa i lu re 0 1
Severe  hypopro t i enemia 0 1
Chron ic  r ena l  f a i lu re 0 1

TABLE I I : Mean  va lues  and  SDs  o f  p leu ra l  f lu id /
serum prote in  ra t io ,  p leura l  ADA,  serum
ADA and  p leura l  f lu id / se rum ADA ra t io
in  exuda te  and  t r ansuda te .

Criteria E x u d a t e Transuda te Stat is t ical
(n=50) (n=10) significance

(P value)

Pleura l  f lu id / x 0 .6424 0 .387 0 .0001
Serum pro te in S D 0.126 0 .085
Pleura l  ADA x 80 .66 16 .40 0 .0001

S D 49.05 4 .926
Serum ADA x 38 .58 13 .40 0 .0001

S D 22.81 3 . 6 2
Pleura l  f lu id / x 2 .0828 1 .219 0 .0001
Serum ADA S D 0.682 0 .100

Al l  va lues  a re  expressed  as  means±s tandard
dev ia t ion ;  n = number  o f  pa t i en t s .

TABLE I I I : Cu t -o f f  po in t s  fo r  va r ious  b iochemica l
p a r a m e t e r s .

Criteria E x u d a t e Transuda te

Pleural fluid/serum protein ratio ≥ 0.5 < 0.5
Pleural ADA (IU/L) ≥ 22 < 22
Serum ADA (IU/L) ≥ 19 < 19
Pleural fluid/serum ADA ratio ≥ 1.28 < 1.28
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s ign i f ican t  to  d i f fe ren t ia te  e f fus ion  in to
exuda tes  and  t ransuda te .  Of  a l l  the
biochemica l  parameter ,  p leura l  f lu id /serum
pro te in  ra t io  (1 )  i s  more  s ign i f ican t  fo r
d i f fe ren t ia t ing  exuda tes  f rom t ransuda te
causing only 3 misclassifications as compared
to  o ther  b iochemical  parameters .

Atalay et al. (6) carried out the only study
available to our knowledge on pleural fluid
ADA to different iate  between exudates and
transudate .  They claimed that  pleural  ADA
separates pleural  exudates from transudates.
In addit ion,  according to these authors,  for
detecting exudates, at a cut-off point of 15.3
IU/L for  p leura l  ADA tes t  y ie lded  a
sensitivity and specificity of 85.8% and 82.3%
and at a cut-off point of 0.66 for pleural fluid/
serum ADA ratio yielded 83.3% and 83.2%
respectively.  In the present  s tudy,  we have
found that at a cut-off point of 22 IU/L, the
sens i t iv i ty  and  spec i f ic i ty  of  p leura l  ADA
concentrat ion for  the diagnosis  of  exudates
to be 90% and 90% and at  a  cut-off  point
of  1 .28  for  p leura l  f lu id / se rum ADA
concent ra t ion  84% and  90% respec t ive ly .
Hence  the  cut -of f  poin t  es tabl i shed in  our
s tudy  y ie lded  a  be t te r  sens i t iv i ty  and
specificity as compared to the above study.

Thus ,  we  conc lude  tha t  adenos ine
deaminase  i s  a  usefu l  b iochemica l  marker
to  d i f fe ren t ia te  exudates  f rom t ransudates .
We fur ther  conc lude  tha t  our  resu l t s  o f
adenosine deaminase had l imited sensit ivity
and speci f ic i ty  for  d i f ferent ia t ing exudates
f rom t ransuda tes  as  compared  to  L igh t ’ s
criteria. Thus, we propose that simultaneous
use of adenosine deaminase may be helpful
in  separa t ing  exuda tes  f rom t ransuda tes .
However ,  fu r ther  s tud ies ,  invo lv ing  la rger

TABLE IV : Sensitivity, specificity, positive predictive
va lue  (PPV) ,  nega t ive  p red ic t ive  va lue
(NPV) and ef f ic iency of  each  parameter
s t u d i e d 1.

Cri- Sens i - Speci- PPV N P V Ef f i -
teria t i v i t y f ic i ty ciency

Pleural fluid/ 94.00 100.00 100.00 76.92 95.00
serum protein
ra t io
Pleural ADA 90.00 90.00 97.82 64.28 90.00
Serum ADA 80.00 100.00 100.00 50.00 83.33
Pleural fluid/ 84.00 90.00 97.67 52.94 85.00
serum ADA ratio

1Shown in percent.

according to different  cut-off  points  in the
differentiation of exudates from transudates,
are shown in Table IV.

DISCUSSION

Adenosine Deaminase (ADA, EC 3.5.4.4)
i s  an  enzyme of  pur ine  ca tabol i sm which
ca ta lyses  the  pa thway f rom adenos ine  to
inos ine  (8 ) .  Var ious  au thors  have  found
higher ADA levels in tuberculous effusions
(9–12). In the present study, we have found
that the sensitivity and specificity of pleural
ADA concent ra t ion  for  the  d iagnos i s  o f
exudates to be 90% and 90%, for serum ADA
concentration 80% and 100% and for pleural
fluid/serum ADA concentration 84% and 90%
respectively. Also the value of pleural fluid
and  se rum ADA,  as  wel l  as  p leura l  f lu id /
se rum ADA ra t io  were  h igher  in  pa t ien t s
wi th  exudates .  Thus  the  resul t s  of  present
study confirm that ADA activity is a useful
parameter  for  different iat ing exudates  from
transudates. Using different cut-off point, out
of pleural ADA, serum ADA and pleural fluid/
se rum ADA resu l t s ,  p leura l  ADA is  mos t
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number  o f  pa t ien t s ,  to  eva lua te  the
parameters covered in our study are needed

in order to draw any robust conclusion and
to achieve higher  sensi t ivi ty .
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